
june 1960 

the 

institute 

of 

radio 

engineers 

Proceedings of the IRE 

PART II 

I N _) EX 

TO 

ABSTRACTS 

AN D 

REFERENCES 

195 9 





VOLUME 48, NUMBER 6, PART II 

June, 1960 

published monthly by The Institute of Radio Engineers, Inc. 

CDO 

INDEX TO 

ABSTRACTS AND 

REFERENCES 1 959 

contents 

Cross References to Abstracts in PROCEEDINGS   

Symbols Used in the Index   

Abbreviations Used in the Index   

Author Index   

Subject Index   

Errata   

List of Journals   

2 

2 

2 

3 

23 

32 

32 

This index is reprinted from the April, 1960 issue of Electronics & Radio Engineer (Incorporating 
Wireless Engineer), London, England and covers Abstracts and References published monthly in 
PROCEEDINGS OF THE IRE from February, 1959 through January, 1960. 

BOARD OF DIRECTORS, 1960 
*R. L. McFarlan, President 
J. A. Ratcliffe, Vice-President 
*J. N. Dyer, Vice-President 
*W. R. G. Baker, Treasurer 
*Haraden Pratt, Secretary 
*F. Hamburger, Jr., Editor 
*D. G. Fink 
Senior Past President 
*Ernst Weber 
Junior Past President 

1960 
A. P. H. Barclay (R8) 
L. V. Berkner 
G. S. Brown 
W. H. Doherty 
A. N. Goldsmith 

P. E. Haggerty 
C. E. Harp (Rb) 
H. F. Olson (R2) 
A. H. Waynick (R4) 

1960-1961 
C. W. Carnahan (R7) 
B. J. Dasher (R3) 
C. F. Horne 
R. E. Moe (RS) 
B. M. Oliver 
J. B. Russell, Jr. (RI) 

1960-1962 
W. G. Shepherd 
G. Sinclair 

*Executive Committee Members 

EXECUTIVE SECRETARY 

George W. Bailey 

John B. Buckley, Chief Accountant 

Laurence G. Cumming, Technical 
Secretary 

Emily Sirjane, Office Manager 

ADVERTISING DEPARTMENT 

William C. Copp, Advertising Manager 

Lillian Petranek, Assistant Advertising 
Manager 

EDITORIAL DEPARTMENT 

Alfred N. Goldsmith, Editor Emeritus 
F. Hamburger, Jr.. Editor 
E. K. Gannett, Managing Editor 
Helene Frischauer, Associate Editor 

EDITORIAL BOARD 

F. Hamburger, Jr., Chairman 
A. H. Waynick, Vice-Chairman 
E. IC. Gannett o. 
T. A. Hunter 
J. D. Ryder 
G. K. Teal 
Kiyo Tomiyasu 

PROCEEDINGS OF THE IRE, published monthly by The Institute of Radio Engineers, Inc. at I East 79 Street, New York 21, N. Y. Manuscripts should be submitted 
in triplicate to the Editorial Department. Responsibility for contents of papers published rests upon the authors, and not the IRE or its members. All republica-
tion rights, including translations, are reserved by the IRE and granted only on request. Abstracting is permitted with mention of source. 

Thirty days advance notice is required for change of address. Price per copy: members of the Institute of Radio Engineers, one additional copy $ 1.25; non-members 
$3.00. Yearly subscription price: to members $9.00, one additional subscription $13.50; to non-members in United States, Canada, and U. S. Possessions $18.00; to 
non-members in foreign countries $19.00. Second-class postage paid at Menasha, Wisconsin under the act of March 3, 1879. Acceptance for mailing at a special rate 
of postage is provided for in the act of February 28, 1925. embodied in Paragraph 4, Section 412, P. L. and R., authorized October 26, 1927. Printed in U.S.A. Copy-
right C) 1960 by the Institute of Radio Engineers. Inc. 



Cross References to Abstracts Published in PROCEEDINGS 

a.c. 
d.c. 
liv. 
I.v. 
a.f. 
i.f. 
r.f. 
v.l.f. 
If. 
m.f. 
h.f. 
v.h.f. 
u.h.f. 
a.m. 
f.m. 

p.a.m. 

p.f.m. 
p.ph.m. 
p.p.m. 
p.w.m. 
ph.m. 
v.m. 

Abstract Numbers Issue of PROCEEDINGS 

1- 327 
328- 660 
661-1038 
1039-1421 
1422-1750 
1751-2077 
2078-2443 
2444-2807 
2808-3176 
3177-3535 
3536-3899 
3900-4256 

February, 1959 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
January, 1960 

Pages 

356- 368 
500- 512 
614- 628 
1030-1044 
1176-1188 
1288-1300 
1398-1412 
1686-1700 
1799-1812 
2040-2053 
2134-2148 
131- 144 

Symbols used in the Index 

(A) Abstract, ( B) Book Review, ( C) Note of Correction, ( D) Discussion 

Abbreviations used in the Index 

= alternating current 
= direct current 
= high voltage 
= low voltage 
= audio frequency 
= intermediate frequency 
= radio frequency, including:— 
= very low frequency, < 30 kc/s 
= low frequency, 30-300 kc/s 
= medium frequency, 300-3000 kc/s 
= high frequency, 3-30 Mc/s 
= very high frequency, 30-300 Mc/s 
= ultra high frequency, > 300 Mc/s 
= amplitude modulation 
= frequency modulation 
= pulse modulation, including:— 
= pulse amplitude modulation 
= pulse code modulation 
= pulse frequency modulation 
= pulse phase modulation 
= pulse position modulation 
= pulse width modulation 
= phase modulation 
= velocity modulation 

C.W. 
i.c.w. 
m.c.w 
s.w.* 
u.s.w.* 

cr. 
c.r.o. 
d.f. 
em. 
e.m.f. 
a.f.c. 
a.u.c. 
a.ph.c. 
a.v.c. 
m.u.f. 
p.p.i. 
s.s.b. 
d.s.b. 
s.w.r. 
v.f.o. 
R/T 
W/T 
TV 

*No clearly defined limits 

= 
continuous wave 

modulated c.w. 

short wave 
ultra short wave 
wavelength 
cathode ray 
cathode ray oscilloscope 
direction finding 
electromagnetic, but 
electromotive force 
automatic frequency control 
automatic gain control 
automatic phase control 
automatic volume control 
maximum usable frequency 
plan position indicator 
single sideband 
double sideband 
standing wave ratio 
variable frequency oscillator 
radiotelephony 
wireless telegraphy 
television 



Index to Abstracts and References, 1959 3 

AUTHOR INDEX 
A name followed by "and" is that of the first author of a jointly written 

"with" indicates that the name indexed is that of the second author. 

A 

Aaron. M. R.. silk J. A. Nand, transistor blocking 
oscillator, 2504 

Abbott, W. N., displacements of radiant point during 
auroral disturbance, 138; seasonal illumination 
of circumpolar earth satellite, 793 

Abdullaev, G. B., and A. A. Baskshaliev, thermal 
conductivity of Se, 1606 

Abe, H., paramagnetic resonance in copper propion• 
ate nàonohydrate, 98 

Abel. J. L.. with A. G. Chynoweth, polarization 
reversal in triglycine sulphate, 3742 

Abkevich, L L, distribution of slow traps on surface 
of Ge and Si, 3768 

Abraham, M., M. A. H. McCousland and F. N. H. 
Robinson, dynamic nuclear polarization, 3412 

Abrikosov, A. A., L. P. Goeltot, and I. M. ¡Chalet-
Mho'', superconductor in high- frequency field, 
2195 

Abekosov, N. Kb., with L. D. Dudkin, alloying of 
semiconductor compound CoSth, 2667 

Acheson, M. A., interaction reliability, 1038 
Adams, E., with others, sendust flake, 894 
Adams, I., with others, electroluminescence of AIN, 

4082 
Adams, J. A., miss•distance indicator, 2601 
Adcock, F., radio direction finding in three 

dimensions, 3314 
Addington, R. E., with A. J. Goss, effects of seed 

rotation on Si crystals, 3021 
Adirovich, E. 1., and K. V. Tenth°, transition fre. 

zzney and phase characteristics of transistor, 
— Yu. S. Ryabinkin and K. I'. ' Tenth°, field 
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van A1710p1hen, P. M., interference of light in thin films, 
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Anderson, L. J., with L. G. Trolese, foreground 

terrain effects, 3457 
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from 1100, 2364 
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Applebaum. M., and E. 3lidgley, 1.m. receiver 

using transistors, 41111 
Appleton, E. V.. E region of ionosphere, 1654 
Aral. M., tenth others, nutually coupled CR-type 

directional coupler, 9 
Ann', T.. with others, effect of solar eclipse on 

geomagnetic field, 2562 
Arams, F. R., low-field ruby maser. 3624 
— and G. «rayer, low- loss L- band circulator, 1769 
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Arbell, H., with A. Halperin, excitation spectra and 

luminescence of ZnS„ 2999 
Archer, R. W., rah A. M. Thompson, comparator 

for 100-kcis frequency standards, 1299 
von Andaman. M., and H. B. Sprung, ingestible 

intestinal transmitter, 1327, 3834 
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Arguimbeu, L. B., f.m. multiplex spectra and 
interference, 3867 

Aries, R., Ta capacitors, 2137 
Arlan, Y., with T. Yoneyama, I', layer, semidiurnal 
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density of, 4055 

— with others, electron and ion density distributions 
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Armetrong, E. B., temperature of atmosphere 
emitting nightglow, 1877 

Armstrong, G. T., P. K. Wong and L. A. K r i eeee , 
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Armstrong, H. L., avalanche multiplication in 
semiconductor devices, 186; revision in trans-
istor terminology, 1418; transconductance as 
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Armstrong, R. J., electrical recovery of gas after 
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2716 

Armstrong, R. L., with elf. S. Rao, radio reflections 
along meteor train, 2326 

Amend, J., and R. Warsseelte, increase of bandwidth 
in 0- type travelling.wave valves, 317 

— wale 1'. Pelisse!, results on delay lines foe 
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paper, while the word 

nito others, characteristics of carmatron tube, 
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Arnold. J. S., and J. G. Mariner, resonances of 
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Arum, G. F., spatial filtering, 4165 
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Arthur, J. B., and others, minority carriers in dis-
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Artman, J. O., uoth others, cross- relaxation in spin 
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Armlike, H., and J. Henry, laws of magnetism and 
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Aunty, R. N., dielectric sphere as microwave lens, 
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Atal, B. S., method of calculating reverberation-

chamber coefficients, 3921 
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3018 
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acoustic, calculation of statistical coefficient from 
impedance-tube measurements, 3920 

of fibrous materials, coefficients for, 3549 
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in lined ducts, 683 
low-frequency, slit- resonators for, 687 
reciprocity violation in, 332 
resonant plywood panels for, 2821 
in reverberant field, calculation of coefficient 

from impedance value, 3921 
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of sound-insulation materials, 686 
in transition layer between hornogenrvus inedia, 

669 
waveform distortion effects in, 668 
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structures for. 1068 

microwave, in artificially anisotropie media, 1847 
by grid of lousy dipoles, 1846 
in NH. at 8 IBM A. 2213 
polarization and angle dependence of reflection 
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Zeeman spectrum of atomic oxygen, 4832 
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collision-drag effect, 2444 
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in solids, at 100-1000 Mc/s, 3536 
in viscous liquids, 671 
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reflections, 3545 
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design of talks studios, 2522 
distribution of normal modes in rooms. 684 
'echo parameter' criterion in, testing of, 685 
effect of room shape on sound field, 3916 
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reverberation-curve characteristics, 3546 
sound pressure fluctuations when receiver 
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wall design for high transmission loss, 3917 

artificial ear for insert earphones, 3 
diffusion measurements, in reverberation chambers, 

3919 
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on, 2090 

measurement of impedance of closed air spaces, 
3180 

research in China, 28» 
reverberation plates with electrodynamic excit-

ation, 1755 
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stereo- reverberation effect in, loudspeaker system 
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Acousto-electric effect, experiments on Cu and 
Al, 4009 

in metals and semiconductors, 2189 
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dimensions for, 3958 
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of, 3959 
using trough waveguide, 3960 

arrays, broadside, directivity of, 3955 
dipole, directivity factors, method of 

plotting, 2470 
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directivity control by servo system, 1993 
directivity improvernrvt for pulsed signals, 

3574 
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rhombic, design of, 3576 
with roteting radiation field, 3130 
scanned electrically, effective aperture of, 2847 
sidelobe suppression for m.f., 3578 
slot, for missiles and aircraft, 1774 
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strip, signal/noise performance, 2 
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radiation from ring-source excited cone, 3965 
sawtooth, 3578 
scanning, Foster-type, 2121 
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pillbox•type, with wide-angle scanning. 1448 
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radiation fields ot. Fennel approximation for, 
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21, 22 
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75. (C)M7 
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of spate-charge eaves, 102,8 
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class- 11. distortion -eduction in, 2883 

performance soif' random noise signals, 2168 
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tapped transrmniser, 1493 
Rvalve, 63 

band-pa., design toremelae for, 2512 
cathode- follower, dessert data, 3235 
maximum amplitude as function of output time-

constant, 751 
class-C, response of. 1138 
de., compensation for changes in heater supply 

voltage, 7515 
for control systems. 748 
using magnetic modulators, 2165 
for measurements, zero adjustment of, 2342 
using semiconductors, 3333 
transient response of, 3994 
with transistor .ehapper, 2519 
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d c, and chopper-Up, using transistors, 14% 
differential, for r.-diming effects of power-supply 

variations, 3615 
distributed, using straight- wire transnàission line, 

1493 
vhf., for coupling receivers to aerial, 749 
wide-band, for to, t pulses, 747 
for 21.10•51c/s pulse., 2166 

feedback, matrix miatysis of equivalent quadripoles, 

2497 
ht., low- noise, using disk-seal triode, 3236 
input circuits for, low-capacitance, 752 
linear, for negative pulses, 62 
logarithmic, voltage-operated, 3996 

wide-band, 50 c/s-100 {cols, 2169 
lumistor, using coupled electroluminescent cell and 

photocell, 3884 
snagnetic, ac..-controlled, 382 

analysis of, 3237 
applications of, 2516 
with combined snagnetic and electrical feedback, 

3998 
design for maximum power, 381 
with dynistor and trinistor semiconductor 

switching devices, 2174 
fast-response, transfer efficiency of, 3238 
feedback in, 3172 
half-wave, theory of, 1495 
operating characteristic of, graphical detennin• 

ation of, 3617 
for servo systems, 2173 
shunt-coupled. using gate voltage as output, 3997 
'variable-ii', 2170 
volt-second transfer efficiency in, 2171 

maser, Bloembergeirtype, matrvials for, 3242 
dual system with lossless power-dividing net-

work. 388 
based on hyperfine levels of Cu ions, 2181 
for infrared and optical wavelengths. 1857 
method for tuning cavity, 74 
molecular-beam. sub-rom-A, 1146 
multiplelevel, pulsed- field, 3633 
NH.-bearn, as frequency standard, 389 
'mi.-figure measurement, 2343 
paramagnetic. theory of. 2894 

3-Ole/a, using A1.0..Cr.O. crystal, 1145 
principles of, 1500 
pulsed, analysis of emission conditions, 7% 
ruby. 3178 

L-band, tunable, 2523 
low- field, 3624 
wide-band, tunable, 1144 
3.1evel, 1143, calculation of resonance Crme 

ditions in, 3622 
ruby as material for, 3793 
small-signal analysis of. 1601 
solid-state, travelling-wave, 2891, 3- level, 2177 

2- level, behaviour of, 73, materials for, » 37 
3-level, 1582 
300-500-M4s, NU 

'staircase- type, proposal for, 2522 
weak- field, for nucleartnagneticresonance 

investigations, 1548 
self-oscillator, 2521 

X.band, for radio astronomy, 2892 
zero- field, 2889 
2-level, radiation damping effects in, 1818 
3-level, double-quantum process for, 2890 

as heat engine, 2212 
maser action at 1 500 Mc/s by 3-level excitation, 

3654 
masers and quanturmmervanical devices, theory 

of, 72 
microwave, using negative-conductance ' tunnel' 

diode, 3246 
negative- mass, using semiconductors, principles 

of, 1834 
solid-state. 4804 

molecular-beam and paramagnetic-crystal types, 
»88 

nonlinear, effect of reaction on gain of, 2167 
Amplifiers, operational, without stabilized supply, 

1494 
parametric, 2896 

cancellation of ferromagnetic hysteresis by 
orthogonal polarization, 3244 

cavity- type, with variable coupling, 2185 
electron- beam, 321 

cavity- type, 2066 
design of travelling-wave couplers for, 2067 
pumping of fast space charge wave for, 1412 
with transverse modulation, 4247 
3-frequency, analysis for. 2065 

ferromagnetic, pulsed, gain measurements on, 

using2184 grain boundary in Ge, 3241 
as limiter without phase distortion, 1819 
',leaver' operation, 79 
nonlinear-capacitance, 1820 
performance of, 77 
for reception of spare signals, 2895 
using Si- diode, for 900•511-/y scatter link, 390 
solid-state, low-noise, 1503 
superregenerative, 3243 
as superregenerative detectors, 3245 
surface- wave, ferroelectric, 3625 
(raven ingrmave, analysis of, 3240 

4. 5-Mc Is, 2524 
using variable-reactance diodes, with directional 

bridge system, 2183 
as phasr-distontionlesnlintiter, 3182 
relaxation phenomena in, 3626 

X-band, using GaAs diodes, 4556 
4derininal, using Ge diodes, 1148, analysis of, 

4001 
2900-Me/s, 'reactatron', using junction diodes, 

1160 
4-k5k/s, using de diodes, 1149 

power, grounded-grid, using disk-seal valve, 
design data for, 2884 

pulse, based on impact ionization in Ge, 2883 
with subsrms rise time, 1136 
0.1.e, using auxiliary boost circuit, 3993 

r.f., ungienetric, sideband currents with arm in, 

80-kW, 8-27-Mc/s. 290 
semiconductor, avalanche-controlled, theory of, 

36» 
transistor, a.f.. 67 

for acoustic measurements. 1499 
preamplifier for magnetic- tape playback, 387 
push-pull, single-ended. » 85, 2887 
RC-coupled, design of, 1816 
4.5-W, sliding-bias, 384 
25-W, 2886 

bias-network design using thermal parameters, 
1140 

class-A, common-emitter, nonlinearity of, 1817 
common-base and common-emitter, gain stability 

and frequency response of, 1139 
de, design considerations for, 65 

differential circuit for reducing drift in, 14% 
for servo system, 2176 

feedback, design of, 3239, equations for, 3619 
if., emittereurrent-controlled, 2517 
If, design procedure, 3999 

low-noise input stages for, 4001 
low-noise stages with negative feedback. 1142 

for magnetic tape and drum playback, 2175 
matrix method of circuit analysis for, 1141 
narrow-band, nomographs for, 1497 
negative-resistance, for Q-multiplication, 3615 
pulse, 2518 

with nonlinear feedback, 386 
stability of, 4044 
tetrode, for 30-114c/si.f. stages, 70 
thermal stabilization using half supply- voltage 

principle. 71,755 
video-frequency, design of, 386 

stagger- tuned. 754 
with 80-V output, 69 

2-stage, high- gain circuit, 66 
15-W, for public-address system, 68 

toned- transformer-coupled, design charts for, 2513 
u.h.f., power- type, using travelling-wave valves,38.8 
video- frequency, with cathode rvermensation, 

1814, »15 
using valve Type PC1.84 with anode compensa-

tion, 379 
wide- band, design data for, 1491 

for investigation of electron avalanches, 1136 
400-450-Mr/a, for radar and scatter, 64 

Aaaly.ers, amplitude, with variable- width output 
pulse, 1976 

frequency, wide-range, using 2 reference signals, 
2712 

pulse-height, using beam-deflection valve, 3990 
multichannel, using distributed circuits, 377 
single-channel, 59 
10-Mr/s. 2505 

spectrum. for testing quartz crystals for spurious 
response, 1642 

time-interval, encoder for, 2339 
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for nuclear particles, 1965 
waveform, for frequency characteristics of filters, 
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for sorting of circuit components, 1644 
for spectrum of random-noise generator, 1309 
uniform transient error in power- level measure-

ments by, 314 
Antilerromadoetic materials, Curie-point phen-

omena in, 3391 
nonmagnetic ions in, 189 
rock-salt- type, multispin axis structures in, 188 

Antiferromagnetism, in Cu.(C0.).(OH)., 1447 
of Cu.Fe.211.0, 1946 

Astrophyeic., highly ionized regions in interstellar 
medium. 33/2 

interplanetary magnetic field and effect on'cosmic-
ray variations, 783 

theorem on force-free magnetic fields, 744 
Atmosphere, (See also Ionosphere; Troposphere) 

electrical properties of, radiosonde measurements 
of, 1195 

lower, thermal structure of, 136 
upper, in auroral zone, 3754 

composition of, 1551 
density variations due to hydromagnetic heat-
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geophysical effects of high- altitude explosions, 
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night airglow in, phenomenological description 
of. 1567 
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3753 
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temperature distribution in, 1876 
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Atmospherics, average power of impulsive noise, 

1354 
effect of atomic explosions on, 4067 
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noise measurements at h.f. in India. 2743 
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related to lightning discharges. 814 
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of, 814 
v.l.f., emissions front exosphere. 1575, 3311 

propagation-mode measurements, 3094 
spectra of, 3313 
theory of travelling-wave amplification for, 4066 

waveform of lightning impulses producing 
wInstlers, 143 

waveforms of, classification and interpretation of, 
459, 3312 

'whistlermode' echoes remote from conjugate 
point, 2731 

whistlers, 1576 
correlation with lightning flashes, 458 
cyclonic disturbances as cause of, 3719 
dispersion and solar activity, 144 
path combinations for observed echo groups, 

1577 
propagation in regions of low electron density, 
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27-he/s. sudden enhancement of, solar- flare 

anomaly in, 1579 
at 27 and 100 .kr/s, observations at Delhi, 1580 

Attertuatora. coaxial, alignment aid, 3927 
microwave, calibration by absolute bridge method, 
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Aurora, and airglow, photoelectric measurements of 

H. emissions in, 3314 
artificial, dur to nuclear explosion, 1569, 1888 
australis, radar echoes at 89 Mc/s. 141 
australis and borealis, comparison of radar echoes 

Irons, 140 
displacement of radiant point during disturbance, 

138 
disturbances, scattering of radio waves during, 2001 
drift effects related to radiation belt and solar 

wind, 4043 
electric-field theory of, 1887 
equal-frequency lines ( isochasms), theoretical and 
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formation of, 1568 
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ionization geometry from v.h.f. echo data, 137 
ionization and magnetic disturbances, la% 
at low latitudes. spectroscopic observations, 2892 
phenomena during storm, 3309 
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Saskatoon, 2285 

movement related to magnetic-disturbance 
current system, 2593 

polarization of, 4864 
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Batterie., (See also l'ower supplies) 

dry, using Cnitroso compounds, 2402 
internal resistance, pulse measurement of, 7/64 

lead-acid, sell-discharge reactions in, 2403 
Book notice. end reek/ere, The Advanced Theory 

of Statistics, Vol. 1: Distribution Theory, 
1639 

Advances in Electronics and Electron Physics, 
Vol. 9, 327 

Atmospheric Electricity, 1311 
Handbuch der Physik, Vol. 16, 3657 
The Ionosphere, Intl 
Light Scattering by Small Particles, 1519 
Radio Research, 1957, 2077 
Russian-English Electronics and Physics Glossary. 

660 
Scientific Uses of Earth Satellites, 2595 
Semiconductor Therimelements and Thermo-

electric Cooling, 307 
Transistor Circuit Engineering, 757 

Breekdoom of air at high altitudes, for frequency 
range 100 Mc/s-35 kMc/s, 1834 

of air and other gases at 9-6 Mc/s, 391 
in solid dielectrics, electron bombardment as 

cause of, 2336 
Bridge., a.c., for measurement of p-n junction 

characteristics, 1648 
capacitance, balanced unsymmetrical parallel-T 

network as, 31162 
coaxial displacement dielectric cell for liquids, 3063 
double-T, for dielectric constant of ferrites, 4158 
microwave, with ferrite isolator for paramagnetic 

resonance detection, 1983 
Mueller, use of de. amplifier and recorder for 

balancing, 3061 
Wheatstone, screened, for precision measurement 

of resistance, 561 
Breadca.tlaig, a.m., interference protection ratios 

for, 3464 
measurement of program level, 3187 
shared-channel, subjective tests of interference in, 

3479 
sound and television, progress review, 2749 
stereophonic, systems for, 2397 
studio', Kulsruhe, equipment of, 7116 

Südwestfunk, design of, 3183. 3183 
equipment of, 3188 

s.w., in Netherlands, 30-year survey, 265 
Netherlands World Centre e Lopik-Radio, 266 

Cable., coaxial, eccentric, inductance of, 3191 
response calculations for transient waveform in, 

3935 
solderless technique for splicing and earthing, 

336 
solid-dielectric, attenuation above 3 kMc/s, 337 
supporting-disk data, 3926 
test results under extreme conditions, 2457 
theory, construction and testing, 335 

CapeCinace. bridge measurements of, errors due 
to leads in, 1316 

measurement for two infinite cones, 3820 
standards, laboratory determination of absolute 

unit, 2699 
Commit...al, Al and Ta, dielectric films in, 725 

ceramic, temperaturesensitive, using Cet), 45 
electrolytic, Al. methods of increasing electrode 

surface area. 3868 
solid-state, advances in, 1111 
Ta, increase of capacitance by etching, 359 

solid-electrolyte, 2137 
ferrite-cored, 726 
ferroelectric, for fan. of v.1.0., 3247 

as tuning elements, 1473 
hydromagnetic, 1843 
impedance of. as function of frequency, 2136 
paper, d.c. breakdown of, 1473 
impregnants for, comparison of wool wax and 

petroleum jelly, 1474 
probable I lie of, 5319 

parallel-plate, subarea method for calculating 
capacitance of, 1794 

printed, Ta, 38« 
pulse-loaded, dielectric losses in, 2413 
standard, cylindrical, sectioned, 3051 
variable, giving linear frequency variation, 3973 
voltage- variable, selection guide, 3599 

Si-junction, 46,3174 
Cathode-my mallogrepb., with accelerating 

voltage in form of long-tailed pulse, 1317 
amplitude/frequency display using ratio method, 

219 
camera for automatic recording from, 1978 
for character writing, using combination of I.f. 

waveforms, 467 
image distortion by RC networks in, 1318 
for phase characteristics of transmission systems 

in range 0.1-10 Mc/s, 1310 
pre-pulse techniques for extending range of, 3827 
pulse system for high- accuracy Vii character-

istics, 4161 
sample method for displaying ma pulses, 3838 
survey of types available in U.K., 1977 
with travelling-wave deflection system and large 

field of view, 927 
Cathode-my tubes, (See also under Television) 

automatic electrical welding of, 1799 
energy losses at binder films of phosphor screens 

in, 3173 
low-voltage, development of, 2713 
magnetic-deflection, errors in and coil design 

for, 3135 
'peritron', with moving screen for 3-dimensional 

display, 1747 
phosphors for low-scanning-speed displays, 4354 
screens for, aluminized, surface phenomena 

associated with organic barrier film in, 2438 
effect of temperature on persistence of, 2448 

storage- type. for direct viewing, survey of, 1744 
half- tone, survey of, 1745 
iatron, 1746 

thin, rectangular, 3171 
for 'writing directly on current-sensitive paper, 

1748 

Cathode», (See also Electron emission; Photo 
cathodes) 

activated, Ni-base.resegrch on, 2069 
breakdown of coatings on, 1039 
carbonization techniques for high- power ma'. 

netrons, 3531 
Cs-Sb, energy distribution of electrons from, 2170 
development of, 3068 
discharge modes with, 2441 
dispenser- type, pressed and impregnated, 3791 
for high current densities, 3893 
imoregnated with Ba-Ca aluminate, evaporation 

of Ba from, 7792 
Ni-matrix, processing technique for, 42511 
oxide, conduction mechanism of, 1026 

conductivity in magnetic field, 2428 
Hall effect in, 3144 

Cathodes, oxide, noise in, 1027 
preconversion technique for, 3891 
processing of, servo system for, 651 
reversibie poisoning of, 4349 
Sr0, dissociation by electron impact, 3893 

oxide-cored, for electron microscopy, 3078 
point- type, for electron microscopes, 3077 

Cell., (See also Batteries; Photocells) 
dry, Mg-Dio, 38613 

Zn/Hg-dioxysulphate type, 3866 
Circuit., ( See also Networks) 

amplitude-comparison, 3614 
cathode-follower, for de. reference level, 2164 
clamping or d.c. restoration, 2138 
construction using thin-film components. 354 
counter, coincidence, using transistors and diodes, 

3230 
decade, 1-Mc/s, using transistors, 1131 
dekatron, for addition and subtraction, 1110, 

1812 
multiphase-output, from de-. to 500 kris, 58 
ring- type 25«, 2507 
transistor. 3231 

coupled, double- tuned, response of, 1815 
stagger- tuned and synchronously tuned, corre-

lation between, 364 
wide- band, design data for, 3995 

differentiating, 1795 
diode and triode, with short time-constant, 3221 
ferroresonant, 21« 

with square- loop reactor, 3141 
gating, neon-bulb, for digital computers, 358 

phase-selective, rejecting quadrature component, 
719 

integrating, compensation for waveform distortion 
due to valve capacitances, 1479 

feedback, I.f. noise reduCtion in, 369 
long- time-constant, pulse response of, 3870 

I imiter, 2494 
cathode-coupled, characteristics of, 1813 

microcircuits with distributed resistance and 
capacitance, 3972 

microminiaturization, tnicromodule system, 2485, 
2486 

program at D.O.F.L., 2484 
microwave, using low- noise devices, 3971 

theory and techniques of, 3175 
miniaturization of, using integrated arnica,-

conductor devices, 1213 
modular, integrated micromodules, 2863 
potted and printed, 3862 
printed, elertroless copper plating for, 3147 

foil-clad laminates for, 355 
manufacture and assembly of, 1788 
for microwave links, 2488 
test patterns for, 2187 
through-connections for. 38 

pulse, using cold-cathode valves, 374 
time/height converter, 2879 
transistor, 3238,3229 

avalanche- type. 2878 
20-mes linear gate, 2814 

pulse-forming, for radar, 375, 742 
regenerative, using 'hybrid' valve- transistor 

arrangements, 2877 
sequential, using transistors, 3613 
switching, coincidence-diode, for radar displays, 

1792 
using crystal diodes, 2866 
using electrolturineseent cells and photocon-

ductors, 1108 
ferroelectrie, ' transpolarizer' with stored setting, 

2864 
using gas- filled diode, 724 
using magnetic cores, 2492 

performance of, 3217 
phototransistor, temperature-stabilized. 1109 
representation by bittal y-decision programs, 

3215 
ring- type, for high-speed multiplexing, 3218 
using saturable transformen, 1471 
using semirondnetors, current build-up in, 689 
microwave, 3597 

ternary, 1789 
transistor, 43 

delayed switch-off effect in, 722 
for missile count-down, 3598 
parameters of various types, 723 

with voltage-controlled delay, 2865 
transistor, nodal construction method for, 1796 
trigger, histable, using unijunction transistors, 744 

increased sensitivity using crystal diode in 
feedback loop, 57 

with series valve connection, 2163 
Coils, ferrite-cored, for a.f., 1714 

inductance, calibration at power and audio 
frequencies, 2346 

Colour, vision, characteristics and two-coordinate 
system for, 3639 

Committees, C.C.I.R. and U.R.S.I., work of, 1036 
Communication circuit., h.f., effect of echo on 

operation of, 3471 
maritm e, signal strength measurements at 

Cadiz, 3859 
'minimum-loss operation time' for, 258, 1359 
U.K.-Conmionwealth, performance index for, 

261 
Conunimic.tIon systems. (See also Photo-

telegraphy; Radio links) 
gm., long-distance, addition of distortion voltages 

in, 3886 
binary channels in cascade, 23818 
binary-code, decision feedback systems, 511 

decoding techo iqun in, 2747 
error probability in, 2389 
feedback, 2187 
Igni.nitr,71sZnis, error probability in, 2746 

in buildings, field-strength measurements at 
vhf., 1688 

compandor for speech transmission, 2395 
Communication systems, for data transmission over 

telephone lines, 1684 
f.m. digital subset for, 3392 

using earth satellites, 964, »12 
'Frena' and ' Frenae, nonlinear system for trans-

missions at high noise levels, 2763 
in Ghana, 961 
If., design of, 2754 
line, transistor applications in, 594 
meteor-burst•type, choice of frequencies for, 597 
JANET, 4198 

microwave, network for Pacific coast, 2398 
tropospheric-scatter, using angle diversity, 2751 

mobile, with 920 channels between 30 and 76 Mc/s, 
262 

multichannel, using angular modulation, r.f. 
powers and noise levels in, 518 

carrier telephony on power lines, 2748 
1.m., measurement of degree of intermodulation 

due to mismatch, 2396 

frequency-diversity, two-tone, »11 
11-klaftis, TJ, 3116 

p.c.m., digital, regenerative statistics of, 957 
timing of regenerative repeaters for, 967, 968, 
%9 

for telephone service, 13-kMcfs, 2393 
multichannel relays. C.C.1.T.T. recommendations 

and white noise. 4199 
multiplex, f.m., Canadian TD-2 transcontinental 

microwave network, 973 
echo distortion in, 3472 
for studio-transmitter links. 31617 

h.f. error-correcting system for REM, 31114 
review of, 1686 

paging systems, design of, 3478 
receiver and modulation equipment, 3476 
selective, at Allentown-Bethlehem, Pa. 3477 

f.m., microminiature decoder for, 2018 
performance in presence of thermal and atmo-

spheric noise. 963 
planning of, evaluation method for comparison of 

radio and cable systems in, 1355 
pulse, frequency-shift method for, 3470 
'Rake', for nitiltipath channels, using correlation 

technione, (D)596 
RIT, carrier- frequency-shift signalling for, 4218 

intelligibility of speech with restricted frequency 
characte r i tt ics, 2755 

multichannel, high-frequency brideing, branch-
ing and interconnecting of, 1362 

SAGE data signalling method, 359 
in space, infrared receiver for space vehicles, 4197 
minimum transmitter weight for, 3141 
problems of. 3469 
telemetry system analysis, 3844 

5..b., compatible, 971 
'third method' for, 971 

s.gb. and d.s.b., surnressed-carrier, for aeronautical 
services, 2752 

5.5.b. and independent-sideband, for ground/air 
communication. 343 

stereophonic. compatible, using a.m./f.m. multi-
plex, 3105 

using f.m. multiplex. 1363 
using precedence effect, 3474 

f.m. multiplex. adapter for, 2734 
interference in, 3/37 

telegraphy, class- Al, bandwidth determination 
for, %2 

code speed comparison, 593 
error-correcting 'autoplex. system for, %di 
If, and v.l.f., frequency-shift keying for, 965 
p.c.m., phase correcting systems for, 599 
teleprinting, coder and decoder for, 1685 

over long-distance radio links, 961 
telephony, carrier-current. bridge negative- feed-

back amplifiers for, 974 
tropospheric-scatter, description of Canadian 

equipment, 975 
design of, 1360 
evaluation of, 595 
multichannel, f.m., system parameters for, 1361 
quadruple-diversity method, 971 
tests, Start Point-Chelmsford. 260 

in U.S. army, 2744 
v.h.f., for port and harbour control, 3430 
mender, time-division, 2394 
wave,guide transmission with h.f. carrier, pulse 

distortion in, 3473 
Communication Moore, application to amplitude 

compression, 3446 
capacity of asymmetric information channels, 3103 
channels with side information at transmitter, 592 
coding law, 4195 
coding systems, binary, burst-correcting, 3468 

variable-length, 3467 
binary and Gaussian, merits and methods of 

detection of, 2011 
definitions of d' and qin signal detection, 3854 
demodulation and detection processes in. 959 
discrimination of simals in noise, 1117, 21108 
error-correcting codes, with constant bit- rate of 

transmission, efficiency of, 1358 
mathematical theory of, 1683 
using regenerative shift-register sequences, 357 

error probability for optimum.codes in Gaussian 
channel, 2743 

for infinite alphabets. 958 
physical interpretation of Shannon's ambiguity, 

3853 
sampling of signals without d.c. components, 1356 
speech transmission, threshold levels for quanti-

zation, 3855 
in telecommunications, 3853 

Component., (See also Circuits, printed; Electronic 
equipment) 

electroforming technique for complex shapes, 4143 
microwave, production testing equipment for. 2/1 
selection from random samples, 659 

Computers, analogue, analysis of British models, 31 
using capacitor storage unit. 33 

Computen, analogue d.c., negative- resistance circuit 
for, 16•6 

differential analyser, Fourier analysis by, 33 
for evaluating radar performance, 1465 
function generators, biased-diode, design of, 2861 

rotating-disk type, 3858 
for sines or cosines, 1467 
tapped-potentiometer, 35, quadratic inter-

polation by, 2133 
using loaded potentiometers, error reduction 

technique, 3969 
matrix programming of, 347 
multiplier, using Hall effect in semiconductors, 

349, 351, 3131 
multiplier-divider, using thyrite resistors, 1458 
for prediction of sound propagation, 3207 
ratio calculator, 1102 
resistance-network, design principle for, 3450 

use of, 2481 
for simulation of aircraft performance, 1466,3477 
storage systems for, magnetic-drum, 348 

analyser for relay-circuit contacts, 14« 
control systems with 'intelligence', 716 
data reduction system using scanned photocathode 

and image dissector, 1105 
digital, ACE, 2138 
ADDAM II differential analyser, 1780 
adders, controlled by magnetic cores, 3218 
applications, for lens designing, 2483 

for transient response of linear control 
systems, 2130 

for verification of logic structure of switching 
system, 2134 

for automatic graph plotting, 1859 
binary multiplication in, 2856 
capacitive sensing system for punched cards or 

continuous foil, 145$ 
character display system for output of, 3968 
counting circuits for, using transistors and 

magnetic cores, 3479 
C.S.C.E. Pisa, using parametric cells, 3966 
data-processing, automatic failure recovery 

system, 14S3 
automatic magnetic ' reading' equipment for, 
3586 

information handling in, 1464 
magnetic- tape recording system for, 1464 
tape amplifiers for, 27 

efficiency of logical elements as multipurpose 
bias devices, 1461 

electromechanical input-output equipment, 36 
high-speed, using ferrite cores and transistors. 

2127 
test generator for, 3585 

with inductive control of switching, 3967 
'Biddle' ferrite device for switching in logic 

circuitry, 1463 

logic synthesis of high-speed comparators, 1456 
logic systems, using magnetic elements, 11« 

based on signal phase in nonlinear reactances, 
2126 

using transistors and square-loop ferrite cores, 
351 

magnetic-core matrices for logical fonctions, IMO 
magnetic materials for storage and switching, 

1782 
operation of, 25 
parametric subharmonic oscillators for, 3591 
'parametron' reactance rlement for, 3888 
pulse generator using transistor blocking 

oscillator with saturable transformer, 3970 
rectifier networks for, 29 
sequence transducers, network analysis of, 353 
for simple algebraic functions. 1482 
sin N, cosN and computations by, 2857 
for spatial problems, operating on information 

in planar form, 38 
standard block design using transistors, «SS 
storage systems, ferrite core, using transistors, 

1783 
ferrite plates for end-bred type, 36 
ferroelectric, 717, 1781 
magnetic, using coated glass rod, 1462 
magnetic-con, rising core- threading technique, 

3587, noise problem in, 1787 
magnetic-disk, 3129 
magnetic-drum, control apparatus, 346, track 

switching system for, 718 
magnetic- film and ferrite-core characteristics. 
3312 

matrix- type. using (mites, 2482 
punched- tape. 1785 

storage and processing nf data using magnetic 
tape, 1786 

switching circuits using transistors for, 1784 
syritching elements for, cryosar', 3211 

superconducting, 3309 
tabulated reference to 27 models, 1771 
test generator for, variable-frequency, 3591 
transistor, operating experience with, 2132 
1-11c/s, transistor circuits for, 3239 

digital/analogue conversion, using bistable multi-
vibrator, 3206 

using cryotrons, 1103 
for storage-tube deflection, 2135 

printing of pulse-code dita using shaped-beam 
re. tube, 34 

random-number generator using subhannon it 
oscillators, 3476 

reliability of computation in presence of noise, 345 
Conduction, in solids, theory of, «I 

surface, of insulating solid, criterion for. 3252 
theory of electron transport in magnetic fields, 4114 
in ThO, crystals, polarization effects in, 3331 

Conductivity, h.f., of metal; quantum theory of, 762 
quantum theory of surface impedance in 

magnetic field, 763 
induced by radiation in Ceti and polyethylene, 2672 
of metals, evaluation of, 1607 
of monovalent metals, «El 

Conductor., charge penetration in, 3351 
Conductors, penetration of transient eau, field in, 

3905 
solution of Block's equation for electrons in, 1914 
with wavy interface, ern. deld distribution in, 29111 

Conferences end comnintline, acoustics, Moscow, 
June 1957, 661 

British Association Meetirg, Glasgow, Sept. 1958, 
1171, 1203 

3 papers on radio navigation aids, 2178 
cosmic rays, Varenna, June 1957, 1861 
cosmical gas dynamics, eambridge, Mass., June 

1957, 1811 
electrical discharges, Physical Society, Swansea, 

Sept. 1958,2196 
electronic standards and measurements, Boulder, 

Aug. 1958, 1313 
electronics reliability symposium, Philadelphia, 

Jan. 1959, MIS 
fluctuation phenomena and stochastic processes. 

Physical Society, London, March 1950, «V 
I.E.E. Radio and Telecommunications Section, 

Chairman's address 1431 
I.G.Y. Special Committee, 5th Assembly, Moscow, 

Aug. 1968, 3674 
information processing, Paris, June 1950, 3308 
I.R.E. National Convention, New York, 1959,2101 
long-distance propagation above 30 Mc/s, I.E.E., 

London, Jan. 1958, 311111 
long-distance transmissiog by waveguide, I.E.E., 

London, Jan. 1959, 1437 
luminescence, Estonia, June 1958, 2997 
microwave valves, IVE.. London, May 1958, 

2788, MO, 3159, 3124 
physics of magnetic phenomena, Moscow, May 

1956, 3835 
propagation of radio wave, Paris. Sept. 1956, 1333 
radiation effects in semiconductors, Tennessee. 

May 1959, 4809 
radio aids to aeronautical and marine navigation, 

I.E.E., London, Mach, 1958, 2259 
radio links, Rome, June 1457, 3114 
rockets and satellites, Moscow, July/Aug. 1958, 

1870 
semiconducting SiC, Boston, Apri11956, 3771 
solid-state memory and switching devices, London. 

Sept. 1958, 2478 
solid-state physics, Brusses, 1958, 497 
space vehicles, satellites and missiles, Buffalo, 

N.Y., June 1958, 2239 
stereophony, I.E.E., London, March 1959. 2086 
Swiss Physical Society meeting, Neuchitel, Sept. 

1957, 758 
transistors, I.E.E., London, May 1959, 3611 

Connectors, coaxial, hybrid-ring, analysis of, 3652 
as microwave filter, 3/44 

Control systems, (See also Electronic applications; 
Frequency control; Servomechanisms) 

digital, for positioning shafts, using telephone- line 
carrier system. 1656 

feedback, test equipment for, 1651 
review of techniques for, 3861 

COUVertelrIE (See also Freqeency, converters) 
d.c., high-power, using transistors, 1471 
d.c./a.c., using transistors, 3483 

design data, 367 
for driving induction motor, 1983 
for 3- phase 115-V output, 3482 

using 4 transistors in bndge circuit, 1698 
20-ke/s, using power transistors, 3031 

d.c./d.c., using transistors. 43•7 
parametric, microwave, 28% 

Cooling, air, chassis design for, 353 
forced-convection, predichos of temperatures in, 

1750 
liquid, for airborne equipment, 1428 
of semiconductor devices, nomograms for, 3146 

Cores, ( See also Coils) 
ferrite, for television receivers, test methods, 3457 
powder, Fe, properties 01,2323 

Comic redlatIon, (See also Radio astronomy) 
balloon equipment for monitoring, 437 
corpuscular, low-energy, at high latitudes, 3551 
cosmic- rocket data on, 3331 
cut-off rigidity and geomagnetic field, 3280 
effect of magnetic anomalies on belt of trapped 

particles, 3662 
energy spectrum of, 419 
Oso and energy spectrum of et particles during 

solar maximum, 3379 
increases in, interplanetary tnagnetic-field model 

for explanation of, /83 
related to solar flares, 2157 

intensity of, cause of inaccuracies in prediction of, 
1524 
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decreases in, 27-day, latitude variation of, 1862 
1950-1958, 4937 

fluctuations, at southern stations, 18« 
measurements in stratosphere, 3277 
variations, review of, 4036 

at solar maximum, 3278 
during two solar cycles, 1523 

in interplanetary space. rocket and satellite 
investigations of, 3718 

investigations by earth satellite, 3663 
measurements of, at distances up to 107 400 km 

from earth, 2563 
with Pioneer IV, 4941 

nature of sources, 3274 
observations, before intense solar activity, 1179 

of 1958 8 over Australia, « 42 
proton, during solar flare 12th May 1959, 4846 
ri., absorption associated with solar event, 789, 

1531 
trapping beneath ionosphere of, 788 

terrestrial corpuscular radiation due to, 2216 
theory of cosmic-ray equator, 3661 
Van Allen belt, cause of minimum between zones, 

4038 
origiu of, 7217, 2552 
upper boundary of, 4839 

Cosmic rays. See Cosmic radiation. 
Counter., (See also Circuits, counter) 
diamond, with small electrode spacings, 1999 
G-M, end-window, improved design of, 3079 
for nucleonics. 3446 
radiation, with magnetic recording of pulse-

amplitude data, 5989 
self-quenching mechanism of spreading discharge 

in, 1332 
scintillation, photomultiplier-type, resolving power 

of, 34181 
review of, 233, 3981 

Couplers, (See also Waveguidrs) 
directional, CR-type. mutually coupled, 9 

measurement of directivity of. 3531 
Crystal., (See also Molecular systems; Piezoelectric 

materials; Quartz; Resonators) 
growth of, floatingsone technique for, 2337 
Si0. and Ge0., infrared studies on polyinorphs of, 

»5 
with zinc blende structure, calculation of lattice 

oscillations in, 3413 

D 

Delay lin«, (See also Computers, storage systems) 
magnetostrictive, for pulsed video signals, 1134 

torsional, 2881 
quartz, for radar systems. 3511 
ultrasonic, design of. 36 

Hg, characteristics of, 361 
measurement method for, 2698 

Detection, of asymmetric-sideband signals in noise, 
248 

of co-channel fin, signals, by correlation method, 
581 

microwave, tests on coaxial diodesror,24 
power-law, y.Uh lrfoffri el  signals, multiple Fourier 

of pulsed signals in noise, optimum filter functions, 
217 

response of nonlinear devices to band-limited h.f. 
signals and noise, 1674 

step system for multiplex systems, 599 
Detector., correlation devices for weak signals. 30« 

correlation function of output noise with biasing 
and limiting effects, 2005 

diode. analysis for asymmetricsideband signals, 
249 

optimum, with log /, characteristic, for weak 
signals in noise, 21104 

phase, diode, push-pull, theory and design curves 
for, 1152 

product-type, using pentagrid converter, 2898 
for symmetric- or asymmetric-sideband signals, 580 

Dielectric constant, contribution of exciton to, 1831 
of conducting liquids, if. measurements, 215 
measurement, at microwave frequencies, bridge 

method using coaxial cable, 921 
method based on Weissfloch transformatron 

theorem, 4153 
static, molecular theory of, 761 

Dielectric properties, of glacier ice, 1994 
of ice crystals, 16110 
of low- loss materials, tree-space mm-A technique 

for measuring. 2348 
measurement bridge for 10 c/s-50 kris, 13« 
measurement technique for liquids, using H., 

resonator, 922 
Onsager's theory of, 392 
polarization of gases, quantum theory for, 2901 
of polycrystalline stannates and retates, 2626 

Dielectric., (See also Insulating Materials) 
artificial, anomalous dispersion in, 482 

dispersive, for beam scanning, 2124 
A/4 matching of. 2135 

formed by array of thin films, 1154 
rod-type, reflections from, 2123 

BaTiO.. breakdown field of. temperature depend-
ence of, 2617 

ceramic,effect of compression2&permittivity, 481 
thermal conductivity of, 

low- temperature properties at 9-1 kMcis. 1601 
thermal expansion coefficient of, 2629 

Ba(Ti,Sn)0. and 1.111,7,10, ternary systems, 838 
ceramic, after-effect in, 3328 
I ight -weight , 839 

gaseous, C.F., properties of, 3415 
inhomogeneous electrical dispersion phenomena in, 

837 
(NH.). SO. and INH,). lieE., transitions in, 836 
nonferreelectric, relaxation polarization and losses 

in, 4» 
solid, impedance of layers of, 2271 

Diffraction, acoustic, of converging beams, 2813 
of acoustic and pm, waves, asymptotic solution of 

problems in, 1860 
effect of fluctuations on intensity distribution 

near focus of lens, 2917 
by smooth object, geometrical theory for, 3265 
by wedges or corners, for plane, cylindrical or 

spherical wave. 1167 
of e.. waves, by circular hole in plane screen, 

comparison with optical microscope. 22•6 
by dielectric strips. 1516 
at ideally conducting flat screens, ISIS 
tyirrincifieleriolzneog tnezerytinjit;dese, 4828 

by perfectly conducting half- plane, 1168 
by perfectly conducting solid, 774 
polarized, by wide slit and complementary strip, 

411 
skew- plane, by absorbing wedge, 3266 
by slit. approximation for, 1851 
by slit and rectangular apertures, intensity 

distribution near focus 3256 
in inhomogeneous media, asymptotic theory of, 

2639 
geometric theory of, 2538 

of light, by ultrasonic waves, intensity distribution 
for, 1161 

at oblique incidence, 1849 
of ultrasonic waves, by arrays of rods, 1048 

Direction finders. Pr...dyne. ...•. tomParisffil 
1256 

Direction finders, cr.o.-type, s.w., Telefunken, 2257 

2-channel, integral ann method for improving 
bearing evaluation in, 2258 

b.f., with averaging system and automatic read-
out, 26/0 

interferometers for trp_king airborne vehicles, 1583 
long-basedine, error reduction in, 3720 

v.h.f., automatic, using rotating Adcock aerial. 817 
true-phase capacitive goniometers for, 4068 

Direction finding, oherent-wave, component 
determination rasing 2-channel c.r. dl., 816 

hi., errors caused by nearby vertical reradiators: 
11»3 

3-dimensional. using spaced aerials, 3314 
Discharge tubes See Valves, gas- filled. 
Diecharg«, (See also Breakdown; Plasma) 

cold•cathode, space charge effects in, 1833 
effect of coupling oscilator coil to discharge tube, 

1156 
electrodeless, in air aa reduced pressure, effect of 

magnetic field on, 83 
glow- to-arc transitions, ionizing- potential space 

waves in, 3234 
glow- type, hollow-cathode. 2909 
ht,, torch- type, elea iron temperature and noise in, 

3253 
Hg-vapour, noise spec tra measurements in, 1019 
Jmhi effect, potential variation in, 2538 
low-density, tneory of cathode sheath in, 83 
propagation d non- ionizing shock waves in, 1416 
pulse, gas recovery after. method of studying, MI 
'silent', r.f, oscillations in light and darkness in, 

1155 
space-charge fieldpinision hypothesis applied to, 

2907 
thermal noise in, 1158 
wire-cylinder, in air, in relation to space-charge 

field-emission hypothesis. 394 
Discriminators, frequency, linear, wide-band, 

using transmission lines, 2526 
microwave, for stabilizing klystron oscillators, 

1487 
Distortion, of a.m, and l.m. signals. 3087 

harmonic, in f.m. system, 15114 
of signal on hi, carries in circular sroveguide. 3473 

E 

Earth, conductivity, mapping by radio technique in 
U.S.S.R., 414 

measurement of, 3420 
Earth satellites, appldations, for tranrsceanic 

communication system, » 12 
for verification of theory of relativity, 3684 

atmospheric density determination, lifetime data 
for, 3666 

from orbital data, 3689, 3695 
irregularities in, 2571 
at 209-400 km, « SS 

atmospheric pressure and density measurements 
by, 1871, 3694 

instrumentation for.439 
cosmic-radiation investigations by. 3698 

analysis of, 2958 
instrumentation for. 3663 

Doppler measurements on, 1191, 3697 
velocity determination from, 442 

electron energy levels at 470-1E80 km recorded by. 
3294 

errors in tracking, due to refraction at ionospheric 
heights, 3698 

Explorer series, firing system, instrumentation and 
tracking of. 1545 

flight principles and velocity data, 2950 
geodetic information from, 1186 
geomagnetic held mea' urements by, 3693 
gravitational torque Oh, 117 
ion- concentration mea-nrenaents by, 3696 
ionization trails, radio reflections from, 121, 2963 
ionosphere investigation by, 1873, 3295 
launching problems, 3680 
lifetime determination and orbit perturbations, 

3681 
optical observation, over polar regions. 793 

tracking program for I.G.Y.. 2566 
in USSR., 3288 

orbital acceleration of, atmospheric effects in, 2564 
orbital data, calculations, 3682 
and geophysical factors. 3683 
value for earth's flattening obtained from, 2367 

orbits of, air-drag effect on, 3287 
allowing for earth's oblateness, 1184 
described by diffe.enre equations, 119 
irregularity in, 797, 1543, atmospheric tides 

as cause of, 2566 
cause of air resistante changes in, 1186 
coordinate system for, 3687 
determination front tracking data, computer 

program for, 2568 
Doppler method for determination of, 1188 
effect of earth's oblageness on, 7233, 2234 
prediction of. 2233 
around unsymmetric central body, 1541, 21)1866 

polyhedral, for accurate orbital data. 794 
radar scattering front, effect of Faraday rotation 

on, 1345 
radio-astronomy investigations by. 3292 
radio observations of, comparison of methods of 

studying ionospheric structure by. 799 
derivation of ionosphere data from, 1548 
ionospheric effects on, 1549 
in Italy, 1192 

signals from, Faraday fading of, deduction of 
ionospheric electron content from, 1572, 
correction for, « II 

Faraday rotation of. 716 
magneto- ionic effects tp to 2 000 km in. 2961 

recording of, 2573 
solar corpuscular radiation investigated by, 3393 
time-dilation measurement method, 3688 
tracking, methods for, 122. 1847 

'minitrack' system for, 1190 
photoelectric optical method for, 1189 

Earth satellites. trackitg. 108-Mc/s interferometer 
system for, 133 

trajectors41 determinatron, ground equipment for. 
4 

US. and U.S.S.R., tabulated data on, 3679 
telemetry data for, 124 

US.S.R., observations related to ionospheric 
propagation, 2162 

tracking by Doppler measureinents, 443 
weather observation by, 23611 

instrumentation for picture transmission in, 2715 
1957 ci (Sputnik I), determination of orbit and 

regions of reception, I» 
Doppler measurements at Johannesburg, 445 
electron density determinations in outer iono-

sphere by, 3298 
ionospheric informaiion from, 3296, 3297 
ionospheric investigation by simultaneous 

Doppler shift measurements of. 1874 
radio observations d, in Japan, 446 

results from, 1869 
in southern hemisphere, 444 

rotation of, 795, 1187 
1957 cc and ff, radio observations, in Germany, 

2237. 3159 
Royal Society dis. mission, 2951 

tracking of, using h.l. dl.. 798 
1957 (Sputnik II), brightness fluctuations of, 2956 
change of inclination of orbit of, 1543 
cosmic-ray intensit ynariat ions recorded by, 2969 
field-strength recordings at 40 Aids in West 

Germany, 3291 
gravitational-field investigations by, 792, 4048 
instrumentation of, 440 
last minutes of, 447 
orbit of, changes in inclination to equator, 2235 

motion of nodal line in, Ill 
radar observations of, 3290 
ad.-flare effect on period of, 449 

1958 n ( Explorer I), cosmic- ray information from, 
analysis in Japan, 448 

instrumentation for, 2164 
instrumentation of, 1547 

195813 ( Vanguard' I), instrumentation, orbital data 
and applications of, 1843 

orbit of, determination of coefficient J of 
gravitational potential from, 1867 

variations related to gravitational field, 2236 
solar effects on motion of, 4950 

1958 and 8, effect of corpuscular radiation on 
acceleration of, 2960 

1958 11 (Sputnik 111), antipodal reception con-
ditions, 2957 

auroral ionosphere investigation using. 4052 
diurnal lapse of signals from, 2154. 4049 
instrumentation and results of observations. 1556 
ionized tracks as cause of signal strength 

fluctuations, 2963 
orbital data for, 1545. 3685 
radio observations of. 2569 
signal-strength recordings, in Alaska, 1193 

in Ohio, 1576 
uppepatmosphere investigation by, 1872 

1958 • ( Explorer IV), cosmic radiation increases 
detected by, 3692 

observations of radiation belt by, 1238 
Elec ttttt , CaTiO,, anomalous stability of, 1603 

phenomenological theory of, 1602 
ElectroiscoustIcs, standards, calibration and errors 

of, 3186 
Electrodynamics, classical, as distribution theory, 

404 
nonlinear, formation of discontin -tines in, 2914 

Electroluminescence. (See also Ebvrohoi9) 
in Culp, and current creep effects in rectifiers, 3005 
display panels, for automatic displays, 3434 

for character generation and storage, 1654 
transfluxopcontrolled, 568 

display systems. ELF, 235 
'sylvatron', 224 

in Gap and InP, bimolecular transitions at 
rectifying junctions. 3737 

of insulated particles. 12115 
mechanism of. 1597 
'memory' effect in enhancement of, 1213 
modulation of photoluminescent emission by 

alternating field, 831 
processes and application to picture tubes, 1109 
screens for television display, problems of, 566 
in SiC, 3803 
in SiC p-n junctions. 1910 

Electrolyte tank. anisotropie field plotting in, 3825 
servo system for automatic tracing of equipotential 

curves, 3428 
space-charge simulation by current injection, 2356, 

2708 
Electromagnetic field, in stratified medium, 

excited by dipole in surface, 2128 
Electromagnetic theory, electron wave functions, 

consistency condition for, 2637 
e.m, waves in crystal with exciton absorption, « 9 
helical coordinate system for, 773 
of induction, 407 
Maxwell's equations, in general relativity theory, 

1514 
solution in terms of spinor notation, 2100 
uniqueness criterion for solutions of, 3628 

Maxwell's and Helmholtz's equations, application 
of distribution theory to, MS 

of 'singular' induction, 406 
Electron beams, axially symmetric, with uniform 

velocity profile, 3536 
distribution of particles with multiple scattering, 

1837 
effect of inclination of focusing electrodes on 

formation of, 3060 
homogeneous, plasma heat-exchange technique for 

producing, 397 
influence of angle of diffusion on energy spectrum 

in thin films. 3255 
magnetic analysis based on Lorentn effect in, 2199 

Electron beams, naagnetically focused, anomalous 
noise in, 2789 

characteristics of, 3888 
periodic permanent-magnet structures for, 1021 

parallel-flow, periodic es, focusing of, 2061 
partially neutralized, perveance and Bennett pinch 

relation in, 84 
relativistic, intense, behaviour of, 4817 
rotating, space-charge-wave harmcnirs and noise 

in, 1736 
sheet-type, aberrations in, 2908 
space-charge in, compensation of, 1836 
space-charge flow in, solution of equations for, 764 
splitting effect on penetrating magnet, 3636 
stationary, magnetic forces and relativistic speeds 

in, 03 
theory d formation and trajectory in magnetic 

field, 2069 
Electron emission, (See also Cathodes; Photo-

electric emission) 
field•type, totalprorgy distribution for, 2197 

measurement of, 2198 
from Hg filins in discharge tube, 1157 
from Sto, after electron bombardment, 3258 
secondary, due to ion beam, energy spectrum 

analysis, 1838 
of metals, theory of, 3257 
from Mg() films, 2316 
from Ni, 3789 

thermionir, from Mn. effect of inapnetic field on, 
1945 

wave-mechanics correction of Richardson-
Dirs.,. equation, 1912 

Electron gas, dielectric formulation of many-body 
problem for, 1834 

high•density, magnetic susceptibility of, 769 
Electron guns, for kinescope, annular, 652 

high-tranrsonductance, 322 
electrode requirements for prescribed field dis-

tribution, 323 
magnetically shielded, electron-beam dynamics of, 

1031 
magnetically shielded and inamersed, perturbations 

in beams from, (D)2431 
Pierce-type, design theory for, (D)653 
'ramp'- type, space•charge-limited crossed- field. 

theory of, 3814 
for solid and hollow cone-type beams, 2436 
toroidal, for dense hollow beams, 3517 

Electron lenses, asymmetric, stigmatic image in, 
3975 

unipotential design of, 937 
es., correction of aperture error by space charge, 

4171 
ion-focusing properties of quadrupole pair, 2721 
magnetic, induction along axis of, measurement of, 

2704 
weakly convergent, spherical aberration in, 3838 

Electron microscopes, cathodes for, oxide-cored, 
3078 

point- type, 3077 
remote- focus, 936 

emission- type. using secondary electrons, 1330 
using ultraviolet radiation, 1987 

ps, charging of photosensitive material in, 1988 
chromatic variation of magnification in, C0111. 

pensation of, 3976 

field of series of cylindrical magnetic lenses, 3445 
with highly biased electron gun, 3443 
image contrast analysis, 3444 
space-charge aberration and resolving power of, 

3074 
Electron microscopy, image in, e.s. method for 

obtaining, 1331 
obtained by negative- ion bombardment, 567 

review of developments since 1957, 3833 
shadow casting, use of carbon films in, 938 

Electron optics, diffractograph for continuous 
recording. 3442 

energy spectrum of electron beam reflected by 
metallic object, 399 

e.s. immersion objectives, computation methods, 
3973 

shadow technique, field superposition for increasing 
sensitivity, 3441 

Electronic application., automatic character 
recognition systems, 1991 

automatic pattern recognition, by analogue 
apparatus, 2371 

using flying-spot scanner. 2372 
catapult end-speed recorder. 924 
electron-bombardment processing of materials, 

4168 
Ps. teletypewriter for data processing, 3086 
hygrometer. rrocrowave-refractometer, recording-

my .3171 
in inertial guidance system for space flight, 3839 
manometer, microwave, for pressures >0.1 mm 

Ho, 565 
in medicine, control of ventricular contraction in 

experimental heart block, 929 
ingestible radio capsule, 1326. 1327, 3814 
microwave radiator for heat therapy. 2361 
pulse generator for electrocardiograph, 4169 
sensitivity of v.l.f, amplifiers for electrainyo-

graph)... 234 
variable- pulse stimulator. 229 

microwave model of human eye, 1326 
macs light source using Si fes junction containing 

P. 3435 
observation of confined detonation processes using 

microwave interferometer. 3068 
photoelectric apparatus with mechanical scanning 

for photometry, Cl? 
plasma engine. 3833 
radar meter for vehicle speed measurement, 1898, 

1981 
radar technique. for detection of shock waves, 3447 

for shock-wave velocity determination, 1458 
in railway industry. 2717 
seismic transducer for visual recording, 3469 

Electronic applications, ' telluroineter', for measure-
ment of distance, 1980 

video differential planianeter, 3467 
Electronic equipment, in Brazil. 3176 

in naval ordnance, design problems, 2803 
production and assembly techniqurs for, 1037 
reliability of, calculations on, M6 

design factors for, 2076 
'interaction' in, 1038 
numerical approach for, 28114 

Soviet, review of, 3899 
transistorized, data on, 3592 

Electrons, collision probability in gas, microwave 
measurement method, 768 

relativistic flow in straight lines with no external 
magnetic field, 396 

slow excitation of molecular vibration and rotation 
by, 3259 

spin kinematics in uniform field, 99 
Electrostatics generation of static charge on high 

polymers, 4013 
interaction of two charge distributions. 760 
potential and capacitance of torus, 4012 
potential distribution near p-s junction. IS« 
simple method of calculating capacitance, 2193 
surface charges on insulators, 2527 

Equalisers, constant-S. 3226 
Laguerre-function, using passive elements, 1481 

Ether, deflection of light waves by movement of, 3248 
Exhibitions, Audio Fair, London, April 1959, 2095 

electronic computers, London, 1958. 715 
German Radio, Frankfurt, 1959, 38911 
National Radio, London, Sept. 1959, 3897, 4255 
Physical Society, London, 1059, 1749 
R.E.C.M.F., London, April 1959, 2802 
S.B.A.C., Farnborough, Sept. 1959, 4266 

Faraday effect. See Magnetic effects. 
Ferrronignetle materials. See Ferrites. 
Ferrites, with anomalous niagnetiaat ion loops, 

hysteresis losses of, 34« 
lia, anomalous characteristics of sanaples con-

taining CaO.SiOs. 2685 
dielectric properties of, anisotropy in, 3897 
magnetization curve analysis. 3606 
substitution of cations in, 540, 541 

Ba0.6F.O., magnetization and strut-time of, 899 
containing Co, perminvar effect in, 1284, 2324 

semiconducting properties of, 4135 
dielectric-constant measurement bridge for, 4168 
Dy-Y, Dy-Gd and Dy-Er mixed garnets, properties 

of, 2331 
Pm. fields in ellipsoidal samples, 1266 
Er garnet, Al- arid Cr- substituted, interpretation 

of properties of, 1290 
Fe.O. and (Ni0),,,(Fe0)....Fe.0., Hall-effect 

measurements on, 3483 
'ferroxcubel, permeability tensor of, at 24 kMc/s, 

1293 
lerroxplana'. crystal-oriented, 2687 
flux reversal in, modified rotational model for, 9111 
frequency characteristics of. 3398 
garnets, domain observation by transmitted light, 

200 
growth of single crystals of. 1289 

Gd-Er and Gd-1' mixed garnets, properties of, 1613 
Gd-Fe garnet, microwave resonance in, two-

sublattice model for, 3043 
as gyrotropic media, reciprocity relations for, 3044 
hysteresis loop evaluation by computer, 2326 
kinetic processes in, phenomenological theory of, 

15 
Li, susceptibility of, transverse, dispersion in 

range 10-10000 Mc/s, 1288 
Li-Zn, magnetic properties of. 1957 
Inc magnetostriction oscillators in filter circuits, 

1954 
measurements by resonance-cavity methods on, 

formulae for, 546 
Mg, effect of Mn and firing conditions on, 903 

effect of oxygen pressure on, 1287 
solubility of MgO in. 2688 

Mg-Mn, magnetic- viscosity in hysteresis loop 
tracings, 2325 

microstructure and properties of, 4133 
microwave Faraday effect and birefringence in, 

1632 
11n, domain- wall motion and resonance in, 1958 
magnetic properties and dirscrommodation of, 

1327 
Na.0•SnO-Fp.0, 904 
neutron irradiation effects on Curie temperature of, 

898 
Ni, effect of divalent- ion substitutions on magneto 

mechanical properties of, 1292 
grain growth in, 544 
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Ni-Co, magnetic resonance studies during reaction, 
31142 

and Ni ferrite-aluminates, resonance measure-
ments on, 36» 

Ni-Fe, magnetic anisotropy in, low temperature 
transition of, 942 

NiMnO., resonance in, 543 
NiMnO. and CoMnO., crystal structure of, 199 
Ni-Zn, effect of Co on magnetic dispersion, 3888 

hysteresis reduction by transverse field, 3344 
paramagnetic susceptibility of, temperature 

dependence of, »41 
permeability variation with time in, 4136 

oriented, with cubic anisotropy, 3399 
permeability and loss data for cores, 897 
polycrystalline, resonance in, spin-wave analysis of, 

777 
power-gain relations for 3- and 4- frequency 

excitation, 3841 
preparation of, by continuous electrolytic co-

precipitation, 1951 " 
properties and applications of, 4134 
rare-earth garnets, resonance in, 2694 
rare-earth ortholerrites, weak ferromagnetism in, 

905 
Ferrites, resonance in, magnetostatic modm of, 3812 

properties and microwave applications of, 4111 
theory of, 906 

resonance line widths, and g- factors in, 3482 
measurements in cross-guide coupler, 3816 

resonance in spheres, magnetostatic modes in, 988 
reversal of tenàperature coefficient by d.c. field, 

3686 
r.f. properties of, weak- field measurements of, 3815 
single-crystal, domain configurations on, 1383 
square-loop, rings, test equipment for, 4156 

storage properties of, test methods for, 3397 
switching- finie investigation using asymmetrical 

pulses, 3404 
storage- type, magnetic reversal in, 4137 
susceptibility of ellipsoid in uniform field, 3809 
switching in, rotational, mechanisms of, 1634 
thermal expansion coefficient of, 4128 
TiFe.0.-Fe.O. system, properties of, 542 
transparent, domain observations in, 1956 
Y-Fe garnet, effective exchange constant in, 34111 
magnetic anisotropy constant of, WI 
magnetmcoustic resonance in, »I 
permeability spectra of, 1291 
resonance in, 4138 

effect of rare-earth impurities on, 3811 
resonance instabilities causing microwave and 

If. oscillations, 198 
resonance line widths, 23» 

at liquid-He temperatures. 907 
maximum at low temperature. 3812 

with substituted Cr, absorption curve, variation 
in width of, 2329 

g-factor of, 2328 
Y and Gd garnet, resonance absorption with 

increasing power level, 41» 
Ferroelectrk materials, (See also Piexoelmtrie 

materials) 
anomalous polarization in, 1911 
(Ba,Sr)TiO., this films, vapour-deposited in electric 

field, 1883 
Ba(Ti,Sn)0, and Ba(Ti,Z00., polarisation varia-

tion with temperature, 3746 
BaTiO,, ceramics, anomalous residual polarisation 

in, 3327 
polarized properties of, 479 
primary pyroelectric effect on, 156 

crystals, triangular, growth of, 1199 
domian structure observed by electron micro-

scope, 158 
domains in, antiparallel, during polarization 

reversal, 2634 
effect of space-charge fields on, 7274 
electron paramagnetic resonance in, 476, 477 
hysteresis loops and pyroelectric effect in, 3332 
Irradiation effects on coercive field of, 1913 
motion of 180. domain walls in, I» 
polarizability increase during switching. 3744 
polarieation changes during aging of, 844 
polarization reversal in, 159, am 
spontaneous polarization in, ultra-low-velocity 

component of, 160 
switching current in, domain model for, 2635 
switching time at high voltages, 478 
switching velocity in, pulse-width dependence of, 

2375 
transition to fermelectric state in, 843 

CaSr(Ti,Zr10. and Na(Nb,Ta)0, solid solutions, 
nonferroelectric phase transitions in, 1913 

Cd.Nb.0,. preparation of, by anodic spark reaction, 
2276 

ceramics, charge release for different temperature 
and stress conditions. 2638 

energy loss processes in, 1217 
ceramics and crystals, review of, 153 
colernanite, properties of, 3741 
domain structures of, pocvder-pattern techniques 

for delineating, .M5 
domain wall theory for, 374111 
hysteresis loops uf, growth of, 3329 
KD.P0., magnetic resonance spectrum and 

relaxation in, 3743 
KH.P0., properties of, 3331 
KNb0.-KTa0, system, transitions in, 33» 
LiH.(Se0.)., crystallography, d irlectric and 

thennal measurements on, 4884 
Li(N.H.) SO., 8411 
metaniobate and metatantalate ceramics, pro-

perties of, 3336 
(NH.)HSO., with low cmrctve field, behaviour in 

range-3. to — 119. C, 841 
PbNi and PbMg niobates, temperature dependence 

of permittivity and loss angle, 2631 
Pb.ScNb0. and Pli,ScTa0., temperature depend-

ence of permittivity and loss angle, 2632 
properties and selectio.à of, 154 
Rochelle salt, Curie temperature and domain 

structure of, 1218 
hysteresis and after-effects in, 3008 
brat-field theory of clamped crystal, 484 

SrTiO., electron paramagnetic resonance of Mn 
Ions in, 2633 

stability of, 483 
thermal fluctuations of electric polarization in, 842 
triglycine sulphate, polarization reversal be 

sideways expansion of domains, 3742 
radiation damage in, 2273 
second-order transition in, 157 

Ferromagnetk materials, (See also Ferrites; 
Magnetic properties) 

o-Fe.0., magnetostatic energy and magnetic 
anisotropy of, 893 

alloys, Co- and Fe-rich, magnetixation of, 3392 
Co-Gd, magnetic moments of, 2321 
Co-Ni, domain-structure changes after quenching, 

192 
CrTe, Hall effect in, 2681 
crystal anisotropy and magnelostriction of, 3393 
dilute, expenmental investigation of 1631 
Fe- Al, Hall effect at Curie point in, 26» 
Fe-Co, Hall effects in, 1953 

Ferromagnetic materials, alloys, Fe-Si, temperature 
dependence of magnetic properties, 193 

Fe-Si-Al, sendust flake, for It. applications, 894 
Heusler-type, Ag and Au, 1950 
Mn-Al, metallographical investigation of, 2679 
Mn-Bi, films, magnetic writing on, 639 
Ni-Cu and Ni-Cr, temperature dependence of 

resistance of, 3816 
Ni-Fe, films, magnetization reversal by rotation 

and wall motion in, 1955 
orientational superlattices arising from 

mechanical deformation, 1276 

Ni.Fe, antiferromagnetic orientation in, 537 
Ni.Mn, change of sign of Hall constant in, 2675 
permalloy, direct observation of spin-wave 

resonances in thin film, 191 
perminvar, influence of magnetic annealing on, 

33% 
magnetic annealing in, 3797, 3718 
measurement of domain-boundary propagation 

velocity by Kerr effect, 194 
Co, fiems, resistivity of, 162 

resistivity and thermoelectric power of, 487 
leakage-field determination using divergent 

electron beam, 202 
nuclear resonance in, 4136 
polycrystalline, magnetic resonance of, 3802 

creep of asymmetric hysteresis cycles in, 284 
cube-oriented sheet, 8% 
Curie-point phenomena in, 3391 
cyclic remagnetization of, noise measurements on, 

3796 
domain boundary configuration during magnetisa-

tion reversals in, 2319 
domains in, observation by magneto-optical Kerr 

rotation, 1281 
thermal activation of, 1275 
width of boundary layer between, 2676 

elastic-wave damping in, high-frequency, 1278 
electron diffraction method of analysis of, »el 
electron mirror microscopy of stray fields in, 3868 
Fe, armco iron, uitrasonic investigation of deforma-

tion in, 4124 
dogoin distribution between two phases in 

single-crystal disk, »38 
domain structure, influence of demagnetizing 

field on, 2677 
eddy-current losses in, 41» 
films, evaporated, chenàisorption of O. in, 1295 
magnetic anisotropy in, 2683 

influence of carbon inclusions on mobility of 
Bloch walls, 3794 

Fe and Nifilnis, magnetixation vectors determined 
from magnetoresistance effect, 3010 

Fe and SiFe, magnetothernial effects in, 41» 
films, energy relations for magnetization analysis, 

3394 
monitoring hysteresis loop during and after 

deposition, 2682 
Hall effect in, measurements on, effect of crystal 

anisotropy and magnetostriction in, 3M3 
theory of, 12/7 

hysteresis in, calculation of, 197 
hysteresis cycles in, creep of, 547 
interatomic distances in, 891 
irradiation effects on, 2646 
magnetite, ago-fluctuation scattering of neutrons 

in, 41 
magnetization of, change with hydrostatic pres-

sure, 892 
model for interpreting domain effects on electron 

beam, 3487 
mu-metal, 'after-effect' in, 2320 

Ni, domain distribution in, influence of tempera-
ture on, 3795 

Hall effect at low temperatures in, 2323 
resonance in, 2684 
ultrasonic velocity and attenuation changes with 

magnetization direction, 4125 
ultrasonic wave propagation in, 1951 

Ni, films, cathode-sputtered, therrnai transfornia-
tion of, 895 

electrolytically produced, properties of, 3804 
Hall effect in, 1279, 12% 
magnetic properties of, 3639 
magnetoresistance of, 1944, 3395 

Ni and Pd films, Insperature dependence of 
resistance of. 

particles in paramagnetic alloy, variation of 
spontaneous magnetization with tempera-
ture, 2678 

powder-core, temperature coefficient of initial 
permeability of, 1282 

radiation effects in, 1% 
resonance and relaxation phenomena in, thermo-

dynamic theory of, 638 
soft, flux reversal mechanism in, 3405 
spin-orbit coupling and extraordinary Hall effect 

in, 1952 
structure of. instability of Bloch walls due to 

interstitial atoms, 535 
superconductivity conditions for, 196 

Ferromagnetism, coupling of elementary domains 
in, 546 

effect of coupling between grains on hysteresis, 
»3 

excluded-volume problem and Bing model of, 3263 
fluctuating-field theory and low- temperature 

ordering, 536 
granular structures in, analysis of, 2318 
Heisenberg model for, equivalence of Bose-Einstein 

lattice gases to, 2913 
Field strength, (See also Reception; Wave propaga-

tion, 
measurements, recording and evaluation of, 3419 

Films, thin, absorption of e.m. wave by, optimum 
thickness for, 3368 

absorption/field-strength curves for, determina-
tion of width of, 3814 

Films, thin, Au, effect of Se film on conductivity of, 488 
Au and Cu, resistance variation and noise in, 

3350 
magnetoresistance measurement circuit, /55 
microwave refractivity of, 1154 
oxide, on Al. impedance, rectification and 

electrolunanemence of, 4141 
Sb, resistivity and magnetoresistance measure-

ments on, 2693 
Filters, ( See also Networks; Waveguides) 

active, band-pass, 16-175-c/s, multirange, 3977 
using transistors and twin-T networks, 2156 

all-pass, for delay equalisation in television 
transmission, 737 

attenuation characteristics, formulae for, 731 
band, normalized admittance curves and mis-

match circles for, 734 
null-paint, 736 
2-stage, with feedback amplification for band-

width control, 736 
branched, 3151 
constant-k, stagger-tuned, for servo systems, 368 
crystal, lattice- type, symmetrical transfer charac-

teristics of, 1121 
wide-band, design of, 11» 

development of technique in France since 1947, 
2153 

elliptic- function, design curves for, 367 
if,. permissible circuit impedances for f an., 732 

triple- tuned, operational and design data for, 
1803 

image-parameter, Tchebycheff approximations for, 
3498 

ladder, band-pass, half-sections formulae for, 3223 
coupling coefficients for maximally flat ampli-

tude response, 1478 
interchange of infinite- attenuation elements in, 

2158 
LC, design curves for, 366 
low-pass/band-pass transformation of, 2152 
mismatch conditions for improving character-

istics of, 1116 
optimum, design tables for, 49 
Zobel-type, simplified design method for, 3334 

linear, transfer-function relation for, 3607 
low-pass, RC, with optimum response, design data, 

51 
response to finite-duration signals, 2390 
voltage-controlled, continuously variable 1119 

nognetostrictive, narrow-band, 52 
mechanical, for communication equipment, 2155 

flexural vibrations in, 2154 
theory and technique of, 3225 

microwave, cavity- type, aperture-coupled, 1112 
for minimum insertion loss, 1117 
pulse-width, for television receivers, 18412 
rejector, bifilar-T, analysis of. 1122 
Tchebycheff - type, symmetrical, estimation of 

dissipative effects in, 511 
synthesis of, 3688 

time-symmetric, for gliding-tone analysis, 365 
wave, design of, network transformations for, 3222 
Zobel-type, for Tchebycheff insertion loss. 1118 

Frequency, control, automatic, using junction diode, 
for Lin. receivers, 151 

converters, ferrite Serrodyne' for X band, 3942 
uhf., using nonlinear-capacitance diode, 3145 

dividers, harmonic-type, investigations on, 1132 
for pulse synchronization, 3232 
regenerative-modulator- type, process related to 

Mathieu functions. 2509 
using transistors, 378, 1133 

wide-band, 2508 
measurement equipment for transmissions from 

aircraft in flight, 3423 
measurements, using atomic clock, 1311 

pulse beat method for, 1643 
of response of electromechanical devices, 2079 

meter, microwave, H.,,-mode, 4161 
multiplication, using counter circuits, 3614 
stabilisation, using double mixing circuit, 738 
standards, Canadian, 2760 

using Cs beam, 2781 
Cs, 'atocnichron', &SO, comparison of, 213, drift 

in, 4148 
comparison with NH.-beam maser, 915 
correction for earth's ellipticity, 4147 
N.P.L., circuits of, 2.340 
portable, »53 

microwave, using crystal oscillator, 1310 
using Na vapour, 41» 

for microwave spectrometers, 3054 
molecular, theory of cavity microwave spectro-

meter used with, 1641 
based on molecular-beam electric resonance in 

LiF, 4149 
NH., in ternas of astronomical time, 914 
portable 15-Mr/s. 3052 
100-kcfs, comparator for, 1399 

G 

Galvanomagnetic effect. See Magnetic effects. 
Galvanometers. See Meters, galvanometer. 
Gum, ionised, (See also Plasma) 

auroral afterglow of nitrogen, 1510 
dependence of electron mobility on magnetic 

field, 3643 
electron and ion temperature difference in 

magnetic field, 2536 
irreversible processes in, 41121 
in strong fields, as hydromagnetic capacitor, 1843 
thermal diffusion in, 89 
transport phenomena in, mnsidering electron. 

electron scattering, 482 
oxygen, attachment of slow electrons in, 2533 

Generators. (See also Oscillators; Signal generators) 
frequency-sweep, using voltage- variable pe-n. 

junction capacitor, 3986 
wide-band, with 100 kc/s-300 Mc/s sweeps, 558 

harmonic, efficiency with ideal rectifiers, 60 
microwave, using capacitive-mode crystal 

diode, 3991 
Generators, hammnic, using nonlinear reactances, 61 

pulse, nos, calibrated, using coaxial line, 2706 
using half-cycle delay principle, 2501 
using vibrating-reed Hg switch. 2540 

using nonlinear amplifiers to shorten rise time, 
1488 

Inc radar range calibration, 2353 
using transistors, 2161 
variable, using pulse transformer and transistor, 

1128 
80-9s, 100-kW, for spectroscopy, 376 

pulse and square- wave, commercial, 3710 
random-function, with constant peak- to-peak 

amplitude, 373 
sine-w-ave, If., commercial, 552 

Geomagnetic etorma, activity following large 
solar flares, 3284 

correlation with sudden disappearance of solar 
filaments, 2948 

recurrent, 1917-1944, related to solar prominences, 
1865 

in relation to geomagnetic pulsation, 1537 
ring-current theory of, inadequacy of, 1636 
sudden commencements, observations at Taman. 

rasset, 1183 
propagation of, 3285 

finie constants for, 1635 
Geomagnetism, activity, in polar regions, from 

report of French expeditions, S IV 2, 111 
related to green coronal-line intensity, 2949 
relation with solar flares, 113 

dynamo theory of. 108 
far-field discrepancies in cosmic-ray and surface 

data, 435 
field disturbances, eorrelation with earth currents, 

4044 
due to nuclear explosions, 3669, 3678, 3671, 3672, 

3709 
related to atmospheric circulation at SOO mb, 

2229 
as relaxation variations, 2944 
due to solar plasma, 3660 

field fluctuations, irregular, diurnal variations of, 
1533 

in 0.1-30-cfs range, 1532 
with 6- sec period, causes of, 2945 

field gronàetry at ionospheric heights, 3849 
field intensity, scalar, method for analysis, 109 

solar-eclipse effect on, 2561, 2562 
field measurement, using weak- field maser, 3823 
field micropulsations, in Alaska and California, 

4045 
geographic variations, 3946 

field pulsations, auroral origin of, 2947 
related to oscillations of outer atmosphere, 3673 

field reversal calculations, 436 
field variations, e.m. fields induced by, 3668 

lunar tides at Kodaikanal, 1534 
lunar-diurnal, at Tamanrasset, 2238 
secular, relation to non-dipole fields, 711111 

hydromagnetic waves above ionosphere. Ill 
measurement with Rb vapour magnetometer, 112 

Hall effect, (See also under Semiconductors) 
devices based on, 2692 
generators, semiconducting thin films for, 3349 
measurement apparatus, a.c., for ferromagnetic 

and semiconductor materials, 918 
Hearing. binaural fusion in, mechanism of, 1055 

definitions of d' and q in signal detection, 3864 
detection of signals in noise, 3540 

as function of frequenc• ensemble, 1052. 3539 
masking in, definition and index for, 3541 
stereophonic effect obtained with single signal, 1056 
threshold, and duration d tone pulses, 3909 
threshold shift, dne to noise, 682, 1053, 1654 

relation with maskine, 681 
Heating. eddy-current s--stem using gas- filled 

triodes, 2716 
induction, generator using hydrogen thyratrons, 

3439 
Hyrt:t,erfretteltu.eney  Sees titaabgttilienteicotrLepenerntors for, 933 

Image converters, electron-acoustic, using pieso-
e6l;:r;;e flate manned by electron beam, 

for military and scientific use, 2783 
pulsed, for observation of luminous discharges, 

3632 
for quantity production, and definition of gain 

characteristic, 1404 
shutter type, for multiple4rame photography, 2369 

Image Intensifiers, cammae, fluctuations in, 3521 
with optical feedback, for picture storage, 1408 
solid-state, application of electroluminestence in, 

1697 
Impedance, notched or optimum, assessment of, 37 
measurements, by differential bridge, between 

10 kcfs and 10 Mc/e, 3429 
in waveguide' automatic frequency-sweep c.r.o. 

method. ISO 
100 c/s-50 Mcffi, 3-brunch phase-opposition 

circuit for, 514 
shunt, of resonant cavity, measurement method, 

3421 
surface, measurement technique for vhf., using 

disk- terminated coaxial line, 1386 
quantum theory of, 1221 

Inductors. See Coils. 
Information theory. See Communication theory. 
Infrared, (See also Photoen1s) 

physics and technology, 4811 
InsuLting meterials, (See also Dielectric pro-

perties; Ferroelectric materials) 
ceramic, structure and properties of, 4142 
for magnet wires, 1635 
plastics, epoxy resins, properties of, 911 
polyethylene, oxidized, dielectric loss of, 3414 
polymers, dielectric losses and permittivity at 

cm A, 3818 
Insulating niaterials, silicone, tabulated data on, 

2694 
tape- and film- type, for electronic equipment, 1296 

Interference, ( See also Noie; Reception) 
from fluorescent lamps, 3163 
from industrial, scientific and medical apparatus 

and radiating receivers, 954 
from radar, in microwave communication services, 

1353 
in shared.channel broadcasting, subjective tests, 

3479 
suppression equipment for lifts and screened 

rooms, 4113 
from television receivers, reduction of, 965 
u.s.w., measurement equipment for, 1386 

Interferometry, double-beam, coherence require-
ments for, 398 

International Geophysical Year, coordination of 
observational program for, 1539 

Indian program, 3299 
Indian work during, texts of papers covering, 3699 
N.B.S. radio and ionospheric observations during, 

4046 
organization and data-collection arrangements for, 

1538 
program of atmospheric research, 1546 
R.S.G.B. progress report, III 

for vhf, program, 115 
S.W.I. and disturbance warnings, improvement of, 

116 
World Data Centre for ro. kets and satellites, 1194 

Inverters. See Converters, d.c./a.c. 
Ionisatio., In homogeneous field, extension of 

Townsend's approsimation formula, 73,11 
lonoephere, (See also Atmosphere; Earth satellites; 

Wave propagation. e.m.) 
abnormal effects on cosmic noise at tOmS, 808 
absorption in, interpretation of variations in, 3716 

•rionneter' cosmic-noise equipment for measure-
ment of, 1566 

at 5 Met, over Delhi, 610 
in arctic, measurements from drifting observatory, 

3717 
in auroral zone, rocket measurements 100-210 km, 

15» 
D region, absorption in, explanation of daytime 

constancy of, 809 
rocket measurements of, 2972 

arctic, electron-collision frequencies in, 1886 
.,,„ and sudden disturbances of, 2588 

low-frequency sounding and reaction-rate 
investigation of, 1853 

disturbances in, effects on communication circuits, 
573 

sudden, effect on 2.21.-Mc/s pulse reflections, 
2971 

travelling, night-time. 2580 
drift in, evaluation by method of 'similar fades', 841 

measurements at If., 1198 
signal- pattern analysis for, 1884 

E region, effect al ion production and recombina-
tion on wave scattering in, 4059 

geomagnetic distortion ad, »46 
lower, horizontal drifts and temperature in, 804 
measurements during solar eclipse, 3306 
size of irregularities in, 4854 
structure and variations of, 1554 
turbulence due to oin. forces and wave scattering 

in, NM 
E and F regions, drift observations at Ibadan, 1557 
E. layer, long-term variations in Japan, 127 

lunar intliàence at Huancayo, 3363 
lunar- tide observations at Ibadan, 1880 
polar, analysis of ionosonde data, 1661 
spiral, occurrence of. 3304 
spread-F and radio-star scintillation, causes of, 

2970 
survey of data, 1879 
v.h.f, observations in US., 2187 

E. and F. layers, comparison of data on, 2678 
E., layer, lunar tides observed at Brisbane, 132 
effects of nuclear explosions on, 3709, 3712, 4056 

radio observations of, »69 
in recordings of atmospherics and solar r.f. 

bursts, 3711 
in vertical- incidence absorption measurements, 

3710 
effects on radio reflections from moon and solar 

corona, revised formula for, 2563 
effects related to cmmie noise level variations 

around 80 Nets, 2562 
effects of strong gyro-waves in, 3308 
electron density of, computations of, 126 
daytime decay ymiations with height, 3708 
investigations by rocket in U.S.S.R., 2965 
measurements using rocket-to-ground c.w. 

transmission, 3714 
profiles, during 1.0.Y., 791 

preparation front ion-.grams for I.G.Y., 438 
electron distribution in, derivation of Nth) profiles 



Index to Abstracts and References, 1959 27 

for, 1652 
over Slough, 806 

electron energy levels recorded at 470-1880 km, 
3294 

electron-ion rerombination measurements on 
nitrogen, 115 

equatorial, electric-current measurements by 
rocket magnetometer in, 2968 

es, field measurements by rocket or satellite, 3713 
F region, bifurcat ions in, at Baguio, 1952-1957, 802 

drifts in, horizontal, at Waltair, 2242 
electron and ion density distributions in, 2379 
height gradient of electron loss in, NS 
Al records at Macquarie Island, 2241 
inhomogeneous structure of, 2244 
magnetic-storm effects on, 1663 
physical conditions and effects of, 1556 
solar-activity effects on, 1246 
spread-echo observations at Brisbane, 464 
tripleatting measurements at low latitudes, 

Ionosphere, I', layer, critical frequency, derived from 
quality figures of WW V transmissions, 135 

variation near auroral zone during magnetic 
disturbances, 803 

world-wide distribution, 129 
drifts in, effect of magnetic activity on, 2586 
electron-density variations from critical-fre-

quency data, 4055 
electron production rate in, NI 
equatorial, diurnal developntent of, 3797 
horizontal movements in, vertical-incidence 

recordings of, 2243 
influence of electron- ion diffusion on formation 

of, 138 
ionization, relation of magnetic dip to, 7384 
lunar varrations of, sernidiurnal, 1196 
magnetic field calculations at Dakar, 133 
model for, 3706 
observations at Halley Bay, 1881 
polar, critical frequency, diurnal and annual 

variations of, 1882 
structure and movement of large inhomo-

geneities in, 2581 
world-wide electron density distribution, anon.. 

lies in, 3786 
geomagnetic tides in, origin of L currents 

causing, 2247 
heating by hydromagnetic waves, 23115 
height, changes deduced from v.1.1, phase velocity 

measurements, 2733 
virtual, measurement of, 3715 

WI records, coefficients for N(10 profiles from, 33113 
inhomogeneities, irregularities of refraction due to, 

2251 
ionogrants. accurate virtual height from, method of 

obtaining, 2249 
lower, abnormal ionization associated with cosmic-

ray enhancements, 1562 
'Chapman behaviour' in, 3301 
nocturnal ionization of, effect of vertical drifts 

on, 1878 
solar- cycle influence on, 130 

magnetic-storm effects on, 134 
measurements on, instrument effects in, 807 
motions in, interpretation of observational data on, 

1556 
night-tinte variation, interpretation of If. Mono-

grams tor, 1538 
outer, electron density distribution from whistler 

data, 3307 
electron density and neutral particles in, 7967 

reflection coefficient at .1.1. from measurernents of 
atmospherics, 2589 

refraction of extraterrestrial waves by, 2973 
research in Hungary 1954-1956, 452 
review for 1058, 1199 
rochet observations of, 1669 
self-demodulation and self • distortion of radio 

waves in, 2262 
solareclipseeffects on, observationsat Freiburg,131 

observations at Singapore, Dec. 1955, 1883 
solar-flare effects on, detection of, 1181 
sounders, automatic frequency-sweep, Type C-4 

equipment for 1.G.Y., 1664 
back-scatter, 3-frequency, for I.G.Y., 1666 

sounding of, aerial to eliminate ground-wave 
interference in, 719 

echoes obtained in minauroral region, 457 
experiments using back-scatter technique, 1197 

storms, morphology of, 2348 
stratified, with weak irregularities, reflection from, 

2261 
structure of, dynamic model for, 2966 
temperature and electron-density determinations 

ilverticalincidence scatter measurements, 

turbulence in, 2577 
winds in, and S. variations, 453 

Ions, emission, secondary, front metal surfaces, 1508 
pressure generation by ion-drag, 3637 
sources, high- current, 1986 

Lenses, (See also Aerials; Electron lenses) 
nocrowave, axial phase anomaly in, 713 

'conflection'-type, tests on, 1450 
design of, 1100 
dielectric sphere as, 714 
Luneberg-type, general solution for refractive 

index of, 24 
properties of slotted dielectric interface for, 3684 
scanning, design for minimum phase error, 1101 
spherically symmetric, design method for, 1583 
stepped-index, 1354 

Lightning. See Atmospherics. 
Limiters. See Circuits, limiter. 
Loudspeakers, (See also Acoustics; Sound; Trans• 

ducers) 
amustic testing of, 1761 
with bass- reflex cabinet, acoustic interactions 

2456 
analogue network for perfonnance calculations, 

1763 
column- type, for public-address systems, 2824 
design methods for improved performance, 1761 
diaphragms, rigidity of 'sandwich' construction, 

334 
es., development and constant-charge operation of, 

8 
generating high-intensity noise for component 

testing, 692 
impedance and phase measurements on, 2823 
i0111C, design and performance of, 1759 
with modulated air flow, for high-intensity sound, 

3922 
monitoring, performance criteria and design of, 333 
permanent magnets for, 1760 
response of, theoretical study near principal 

resonance. 1433 
LLLMÉBekenCe. (See also Electroluminescence; 

Phosphors) 
control by charge extraction, 473 

Luminescence, and ego-electron emission of inor-
ganic crystals, 3403 

Magnetic effects, (See also Hall effect) 

Faraday rotation, design of bimodal cavity for 
experiments on, 770 

galvanomagnetic properties of Fermi surfaces, 3371 
magnetoresistance of metals in high fields, 3337 
magnetostriction, linear, fono effect in, 2931 

Magnetic field., amplification by 114h- current 
discharge, al 

cosmic, force-free, 784 
of ferrite ellipsoid, 403 
flux density measurement by paramagnetic 

resonance, 3056 
flux function aim induction calculations, 4023 
improvement in detecting power of search coils for 

measuring, 2351 
interplanetary, and cosmic- ray variations, 783 
measurement,. electrodynamic gradiometer using 

m icrombration technique, 218 
by nuclear-resonance technique, 1644. 3824 
using semiconductor, 1972 

probe, Bi, miniature, based on Hall effect, 1973 
uniform, effect of permeable alloy cylinder in, 90 

Megnetic properties, hysteresis, creep charac ter-
istmcs, Influenr e of temperature on, 1294 

from susceptibility measurements, 4024 
of ( Ni,Li)0. 3777 
permeability of iron wire under action of circular 

alternating field and d.c. longitudinal field, 
3645 

of perovskite-type mixed crystals LaSrCo0,„ 890 
remanence, measurement in thin films, 1314 
susceptibility, of Cu-Ni and Ag-Pd alloys at low 

temperatures, 110 
measurement, by analogue of Wheatstone bridge, 

1313 
on. I'd mixed crystals. 37941 

of transi.ioninetal silicides, 1274 
Meignetlsation, of Am Mu, influence of pressure on, 

1273 
theory of, system of magnetic moments in, 3644 

Magnetohydrodynamic., spherical vortices in, 92 
Magnetometer., influence of self-inductance of core 

wind tog in, 3058 
Magnetorettistance. See Magnetic effects. 
Magnetostriction. See Magnetic effects. 
Magnets, permanent, stability of, factors influencing, 

powder, properties of, 1961 
Mathematics, characteristic functions of 4s + 

— 0, asymptotic nature of, 2696 
elliptic integrals, numerical evaluation method, 549 
flow-diagram analyses, 1964 
forced-oscillator equation, simple-subbarmonic 

solutions for, 4146 
Fourier analysis, template method for evaluation, 

1278 
generalized Rayleigh processes, 210 
georcetricsnalytical theory of transition, 3649 
integral equations, approximate solutions of, 209 
Lagrange equations in electrical networks, 360 
Laplace equation, numerical solution for Cauchy 

conditions, WA 
Laplace expansion, modification for network 

analysis, 548 
Laplace transformation, Inc summation of weakly 

convergent series, 2696 
Mathieu and related functions, regenerative 

modulation process as analogue for, 2509 
parametric solutions of nonlinear differential 

equations, 1963 
sampling theorems, 3417 
smoothing of data, 388 
statistics, analysis of errors in determination of 

mean value, 1638 
switching algebra, solution of equations in, 1297 

ternary, 1636 
switching functions, classification and minimiza-

tion of, 3048 
toroidal functions, theory and numerical tables, 

4145 
vectors, probability distribution of phase with 

Rayleigh-distributed component, 3416 
Webers equation, approximation method of 

solving, 913 
Liouville method applied to, 913 

Z transforms, derivation and applications, 1637 
Measurement., (See also individual subjects) 

calibration centre at Boulder, Colorado, 1342 
of characteristics of u.h.f. quadripoles, 1968 
of cross-spectral density of random functions, 2349 
microwave, interferometer and grating-spectro-

meter techniques for, 563 
of polarization, wi:h instantaneous display, 3432 

of phase and amplitude, 0.01 c/s-10 kc/s, for 
testing control systems, 1651 

of phase and time delay, video transmission test 
set, 4159 

response-time delays in equipment, correction 
formulae for, 551 

cl., reciprocity in, 917 
of r.f. radiation, survey of techniques, 2714 
slotted-line, logarithmic chart for evaluation of, 

2703 
of valve temperatures, using phototransistor 

pyrometer, 304 
Metal., (See also Alloys; Conduction; Ferromag-

netic- materials) 
Al, surface finishes for, 1962 
alkali and noble, band structures of, 910 
Bi, infrared transmission of, de Haas-van Alphen. 

type oscillations in, 2620 
diamagnetism of conduction electrons in, 3194 
electron structure of, 418 
high-purity, 486 
isotropic, galvanomagnetic, thermomagnetic and 

thermoelectric effects in, 161 
surface impedance of, h.f., quantum theory of, 1221 
ultrasonic absorption in, collision-drag effect for, 

2444 
Metals, ultrasonic attenuation by electrons in, 3336 
Meteors, magnetic effects from, absence of. 106 

radio-echo height distribution, theory of, 2948 
radio search method for weak showers, 2237 
reflection of radio waves from, Booker's theory for, 

1527 
trails, drift of reflection point along. 2326 
echoing points, height and electron density 

from C.W. measurements at 27 Mc/s, 2941 
electron density in, approximations for, 2224 
over-dense, oblique echoes from, 2228 
reflection of radio waves from, research applica-

tions of, 1524 
velocity of, c.w, technique for measurement, 

improvement to, 1116 
Meters, galvanometer, feedback systems for, 2707 

mirror-type, improved performance using photo-
electric compensating circuits, 2354 

ohmmeter, accuracy of, 1649 
phasenieter. for 1-100 cis, 1319 
voltmeter, digital, 2355 

highsoltage, using electron beam, 560 
wattmeter. double-vane torque-operated for 7 

kl/k/s, 223 
thermoelectric, for 50 Os- 30 Itc/s, 1320 
torque-operated, for 3 cm A, 2359 

Microphones. (See also Transducers) 
arbon, powder for, deterioration of, 3189 

preparation of, 1758 
eardioid, theory of, 3092 
concentration coefficient and directivity factor in 

surrounding noise, 691 
condenser- type, for airborne ultrasonic appliea-

tions, 24411 
differential- type, characteristics of, 1767 
dynamic, acoustic- front damping in, 3455 
effect of mechanical vibrations on, 610 
cs., uniangular, 1432 
gradieot-type, for intercommunication systems, 

31194 
magnetic, miniature, eonstniction of, 1431 

probe-type, design for, 1429 
standard, calibration of, absolute methods for, 

1430, 2893 
Missiles, guided, miss-distance indicator based on 

space-coupled oscillatory system, 2141 
Mixers, microwave, design for minimum noise figure, 

2874 
Modulation, amplitude, microwave, by ferroacube, 

1151 
amplitude and frequency, transient response of 

networks and transmission lines for, 2186 
asymmetrical, distortion calculations, 3465 
frequency, negative-feedback method for broad-

casting transmitter, 3872 
phase, mathematical treatment of power iii, 3851 
phase-shift circuits for s.s.b. and quadrature, 4196 
pulse, apeman, obtainable with transistors. 1827 

markerlers systems for communications, 956 
ptalse-code, with amplitude keying, channel 

capacity, 3143 
signal/noise ratio in, 2009 

pulse- width, effect of carrier fan. on, 4194 
singlesideband, multiphase, suppression of um 

wanted sideband in, 689 
phase compensation method fur. 588 
system for, 587 

Modulators, ferrite, microwave, 1815 
frequency, diode reactance- type, 2187 

using ferroelectric capacitor, 3247 
for ' marginal' oscillator, 1826 
portable unit for televiiion link, 2031 

pulse-code, magnetic-amplifier circuit for, 2188 
shunt- type, as phase detector, error in, 2899 

Molecular systems, effective radius of electron in, 
1858 

elastic model of lattice defects, 1173 
electron-phonon interactions in, and impurities in 

metals, 1359 
theory of, 3315 

energy-loss spectrum of electron interaction in 
solids, 2931 

energy potentials in crystals, Fourier coefficients of, 
782 

energy states of one-dimensional crystal, 1174 
imperfections in solids, relations between, 1175 
negative-mass charge carriers in, energy absorption 

by, 3747 
nuclear polarization by means of ' hot' electrons, 

4011 
plasma resonance in solids, theory of, 781 
spin-wove theory for, validity of equations in, 

2214 
Zeeman splitting of paramagnetic ions in, 7349 

Moon, radio echoes at 412-85 Mc/s, rapid fading rate 
of, 1525 

radio observations of surface of, 1843 

N 

Navigation alas, (See also Direction finders: 
Radar) 

airborne, Doppler systems, characteristics of, 3979 
review of performance of military equipment, 
2608 

self-contained, with automatic computer system, 
2699 

for aircraft, automatic blind- landing system, 
B.L.E.U., 464, 1892, 3723 

collision detection without range data, 3722 
for distress beacon, operating on 243 Mcis, 1891 
Doppler omnirange system, 26111 
VOR, design considerations, 1897 
'Vorac', rotating aerial array for, 2120 

flight testing of, 460 
radio equipment for B.O.A.C.'s Comet, 1890 
TACAN, general description of. 461 

beacons, metallic refiectors for, 1182 
Decca, Doppler sensor, descriptiorr of, 820 
Mk. 10 receiver, air trials of, 462 

Dectra, interim report on field trials of, 463 
d.m.e. system, Australian, 20f3-Mcis receiver for, 

146 
Navigation aids, d.m.e, system, using common-fre-

quency transceivers, 146 
Infrared, search-system range performance, NM 

simulation techniques for system evaluation, 
4071 

marine, electronic clock coder for radio beacons, 
4069 

vif., raduammega system, phase stability 
measurements for, 2736 

Network., (See also Circuits; Filters) 
active, RC, synthesis of, 3978 
combining, 3- band, 733 
linear, transfer properties based on growth of 

spectral energy, 3220 
matching, •immittance chart design method for 

transistor measurements, 1115 
multipule, analysis of multitapped potentiometers 

with loaded output, 2169 
RLC, topological analysis for, 2157 
:traditor', nonenergic nonlinear elements in, 2873 
2- phase, design of, 2138 

quadripole, analysis based on deterpinant tech-
nique, 48 

CR divider, response of, 47 
general theorem for synthesis of, 2491 
group delay and group velocity related to 

transfer function, 1798 
using gyrators, as nonrecipmeal systems, 3145 
for impedance conversion, 1480 
LC, synthesis of, 2147 
linear, 'asymmetric, iterative analysis fcr, 2869 

passivity condition for, 1800 
transient analysis with fan. input, 2148 

lossy, geometric representation of, 1477 
microwave, matrix analysis for, 2149 

voltage-mode displacement for definition of, 
1114 

inkowsk i model of Lorentz space in analysis of, 
1799 

non-Euclidean geometry in, 36114 
symmetrical, analysis by voltage- node displace-

ment method, 11111l 
synthesis of, using symmetrical lattice structure, 

2146 
transfer-function approximation by porynomial, 

3976 
transformation theorem for, 2496 
twin-T, response time of, 733 
u.h.f., 3- point measuring method for, 1968 

RC, asymmetrical, synthesis of, 1113 
transients in, analysis using Laplace transform-

ation, 728 
2- terminal, negative•resistame, 1476 

reactance theorem for, 1797 
3- terminal, nonreciprocal element for topological 

analysis. 2871 
Noise, (See also Atmospherics; Solar radiation; 

Sound) 
in communication and servo systems, 1682 
pentact, theory of, 2422 
current, in film- type resistors and semiconductor 

diodes, 3506 
extension of Nyquist's theory to field-excited 'hot. 

electrons, 2902 
Gaussian, limited, spectrum of, 1681 
simultaneous variation of amplitude and phase, 

583 
meastirentems on noise-thermorneter amplifier, 

3356 

random, measurement of, in presence of television 
signal, 2345 

sources, diode for vhf., 3833 
discharge- tube, for I 700-2 300-Mc/s band, 559 
standard, filament Ay. for 3 kMcis, 2344 

atatistical analysis using digital technique, 3436 

o 

Olwervatories, Melbourne-Toolangi, 1531 
Royal Greenwich, MO 

Oscillations, microwave, 30-3 000-kMc/s, methods 
of generating, 1366 

strongly nonlinear, analysis for, 80 
Oscillator., Barkhausen- Kurz, cm-A, 1486 

blocking, with transformersore saturatron for 
control of pulse duration, 3989 

using transistors, analysis and design of. 3564 
waveform control methods, 56 

constant- frequency, controlled by thermistor 
bridge, 1482 

cryogenic, based on relaxation process in Pb filmo, 
2876 

crystal-controlled, for equally spaced frequencies 
in given band, 741 

Hartley- type, theory of. 1834 
'marginal', using transistors, for nuclear mag-

netic resonance observations, 18116 
with servo control. 371 
testing of, 372 
thermally compen.ted, using thennistor, 370 
3- terminal, design of, 1483 
1 Mc's, using transistors, 1484 

with cubic non/inearity, ultraharmonic and sub-
harmonic resonance in, 3611 

f.m., using transistors, 1489 
harmonic, damped, wave-mechanics treatment of, 

739 
thermodynamics of, 81 

microwave, based on ferrimagnetically coupled 
electrons in transient fields, 1026 

nun-A, using ferrites, 3983 
review of techniques, 3983 

multivibrator, analysis of, phase- space method for, 
18116 

low-impedance, using transistors, 3503 
magnetically coupled, frequency control of, 3613 
with negative feeribeek, 1807 
negatively biased, 53 
using series diode for increased sensitivity. 3602 
using single triode with no filament current, 3988 

nonlinear, analysis of, 2499 
parametric, subharmonic, for digital computing, 

3598 
Oscillat OR, parametric, semiconductor-diode, 3981 
RC, frequency-sweep, voltage-controlled. 1126 
incremental frequency control of, 1136 
wide-range, 54 
4 c/s-350 kc/s, using bridged-T circuit, 1368 

for stable carrier frequencies of 3 800-4 200 14c/s, 
3967 

stepped-frequency, for propagation tests, 14815 
sub-mm A, using avalanche effect In semiconductor, 

3875 
synchronized, transfer funcl ion of, 3979 
transistor, condition for self-oscillation in, 1809 

crystal-controlled, 1129 
graphical design method, 746 
'marginal', as magnetic- field probe, 1810 
Meacham-bridge rircuit for carrier- frequency 

techniques, 1811 
phase-locked, 2162 
20.kels with 50-mW output, design of, 746 

with two degrees of freedom, stability study by 
differential analyser, 39011 

v.I.1., based on triangular-wave/sine-wave trans-
formation, 3876 

using Zener-diode limiter and harmonic filter, 
3114 

Wien bridge, modified, for improved chararteristirS, 
1124 

2-valve, with feedback via w- network, 3983 
500-Mc/s, using open rectangular waveguide, 3984 

Particle accelerator., betatron, electron capture 
and Inciting current in, 2718 

cyclic, controlled by h.f. field, 3448 
cyclotron, fixed- frequency, with one dee, 1985 

microtron, maximum energy and intensity in,, 
3837 

with star-shaped field, 2370 
linear, electron, anomalous attenuation in, 1329 

multipactor effect in, 3836 
22-MeV, 2719 

r.f, aspects of design of, 1328 
space-charge effects in, longitudinal, 1984 
tandem Van de Graaff, at Chalk River, 936 

10-MeV, design of, 934 
I50-kV generator using rotating ferroelectric disks 

(ferrostac), 
with 800-0/ cascade generator, Budapest model, 

1657 
Particles, charged, correlation function for, 1829 

cyclic motion in electric field, 3835 
In em. field, stable orbits of, 3250 
energy losses in gyrotropic medium, 3635 
e., field and trajectories of, 1506 
longitudinal vibrations of electron- ion beauk, 

1835 
in %%tic fields, trajectory plotting methods, 

moving through dielectric, radiation front, 3634 
trajegrmyu siotting, graphical-analytic method 

Phase, measurement, using coincident slicer, 317 
using heptode mixer, 1978 
and locking of frequency changer, pulse- beat 

method for, 1443 
for power supply systems, 1971 

splitter, concertina- type, perlormance analysis, 
3616 

Phosphors, AIN, electroluminescence of, 4882 
rathodothermolumineseence of, 2611 
Cd1. and PM., luminescent complexes in, 149 
CdS, blue edge emission in, mechanism of, 1169 

carrier excitation due to electron bombardment 
in, 38114 

edge luminescence anisotropy in, 474 
emission spectra and absorption edge of S in, 

1216 
energy transfer mechanism in, 827 
excitarion by ionizing radiation, 3326 
with green and red-green luminescence, 2621 
influence of magnetic field on blue fluorescence 

or luminous absorption of, 2622 
multiplet structure of excitons in, 3334 
pure fluorescent emission lines and luminous 

absorption lines at 4 3618 
CdS and ZnS, polarization of fluorescence in, 

Z367, 2268 
electroluninencence characteristics and applkae 

tions of, 151 
limincamore, measurement of short afterglows of, 
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review of, 1595 
S10, ( Ba,SUO and Mg0, cathodoluminescence of, 

150 
SrS.Pr, with fluorescence larger than energy gap, 

2633 
sulphide,Uninescence centres in, energy levels 

two-stage optical excitation of, 2996 
transient response of, 1311 
ZnO.CdO.B.,0, mtsem, phase relations and floor-

ZnS, cathodo-electroluminescence phenomena in, 
838 

cathodoluminescence efficiency of, 472 
electroluminescence in, with a.c..d.c. excitation, 

3011 
effects of impurities and temperature on, 152 
based on equilibrium conditions, 833 
part it le size and efficiency of, 3366 
under pulse excitation, $33 
significance of particle size in, 3738 
of single crystals with cathode han-ires, 835 

ejection traps in, 15% 
excitation spectra and temperature dependence 

of luminescence of, 2999 
films, preparation from electroluminescent 

powder, 1590 
preparation of single crystals by gas reaction 

and sublimation methods, 2635 
short- persistence, luminescence of, 3401 

ZnS and ZnCdS, activation by Au and other 
elemen ts, 3736 

Phosphors, ZnS-Ca, chromatic effects in photolumin-
escence of, 1908 

electroluminescence brightness and brightness 
waveform of, 1314 

ZnS-Cu,ln, energy transfer in, 4081 
ZnS-Cu,Pb, electroluminescent, time-dependent 

spectra of, NU 
ZnS•Sn,Li, excitation and emission spectra of, 1212 

Photocathode., interference- type, with increased 
yield and variable response, »63 

Photocell., AgS, barrier-layer, determination of 
parameters, 631 

amplifier. using divided crystal in bridge circuit, 
1405 

Bi-Te, photovoltaic 'sandwich' p-n barrier type, 
»55 

CdS, noise power and finie constants of, ISIS 
classification and analysis of image-forming 

systems, 4237 
classification of photoconductive materials for, 3524 
compensating, for mirror-galvanometer measure-

ments, 2354 
electron- multiplier, characteristics of different 

types, 3166 
linearization of response for light-intensity 

measurements, 2064 
manufacture of, 3166 
for scintillation counting, 3081 
for stroboscopic analysts of low-intensity light 

flashes, 1723 
Ge, junction- type, for control circuits, 3% 

tetrode.type, response of, 380 
for infrared detection, 1012 

with beam-scanning read-out, 4242 
InSb, preamplifier design. 4241 
based on intrinsic absorption, 4239 
performance measurements, 4240 
photoelectromagnetic InSb detector, 2987 

infrared modulator, Ge diode, 1721 
for light sensing, based on transient response of 

grain boundaries, 3788 
operating with electroluminescent cells as lumistor' 

amplifier, 3884 
PbS, ultraviolet response of, 1407 
photoemissive, properties of image-forming sys-

tems, 4238 
photovoltaic, Ge, grain.boundary.type, 1723 

p-n junction, flicker effect in, 639 
multi-electrode, analogous to retina, 231 
Si. p.n junction, NO 

sandwich- type, CdS, conduction mechanism of, 
1406 

Se, with artificial intermediate layers, 3158 
influence of microstructure on characteristics 

of. 2066 
open.rircuit ern.f. at low temperature, 3167 

surface- barrier diode, as photocaparitor, 3886 
transistor, equivalent-circuit analysis of, 4233 

Photoconductive material., (See also Setnicon-
Martors) 

CdS, absorption and reflection spectrum of, 1208 
anisotropy in galvanomagnetic effects, 2112 
conductivity glow curves of, 3321 
crystal growth, at high pressure and temperature, 

4177 
by vaporization method, 1906 

diffusion of Cu in, 3732 
displacement of absorption edge by pressure, 

3739 
effect of deformation on spectrum of, 37» 
effects of proton irradiation on, 2617 
elastic constants of, 3728 
es. charging in strong fields, 3731 
evaporated lavers, effect of heating, 828 
exciton diffusion in, 2265 
irradiation effects on, 1694 
laminar structure of, 3727 
lattice scattering mobility of electrons in, 2110 
lifetime measurements using Kerr cell, 3323 
photochemical effects and effects of 0, on, 1693 
polarization and wavelength of incident light for 

maximum conductivity. »91 
review of development of, 829 
spaceerhargelimited currents in, 1622 
spectral distribution of, 1904 
spectral structure near absorption edge, 471 
thin films, breakdown field-strengths, 3993 

CdS and CdSe, films, bombarded by slow electrons, 
2616 

photistors, characteristics of, 1011 
powders, response and trap distributions In, 1902 

CdS and ZnS, internal photoeffect and exciton 
diffusion in, 824 

CdSe, conductivity anomalies in. 469 
conductivity increase under X-ray radiation, 

11116 
CdSe and CdTe, properties of, 468 
Cu.0, influence of adsorption on conductivit), of, 

3733 
time-lag of photoeffect in, 3734 

film-type, infrared, properties of. 4076 
gain-bandwidth product for, 1900 

evaluation from current measurements, 1901 
PbS, films, effect of thickness on spectral response, 

3194 
optical properties, 4/79 
oxidized, measurements on, »15 
photoconductivity/time-constant relation, 

3323 
PbSe, films, chemically deposited, 8» 
investigations on films and filaments of, 4% 

performance analysis based on Fermi level, »In 
photoconduction and luminescedce of, intensity 

dependence of, 1317 
p-s junction, lateral photoeffect in, theoretical 

study of, 2614 
Sb.S5 films, optical properties of, 12» 

photoelectric properties of, 1210 
semiconductor, test equipment for, 4178 

Photoconductive materials, ZnO, with ohmic and 
blocking contacts, photocurrent measure. 
ments,13116 

powder, field.effect measurements on, 1103 
ZnS, anomalous photovoltaic effect in, 3989 

ZnTe, conductivity at high field strengths, 3726 
Photoconductivity, as function of optical absorp-

t ion, 1828 
quenching of, model for, 2163 

Photoelectric effect, photovoltaic, in CdTe films, 
1907 

Photoelectric emission. ( See also Electron emission) 
influence of defect levels on, 1306 

Photoemialve material., alkali-antimony COM-
pounds, 826 

alkali metals, peak- emission wavelengths, 4975 
BaO, earitoninduced. INA 
Bi films, temperature dependence of spectral 

emission, 2619 
Na.KSb, crystal structure of, 2995 

Phototelegraphy, delay distortion correction by 
time- reversal techniques for, 981 

narrow-band system using flying-spot scanner and 
photomultiplier, 276 

'stop-go' scanning system for reducing bandwidth, 
277 

Physics, optical and optical-electronic devices, 
development of, 391 

Pickup., crystal, with low effective mass, 1764 
movingmagnet type, 2818 

Piezoelectric materials, (See also Quartz; 
(Ba-Pb)(Ti-Zr)0, system properties of, 3006 
(Ba,Sr)TiO., BaSnid. and Ba(Ti,Zr)0., prop-

erties of, 845 
BaTiO., ceramic, internal friction in, 471 

electromechanical properties of, 3333, 3334 
CdS, hexagonal, elastic properties of, 2278 

influence of activator and irradiation on, 3746 
ceramic, properties of, 4506 
Pb(ZrTi)0., with substituted Ca and Sr, increased 

dielectric constant of, 3739 
ZnS-type, theory of, 846 

Plume, an, conductivity and Langevin equation 
for, 3261 

charge density of, 87 
conductivity of, 1161 
confinement by r.f. fields, 1511 
in electric and magnetic fields, transport pheno-

mena in, Ng 
electron energy distributions in, 3260 
electron oscillations, in Hg-vapour discharge with 

oxide cathode, 2910 
transit-time relation for, 18411 

electron temperature in variable electric field, 2532 
em. waves in, 'fourth reflection condition' for, 

1164 
energy spectrum of electrons in, 765 
equilibrium properties of, 86 
gaseous, thermal conductivity of electroc gas in, 

766 
high- temperature, microwave emission from, 1613 
ion fields, calculation of, 1168 
//V relation for planar diode, 1509 
Lorentzoilyeldispersion formula for, derivation 

in magnetic field, 3643 
damping of em. waves, 2201 
low- frequency oscillations, 3639 
oscillations, 'hydromagnetic' wave structure of, 

1162 
magnetohydrodynamir waves in, kinetic theory of, 

767 
mirrowave conductivity of, 1842, 2302 

along magnetic field, 1841 
microwave investigation, 3242, 4021 

of afterglow in, 23113 
microwave scattering by, 769 
oblique shock waves in, 1163 
oscillations in, electron-beam excitation of, 1613, 

2634 
Lagrangian formulation for, 2911 
nonlinear, 2535 

oscillations and waves in, nonlinear theory of, 88 
stability in quasistationary em, field, 3440 
statistics of, 1159 
travelling- wave focusing for containment of. NU 
ultrasonic absorption by, 3638 

Potentiometers, calibration of, 4157 

Power, measurement of, (See also BoMmeters; 
Meters, wattmeter) 

density-meter design for high-intensity micro-
wave fields, 3831 

based on Hall effect in semiconductor, 666 
microwave, detector characteristics, 3830 

resistive- film calorimeters for, 4162 
standard, bolometer.type instrument for, 3433 
wide-batid calorimeters for, 2358 
using wide-band thermistor mounts, 564 
at 4 kMc/s, by Hall effect in semiconductor, 
1312 

at 30-1500 Mc/s, aperiodic baretter  probe for 
1322 

pulse measurement at ni 4, 3829 
standards, microwave, international comparison of. 

4163 

Power supplia, (See also Batteries; Generators) 
constant- voltage, 40-1 ((00 V, for time-controlled 

unit function, 4206 
nuclear, miniature generator Siap III for space-

rocket telemetry system, 2767 
solar battery, Si, 603 

for earth satellites, 3862 
effect of radiation on, 1366 
for infrared detector, 4.116 

for space vehicles, 2399 
stabilized, 341/1 
thermionic energy converter, 3436 

diode, 324, 326 
efficiency of, 3437 
performance of, 3438 

Power supplies, thennoelectron engine, diode con-
figuration for, 2434, (13)2435 

transistor, rectifier giving d.c. of either polarity, 
3481 

for video circuits, 602 
transistor-stabilized, for an electron,agnet, 1758 
6-9-V 800mA, 601 

for valve heaters, high-stability, using tuned 
amplifier and thermistor bridge, 1697 

variable-frequency, stabilized, for instrument 
calibration, 16% 

Public-address natems, acoustic feeoback system 
for increased stability, 693 

at Brussels Exhibition, 1691 

Pulse., (See glso Amplifiers; Circuits; Generators) 
distribution system using dekatrons, 1130 
sins, analysis of transmission through uniform 

systems, 362 
synchronization, using divider vernier, 3232 

Q- factor, measurement method tor inductances, 
2709 

microwave measurements of, 3819 

00.190, (See also Resonators, crystal) 
anelasticity at low temperatures, 2334 
13-type, for high temperatures, »09 
mechanical resonance dispersion at ai., 1119 
production of microwave phonons in, 2277 
sands, dielectric properties in range 3 cm-800 in, 

2172 
visualization of ultrasonic beam in, 674 

Radar, airborne, for weather observations, 147 
altitneters, Marconi Type S 244, 2612 

miniature, X.band, 1184 
antiaircraft techniques, 2984 
beast- scanning system, use of f.m., and artificial 

dielectric for, 2124 
cavity resonator for artificial echoes, unwanted 

modes in, 740 
cross-sections, of circular cones, 3320 

of finite cones, 4073 
delay lines, quartz, »11 
for detection of shock waves, 3447 
detern matins of velocity of shock wave by, 1658 
DEW-line warning system, 1692 
digital counter techniques for, 2981 
displays, bandwidth compression for transmission 

over telephone channel, 3724 
distance-measurement systems, noise-modulated, 

2611 
Doppler systems, frequency stability criteria, »07 
echo box, remotely controlled, 1590 
echoes, from atmospheric inhomogeneities, 819 

filtering of, 2602 
mesosysteins associated with, 3664 
due to meteorological effects, 2603 
ranging systems, p.m. and f.m., comparison of, 

1893 
effect of surface reflections on rain echo cancel-

lation, 4072 
high-altitude, correction of slant-range distortion, 

831 
interference, mutual, reduction of, 3318 

suppression methods, 465 
marine, ' Escort', 2983 
system for Rotterdam Harbour, 1589 
3-D system for H.M.S. V ...O., 467 

microwave links for remote presentation, 976 
modulators, Si diodes as, 3110 
moving-larget system, monitor for automatic 

indication of jitter, 3725 
noise in, din illation using storage system, 3319 
noise-based, improvement in range determination 

by, 148 
phantom targets at mm A, 3315 
phase-measurement techniques for angle and 

distance measurements, 1896 
pulse, effects of a.g.c. on accuracy of, 1894 
magnetic circuits for, 3316 
maximum-range data, »06 

range calibration in, precision pulse generator for, 
2352 

receivers, dynamic compression for, 1588 
remote presentation of data, by radio link, 1686 
review of developments in, 1681 
ring angels over south-east England, 2982 
scan-converter storage tube for phone-line relay, 

3605 
scanning systems, using electronic sector scanning, 

818 
'volumetrii '. by ferrite phase shifters, 1896 

simulators, marine, 466 
sweep circuit, low- power, using transistors, 3317 
tracking systems, scintillation noise effects, 2609 
traffic, Doppler system for vehicle-speed measure-

ment, 1981 
Telefunken, 1898 

vh.f, low-power, for auroral research, 1574 
8-tom high-definition equipment, description of, 

1691 
Radiation, (See also Aerials) 

detectors, noise in, 4166 
properties and efficiency of, 4164 
spatial filtering technique for, 4165 

e.m., from atomic explosion, 3649 
Cherenkov, from dipole, 3647 

in medium with spatial dispersion, 3648 
it 1111 detonations, 3430 
ol electrons in milked medium in uniform 

magnetic field, 408 
health hagards from, 2074, 1076 
microwave, coherent, from pulse-excited NH. 

molecules, 1166 
stimulated emission by electrons in magnetic 

field, 3264 
transition- type, from protons entering metal 

surfaces, 4018 
infrared, meisurement of, thermocouples and 

boloineters for, 1662 

Radio astronomy, (See also Cosmic radiation; 
Solar radiation) 

interferometer, array at Nançay for solar r.f. 
radiation at 9 300 Mils, 3659 

high resolution, for solar studies, 2936 
phase-sensitive, for measurement of brightness 

distributions, 1177 
inteilerometry using sea surface, 2219 
Jodrell Bank observations, of Andromeda nebula 

at 408 Mc/s, 1937 
of Coma Cluster at 400 Mr/s, 3938 

principles and results of, 3373 
radar echoes from Venus, 2556 
radiation transfer and negative absorption in, 2218 
review of developments in, 1581 
r.f. emission, galactic, intensity distribution, 

1176, ( 0)4034 
pencil-beam survey at 3.5 m A, 22» 

mechanism in hydrogen nebulae, 421 
following solar flare, 3276 
from solar outbursts, origin of harmonics, 4035 
from sun and planets, 3275 
from 'supergalaxie, at 1-9 m A, 3660 

at 3-5 ni ), 2223 
in Vela- Puppis region, 2221 

r.f, sources, catalogue for declinations -I- 10. to 
—20., 423 

In Centaurus, Fornax and Puppis, 422 
Centaurus-A and Fornax•A, at 19.7 Mc/s, 2232 
Cygnus and Cassiopeia, angular diameter 

measurements at 10.7 cm A, 3658 
improved measurements of position with 

Cambridge radio telescope, 2932 
on Jupiter, observations of, 1322 
scintillation measurements, 427 
survey at 159 Mc/s, 103 

Russian developments in, 420 
scattering of radio waves from Crab nebula by 

solar corona, 2931 
telescopes, Ohio State University, 3962 

Radio links, for control of aircraft communication 
equipment, 1689 

correlation function and power spectra of signals, 
4203 

1.m., portable instrument for measurement of i.f, 
level in, 222 

microwave, fading in, 3475 
for radar networks, 976 

multichannel, scatter, in telecommunication net-
works, NO 

telephony, and C.C.I.F. recommendations for 
cable systems, 264 

for no-I2o channels, Italian equipment for, »13 
planning of, 1364 
statistics of fading-dependent noise power in. 3868 
for telephony and television in 3- and 4-kMels 

bands, 1687 
uhf. multichannel, Oslo-Karlstad, 2766 

215 imite, 4202 

Radiosondes, radiation errors of, 226 
Radiotelegraphy. See Communication systems. 
Radiotelephony. See Communication systems. 
Radom., rigid, design of, 2476 
Receivers, (See also Television) 

broadcast, analysis of repaits, 253 
car, design of, 252 
rodas unit for ai. suppression, 3101 
f.m., a.f.c, system using junet ion diode. 951 

converter unit for reception of multiplex- type 
stereophonic transmission, 1679 

using diffused-base mesa transistors, 4188 
tuner, usine transistors, 251 
vh.f., distortion due to incomplete limiting in, 

4190 
'snnobuov'. modification for broad east recep-

tion, »4, 582 
frequency-sweep, using low-pass video amplifier in 

place of if. stage, 1677 
hi., dual space-diversity. Type-RX.5C, 3462 
input circuit design, 2383 
Instability in, 260 
manufacture of, statistical methods in, 1676 
microwave, wide-band mixer and il. preamplifier 

for, 949 
transistor, a.v.c. circuit using diode for, 2742 

portable, design data summary, 1349 
reflex-type, design of, 3100 

30 Mc/s-75 kMc/s, using rarcinotron local oscil-
lator, 2504 

Reception, (See also Television; Wave propagation, 
e.m.) 

analysis of field-strength records for radio-link 
assessment, 584 

correlation function and power spectra of signals 
in random dielectric noise, 4203 

diversity, by aerial selection method. 2741 
dependence of gain on signal-level distribution, 

4191 
frequency, simplified method of. 2385 
frequency- shill telegraphy system using, 1676 
linear combining techniques for, 3102 
s.w., correlation measurements in, 953 

double- diversity, tests on methods for, 953 
fading effects, on Al-telegraphy signals, 1333 

at nit, 685 
in u.s.w, radio links, 686 
at vhf., diurnal variation of, 256 

f.m., high- Q trap for capture of weaker signal, 1350 
signal at output of limiter under noise con-

ditions, 4189 
vhf., ri. protection ratios for, 1348 

multipath pulse delay, automatic recorder  foe, 4192 
phase-measurement system using spaced aerials, 

3384 
selectivity and stability in multiplex systems, 1686 
u.h.f., diurnal variation of field strength in India 

and meteorological data, 256 
vhf., distributed amplifiers, for common-aerial 

system, 749 
220 Mets, over 700-1 000 miles, 1351 

Recording, (See also Sound recording) 
digital, using ferrite-core storage system 2366 
film, video, using ultrasonic light moddation, 931 
magneticiape, braking action in, 694 
method for extraction of selected data, 932 
multichannel, 0-10.c/s, on single-track system, 

3108 
for pen recording of lib, signals, 2020 
for sampling discriminators in data reduction, 

2366 
storage system and equipment for evaluating 

field strength records, 3419 
for television, ' Ampex' system, 1702 
transistor amplifier for playback in, 2175 
for ultrasonic frequencies, 1085 

pen, cinmit for converting to rectilinear output, 
1696 

Rectifier., (See also Semiconductors; Valves, 
crystal) 

controlled, principles and applications of, 2421 
Cu/Cu.0 and Au/tie junctions, methods of deter-

mining parameters of, 2415 
electrolytic, current/time relation for, 3113 
Ge, heavy-current, thermal effects in, 3109 

p.n junctions for, 3465 
Ge and Si, for industrial use, 269 

p-s junctions, temperature limits for, 216 
Se, with artificial selenide layers, 3111 
semiconductor, fonyard-current-surge failure in, 

1367 
testing and establishing rating under dynamic 

conditions, 2341 
Si, breakdown with by. high-frequency supply, 

3863 
construction of alloy-junction type, 268 
controlled, switching characteristics and rating 

of, 4227 
2- impurity diffusion process for, 2418 

with current rating 1A, 2023 
measurement of load characteristics of, 3484 
9-s junction, design of, 604 
as radar modulators, 3110 

Reflectometer., for bands I and II, 923 
coaxial, ni-A. 3431 
microwave, display system for, ( D) 2703 
with reflection.coefficient/frequency display, for 

7-5-11 kMr/s, 1308 
rotating- loop, for waveguide, 2117 

Refractometers, microwave, for aircraft use, 1321 
recording- type. N.B.S., »70 

Regulators, (See also Control systems; Stabilisers) 
constanicurrent/constanivoltage, 605 
current,  using high-gain de. amplifier in control 

loop, 3113 
using transistors, for electromagnets, 979 

current- balancing reactors for sem iconductor 
rectifiers, 606 

current-IBM, ing, semiconductor, 1368 
for electromagnet, using integrating circuit and 

feedback, 1365 
thermostat, semiconductor, for oscillators, 609 
valve, with grid compensation, delay network for, 

3864 
voltage, design of, 607 

using transistors, 980 
Relay systems. See Radio links; Television. 
Relays, ball-contact type. 3487 

reliability improvement of, 610 

Resistance, costad, between K arid Al, influence of 
electric stress on, 1271 

measurement, using ion chamber as current source, 
4153 

on semiconductors at low temperature, cryostat 
for, 1%7 

of slight variations, in thin films, 556 
negative, variable, for de. computer, 3615 
o: ohmic injec.ing contact, transient properties of, 

2903 
Resistivity, of Bi and Sb, electrical and thermal, at 

low temperatures, 1222 
of compounds with ordered spin arrangements, 1220 
of transition- metal suicides, 1174 

Resistor., carbon, denting methods for, 2491 
filnetype, noise and nonlinearity in, 3596 
nonlinear characteristics of. measurement of, 41 
pyrolytic, performance of, 2490 

cracked-carbon, nonlinearity measurements on, 
1106 

design for guaranteed tolerance range, 3216 
nonlinear, positive and negative, power relation-

ships for, 729 
varistors, construction, specification and per-

formance. 42 
wire, measurement of inductance of. 2347 

Resonance, absorption, paramagnetic, influence of 
saturation on Faraday effect, 2547 

antiferromagnet ic, in MnF., 3791 
indirect coupling of nuclear spins in, 3036 

cross.relaration in spin systems, 3270 
cyclotron, in metals, theory of, 1865 
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electron, applications in microwave physics, 779 
electron-spin, in quartz, effect of 9.2 104c/s ultra-

sonics on, 3816 
excitation of atomic levels in discharges for maser 

action, 3656 
excitation by electron impact for optical maser, 

3655 
excitation of spin waves in antiferromagnet by 

r.f. field, 2125 
ferrimagnetic, effective parameters in, 11, 2545 

in spheres, magnetostatic solutions for, 2928 
ferromagnetic, absorption line width in, theory of, 

2216 
In circularly polarized em. field, 3646 
exchange effects in, 2926 
in Ni flies on quartz, ultrasonic excitation by, 

3817 
magnetic, applications and techniques in solid-

state electronics, 2121 
Resonance, magnetic, double, theory of, 2123 

in Li and CaF,, saturation line shapes, 1918 
nuclear, of Co.. ions in paramagnetic salts, 3411 

free- precession observation technique for, 1853 
multiple-quantum transitions in, 2923 
radiation damping in, 2543 
spectrometer for, r.l. unit for, 2544 
weak-field maser for investigation of, 2548 

relaxation investigation by 'forced trausient 
precession', 2542 

saturation in, theory of, 95 
maser devices for infrared and optical wavelengths, 

1857 
microwave, applications of, 1171 

spin refrigeration and maser action at 1 500 Mc/s, 
3654 

nuclear polarization due to saturation of resonance 
of impurities, 3413 

paramagnetic, absorption and dispersion in salts 
at 1 325 Mc/s, 2674 

of Al nuelei in ruby, 3792 
asymmetry of curve for organic radicals, 1171 
in copper propionate monohydrate, 98 
in Cr and Fe alums at low temperature. 2332 
of Cr ions in TiO,, 2333 
electron free precession in, 3408 
electron spin- lattice relaxation time measure-

ments in, 417 
in Eu and Gd, theory of, 1630 

at 10 k/dc/s, 1629 
of FOY in sapphire, 1949 
of impure Mg0, 3410 
of impurities in CaF., 3411 
induced emission in CuS0..511,0, 2127 
in ionic crystals for solid-state masers, 3437 
microwave spectrometer technique for, 7311 
multiple quantum transitions in, 1856 
in nonmetals, stationary nuclear polarization by 

saturation, 3663 
Overhauser effect in propane in diphenyl picryl 

hydrazyl, 2166 
quantum-mechanics theory of, 778 
relaxation phenomena at low temperatures, 3652 
In ruby, for maser applications, 3”3 
sensitivity of spectrometer equipment for, 1172 
spectrum of Cr ions, in emerald, 1628 

in ruby, 1627 
spectrum of Gd in LaCI..7/-1,0, 784 
spin-level inversion and mixing in ruby, 4123 
spin-phonon interaction in ruby, 7317 
of S-state impurity in MgWO., 2691 
ThO, single crystals with Gd impurity, spectrum 

of, 909 
rf. absorption spectra of hydrogen deuteride in 

strong magnetic field, 18» 
Resonators, acoustic, excitation of, theoretical 

treatment of, 3907 
Helmholtz- type, nonlinearity of absorption 

coefficient of, 1424 
cavity, bimodal, design for Faraday rotation 

experiments, 770 
electron interaction with ILL fields in, quantum 

effects in, 1844 
expansions of erti, fields in, 3143 
n.easurement of parameters of, 4164 
time-dependent characteristics of, microwave 

double-sweep method for analysis of, 926 
unwanted modes in, suppression of, 740 
X-band, ceramic, fabrication of, 363 

cavity and waveguicle, dielectric constant of 
gaseous medium in, 72 

coaxial, miniature designs for, 3604 
coupled, multiple, as filters, dissipation loss in, 3603 
crystal, AT-cut, coupling between vibrations of, 

3975 
manufacture and performance of, 2142 

piezoelectric, BaTi0„, disks, vibration distributions 
on surface of, 2446 

for generation of very short ultrasonic pulse, 
»78 

quartz, high-quality, construction of, 1137 
multiple-beam interferometer studies of, 2336 
test eareftment for detecting spurious response 

in, 1 
thermoe astic loss in, 206 

rods, equivalent circuit for. 1475 
standard measurements of parameters, theory 

for, 211 
travelling-wave, 3146 

B0011.111111, (See also Diffraction; Sound; Wave 
propagation, e.m.) 

of acoustic and ear waves, by random refractive. 
index fluctuations, 416 

over sea or uneven ground, 775 
of ear, waves, by anisotropie elli id, 413 

end-fire echo area of long thin 1.,1446 
by large-conducting bodies, 4/29 
microwave, by positive column of Hg discharge, 

by cracks, variation principles for, 412 
plane, by cylindrical dielectric tube, 3540 

scalar, by periodic medium, 93 
from rough surface, statistical model for, 1518 
by thin conducting plates, 772 
by this dielectric rings, 1517 
by turbulent inhomogeneities, 1335 

of ultrasonic wave, by periodic surface, 1047 
Semiconductors, (See also Photocells; Photocon-

ductive materials; Transistors; Valves, 
crystal) 

absorption edge in, effect of magnetic field on, 661 
AlSb, formation of p-n junction in. 3030 

preparation and properties of, 2311 
anisotropic, Faraday effect to, 3618 
Auger effect as recombination mechanism, 3341 
Bi-Te solid solutions, properties of, 4125 
BisTe„ adiabatic and isothermal effects in, 3678 

conductivity and Hall coefficient of, 1942 
galvanomagnetir effects in, 183 
magnetothermoelectric effects in, 182 
model for chemical bonding in, 531 

Semiconductors, Bl,Te, optical properties of, 533 
properties of, 533 
stoichiometry of, 3785 

III,Te,-BI,Se., thermoelectric properties of, 3758 
bombardment damage effects in, 4891 
bombardment defects in, recombination properties 

of, 4090 
breakdown of, low-field, single phonon emission in, 

3013 

carrier-lifetime measurement. optical method for, 
1230 

phase-shift method for. 515 
charge carriers, in perturbed lattices, 2528 
Arn.9v. behaviour of impudties in, 2641 

K -edge structures of elements of, 853 
magnetic properties of, 3645 
surface differentiation by X-ray method, 3786 

Ag, ternary, with NaCI-type structure, 1269, 
solid solutions of, 1778 

energy losses in, 4092 
Hall effect in, and applications of, 855 
of hornopolar character, 1237 
intermetallic, preparation, properties and appli-

cations of, 163 
vitreous, photoelectric and thermoelectric 

properties of, 1920 
compounds and elements of Groups VB-VIIB, 

properties of, 1226 
conductivity at high frequencies, depolarization 

effects in, 3631 
contacts on, adhesive forces developed in, 495 
CoSb„ thermoelectric properties, effect of alloyed 

impurities on, 2667 
CuFeS„ CuFeTe,, AgFeS, and AgFeTe,, 3755 
CuFeS,, measurement of Hall effect in, 213 
Cu,O, diamagnetic Zeeman effect and exciton 

structare in, 1633 
current build-up during switching in, 889 
current density calculation using drift velocity, 

3751 
cyclotron resonance in, 2647 
development and future application of, 489 
diamond, rectification and photo-effects in, 5414 

Si and Ge, electronic structure of, 1238 
thermoelectric power of, 1924 

diamond-tvoe, vibration spectra and specific heats 
of, 3284 

diffusion techniques and theory with application 
to Si solar battery, 184 

diffusion across vapour interface, 165 
dislocation planes in, 3338 
doped, compensation technique for narrowing 

gap, 1917 
drift mobilitiesin, measurement technique for, 2313 
electron-electron scattering in, 492 
electron-hole pairs in, effect of lattice vibrations 

on, 8541 
energy-band interpolation based on pseudo-

potentials, 1236 
equilibrium charge density in bipolar diffusion in, 

2637 
excess carriers in, decay of, 1915 

time-dependent changes in presence of surface 
recombination. 1238 

with excited impurity band, theory of, 3752 
Faraday effect in, 4088 
FeSe,, preparation and measurement molts, 885 
field effect at high frequency in, 3648 
field-effect theory, 2639,3749 
field-emission investigations, 31116 
films for use as Hall generators. 3349 
GaAs, crystal growth rates, 3383 

diffusion and electrical behaviour of Cu in, 882 
diffusion of Zn in, at 1 000•C, 1359 
effective electron mass determined by infrared 

Faraday effect, 4113 
elastic moduli of single crystals, 33» 
electron mobilities in, 529 
n- type, infrared absorption and electron effective 

mass in, 3383 
piezoresistance of, 1130 

single crystals, polarity of, 3381 
preparation and properties of, 881 

galvanomagnetic, thermomagnetic and thermo-
electric effects in, 161 

galvanomagnetie effects in, surface transport 
theory for, 1233 

Ca,Te,, doped with Cu, crystal structure changes, 
3031 

Ge, Bi as donor in, 4108 
bicrystals, grain-boundary conduction in, 2657 
carrier mobility in, effects of temperature and 

field on, 4101 
carrier multiplication in, microwave-Induced, 

2302 
contact- potential measurements on cleaned 

surfaces, 3360 
crystal pulling from floating crucible. 3029 
crystals, with dislocation array, minority carriers 

In, 1618, transport properties in, 1619 
dislocation-free, vacancy clusters in, 523 
dislocations in, 1247, produced by thermal 

shock, 865. produced by thermal stresses, 
mria 

growth effects on properties of, 176 
growth phenomena, 3358 
melted-layer growth of, 1351 
X-ray integrated intensities for, effect of 

impurities on, 177,3376 
X-ray measurement of microstrains in, 3377 
X-ray transmission anomalies, 2309 

deformation potential from optical absorption 
lines, 21iU 

Dember potential measurements in, 3359 
diffusion of B in, 1612 
diffusion of Cu in, theory of, 1611 
diffusion and solubility of Ta in, 4184 
diffusion of thermal acceptors in, 528 
doped, with Au or Zn, photoconductivity 

response. 4106 
crystal growth from molten metals, 4113 

Semiconductors, Ge, doped with Fe, charge-carrier 
lifetime 01,1933, effect of annealing on, 1934 

with Ga and As, changes of carrier concen-
tration with introduction of Cu, 12» 

with group fil impurities, optical and 
magneto-optical absorption effects of, 3366 

heavily, resistivity and hole mobilities in, 519 
with in, impurity conduction in, .368 
influence of group Ill and V elements on 

recombination velocity in, 1614 
with Ni, electron-spin resonance in, 3661, 
enhanced Cu concentration in, 531 

with Sb, charge-carrier lifetime in, 1932, 
resistivity and Hall coefficient of, 526 

with Zn, properties of, 1613 
drif t mobility in, microwave field dependence of, 

3371 
in electrolyte, with par junction electrode, 527 
electron-bonabardment effects, anomaly in 

electron-voltaic effect at IOCK, 3773 
delayed electron emission and external photo' 

effect, 874 
surface effects in, 873 

electron-bombardment-induced recombination 
centres in, 4118 

electron-spin-resonance experiments on shallow 
donors in, 3775 

electron temperature in strong fields, 518 
field effect and surface recombination in, 1928 
Hall effect in, temperature dependence of, 1621 
hot-electron behaviour in magnetic field, 3777 
infrared absorption, by conduction electro., 

theory for, 871 
of photogenerated carriers, 176 

injection and extraction of minority carriers as 
electrochemical processes, 3025 

Irradiated, energy levels in, 2664, 4109 
Irradiated by deuterons, lattice parameter 

changes in, 2307 
length and sensitivity changes in, 2306 
structure of, 2308 

irradiation effects, of q-particles at 4.2.K, 1354 
annealing of, 3305 
of y-rays on surface recombination velocity of, 

3372 
on recombination in, 4107 

junctions, alloy, lo, reverse breakdown in, 534. 
Si, formation of, 3379 

barriar temperature at turnover, 3024 
diffused, avalanche breakdown in, 3378 
edge breakdown, 1616 
high-electric-field effects, 3923 
infrared transparency with rutted field, 1931 
narrow, excess noise in, 1357 
noise correlation in, 1255 
1/./ noise in, theory for, 1256 

L.aborption spectrum of, 3712 
lattice constant in, precision measurement of, 

1936 
lattice vibrations in, theory of, 3367 

by neutron scattering, 2304 
lifetime of non-equilibrium charge carriers in, 

1929 
liquid surfaces, electrical phenomena on, 3656 
magnetic susceptibility of photogenerated 

.rriers in, MO 
microwave absorption techniques for measure-

ment of lifetime, 3774 
negative-mass .ffiers revealed by cyclotron. 

resonance experiments, 875 
noise spectrum in near intrinsic cmtals, at high 

field strengths, 1617 
normal-mode determination by neutron spectro-

metry, 173 

e- type, uoustoelectrk effect in, 3373 
doped heavily, piezoresistance in, 174 
effect of edge dislocations on mobility in, 3362 
effect of monoenergetic fast neutrons on, 866 
free-carrier absorption in, 1249 
free-carrier Faraday effect in, 3375 
hot-electron effect in, 175 
irradiation of, defect formation by, 4110 
magnetoresistance at low temperatures, 8» 
manufacture of thin base layers, etching 
method for, 2665 

oscillation of resistance in pulsed magnetic 
field, 872 

pressure dependence of Hall effect in, 2643 
strain-induced changes in Seebeck coefficient, 

3374 
optical constants of, 2659 
orientation control for wafers of, 1935 
Peltier effect in, 3776 
photoconductive response of aims prepared 

from Gel,. 867 
photoconductivity after electron bombardment, 

3027 
Photoelectromfflutic effect in, influence of fast 

holes on, »la 
quadratic, 1253 
plastic creep of single crystals, 3654 
plasticity in, light induced, 1938 
preparation of, large-scale, 3653 
p- type, drift velocity measurements in, ohmic, 

noninjecting contact for, 3361 
effect of minority imptuEies on conduction in, 
2658 

radiation due to recombination of impurities in, 
3369 

radiation- induced recombination centres in, 868 
radiative recombination in, 869 
reaction with HNO,, 2310 
recombination centres in, 516 
Seebeck- effect fluctuations in, 178 
short lifetirres of charge carriers in, 19» 
splitting of As donor ground state in, 1615 
surface snfluence on noise in, 172 
surface radiation effect in, 523 
surface recombination velocity in, high-vacuum 

studies of, 1248 

Semiconductors, surface states on, 171 
surfaces, effects of chemical action and oxidation, 

3370 
etching and polishing, 1253 
etching to precise limits, 4103 
influence of Ho on conductivity of, 3381 
recombination centres after ion bombard-

ment, 334» 
thermal conductivity of, 1620 
thermally induced glide of dislocations in, 3363 
thermo.e.m.f, measurements on, 534 
thermomagnetic effects and phonon drag in, 3643 
transitions in, exciton- and magneto.absorption 

of, 3364 
theory of optical magneto-absorption for, 3165 

vibrational spectrum and specific 'heat of, 517 
Zeeman effect of excitons in, 2299 
Zeeman splitting of donor states in, 535 

Ge and Si, band structure during strain, observe. 
tion by cyclotron resonance, »7 

contacts on, metal, preparation of, 491 
crystals, large, growth by Teal- Little method, 

3767 
orientation by optical technique, 166 

distribution coefficients of impurities in, calcula. 
lion of. 1242 

as electrodes in electrolyte, saturation-current 
investigation, 4093 

heat capacity and vibrational frequency spectra 
of, 3363 

infrared antireflartion coatings for, 864 
lattice vibrational spectra of, 857 
lattice vibrations in, 2286 
metallurgy of, 3030 
negative-mass cyclotron resonance effects in, 

3760 
optical absorption edge of, effect of pressure on, 

1243 
p- type, effect of deformation on properties of, 

2649 
recombination centres and trapping levels in, 

distinction between, 3764 
reflection coefficients of, 3765, 3766 
slow capture of holes and electrons by surface 

states, 3352 
solubility of Sn in, 4994 
specific heat at low tees ratures, =17 
surface-conductivity and space-charge data, 856 
surface distribution of slow traps in, 3768 
surface mobility in, SUS 
surface states on, 3119 
theory and properties of, 3351 

Ge-In junctions, X-ray investigations of, 1937 
generation-recombination noise in, 493 
Ge-Sb alloys, distribution of Sb in, 3036 
GeSe, crystal structure of, 876 
GeSe and SnSe, Hall-effect anomalies in, 2669 
Ge-Si alloys, thermal conductivity and therm°. 

electric power of, 528 
grain boundaries, capacitance and barrier height 

in, 3339 
graphite, galvanomagnetic data for, analysis of, 

1241 
galvanomagnetic oscillations in, 12411 
Hall effect and magnetoresistance of, field 

dependence of, 1219 
Hall effect, in high electric fields, 1335 
measurement of, 503 
theory and applications of, NO 

Hall effect and magnetoresistance effect, influence 
of geometry on, 1234 

heat flow in, RC-network analogue for, 4887 
HgTe, Hall coefficient and resistivity of, 4113 

thermomagnetic properties of, 3779 
high- purity, 486 
impurity-band conduction in, simple model for, 

3010 
theory of, 1323, 1324 

impurity paramagnetism at low temperatures, 2644 
impurity photo-ionization spectrum in magnetic 

field, theory of, 1232 
with impurity zone, magnetic susceptibility of, 499 

non-equilibrium processes in, 2»3 

In monotelluride, properties of, 3313 
InAs, doped, with Cu, 2666 

with p- type material, anomalous temperature 
characteristic of Hall coefficient of, 33165 

effect of heat treatment on, »33 
n-type, piezoresistance constants of, 884 
preparation of, 1624 

InAs and InSb, as thermoelectric materials, 3384 
vapour-deposited filins, preparation and pro-

perties of, 3761 
InAs,...sPe, thermoelectric properties of, 3759 
infrared absorption of, effect of pressure on, »14 
inhornogeneities made visible by inicrograPh v. 3757 
inorganic compounds, prediction of semiconducting 

properties in, 847 
In P, breakdown in low field, 4116 

electron mobility in, 4115 
n- type, optical properties of, 883 
preparation and properties of, 4114 

InSb, band structure of, 1948 
distribution coefficients and carrier mobilities in, 

33» 
intriour, electron transport in, 4117 
neype, conduction in, 1625 

conductivity in strong field, 630 
mmitically induced impurity banding in, 

magnetoresistance and Hall effect in, 4119 
oscillatory transverse magnetornistance effect 

in, 1364 
nuclear magnetic resonance in, 1361, 1363 
oscillator based on field effect in, 37111 
phot.nodi.tion of, 3783 
piezoelectric effect in, 11111 
plasma pinch effects in, 3388 
plastic flow of, delay time in, 3387 
properties of, 3033 
p- type, conduction in, 1260 

Semiconductors, I nSb. p- type, conductivity in strong 
field, 179 

photoelectric properties and lifetimes, in 4118 
transverse magnetoresistance at liquid-

nitrogen temperature, 1265 
thin layen of variable composition, 3780 

irradiation effects on, 3646 
junctions, capacitance with graded impurity 

density. 852 
effect of surface potential variationson character-

istics, 3390 
metallographic aspects of, 187 
non-ideal, increase of minority-carrier current by, 

1636 
charge-carrier distribution in base region. 
Hit 

injection efficiency of, 496 
p-n and fr.t, analysis of field distribution and 

carrier concentration in, 37*7 
preparation of, theory for, 888 

lapping machine for thin slices of, 1943 
lifetime measurement by photoconductive decay, 

1921 
magnetic susceptibility of trapped electrons and 

holes in, 3017 
magnetoresistance and photoelectric effects due to 

electrons and slow and fast holes in, 1933 
MgTe, preparation and properties of, 1258 
minority-carrier lifetime, dependence on majority' 

carrier density, 849 
Mn0,, influence of foreign ions on semiconductivity 

of, 3783 
mobility and effective mom in, correlation of, 2279 
negative effective mass related to negative resist-

ance, 3632 
nondegenerate, electron mobility in, 1335 

Hall mobility in, 8116 
low- field carrier mobility in, 164 

n- type, impure, drift and Hall mobility of electrons 
in, 3348 

thermal effects in, 1664 
transient response of grain boundaries in, light 

sensor based on, 3718 
transport phenomena in, integration method for, 

3754 
in magnetic field, 3753 

optical characteristics of, »II 
optical properties under hydrostatic pressure, MK 
Pb0, conductivity measurements with impurity 

additions, 3784 
PbS. PbSe and PbTe, magnetoresistance in, 1267 

mobility of electrons and holes in, 181 
PbTe, thermoelectric properties of, 1941 
photoconductivity of, influence of surface recom-

bination on, 3643 
phot.onductivity and lifetime measurements. 

3143 
photoelectromagnetic and photoconductive effects 

in, 1339 
piezoresistance of, electric-field dependence of, 

3346 
polar, binary, interdiffusion in, 3343 

lattice screening in, 33441 
theoretical transport coefficients for, 3642 

polymeric, acrylnitryl, 4131 
pyrolusite. properties of. 1266 
research at N.B.S., 3748 
Sb,Te, and Sb,Te,-BLTe,, thermoelectric effects 

in, 1268 
Se, dielectric behaviour at dm A, 2313 

diffusion of impurities in. 1605 
polycrystalline, influence of annealing time on 

thermoelectric power, 260 
secondary-emission measurements as function of 

doping, 3763 
thermal conductivity of, effect of Br additions 

on, 16116 
Si, absorption bands in, 1688 

absorption-edge spectrum of, »9 
avalanche breakdown in, statistical theory of, 

4896 
compressional waves at 10-170 Mc/sin, tempera-

ture dependence of velocity of, 3365 
crystal growth, effects of seed rotation on, »31 

free from dislocations, 3354 
by pulling technique, furnace for, 168 

density change on melting. 2393 
diffusion control technique, 4896 
diffusion of Ga in, 613 
diffusion of impurities in vapour phase, 1926 
diff.ion of P in, 2651 
doped, with Al, precipitation on dislocation in, 

3289 
with As, absorption spectrum of, 1244 
with Au, measurement of lifetimes. and 

capture cross-sections, 3769 
with P, electron spin-lattice relaxation in, 812 

electron-soin-resonance experiments on donors 
aes. 4099 

electr000lishing in HF solutions, 13» 
formation of donor states in, mechanism of, 1926 
heat-treated, change of characteristics due to 

introduction of Au, 22941 
impurities in, 0,, 811 
impurity-carrier concentration in, variation with 

temperature, 510 
impurity rompensation and magnetoresistance 

in, 2263 
infrared spectra of heat- treatment centres in, 167 
infrared strain-optic coefficient for, 2296 
irradiated by neutrons, magnetic and electrical 

properties of. 41» 
junctions, breakdown in, 3682, effect of heat 

treatment on, 1609 
p-s, delineation of, 514, impact ionization in, 

1127, photomagnetomechanical effect in, 
3357 

lattice vibrations by neutron scattering. 2291 
lifetime preservation by getter action, 3266 
measurement of resistivity using 4- point probe 

method, 214 
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Semiconductors, Si microplasina fluctuations in, 
3770, 

microwave spin echoes from donors in, 460 
neutron-bombardment damage in, comparison 

with electron-bombardment effects, 861 
n- type, ohmic Al contact on, 3346 
photoionization quantum yield, 863 
p-type, bonding materials for, 2316 
recombination properties of An in, 862 
resistivity of, effects of 0, on, 2214 
surface properties of, effects of treatment and 

atmosphere on., 4»7 
surface recombination velocity, measurement of, 

859. by steady-state photoconductance, 
1246 

surface stabilization by thermally grown 
oxides, 2650 

valence-band structure of, 54. 
S.C. films, cubic, infrared properties of, 2218 

infrared properties of, 2297 
Junctions, electron emission from breakdown 

regions in, 1614 
report of conference on, 3771 
surface properties of crystals, 3022 

SnS, synthetic crystals, properties of, 886 
SnSe, electrical properties of. 3389 
space-charge distribution due to low-level injec-

tion, » 12 
Stark effect for study of valence bands, 3346 
surface conductivity measurements, by 'wedge' 

method, 2671 
surface potential from field- induced changes in 

surface recombination, 851 
surface recombination velocity, determination 

from photoconductive decay, correction 
formulae for, 490 

determined by change of resistance in magnetic 
field, 504 

effects of carrier injection on, 1916 
surfaces, properties determined from drift-mobility 

experiment, 2241 
shape and extent of space-charge regions in, 848 
transport phenomena on, theory of, 3340 

Te, anomalous Hall-coefficient reversal in, effect of 
hydrostatic pressure on, 1337 

band structure of 3763 
magnetic susceptibility in, 1607 

theory of, revision of, 490 
themiodynamics of irreversible processes applied to 

conduction phenomena in, 2638 
thermoelectric effects in, power limits of, 1231 
thermoelectric propret tes of, 3347 

effect of strain on, 854 
thermoelements, determination of heat con-

ductivity, 3348 
Ti and V oxides, conductivity measurements on, 

3756 
TO,, infrared absorption of, 3434 

piezoresistivity in, 887 
transitions in, interband, Zeeman-type, magneto-

optical studies of, 3343 
two-band, theory of thermoelectricity in, 3015 
variation of properties with fusion, 1918 
V.0, binary mixtures, conductivity mechanism, 

3750 
W,C, field-emission characteristic of, 1923 
WO,, conduction in, 3668 
work function of, temperature dependence of, 414 
ZnO, conductivity of powder form, 1177 

diffusion and precipitation of In in, 4111 

27dedeffee°c1d:::livecm'tandoldietievfig.titr, Ill 
preparation of single crystals with defined 

impurity content, 878 
surface potential, field-effect mobility and 

conductivity of, 3778 
Servomechanism., (See also Control Systems) 

digital, using cr. tube beam in photographic 
storage system, 1459 

for temperature control of transistors, 1693 
for uhf. scatterlink transmitter, 1694 

Signal generator., (See also Generators; Oscil-
lators) 

microwave, amplitude stabilization of, 2323 
timed-pulse, portable, 1966 

Signal., finite-duration, maximum efficiency for 
transmission through low-pass filter, 3310 

flow graphs. MI, 36113 
interpolation and prediction of, optimum filter for, 

2391 
Solar activity, causing transient decreases in cosmic-

ray intensity, 2142 
eruptions, possible mechanism for nonstable 

processes, 3666 
fiares, as cause of geomagnetic storm of I lth Feb. 

1958, 433 
and intense long-duration iollisation below 

50 km, 2576 
magnetic field associated with, 4443 
radiation and particle precipitation from, Ill» 
associated with rt, noise at 200 Mc)s, 11» 
25th-27th Sept. 1957, observations at 4-8 mm A, 

784 
indices based on ionospheric and r.f. noise data, 

3281 
Solar «ier, temperature Iluctuations during, 

Solar radiation, (See also Radio astronomy) 
rronthermal, gyro theory of, 488 
outbursts causing geomagnetic storms, 3558 
proton streams, laboratory model using 'StOrruer-

tron' tube, 1864 
r.f., brightness distribution at 00 cm A, 438 

bursts of, anomalous night4ime reception of, 
3554 

m-A and 3-cm-A, time relations of, 3555 
power spectrum and relation to s.w. fades and 
geomagnetic storms, 1178 

type- II, observations of solar disturbances 
coming, 433 

Solar radiation, el., bursts of type- III, fiare-puffs as 
cause of, 431 

type- IV, and relation with storm centres, 3383 
3-cm-A, dimensions of sources of, 425 

dur-A, as index for ionospheric studies, 787 
echoes in solar corona, 103 
ionizU radiation associated with noise storm, 

polarization measurements of, 141 
spectroscopy at 24-40 Mc/s, 3933 
at 3 and 27 cm A, during yray burst from solar 

dare, 104 
at 3.2 cm A, distribution and brightness of 

sources, 424 
at 200 Mr /n, fine structure and drift in frequency, 

2935 
during noise storms, short-period variations in, 

2934 
ultraviolet.invntigation of, 3664 

Solders, for nuclear and space environments, 4144 
Senusd, ( See also Absorption; Acoustics; Diffrac-

tion; Transducers; Ultrasonics) 
attenuation in gases, 2809 
audibility of nonlinear distortion, 3185 
build-up of oscillations in enclosed spaces, 3184 
constant-pressure source, using microphone and 

feedback system, 2447 
distorted, criterion for, 2817 
field of vibrating source on ribbon plate, 1044 
frequency spectrum of power-law double tones, 

3108 
interference and coherence of reiterated signals, 

3910 
lateral-wave' field of point source, 10» 
loudness, evaluation, 3544 

influence of peak content in noise, 1754 
meter, 1437 

scale, discrimination criterion, 1063 
sensation for rhythmic sounds, 1424 
tests with periodic sounds, 3911 

noise, from data processing machines, measure-
ment and evaluation of, 6 

impact, instrument for measuring peak intensity 
of, 30» 

measurement methods, 2453 
spectra evaluation, 3914 

pitch fluctuations, measurement of, 3179 
propagation of, amplitude and phase fluctuations 

of spherical wave in, 662 
amplitude fluctuations in turbulent medium, 667 
correlation of field with amplitude and phase 

fluctuations in, »3 
diffraction and radiation in liquids and gases, 

664 
over ground, experimental study of. 3900, in-

strumentation for, » el 
In inhomogeneous media, 'effective' parameters 

for, 1041 
in medium with negative velocity gradient and 

homogeneous surface layer, 666 
in sea- water, velocity calculations, 3903 
underwater, analysis for different pulse shapes, 

3141 
waveguide mode in stratified medium, 665 

propagation of Rayleigh- type waves on cylindrical 
surfaces, 6» 

radiators, concentration coefficient of focusing 
systems, 3906 

distance determination from near- field ineasure• 
ments, 3537 

superdirective arrays, signal/noise performance, 
329 

reflected from sphere under pulse conditions, 1446 
reflections from gradual- transition absorbers, 3548 
scattering, on inhonrogeneous surfaces, 676 
by thin rod, 676 

in irregular vraveguides, 1043 
at layer of discontinuity in sea, 3902 
in turbulent atmosphere, 2083 

stereophonic, compatible system based on pre-
cedence effect', 3474 

velocity of, in liquids, influence of wall thickness of 
resonance tube, 1422 

viscosity correction, 328 
in pure and salt water, using ultrasonic pulse 

technique, 2810 
Sound ranging. active sonar detection, theory of, 

directio3549 n finder for location of noise sources. 2091 
multiple- receiver correlation system, 1066 
underwater missile tracking instrumentation, 2597 

Sound recording, disk, standardization of, 2454 
magnetic, for delaying reproduced sound, 3934 

multiple-track recording techniques, 31911 
multitrack and stereo head design, MO 
speed and pitch regulator for, 2835 
theory of, 3923 

stereophonic, cutting head for single-groove disk, 
3494 

velocity- type microphones in, 7 
stereophonic reproduction system fut, two- track, 

three-channel, 1064 
Spare research, communication, navigation and 

guidance systems in, 2847 
cosmic rockets, instrumentation of Pioneer vehicle 

and tracking stations, 3286 
interferometer for tracking, 1644 
launching problems, 3677 
Lunik I, 2»11.3563,3678 
cosmic-ray data from, 2231 
progress of, 3676 

Lunik II, observations at Jodrell Bank, 4861 
Pioneer I, cosmic radiation measurements by, 

3691 
Pioneer IV, signal reception using parametric 

amplifier, 2895 
dynamic problems of flight to moon, 3675 
radar technique based on back-scatter from free 

electrons, 451 
Spectrographs', magnetic, current and field stabili-

zatron of 9-kW electromagnet for, 3473 
Spectrographs, mass, magnet stabilization by about--

beam resonance, 41711 
Spectrometers, mass, ion source for, strong. 

focusing, 2724 
microwave, high- Q Stark absorption cell for, 2209 

for paramagnetic-resonance measurements, 1172 
influence of modulation amplitude on line 

shape, 3369 
source-modulated, criteria for, 416 
X - band, for paramagnetic-resonance observ-

ations, 18» 
for X and K bands, 96 

Spectreecopy, infrared, theory of interference 
modulation for, 2191 

application of, 2192 
Speech, acoustic studies of, instruments and 

methods for, 1058 
analysis and synthesis of, 3450 
characteristics, theoretical analysis of, 4 
compandor, for transmission circuits, 2395 
intelligibility of, evaluation of, 2819 
at high noise levels, prediction of, 3543 

subjective masking of delayed echoes, 6 
masking by prolonged vowel sounds, 6» 
pitch distribution in German language, 2488 
recognition systems, automatic, 3913 

mechanical, 3451 
system for telephony, 331 
theory of, 2452 

phonetic- pattern vocoder, 1657 
for voice dialling, 1061 

reinforcement systems, factors affecting intelligi-
bility, 3913 

sampling, pulse gating circuit for, 28» 
synthesis of, segment inventory for, ION 

segmentation techniques in, 1059 
synthetic, vocoder development and intelligibility 

of, 1743 
vocoder transmission system for, 2394 

StabUlmr., of anode-current fluctuations due to 
heater- current changes, 1369 

thyratron circuit for 11.v. supplies, 4208 
voltage, routine testing of, 6.8 
Zener-diode 271 

for valve heater supplies, 3759 
Standnrd-frequency trusemlealone.JJY. fre-

quency variation of received signal, 916 
MSF, correction with reference to Ephemeris time, 

1640 
power requirements and optimum frequency for 

world wide system, 4301 
Standard., on navigation aids, 69 I.R.E. 12.S1, 3721 
on recording and reproducing, calibration of 

mechanically-recorded lateral frequency 
records, 68 I.R.E. 19.Si, 689 

on terminology, of audio techniques, 58 I.R.S. 3.61, 
727 

for magnetic amplifiers, AISE. Committee 
report, 383 

of static magnetic storage, 59 I.R.E. 8.51, »19 
on waveguides and waveguide component measure-

ments, 59 I.R.E. 2.51, 2145 
Standing-were Indicators, automatic, for 3-cm 

band, 3711 
for production testing of microwave components, 

221 
for 4-kAlc/s band, using c.r.o., 1976 

Stations, (See also Broadcasting; Television; 
Transmitters) 

Olifantsfontein and Derdepoort, South Africa, 3015 
WWI, for vhf, research, 977 

Storage systems, (See also under Computers) 
magnetic-drum, 1655 
lying-spot, beam-positioning servo system for, 

2364 
design factors of. 2362 
optics and photography in, 2363 

Sun, (See also Solar activity; Solar radiation) 
brightness of disk, comparison of results obtained 

during 1944 and 1954 eclipses, 785 
rorona, intensity, polarisation and electron 

density of, 1182 
investigations using r.f. emission from Crab 

Nebula, 426 
new theory of, 2143 

Sunspots, numbers, mean values and data for 
1700-1957, 1529 

for 1944-1959, 147 
for 1959-1988, 3282 

structure and mechanism of, 3665 
Superconductor., energy gap in, evidence for, »3 

in b.f. field, impedance of, 2199 
impurity scattering in, 3433 
Sn, change in sound velocity from normal   

4122 
Sn and In, frequency variation of resistance of, 

2314 
Switches, (See also Circuits, switching) 

coaxial, using Si diodes, for v.h.f, aircraft aerials, 
3486 

microwave, using ferrite ring inside helix, 1147 
Ir., electronic, 44 
cottage-sensitive, using dielectric breakdown of 

oxide film, 39 
Switching, functions, classification and minimization 

of, »48 
solution of equations for, 12/7 

systems, ternvy, algebra for, 1636 

Teleedstrollerateme, h.f. characteristics, in terms 
of parameter .f,, 4336 

timing-signal transmission at Canaveral test range, 
2722 

Telemetry, balloon-borne units using transistors, 
3373 

miniature system for electroencephalograph, UM 
pp.m., demodulator system for, 1992 
for rotational displacements, 2374 
systems, comparison, 4172 

performance analysis, 3084 
techniques for guided missiles, 3448 

Telemetry, transrnission system, using mnetic-
modulatorimultivibrator circuit, 16» 

obi, 8-channel, 4173 
Televhdon, (See also Aerials; Interference) 

applications, in astronomy, 3483, 3483 
for determining rocket orientation, using single. 

line-scan vidicon, » 33 
for recording eye fixations on changing visual 

scenes, 930 
camera tubes, image-orthicon, image retention is, 

616 
operation of, 3497 

quantum efficiency of detection, 4216 
recent developments in, 616 
sensitivity of, 4216 
vidicon-type, inertia effects, 985 

lenses for, 1379,1376 
target materials in, 1703 

cameras, measurements on preamplifiers for, 3115 
portable, for outside broadcasts, 3026 
single-lens refiez, 3496 
zoom lenses for closed-circuit systems, 13711 

cameras and film scanners, video amplifier using 
transistors, 4214 

centre, ATN, Sydney, 1330 
colour, automatic hue and chroma controls for, 

3118 
camera tubes, vidicon, for industrial service, 

»23 
.chroma-key' technique for simulating optical 

effects, 613 
compatible 819-line system for, 1700 
film, lenticular system for, 1371 
flying-spot scanning system, 379 
magnetic demodulators for, 1379 
N.T.S.C. system, adaptation to European «S-

tine standard, 4212 
modulator for C.C.I.R. standard, 2762 

phase and amplitude fluctuations in subcarrier 
transmission, 993 

picture quality in, 2404 
and perception of colour detail in N.T.S)C. 

system, 1391 
picture tubes, afterglow in, 2407 

deflection coil design for, 3125 
mask-type, error correction in, 990 
screen- persistence test equipment, 4218 
21-in, Type-2ICYP22, glass, 3» 

projection systems, 3119 
display with controlled filters, 621, 3039 
picture tube using Faraday cell, 1785 

receivers, 'apple' system, colour-purity adjust-
ment techniques, 1386 

performance measurement, 986 
signal-distortion in envelope- type second 

detectors, 1392 
standards, F.C.C., 378 
test equipment, for investigating interference of 

subcarrier with monochrome reproduction, 
»32 

for N.T.S.C. system, 1372 
signal generator for, 1324 

transmitters, correction of phase distortion in, 
614 

use of dichroic mirrors in, 1741 
echo phenomena in, methods of eliminating, 3134 
industrial, equipment for, 1394, 1395 
interference reduction in co-channel systems by 

precise carrier frequency control, 4221 
links, cable, interconnection at carrier-frequency 

stage, 992 
long-distance, 4210 
for switching and control centres, 275 
transatlantic, 4211 
using trunk coaxial cable, fluctuation inter-

ference in, 611 
delay equalization method, 3132 
waveform distortion testing, 43» 

networks, European, survey of, 1757 
Eurovision, German standards converter equip 

ment, 4313 
optimum design for bands IV and V, 3501 
in Wurttemberg, 1692 

picture quality, assessment of, 4222 
test pasteen for. 1393 

comparison method for measurement of random 
fluctuations in, »31 

detail perception test, 3135,3136,3138 
impairment by noise, tests on, 2418 
use of bifilapT trap for improving, 988 

picture tubes, contrast filters for, tests with, 2765 
current characteristic of, 1704 
electroluminescent, problems of, 566 
fiat-type, for monochrome and colour, 619 
ems for, drive factor and gamma of, 1417 
kinescope, high-transconductance electron gun 

for, 312 
measurement of resolution characteristics, 
13» 

with luminous surround, subjective tests on, 3764 
new electron gun with transistor drive, 3128 
sealing of, 1035 
short, using TPF gun, 3127 

thin, rectangular. 3171 
11e-deflection, development problems, 284 

projection, eidophor system, 4» 
random-noise measurement in presence of signal, 

2345 
receivers, deflection circuits, using transistors, 

peak lyback voltage in, 4225 
dual-standard, for French and C.C.I.R. systems, 

4217 
effects of valve faults in, 311 
frame multivibrator and diode separator circuit, 

3499 
If. amplifiers with linear phase response, 3117 
line-deflection transformer, magnetic measure-

ments on ferrite U-cores for, 3057 
with tuned h.v. winding, 1387 

line and frame output stabilisation, 3133, 3134 
line output circuit stabilisation, 3871 

Television, receivers, line output circuit stabilization, 
using voltage-dependent resistance, 989 
line timebase circuit, stabilized, protection 

devices for, 283 
manufacture, statistical methods in, 16 
multitriode flywheel synchronising circuit 3500 
noise-gated a.g.c. and sync system for, 1382 
pin triode for bands IV and V, 2716 
r.f. amplifier, constant- impedance, 1384 
scanning oscillators and synchronisation, 3121 
sound-channel, 'delta' 1.m. system with a.m. 

compression, »37 
detector using drift transistor, 2538 

synchronization, characteristics in presence of 
noise, 1388 

noise-limiting circuits and a.g.c. for, 3128 
separator using remote-cut-off pentode, 3132 

synchronous and malted-canto detection in, 
1378 

synchrophase, for phase-distortion correction, 
3116 

transistor circuits, 987 
for if, stages, 1383 
for line dellection, 3136 
for vertical-deflection system, 1331 
for 90. deflection, 3875 

u.h.f, tuner using r.f. amplifier, 1383 
video output stage with wire resistor, 3347 
X radiation from, 4319 
for 825-line C.C.I.R. standard, 617 

reception, effects of random noise, 3139,3140 
field-strength measurements and propagation 

curves, 284 
measurement of service area, 287 
vertical-polarization tests at uhf., 289 

recording, film, methods and equipment in 
Germany, » 34 

magnetic- tape, 'Ampex' systems, 1702 
aye tems for international program exchange, 

3867 
relay systems, passive, aerial talculations for, 2851 
research work at Turin study centre, 7761 
review of developments, 1499 
standards converter, using vidicon, 2406 
stations, in N America, list of, 2435 
studio equipment, improved design of tungsten 

filament lamps, 286 
maintenance of, 6/2 

ntems. cable, equalization in, 3488 
closed-circuit, coaxial-cable, using transistors, 

3114 
tor industrial applications, 372 
two-way, remote-control carrier system for, 
285 

coding method based on 'edge' detection, 34» 
optical performance criteria, 3498 
vestigial-sideband, phase distortion in, 3137 
for 50-kcis bandwidth, 982 

test equipment, B.B.C. transparencies for testing 
camera channels, 984 

waveform generator using transistors, 1373 
test patterns, for monochrome installations, 1502 
testing techniques for monochrome and colour 

transmissions, 613 
transmission, bilingual, multichannel sound by 

single transmitter for, 983 
black-level monitoring, 1377 
cable circuits for, 273 
correction equipment, 3495 
delay equalisation in, filters for, 737 
limiter circuit technique, 3491 
monitoring installations, 3869 

in Germany, 2763 
residual-sideband, delay equalization, 3490 
of still pictures, using flying-spot scanning 

system, 1374 
over telephone lines, experiments using 250-kcn 

bandwidth, 274 
video level control during studio switching, 3131 

transmitters, automatic frequency translation for 
improving local reception, 991 

band- I, ABN, Gore Hill, Australia, 3121 
desiga of, 3492 
Isle of Wight I.T.A. Station, and associated 

radio links, 1706 
vestigialsideband filters and diplexers, 3494 
6- and 10-kW, 3493 

Therml.tora, circuits using, design for, 44 
for compensation of resistance and conductance, 

721 
for deriving linear temperature-control voltage, 

2489 
for u.h.f. power measurements, design of mounts 

for, 664 

Thermocouple., radiation, noise in, 1653 
Thermoelectric effects, (See also Semiconductors) 

in Bi, Sb, Te and Bi-Te, effect of oxide impurities 
on, 2315 

in grey Se, 1272 
Peltier heat pump, theory of. 2106 
for refrigeration, theory of, 3449 
at very low temperatures, 2529 

Time, (See also Clocks) 
interval measurement, by vernier technique, 3410 
standards, atomic and astronomical, variation in 

speed of earth's rotation in terms of Cs 
resonance, 1»1 

TImebases, linear, using Miller Integrator and 
Puckle flyback circuits, 743 

Trumducem, differential-transformer, 557 
electroacoustic, calibration for operation under 

increased pressure, 330 
distributed-type, 673 
equivalent circuits for transient vibrations, 3904 
frequency-sensitivity characteristics by spectral 

analysis of thermal noise, 3906 
signal/noise performance of strip arrays, 2 
for underwater use, 2445 

electrochemical, 'salon', current integration with, 
2423 

Transducers, electromechanieal, stroboscopic method 
for frequency response of, 2579 
piezoelectric, piston- type, operating in water, 1046 

theory of, 672 
Trnnaductors, (See also Amplifiers, magnetic) 

auto self-caviled, analysis of, 1791 
Trameformem, halo., for vb.'. and uhf., 338 

double-tuned, general analysis of, 3596 
equivalent 2- terminal networks for, 1467 
hybrid, design and applications of, 1448 
mains, lan.ination data and design procedure, 356 
pulse, with premagnetisation of core, 1469 
pulse-front response of, measurement of para' 

meten of, 367 
for random-noise voltages, 3214 
transmission-line, stepped, design of, 3394 

twisted-pair, wide-band, 3593 
with zero phase shift, design of, 720 
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Transistors, (See also Photocells; Semiconductors; 
Valves, crystal) 

with cc> 1, current multiplication in, 16» 
alloy-junction, base resistance for, 1714 

Ge, dependence of current gain on emitter current 
and frequency. »78 

with symmetrical characteristics, 2411 
alloydunctIon and grown-junction types, Si, 

comparison of. MI 
analogue-computer detern 'nation of design data, 

3508 
analysis of quadripole networks containing, 48 
applications, in 'hybrid' regenerative valve circuits, 

2277 
for If. amplifier, 306 
in line communication systems, 514 
review of, 4238 
in television receivers, 987 

avalanche- type, 2772 
theory of, 186, 918 
transient build-up in, 2416 

characteristic frequencies of, 996 
characteristics, a.c., representation of, 2042 

curve tracer, 3064 
frequency and phase, for common-emitter 

operation, 634 
based on insertion- type measurements, 2048 
present limits in, 629 

charge storage during turn-off in, 2773 
current amplification of, 631 
diffused-base, evaporation alloying technique for, 

307 
manufacture of, 4229 
mesa, in f.m. receiver, 4188 

for range 10-20000 Mr/s. 635 
diffusion capacitance in, 3148 
drift- type, current gain to 105 Mc/s, 38» 

diffused-base, for 1-1cMcB. properties of, 3110 
equivalent circuits for, 3879 
hi. power gain of, 3881 
internal current gain of, 999 
transmission-line analogue of, 3153 

effective collector capacitance in, 632 
emitter efficiency of, 3643 
equivalent circuits for, 1009, 1718 

model-based derivation of, 3770 
and operation at If., 2781 
T.parameters at a.f., 2782 

fluctuation of parameters in, origin of, 628 
Ge, breakdown voltage of, 3519 

current amplification factor with ffirrier injection 
and extraction at high temperature, eau 

diffused minicrystals for, 637 
grain-boundary, for low- temperature operation, 

1713 
grown-junction, o-p-o, Si, construction of, 301 
hi., equivalent-circuit analysis and characteristics 

of, 2423, 3768 
Ge, design theory and production of, 10» 
Ge and Si, 3309 
production techniques for, 2049 
progress in development of, 1399 

h.L phenomena in, model for, 3154 
high-current mode of operation of, 1004 
hook, properties of, in switching and amplifying 

circuits, 753 
interchangeability chart for 500 types, 3517 
lattice defects in, influence and creation of, 2771 
life expectation of, in earth satellites, 2780 

mechanisms affecting, 1715 
limiting- frequency determination up to I Idiots, 

4232 
measurements, of n cut-off frequency, 2705 

apparatus and techniques for characteristics in 
8-250-Mois range, 1364 

using bridge techniques. 3430 
of capacitances, 3425 
of current gain, 3426 

automatic equipment for, 3427 
d.c-ac. Seta tester. 1647 
of equivalent-circuit parameters, 1646 

simulator for, 4156 
sweep generator for c.r.o. display of NI. 

characteristic, 08 
of temperature-dependent base leakage current, 

1974 
of v.h.f, characteristics, design of matching 

networks for, 1116 
wide-band bridge for, 1002 

as network element at 1.1.. 1719, 3618 
noise figure of, influence of inductive source on, 

2047 
parameter conversion, using Jacobians, 7775 
point-contact, effect of magnetic field on, 630 
power- type, cooling system for, 636 

Ge, with Al electrodes, 1001 
applications and performance Ihnits, 303 

for horisontal-deflection stage, 306 
increasing efficiency of, 978 
techniques for improving, 2769 

selective etching of, I/03 
shot noise in, 2413 
Si, manufacture of, 1007 

Transistors, Si, temperature dependence of 
mobility and lifetime in, 3156 

small-signal parameters for, variation of, 99$ 
stabilization, calculations for, 2061 

of gain over wide temperature range, 4231 
using negativedemperature-coeffiffient resistors, 

2033 
surface- barrier height changes in, method of 

studying, 633 
surface-effect immunity in, structure giving. 4230 
structure-determined gain-band product of, 997 
switching parameters, 723 
switching- type, 'deplistor', 34» 

Si, p-o-p-n, 3883 
for telephone service. 37711 
theory of, 141/1 
with thyratrou characteristics, and related 

devices, 1016 
'thyristor', high-speed, 1065 
with tungsten pole in collector, 1777 
Bteriffinal. 3046 

tecnetron, »3 
temperature distribution in, 3119 
terminology and notation, revision of, 1008 
tetrode-type, characteristics, applications and 

construction of, 3152 
field-effect, 2779 
LC, grown-junction, Si, theory, characteristics 

and applications of, 3516 
thermal effects in, evaluation of, 291 
thermal equivalent circuit for, 1730 
tsermal stability criteria, 1713 
transconductance as parameter for, 1463 
transient response of, calculations for, 2774 

unified representation for, 2160 
transit- time analysis of, stored-chame method for, 

2417 
uhf., characteristics of, 3044 

Transmission lines, (See also Cables; Wave-
es) 

coil-loaguidded, phase and group delay in, 698, 03)3193 
delay, interdigital, dispersion in, 1023 

lumped-parameter, linear, construction tech-
»Igoe for, 697 

surface-wave propagation conditions along, 616 
with distributed conductance, for 6m, wave 

absorption, 1060 
equivalent circuits for, magnitude of errors in, 101,7 
'exponential, for impedance matching, 0170 
helical, theory of, 3469 
inhomogenessus, for absorption of 6m. waves, 1765 

lossy, applications of, 3192 
laminated, aogston-type, experimental, 2103 

nontudformities in, 2161 
matching, circle diagram for, 2440 

measurements, logarithmic chart for evaluation of, 
2702 

multiple, theory of, 2458 
pulse, min, propagation constant. of, 362 
return loss of, 12 
surface-wave, cylindrical, power radiated from, 

»98 
excitation of radiation by discontinuity on, 3097 
Goubau- type, tests on, 10 
impedance measurement method, 1069 

surface-wave.propagation theory for stratified 
medium. 939 

2-wire, balanced, screened, characteristic imped-
ance of, 3938 

Transmitter-receiver., for outside broadcasts. 
Lm., 80-W, 4361 

Transmitters, (See also Television) 
a.m., class-C output stage for, 624 
broadcast, automatic monitoring system for, 1397 
combined operation of, using bridged-T network, 

623 
common-channel operation of, synchronization 

techniques for, 4224 
m.1., 1,mm...channel common-program opera-

tion of, 1690 
network in WOrttemberg, 1692 
s.w., 100-kW, Type-SOZ 294(00,293 

1.m., remote control and change-over equipment 
for. »2 

b.f.. 60-kW rd. power amplifier for, 290 
linear-amplifier, for independent-sideband opera-

tion, 211 
sea-rescue, 2- Mots, with ferromagnetic aerial, 4223 
s.s.b. and i.s.b., rating of, 3503 
telegraphy, Post Office, at Ongar, 3143 

c.w., for ionospheric Investigation, using 
power-live aerial, 3873 

WiT, below 50 Mots, I.R.E. Technical Committee 
report on test methods, 1396 

500-kc/s, 4-W, using transistors, with automatic 
keying, 3504 

Troposphere, (See also Atmosphere; Wave 
propagation, e.m.) 

climatology of radio ducts, 4053 
radio echoes from invisible objects in, 2210 
refractive index of, models for, 2725 

Tuners, permeability, 1678 
Tuning indicators, electron-beam, Type-9M84, for 

voltage indication, 2073 

U 

Ultrasonics, (See also Absorption; Scattering; 
Transducers) 

applications, to high-fidelity video recording on 
flint, 931 

diffraction of light by, 678, 1751 
dtstortion of small-amplitude waves in liquids, 3514 
field due to piston-type resonator in liquids, 1433 
generators, electrostrictive, electrode deformation 

in liquids, 2813 
interference filters, variable-frequency, 677 
interferometer design for measurements in liquids, 

2816 
measurement of field, quarts probe for, 1752 
measurement uf velocity, pulse technique for 

metals with low attenuation. 2119 
Ultrasonics, measurement of velocity and elastic 

moduli at high temperature, 2815 
research at N.P.L. of India, 3177 
velocity, in liquids under pressure, pulse measure-

ment 
in water near freezing point, 2811 

waveform determination by light refraction, 1060, 
3531 

wave- train synchronizing technique for equipment 
testing, »64 

V 

Vacuum technique, 'clean-up' effect, hypotheses 
for. 2986 

getter-ion pumps, theory and design data for, 1899 
Ti, 12194. 12» 

getters, Ba film, 2613 
Ti, 4074 

grades of vacuum in electron and ion tubes, 2262 
measurements of gas evolution or sorption of 

anode matenals, 2965 
Valve., (See also Cathode-ray tubes; Electron 

Seams: Rectifiers; Transistors) 
amplifier, general analysis for transistor, triode 

and beam -deflection types, 2041 
for wide-band operation, data for, 1032 

construction of, trends in, 2793 
cooling techniques. 4253 

'vapotron', 454 
crystal, and associated equipment, data on, 3592 

diffusion techniques for, 184 
production techniques, development of, 294 
review and characteristics of, 3147 

crystal-diode, an-lope-computer determination of 
design data, MU 

avalanche effect for generation of sub-ntm waves, 
3895 

circuit representation and pulse method of 
voltage division for, »35 

d.c. characteristics of, 2410 
Ge, annealing of radiation-induced 111 nuise in. 

298 
manufacture of, 1709 
as minen, noise at low temperatures, 3876 
new types and applications of, 994 
noise temperature ratio variation with 

temperature, 627 
Russian GD-Ts type, blocking junction 

process in, 1791 
time-lug in, 7/67 

Ge and Si, tests for r.f. noise in, 3507 
Ge-In-Sb, diffusion- type, for min switching, 3144 
bole storage in, 'turn-on' and ' turn-off' times for, 

636 
inductive behaviour under high toads, 2036 
influence of adjacent connections on character-

istics of, 1398 
logarithmic characteristic of, test method for, 

3438 
microwave, mixer- type, sith in- proved conver-

sion efficient y, 2,414 
recent developments, 3177 

nonlinear-capacitance, for frequency conversion, 
3145 

PbS, //V characteristics of is-p contacts na 
galena, 3874 

p-n.p-n and p-is-p- on, as 2- terminal switches. 
»48 

point-contact, d.c. and a.c. characteristiffi of, 
3143 

effect of geometrical factors on characteristic 
of, 2411 

electron-hola transition In, 185 
GaAs, for mhf. applications, 1710 
Ge, current noise of, 3106 
Ge and Si, characteristics and manufacture of, 

396 
seiniconductor-semiconductor 'point contact', 

2037 
shot noise in, 1413 
Si, construction and properties of, 297 

as soltage-reference devices, »39 
switching-type, from plastically deformed Ge, 

2413 
tunnel- type, for hi. appliffittons, 3505 
phonon processes in, 4326 

siariode, for gating and control oircuits, 4325 
vir characteristics of, 635 
Zoner-type, list of manufacturen and applica-

tions of, 1711 
diode, coaxial-type, for microwave detection, 2791 

as noise generator for uhf., 3533 
planar, reference- type, for test purposes, 4353 
saturated, surface structure of filaments in, 1418 
space-charge neutralization by ions in. 2432 
spherical, azimuthal electron flow in, 2433 
as thennionic energy converters, 324, 325, 2434, 

03)2436 
diode and triode, space-charge, shot noise in, 2436 
double- triode, Type-PCC88, characteristics and 

application for cascode circui t,655 
electron-beam, amplifter, noise due to cathode in, 

1023 
using beam of flat elliptical cross.section, 3867 
crossed-field, noise in, 313 
current and velocity fluctuations at potential 

minimum, 320 
defocusing system for microwave detection, 1413 
design of transition region for, 1017 
energy relations in, 4245 
equations of space-charge flow, 3886 
focal length of diaphragm for, 1416 

oscillator, 319 
interception noise in, 3165 
magnetically focused, current distribution in, 

644 
noise in, effect of electron lenses on, 1726 
mechanism of reduction of, 1727 
reduction by low-potential drift region, 1728 

for parametric amplrocation, 1025 
by pumping of fast space-charge wave, 1412 

parametric-amplifier. 321 
Valves, electron- beam, parametric- amplifier, cavity-

type, 3066 
design of couplers for, 2067 
with transverse modulation. 4247 

as parametric amplifier and frequency converter, 
»65 

propagation of perturbations in, 4346 
retarding system with helix In dielectric, 

analysis of, 3889 
space-charge-wave excitation for Brillouin flow, 

1735 
space-charge waves in, »58 
surf ace-wave electron velocities in magnetic 

field, 2786 
vm., generation of second harmonic in, 1409 

electron oscillations due to transitdinte effects in, 
4251 

flicker noise in, effect of cathode porosity on, 1028 
gas.filled, cold-cathode, tetrode, effect of trigger 

pulse polarity on anode breakdown time. 
3174 

triodes for switching, 2443 
as noise source, for cm A, measurements on, 658 

uhf., helix-coupled, 559 
stabilizer, neon-argon- type, effect of argon 

content on, 2442 
'Stforinertron', for simulating solar proton 

streams, 1861 
thyratron, ceramic, for high-power radar, 3535 

grid emission in, properties of Ti for preventing, 
1030 

for guided missiles, development of, 310 
klystron, energy distribution of electrons in, 2424 

frequency control by magnetic amplifiers and 
transistors, 1737 

high- power, pulsed, design of, 1410 
low-power, water cooling system for, 312 
multicavity, effect of beam cotspling coefficient 

on wide-band operation of, 1016 
multigap, 2185 
pulse-modulated beam current for miser 

operation, 1016 
reflex, linearization of Lm. characteristic of, 1739 
Type-TK7,1730 
wide-range tuning cavities for, 3326 
as 11-1rolcis negative- resistance- type amplifier, 

1741 
resonant-cavity design theory, 3890 
2-cavity, ballistic analysis of, 1779 

magnetron, a.c.-operated, advantages of. 3161 
current lineation by inductance, 3163 

cut-off characteristics of, 2067 
c.a., 2- 5-kW, Type-7091,4244 
diffusion thrvry of, 645 
ferrite- tuned, 3163 
mm-A, development of, 4248 
planar-diode, space-chargedimited current in, 

1018 
pulser design for, 648 
reflex- type, with voltage control of frequency, 

nit 
single-anode, diffusion theory for, 646 
space-charge theory, considering electron scat-

tering, 3165 
electronic conductance in, 2425 

split-anode, diffusion thrvry for, 647 
manufacturing techniques, 3523 
measurement method for mutual conductance, 31159 
microminiature, heaterleffi, tor modular circuit 

construction, 2863 
niicrophony in, analysis of, 1013 

effects of, 3896 
microw ave, output window, design of broadband 

matching for, 643 
review of construction techniques, 4243 
survey of, 2784 
wide-band, new developments in, 643 

receiving- type, circuit effects of faults in, 311 
formula for mu of, 3170 

with rectangular envelopes, theoretical comparison 
with cylindrical ion., 3631 

shape, comparative study of different forms, 3895 
subminiature, vibration tests for guided-missile 

applications, 3431 
switching, trochotron. 1724 
transit- time, strophotron-type, for mh.f., 1725 
travelling- wave, amplifier, C- and L-band, design 

and characteristics of, »63 
backward-wave, using helical electron beam in 

unloaded waveguide, 3164 
minimum-noise conditions in, 1734 
as trun-A voltage- tuned oscillator, 3529 
M-type carcinotron, electron trajectories in 
gun of, 318 

oscillator, 20-40 kle/s, 1742,29-74 ktdc/s,1740 
with ridge- loaded ladder circuit, 27» 

'coupled- mode' theory of, coupling coefficients 
in, 1814 

coupled-resonator slow-wave structures for, 6» 
crestatron. 2427 
with crossed-field periodic structure, field theory 

for, 1731 
dispersion of interdigital delay line in, 1022 
efficiency of, effect of collector potential on, 314 
electrostatically focused, 1414 
experimental cm. power- type. 2787 
exponential electron gun for, 2064 
gain and stability of, effect of attenuator surface 

on, 1411 
helix design data, 649 
helix-type, for 48 Iddc/s, 1415 
hybrid- type, for pulsed amplification, 1733 

leakage flux around focusing magnet for, analysis 
of, 315 

nonlinear theory of, 2136 
0- type, effect of double beams in, 317 
0-type and M•type, spread of electron velocities 

and bandwidth of, 316 
withpet'iarnnitecioncirnIdts„wchanaeran,ctneirrieicis ofiin1n732 ni 

oscillations in, 1030 
Valves, travelling-wave. slow-wave structures for 

min and sub-mm A, 170 
survey of, 1119 
theory of electron waves in periodic structures 

for, 1734 
theory of electron waves in retarding systems of, 

2062 
v.h.f., amplifier and oscillator, 1034 

triode, disk-seal, transmitting- type, for frequencies 
up to 900 Mots, 3797 

Type-2040, influence of penetration factor 
fluctuations on conductance of, 2437 

for 4 - Weis amplifier, 1794 
pin- type, Type-PC86, Inc bands IV and V, 2716 
for r.f, heating, class-C operation of, 1033 

intermittent use of, 2071 
as oscillator with variable load, 2796 
ottel power as function of load resistance, 

Type-A2521, for low-noise operation up to 
1 kle/s, 1419 

uhf., thimble, Type-7077 and ' Nuvistor', 3634 
v.h.f. and obi., 20 years' development of, 641 

Vibrations, measurement of, reciprocity method for, 
3178 

of membranes and resonators, variation of natural 
frequency with load, 1039 

Voltage, peak, measurement for h.v. pulses, 920 

Wave propagation, acoustic and 6m., analogous 
effects in, 3349 

analogy of boundary-value problems in, 4011 
fluctuatton distribution near focus of lens, 407 
guided, in slowly varying medium, 2304 
in rough duct., 1919 

Wave propagation, e.m., (See also Diffraction; 
Reception; Scattering; Television; Trans-
mission lines; Wavelltel.: Waves) 

in airearth. ionosphere cavity, 1338 
angle-of-arrival measurements in, crossed-loop 

method for, 1664 
attenuation and velocity of transients and tri-

angular pulses in conducting media, »16 
back-scatter measurements by space-separation 

method, 3843 
echoes observed on sea swell at Casablanca 

ionospheric sounding station, 2724 
fading in, relations between bearing and amplitude, 

947 
ground-wave, comparison of Millington's method 

and equivalent-numerical-distance method 
with theory of, 2375 

of pulse from damped current source, »42 
transient, over spherical earth, 239 

group velocity of damped waves, 1848 
in inhoir-ogeneous media, 771 
ionospheric, absorption, index from analysis of 

held strength recordings, 2732 
of sky wave, graphical determination of, 1341 
validity of theorems for, 1669 

analysis of signal- pattern drift in, 1884 
during annular eclipse, 2734 
between Australia and Europe, analysis of 

observation in relation to predictions, 2727 
back-scatter sounding for skip-distance deter-

mination, 1310 
disturbance warnings, improvement of, 116 
during disturbance 1 lth Feb. 1958,573 
F-layer scatter observations in Far East, 3733 
Fi-layer multiple reflections, focusing effects as 

cause of, 1342 
forecasts for, comparison of, 1339 

prediction techniques for high latitudes, 2729 
frequency variation of JJY transmissions, 916 
geomagnetic field geometry for, 3849 
geometrical properties applied to. 3848 
importance of I', layer in oblique- incidence 

transmissions, 2378 
If., analysis foe, 4179 
mode expansion for, 4178 
numerical solutions of equations for, 3456 

over long distances, possible explanation for, 942 
pulse experiment at 20-1 Mc/s, 210 
via single F hop, 943 

magneto- ionic fading in vertical-incidence pu/sed 
transmissions, 944 

magneto- ionic theory for calculation of para-
meters in, 672 

new type of fading on paths crossing magnetic 
equator, 145 

nonlinear interaction effects in, 3847 
considering plasma layer bounded by dielectric, 

1916 
polarisation fading over oblique-incidence path, 

1668 
ray path calculations for, 2377 
reciprocity tests, 1667 
reflection conditions for vertical sounding, 2738 
reflection in stratified medium with weak 

irregularities, 23» 
refraction of extraterrestrial waves, 2973 
refraction irregularities at 4 ni A, 1251 
round-the- world echoes, 1343 
by scatter, amplitude and phase characteristics 

related to Gaussian noise, 583 
during auroral disturbance, »01 
due to electrodynamically controlled turbu-

lence in, 4060 
due to equatorial sunset effect, 3461 
importance of meteor activity in, 1344 
under influence of ion production, 4069 

scattering cross-section for turbulent fluctu-
ations, 236 

self-demodulation and self-distortion in, 2362 
signal bearing variations due to irregularitlee 

and aurora, 1998 
test between Ascension Island and Slough, 2376 
uhf., during annular eclipse, 2739 
between U.K. and Japan, 3483 
variations in direction of arrival, 941 
vhf., refraction effects in satellite tracking, 3698 

Wave propagation, em, ionospheric, vh.f, scatter, 
solar-cycle influence on, 130 

61.1., mode theory confirmation from spectra of 
atmospherics, 31194, 3313 

phase stability deduced from waveguide mode 
theory, 2735 

using power-line aerial, 1672 
17-kcis, 'whistler- mode' echoes remote from 

conjugate point, 2731 
over irregular terrain, 2723 
in isotropic and crystalline media with spatial 

dispersion, 1169 
If., in arctic areas, 4183 

in glaciers, 1994 
influence of ridge on, 233 

in medium with random inhomogeneities, effect of 
receiver focusing system on field fluctuations, 
4631 

in medium with spatial dispersion, 2921 
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nonreciprocal, in ionized gas, 2541 
in plasma in magnetic field, with spatial dispersion, 

1166 
pulse, around earth, 1662 

in medium with dielectric losses, 2208 
and radiation problems, physical description and 

analogies for, 4025 
reflected wave from moving object, characteristics 

of, 410 
reflection, from auroral ionization, 1670 

geometry of, 1671 
from satellite- produced ionisation, 2963 

by scatter, aerial- to-medium coupling loss. 135 
from low-density meteor trails, 1664 
from meteor trails, direction of arrivai of long-

duration echoes, 1993 
from random inhornogeneities, 414 
role of turbulent l'Usina in, 3088 

scattering, by free electrons in and above atmo-
sphere, 451 

of surface wave by reactance discontinuity, 3844 
by turbulence, theory of, 1660, 1661 

scattering matrix for echoes through intervening 
ionosphere, 1345 

statistical theory for medium with random 
fluctuations over conducting plane, 31144 

surface- type, Sommerfeld treatment of, 1334 
over stratified ground, 939 

system loss, 4174 
theory for inhomogeneous path, 3841 
transmission loss due to aerial environment, 1999 
tropospheric, airborne research work on, 2726 

climatology of ground-based ducts, 4053 
diffraction by earth's curvature in, 3892 
diffraction measurements in mountainous 

region, 241 
diffraction by mountain ridges, 243 
diurnal influences for path near Persian Gulf, 

1337 
fading due to scattering by dielectric turbulence, 

3454 
at great heights, theory for nonstandard 

atmosphere, 1336 
mechanism for different scattering surfaces in 

atntosphere, 2379 
polarisation rotation in, 3451 
refractive-index, modela for, 2725 

synoptic variation, 4177 
by sceller, Amtralian tests, 3452 

calculation of multiple dispersion in, 1995 
geometric characteristics, 571 
theoretical research in U.S., 3846 
transhorizon, 1663, field-strength relations 

for, 870 
tests in U.S.A., 234 

',ILL, aperture-to-medium coupling on line-of-
sight paths, 4183 

through array of parallel metallic plates, 94 
attenuation by rain at 8.0 mol A, 4187 
attenuation and rainfall data for 11-ktdc/s relay, 

1673, 2381 
diffraction by mountains, 3458 
effect of cloud layera on field strength, 4186 
foreground terrain effects in, 3447 
in Italy over 196-km path, 2803 
long-distance, path loss over 364 km, 244 
over Mediterranean at 10 cm A, 940 
mm-A, absorption over extended ranges, 246 
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optical techniques for, 2099 
phase stability measurements. 4176 
over rough terrain and sea surfaces, 4184 
by scatter, over English Channel, 578 

measurements at 858 Mc/s over paths up to 
585 km, 1346 

measurements at 1 250 Mc/s related to 
meteorological data, » 96 

transhorizon, wavelength-dependence in, 1666 
at 468 Mr/s over '289- toile path, 245 

Wave propagation, over sea, in Denmark, 571 
over sea surface, 343 

phase fluctuations in, 3738 
transhorizon, aerial-beani distortion in, 1347 

bandwidth measurements, 3469 
distance dependence, fading and distortionot 

3090 
rapid- beam-swinging measurements, 3198 
over sea path, 2734 
over 171-mile land path, 4185 

490-Mc/s, transmission loss related to tropopause 
height, 3197 

1.3-kMets, analysis of held-strength recordings, 
3999 

2-1tMcpt, prolonged fade-out on short path, 3098 
2 500-Mr/n, disturbances on .just-below- horizon' 

path, 3091 
velocity measurements, 2190 
velocity modulation in dielectric medium, 2307 
vhf., abnormal absorption of cosmic noise at 

30 Mc/s, 3380 
back-scatter from sea in anomalous television 

reception, 577 
field-strength measurements, near Berlin, 2740 

vhf., field-strength measurements, over 
nonuniform terrain in East Germany, 3456 

influence of moisture, temperature and terrain 
on, 3089 

long-distance, due to E. and F layen and 
troposphere, » 03 

role of turbulent scattering in, 575 
long-range reception of television signais, 574 
by scatter from overdense meteor trail, 676 
in towns, 3850 
transhorizon, field strength measurements of, 

7737 
v.l.f., lut -distance, waveguide-mode analysis of, 

phase stability measurements for radm-omega 
system, 2736 

Wousform, recording, using hontodyne detector, 
3065 

by stroboscopie methods, 1650, 2357 
*empilai eomparator, 919 

Wavehuides, (See also Transmission Lines) 
assemblies, integrally constructed, design and 

testing of, 2826 
attenuators, ferrite- type, medium-power, 3468 
bends in, propagation around, 2106 
circular, with absorbing walls, attenuation of, 3194 

containing ferrite rod, propagation constants, 
341 

containing gyromagnetic media, mode spectre, 
2838 

effect of diaphragma and corrugations in, 1075 
ferrite-loaded, as delay device, 2116 

perturbation method for propagation 
efficient, 2836 

loaded with paramagnetic salt, rotation of plane 
of polarisation in. 776 

for long-distance transmission, 2107 
circular and elliptic, attenuation measurements, 

2829 
circulators, ferrite, low-loss, L.band, 1769 

1-kW, X -band, 1879 
using semiconductor Hall effect, 15 
3- port, using Hall effect, 2113 
4-port, 2832 

coaxial, low- reflect ion junctions for, 1073 
coiled, as delay-line, 331 
couplers, directional, comparison of, 3936 

end sections for matching, 1083 
long-slot, 2112 
measurement of directivity of, 3821 
wide-band, interference- type, 705 

and inultimode measurement techniques, 3936 
multiple-branch, 3559 

hybrid ring as, 2466 
variable-ratio power divider and multiplexer, 

1478 
curved, fundamental modes in, 3929 
dielectric, image-type, 2827 

characteristics at nim A, 39» 
dielectric-loaded, field distribution in, 3940 

propiggion of orthogonal dominant modes in, 

elliptic, characteristic impedances of, 703 
ferrite-loaded, analysis for, 3933 

ferrite- loaded, high•power effects in, 3937 
as microwave loniters, 39&1 
phase.shilt calculations for, 2115 
for phase shilling, 1771 
propagation in, 707, 1770 
thermal effects in, 3938 

filters, band-pass, design of, 3939 
cavity-typa, ferrite- loaded, 2467 
lente-teme. 2466 

Waveguides, high power, 3562 
high- Q, design theory, 3361 
multistage, formulae for, 53 
theory of wire-grid transmission loss for, 3963 

hein-type. curved, attenuation of TE., wave in, 
71141 

influence of dielectric on phase constants for, 
21» 

in magnetic-dielectric medium, resonance in, 
2464 

mode conversion at junction with copper pipe, 
3932 

theory and application of, 703 
irregular, critical cross-sections in, 699 
irregularities in, reflection and scattering from, 

1766 
isolators, ferrite, design for magnetron, Il 

field-displacement, analysis for, 1839 
resonance- type, high-power, L-band, 3563 

for 70 kMc/s. 14» 
junctions, hybrid, 3560 

matrix representation of, 2139 
steppe frequency compensation technique. 

transformation of admittance using variable 
reactance and phase shifter, 2111 

loaded, with attenuating foil, 1779 
evaluation of equivalent-circuit parameters by 

field measuretnent, 340 
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TASO: This Special Issue of 
the PROCEEDINGS publishes re-
sults of a study carried out 
by the Television Allocations 

Study Organization. At the request of the Federal Communi-
cations Commission the Study Organization was formed, in 
1956, by the television industry. The object of the study was 
"to develop full, detailed and reliable technical information, 
and engineering principles based thereon, concerning present 
and potential VHF and UHF television service." 

The Professional Group on Broadcasting, through the in-
tense interest and cooperation of its members, has assembled 
this Special Issue. The Editorial Board expresses its apprecia-
tion to the many PGBC members who helped by reviewing 
the papers; to the Administrative Committee of the PGBC 
for providing the underlying support; to Raymond F. Guy, 
former IRE President, for encouragement and help; and, in 
particular, special thanks to the PGBC Chairman, George F. 
Hagerty, and to George R. Town, formerly Executive Di-
rector of TASO. 

The findings of the two and one-half year study comprise 
an assembly of vital new information which is of inestimable 
value nationally and internationally. A perusal of the issue 
will demonstrate how effectively and thoroughly TASO con-
summated its assigned task. The PuocEEDixt:s is pleased to 
be the vehicle to publish this work for the profession. 

Research Goals: A Conference on Research Goals, sponsored 
by the National Science Foundation in cooperation with fif-
teen professional societies (of which IRE was one), was held 
last December at Worcester Polytechnic Institute under the 
chairmanship of Arthur Bronwell, President of Worcester 
Polytechnic Institute. Through President Bronwell's coopera-
tion, Poles and Zeros is making a brief report on this Confer-
ence to the IRE membership. 

The specific question posed to the Conference was: " How 
can young research scientists and engineers be brought more 
stimulatively, imaginatively, and creatively into contact 
with the frontiers of science and technology in such a way as 
to accelerate significant discovery, both in the advancement 
of science and in translation of science into new technology?" 
Fifty-one of the nation's leading educators, research scien-
tists, and engineers examined the basic issues in a two-day ses-
sion. Out of this examination emerged the general conclusion 
that "Our nation's scientific and technological progress could 
be greatly accelerated if conditions more favorable to achiev-
ing bold, imaginative pioneering in basic research and in tech-
nological innovation could be realized." 

.4 
The detailed report of the Conference includes specific 

recommendations to colleges and universities and to scientific 
and engineering societies. The seven recommendations to 
scientific and engineering societies follow: 

"1. Establish more effective practices which will increase 

the attendance and participation of talented, young members 
at meetings of scientific and engineering societies. Develop 
programs which will bring these young people into stimulative 
personal association with leading scientists and engineers. 

"2. Encourage the presentation and publication of papers 
of a philosophical nature which look to the future of science 
and technology. Invited speakers, who are pioneers in research 
thought, could do much to lift the visions and ambitions of 
talented young people to more promising research goals. 

"3. Develop comprehensive programs for digesting the 
state of the art. Young people are confused by the disorgan-
ized state of research knowledge. A comprehensive study. 
now completed as a project of the National Science Founda-
tion, which outlines the state of the art and future research 
possibilities in the various fields of astronomy is the sort of 
compilation which could be exceedingly helpful in many 
fields. 

"4. Establish society meetings for the purpose of develop-
ing a more effective interchange of ideas between scientists 
and engineers in research areas of broad mutual interest 
This cross-fertilization of ideas among scientists and en-
gineers is becoming increasingly important and is not nearly 
as effective as it should be. 

"5. Establish free forums at engineering society conven-
tions where any member can make a short presentation of his 
creative work, allowing the widest latitude of subject matter. 
with no publication requirement, except in abstract form. 
These presentations should be handled without critical re-
view by society committees, which occasionally emasculate 
original work. Such sessions are regular practice in some scien-
tific societies but as yet have not been adopted by the en-
gineering societies. They provide rapid interchange of expe-
riences and a highly effective means of bringing current re-
search to the attention of the society membership without 
cluttering up the publications. 

"6. Actively promote and encourage financial support for 
research. Consider the possibility of the Society itself sponsor-
ing research using funds contributed by industry. Some trade 
associations have been highly effective in this kind of opera-
tion. 

"7. Recognizing that creativity begins in the individual at 
an early age, foster among the Society members a recognition 
of the contribution which they can make individually by 
stimulating the creative development of youth. This can be 
accomplished by undertaking youth projects in their own 
homes, by youth programs developed in their business es-
tablishments, or by other means which will encourage young 
people to develop ideas and which will give them the means 
of implementation." 

The IRE should consider the extent to which it is already 
achieving the intent of these recommendations and the steps 
that it might institute to further achieve these desirable goals. 

—F.H., Jr. 
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4 The Television Allocations Study Organization—A 

Summary of Its Objectives, Organization 
and Accomplishments* 
GEORGE R. TOWNt, FELLOW, IRE 

Summary—During the past three years, a comprehensive study 
has been made of the engineering factors underlying the allocation 
of frequencies for television broadcasting. This work has been 
carried on by an industry-wide group known as the Television Allo-
cations Study Organization (TASO). This paper outlines the objec-
tives and organization of TASO, and summarizes the more signifi-
cant findings relating to field strength measurement and analysis, 
field tests of television reception, laboratory studies of television 
picture quality, tropospheric wave propagation, and performance of 
receiving and transmitting equipment. The performance capabilities 
of UHF and VHF television broadcasting systems are compared. 

OBJECTIVES AND ORGANIZATION OF TASO 

THE Television Allocations Study Organization 
was established late in 1956 by the television in-

  dustry, in response to a request by the Federal 
Communications Commission (FCC) that a study be 
conducted of "the technical principles which should be 
applied in television channel allocation." Five organi-
zations representing both television broadcasters and 

. manufacturers of television equipment joined to spon-
sor TASO. These were the Association of Maximum 
Service Telecasters, representing high-power, prin-
cipally-VHF broadcasters; the Committee for Coin-. 
petitive Television, representing UHF broadcasters; the 
Electronic Industries Association, representing manu-
facturers; the Joint Council on Educational Television, 
representing those interested in educational uses of 
television; and the National Association of Broadcast-
ers, representing broadcasters in general. Representa-
tives of these five organizations formed the TASO 
Board of Directors, the policy making group. These 
five organizations also paid the administrative expenses 
of TASO, while the operating expenses were borne by 
these same groups and by contributions from many 
broadcasters and manufacturers. 
The objectives of TASO were stated as follows in the 

"Charter" which was drawn up by the Board of Direc-
tors. "The objectives of the organization shall be to de-
velop full, detailed and reliable technical information, 
and engineering principles based thereon, concerning 
present and potential UHF and VHF television serv-
ice.... TASO's functions shall be limited solely to 
technical study, fact finding and investigation, and in-
terpretation of technical data." This statement was 
approved by the FCC. 

* Original manuscript received by the IRE, January 22, 1960. 
t College of Engineering, Iowa State University, Ames; formerly 

Executive Director, Television Allocations Study Organization. 

After considering various alternatives, the Board of 
Directors concluded that the necessary studies should 

be carried on by groups, or panels, of engineers repre-
senting all phases of the television industry, in much 
the same manner that the standards for monochrome 

and for color television had been developed by the first 
and second National Television System Committees. 
The Board also concluded that a full-time executive 
director should administer the affairs of TASO during 
the most active part of its existence. 
An analysis of the task facing TASO indicated that 

the engineering factors affecting television allocations 
could be divided into several classes. The first of these 
related to the characteristics of equipment, both trans-

mitting and receiving. The second concerned wave 
propagation phenomena in both the service and inter-
fering areas of a transmitter, and included the develop-
ment of specifications for measuring field strength, the 
collection of propagation data, and the analysis of these 
data. The third factor was a determination of the limit-
ing amounts of interference of various types which 
could be tolerated, still retaining a television picture 
which was satisfactory to the average observer. The 
fourth necessary task was a field study of television re-
ception. Finally, there was the problem of the over-all 
analysis of the technical performance of the television 
system. 

Six panels were established to carry out assignments 
roughly in accord with this outline of the tasks. The 
names of these panels and of their chairmen follow. 

Panel 1—Transmitting Equipment, William J. Mor-
lock; 

Panel 2—Receiving Equipment, William O. Swin-
yard; 

Panel 3—Field Tests, Knox Mcllwain; 

Panel 4—Propagation Data, Frank G. Kear; 

Panel 5—Analysis and Theory, Robert M. Bowie; 

Panel 6—Levels of Picture Quality, Charles E. Dean. 

A total of over 40 committees, subcommittees, and 

task forces carried out studies of particular topics within 
the framework of the panel structure. The chairmen 
and vice chairmen of the panels, together with the ex-

ecutive director, formed the Panel Coordinating Com-
mittee, which had over-all responsibility for the engi-
neering program. The organizational structure of 
TASO can best be visualized by study of Fig. 1. 
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Fig. 1—TASO organization chart. 

A few statistics regarding the operation of TASO in-
dicate the extent of its activities. A total of 271 leading 
engineers from 139 companies composed the member-
ship of the six panels and their subsidiary committees. 
These men came from literally all branches of the tele-
vision industry—from manufacturers of television 
transmitting, receiving, and measuring equipment, from 
television networks, from individual high- and low-
power, UHF and VHF broadcasting stations, from 
consulting engineering firms, from educational institu-
tions, from governmental agencies, from community 
television distribution groups, from technical publish-
ing houses, and from the television service industry. 
Among them were 43 Fellows of the IRE. There were 
over 150 formal meetings of the Board of Directors, the 
Panel Coordinating Committee and the six panels, plus 
many meetings of committees, subcommittees, and 
task forces. A total of over 750 formal documents were 
issued by the TASO office. These ranged from single 
page agendas of meetings to reports hundreds of pages 
in length. The greatest activity in TASO extended over 
a period of 27 months, though some important activi-
ties were not completed for another nine months. The 
major product of TASO was a series of detailed engi-
neering reports covering the work, the findings, and the 
conclusions of the panels and task forces. These reports, 
and other significant work of TASO, were summarized 
in a 731-page book, the over-all TASO report, entitled 
"Engineering Aspects of Television Allocations." The 
first copy of this report was presented to Chairman 
Doerfer of the FCC on March 16, 1959, and printed 
copies became generally available on June 12, 1959. 

SUMMARY OF GENERAL ACCOMPLISHMENTS OF TASO 

The following papers in this group of TASO papers 
give details of major engineering accomplishments of 
the organization. The remainder of this paper will be 
devoted to a summary of the more significant results of 
a general nature. First, however, the boundaries of the 
activities of TASO will be noted. 
TASO did not undertake any cooperative equipment 

development or research. Prior to the establishment of 
TASO, the FCC stated its wish for a crash, all-industry, 
joint development program of UHF equipment. The 
television industry rejected this proposal as imprac-
ticable, in part because of patent considerations and 
antitrust laws. TASO's equipment studies were con-
fined to equipment presently available commercially. 
Predictions of the nature of future equipment were not 
undertaken nor, in fact, even considered by the panels. 
This limitation in the scope of activity was made neces-
sary by interpretations of the antitrust laws which pro-
hibit joint activities by competing companies which 
might be considered to constitute lack of individual 
freedom in future designs or prices. It was, in fact, nec-
essary for TASO to obtain assurance from the Depart-
ment of Justice that its activities, within the scope of its 
charter, were not illegal before the work of the panels 
could proceed. 
TASO did not undertake the preparation of an allo-

cations plan. Such a plan is obviously dependent upon 
other considerations, in addition to engineering factors. 
TASO limited its activities to a consideration of engi-
neering factors only. These should be basic to any allo-
cations plan; but the preparation of such a plan is the 
responsibility of the FCC. It might be noted paren-
thetically that the decision to concentrate on engineer-
ing problems only, and to determine authoritatively the 
engineering facts, was probably the principal reason 
that the organizations sponsoring TASO, with their 
diverse and sometimes conflicting interests, could join 
in such an industry-wide endeavor. 

FIELD STRENGTH MEASUREMENTS AND ANALYSIS 

Turning now to technical accomplishments, one of 
the most significant was the collection and analysis of a 
large body of reliable data on the propagation of UHF 
and VHF signals within the service range of television 
stations. TASO was, of course, far from the first to col-
lect this type of information. Prior to the TASO opera-
tions, however, relatively little data had been taken in 
the UHF television band; and at both UHF and VHF, 
measurements had been made in such a wide variety of 
manners that the results of different studies could not 
properly be compared. One of TASO's first tasks, there-
fore, was to draw up acceptable specifications whereby 
measurements of field strength would be made in a 
standard manner. These specifications were followed in 
all of the TASO studies of signal propagation within the 
service area. 

Extensive field strength surveys were conducted at 
Baton Rouge, La., Buffalo, N. Y., Columbia, S. C., 
Fresno, Calif., Madison, Wis., New Orleans, La., 
Philadelphia, Pa., and Wilkes-Barre, Pa. Additional 
data taken at Albany, N. Y., Boston, Mass., Charlotte, 
N. C., Dallas, Tex., and Indianapolis, Ind., were made 
available to TASO. The areas chosen for the TASO sur-
veys were selected because both UHF and VHF stations 
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of comparable power output and quite closely adjacent 
transmitting antennas of comparable heights were 
available as signal sources. In addition, a wide variety 
of topographic and climatic conditions were repre-
sented. This field strength measurement program pro-
vided an excellent set of reliable data. 
The analysis of the field strength data resulted in the 

development of improved means for predicting field 
strength. These included the preparation of propaga-
tion curves, essentially relating median field strength 
and distance from the transmitter, and the develop-
ment of means for estimating with reasonable accuracy 
local deviations from these median curves. Pertinent 
factors involved in these latter calculations include 
meteorological conditions, path topography, and fores-
tation in the vicinity of the receiving antenna. The de-
velopment of the prediction means was based on both 
theoretical analysis and empirical studies of field-
strength data. The recommended curves of median field 
strength as a function of distance are the theoretical 
smooth earth curves, using an effective radius of the 
earth appropriate to existing meteorological conditions, 
and with empirically determined correction factors of 
—1 db in the low VHF band, —4 db in the upper VIII: 
band, and — 22 db in the UHF band. 

Frequency is obviously a most significant parameter 
in propagation studies, and is of major interest in allo-
cation studies. Many measurements were made in such 
a manner as to permit a direct comparison between 

UHF and WU.' fields. Generalizations drawn from 
such comparisons are fraught with danger, since such 
pertinent factors as transmitting-antenna height and lo-
cation, exact path profile, and exact time of measure-
ment are never entirely the same. Nevertheless, the re-
sults of some such comparisons will be given as an indi-
cation of trends. 

The quantities compared are median values of UHF 
and VHF field strength taken from continuous runs at 
least 100 feet in length, at a receiving antenna height 
of 30 feet. Comparisons are also made between the vari-
ation in UHF and VHF field strengths along such runs. 
The results obtained from 1232 pairs of such runs (one 
at UHF, the other at VHF) along 60 radials in eight 
geographical areas across the country are shown in 
Figs. 2 and 3, in which the data from all comparisons 
in any one area are averaged and represented by one 
point. In Fig. 2, the ratio of the VHF to the UHF field 
strength per kilowatt of effective radiated power is 
shown as a function of carrier frequency f and trans-

mitting-antenna height h, these two quantities being 
combined as the ratio klut/2/huf,,"2, the subscripts u 
and y designating UHF and VHF respectively. Except 
for Wilkes-Barre, where the terrain is exceptionally 
rugged, and New Orleans, where there was some ques-

tion as to whether the power of the UHF transmitter 
was actually as high as reported, the data can be repre-
sented reasonably well by a straight line. In Fig. 3, the 
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Fig. 2—Average ratio of VHF to UHF held strength per kilowatt of 
effective radiated power as a function of carrier frequency and 
transmitting antenna height. 
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Fig. 3—Average ratio of maximum to minimum field strength along 
short paths as a function of carrier frequency. 

average ratio D of the maximum to the minimum field 
strengths, measured along the single continuous runs 
in the same eight geographical areas, is plotted as a 
function of the square root of the carrier frequency. 
Again, a straight line represents most of the data rea-

sonably well. The points taken at Wilkes-Barre are 
again high. Here, runs of 500 feet were taken, thus mak-
ing it more probable that deep nulls would be encoun-

tered than in the 100-foot runs taken elsewhere. The 
values of D obtained from the Wilkes-Barre data would 

thus be expected to be high. Part of the area around 
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Fresno was exceedingly flat and quite treeless, resulting 
in a low value of D. It is not suggested that Figs. 2 and 3 
would give valid results if applied to other specific loca-
tions. The plotted points do, however, represent accu-
rately the data which were taken, and the curves indi-
cate the trends shown by the data which were taken in 
areas of average terrain and vegetation. In rough areas, 
the advantage of VHF over UHF is greater than indi-
cated by the curve of Fig. 2. In flat, unvegetated areas, 
UHF shows to a greater advantage. In fact, in such 
areas and within line-of-sight distances, UHF field 
strength is frequently higher than VHF field strength 
for equal effective radiated powers and transmitting-
antenna heights. 

The significance of local conditions on received field 
strength is so important that it is worthwhile to give a 
few illustrations. A most striking case was that of a 
radial at New Orleans which ran northward across the 
22-mile long Lake Pontchartrain bridge. Along the flat 
unobstructed path across the bridge, the UHF (507.25 
mc) field strength averaged 8.1 db higher than the VHF 
(205.25 mc) field strength. Immediately to the north of 
the bridge, however, the UHF field strength dropped 
suddenly, and over the next 20 miles to the north it 
averaged 11.6 db lower than the VHF field strength. 
Another striking case occurred on a radial running 
southward from the Fresno transmitters, which are lo-
cated on mountain tops overlooking Fresno and the 
San Joaquin Valley. In the foothills and rolling country 
near the stations, the VHF (209.75 mc) field strength 
averaged 5.2 db higher than the UHF (669.25 mc) field 
strength. Along the next 80 miles across the flat, almost 
treeless valley, the UHF field strength averaged higher 
by 9.2 db. As soon as the rolling country approaching 
the foothills on the far side of the valley was reached, 
the UHF field strength dropped to an average of 6.2 db 
below the VHF field strength. Because of the extremely 
high location of the transmitting antennas, essentially 
the entire length of this radial was within line-of-sight 
from both transmitters. With terrain which approached 
ideal, line-of-sight, flat, unobstructed conditions, the 

fields varied with frequency in accord with the smooth-
earth theory of wave propagation, but under less 
ideal conditions, UHF performance deteriorated rap-
idly. Over-all, throughout the eight geographical re-
gions covered by the TASO measurements, UHF field 
strength averaged 7.5 db lower than low-band VHF 
field strength and 4.5 db lower than high-band VHF 
field strength, all on the basis of equal effective radiated 
power. All but one set of UHF measurements were 
made in the lower half of the UHF television band. 

It should be noted that these comparisons of field 
strength are valid only for limited distances, specifically 
for the distance at which UHF field strength could be 
measured. Beyond these distances, no quantitative 
comparisons could be made. If such comparisons could 
have been made, the average difference between VHF 
and UHF fields would have been much greater. 

FIELD TESTS OF TELEVISION RECEPTION 

A second major technical accomplishment was the 
extensive program of field observations in which pic-
ture quality, as judged in typical homes by both tech-
nical observers and householders, was compared with 
field strength measurements made concurrently in the 
same areas. These field observations were made at 
varying distances from television transmitters out to 
the fringes of service areas. Thus, they took into ac-
count the fact that television receiving installations are 
not all the same, but increase in quality with distance 
from the transmitter, to compensate, more or less, for 
the decreasing field strength out to a distance where 
satisfactory reception becomes economically impracti-
cal. This " negative feedback" factor had been partially 
recognized before, but had not been evaluated quanti-
tatively through consistently conducted observations 
under a variety of conditions. 
The TASO field tests were made at Albany, N. Y., 

Bakersfield, Calif., Baton Rouge, La., Buffalo, N. Y., 
Columbia, S. C., Fresno, Calif., Harrisburg, Pa., Madi-
son, Wis., and New Orleans, La., in the Connecticut 
Valley, and in Northern Minnesota. In all but two areas, 
which were chosen because of the availability of other 
necessary facilities, both UHF and VHF service ex-
isted. A wide variety of topography was represented in 
the eleven areas. In each geographical area, an average 
of nine measurement locations were chosen. In each of 
these, an average of eleven receivers were observed, and 
twelve field strength measurements of each principal 
television station were made. The homes in which ob-
servations were made were chosen in an unbiased, ran-
dom manner. The television receiver was operated by 
the householder. The picture quality was rated inde-
pendently by the householder and the two TASO ob-
servers, using a six-point rating scale. The field strength 
measurements were made in a manner consistent with 
that used in the propagation measurements. 
The data taken in these field studies were classified 

and plotted in a variety of ways. The most fruitful 
methods of representing the data are shown in Figs. 4 
and 5, which are typical of the many plots that were 
made. In Fig. 4, the ordinate is the median of the judg-
ments of picture quality in the eleven or so homes in a 
single measurement location, while the abscissa is the 
median field strength at a height of 30 feet in the same 

measurement location. In Fig. 5, the ordinate is the 
same, but the abscissa is the distance from the trans-
mitter to the measurement location. The final results of 
the analysis of these, and similar figures, are shown in 
Table I. The listed values of field strength which result 
in pictures of specified qualities are those chosen by 
Panel 3 after a thorough study by one of its committees 
of all of the data plotted in the manner of Fig. 4. The 
values of critical distance were obtained after a study 
of data plotted as in Fig. 5. The term critical distance 
requires some clarification. It is not a distance up to 
which excellent service exists and beyond which service 

• 

• 
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Fig. 4—Plot of median picture quality in a small area vs median field 
strength in that area for low \' HF channels. 
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Fig. 5—Plot of median picture quality in a small area vs distance 
from transmitter for low VHF channels. 

TABLE 1 

Frequency Range 

Low VHF 
High VHF 
Low UHF 

Middle and High UHF 

Channel Range 

Median Field Strength in DBU 
Resulting in Median Picture Quality of Critical 

Distance 
(Miles) 

Average 
ERP 
(kw) 

99 
265 

365 

Average 
Transmitting-

Antenna 
Height* 
(Feet) 

820 
1010 

770 

Grade 2— 
Good 

Grade 3— 
Passable 

2- 6 
7-13 
14-40 

41-83 

50 and above 
60 and above 
65 and above 

72 and above 

40-45 
50-55 
55-60 

62-67 

65 
55 
40 

30 

* Above average termin. 

suddenly ceases. Rather, it is a distance up to which 
most residents can obtain reasonably adequate pic-
tures [between passable (grade 3) and good (grade 2), 
and probably closer to passable than good] with eco-
nomically practicable receiving installations. Beyond 

the critical distance, the percentage of viewers receiv-
ing adequate picture service decreases rather rapidly, 
while the percentage receiving poorer service increases 
correspondingly. Some persons beyond the critical dis-
tance will, of course, receive good service, while some 
within the critical distance will not. Moreover, in ex-
ceptionally favorable or unfavorable terrain, the crit-
ical distance will be appreciably greater or appreciably 
less than the values given. Speaking in broad, general 
ternis, however, the TASO field surveys showed that, 
under average conditions, with currently used effective 
radiated powers and transmitting antenna heights, 
service fell off rapidly beyond the listed values of crit-
ical distances. The data in Table I show the average 
powers and antenna heights of the stations used in the 
surveys, and it should be noted that these values are 
quite typical of existing, well-operated stations. 
The significance of the results given in Table I is 

that they were obtained by carefully designed and con-
ducted field tests, using receiving installations as found 
in typical homes. No assumptions were made regard-
ing such diverse factors as receiving antenna gain and 
height, condition of receiver lead-in, receiver sensitiv-
ity, receiver adjustment, transmission-path topography, 
obstructions in the vicinity of the receiving antenna, 
etc. Detailed analyses, which compare the results ob-

tained in the field tests of television reception with 
those derived from the analysis of propagation data and 
from the laboratory studies of the performance of re-
ceiving equipment, are given in the TASO report. The 
results are not inconsistent, and in most cases, they are 
amazingly similar. 

From Table I, the decrease in critical distance with 
increasing frequency is plainly evident. It is interesting 

to plot critical distance as a function of the mean car-
rier frequency of the stations observed. The results are 
shown in Fig. 6. The studies also showed that beyond 
the critical distance, UHF service fell off more rapidly 
and more completely than did VHF service. Within the 
critical distance, service was more variable at UHF 
than at VHF and was, on the average, poorer. 

LABORATORY STUDIES OF TELEVISION 
PICTURE QUALITY 

A third major project was a study of the relationship 
between subjective picture quality, as judged by repre-

sentative groups of observers drawn from the general 
public, and technical picture impairment due to con-
trolled additions of interferences of different types and 
amounts. A comprehensive series of laboratory tests 
was conducted by TASO to determine the statistical 
relationship between picture quality, as rated on the 
six-point scale, and desired-to-undesired signal ratio, 
using for the undesired signal thermal noise, cochannel 
interference (with normal, precise and very precise car-
rier frequency offset), and adjacent-channel interfer-
ence (upper and lower), as well as certain combinations 
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Fig. 6—Plot of critical distance, beyond which average service 
deteriorates rather rapidly, vs carrier frequency. 

of these types of interference. Observations were made 
using both color and monochrome receivers judged to 
be of type and quality representative of upper middle 
grade receivers. These tests were conducted by TASO 
panel members skilled in the design, conduct, and in-
terpretation of psychological tests, as well as by those 
skilled in television engineering. A variety of still pic-
tures were used for the desired and interfering television 
signals. Tests were made to determine the effects of dif-
ferent pictures and groups of observers, and to check 
the self-consistency of observations. These checks 
showed a satisfactory degree of reliability of the results 
which were obtained. 

It is difficult to summarize briefly the large amount 
of data which were taken. Representative values of in-
terference resulting in a passable (grade 3) picture are 
given in Table II. The tests of combined thermal noise 
and cochannel interference showed that the greater in-
terference predominated until the two levels of inter-
ference were within a few decibels of each other. In some 
cases, the presence of thermal noise appeared to lessen 
the disturbing effects of cochannel interference. 

TROPOSPHERIC PROPAGATION CURVES 

Allocation studies require not only a knowledge of 
the propagation of desired signals within the service 
range of a television station, but also information re-
garding the propagation of interfering signals from sta-
tions located at distances much greater than their serv-
ice ranges. The results of more than a million hours of 
measurements of distant signals made by the Central 
Radio Propagation Laboratory of the National Bureau 
of Standards were made available to TASO, and curves 
representing the best current information on tropo-

Type of Interference 

Average Ratio of 
Desired-to-Undesired Signal 

(DB) Required for a 
Passable Picture 

Thermal noise 
Co-channel, 360-cycle carrier offset 
Co-channel, 604-cycle carrier offset 
Co-channel, 9985-cycle carrier offset 
Co-channel, 10,010-cycle carrier offset 
Co-channel, 19,995-cycle carrier offset 
Co-channel, 20,020-cycle carrier offset 
Lower adjacent channel 
Upper adjacent channel 

27 
22 
41 
22 
18 
26 
18 

—26* 
—27 

* This value must be used with caution, as it depends upon the 
lower adjacent channel trapping in the receiver and upon the signal 
level. The trapping in the average receiver now in use in the home 
will not permit as high a level of lower adjacent channel interference 
as indicated here. A value of perhaps — 10 db to 15 db rather than 
—26 db might be more representative of results obtained with average 
receivers currently in the hands of the public. 

spheric propagation of UHF and VHF signals over dis-
tances of between 100 and 300 miles were prepared 
from these and other data. Generally speaking, for com-
parable conditions, UHF interfering fields were shown 
to be lower than VHF interfering fields, but the differ-

ence is not as great as in the case of service fields. 

EQUIPMENT PERFORMANCE 

A final major accomplishment of TASO was the crit-
ical evaluation of the performance of modern UHF and 
VHF television transmitting and receiving equipment. 
Of the two, receiving equipment is of greater signifi-
cance as a limiting factor in the operation of a television 
system. 
The work on receiving equipment included the col-

lection of data on the gain (and other characteristics) of 
receiving antennas, the loss in transmission lines, the 
noise factor and sensitivity (and other characteristics) 
of receivers, and the performance of vacuum tubes and 
other electron devices used in television tuners. Inci-
dentally, before data on the performance of receivers 
could be gathered, it was necessary to draw up specifi-
cations for standard methods of measuring the charac-
teristics of modern television receivers, as existing 
standards were seriously out of date. A consideration of 
the various factors as combined in a receiving system 
led to conclusions regarding the basic limitations of re-
ceiving equipment at the various frequencies employed 
in television broadcasting. The general conclusions 
were that, with presently available equipment of aver-
age quality, a high-band VHF signal must be 8.1 db 
higher than a low-band VHF signal to produce the 
same signal-to-noise ratio, and that a UHF Signal must 
be 23.2 db higher than the low-band VHF signal. These 
figures were based on the use of new, dry transmission 
line. If old, wet line is used, the corresponding figures 
are 9.3 and 26.9 db, respectively. In the field and within 
the service range of a transmitter, these differences may 
be partially (but only partially) compensated in any 
given area by a factor previously noted, that the viewer 

P. 
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will purchase as good a receiving installation as is nec-
essary to receive adequate pictures out to the limit of 
service. The limiting differences in receiver perform-
ance quoted above do, of course, enter very directly into 
the determination of the limit of the service area. 
The studies of transmitting equipment included a 

consideration of economic as well as technical factors. 
The TASO activities were directed toward studies of 
the characteristics, performance, reliability, and cost 
of currently available transmitters; the characteristics 
and cost of antennas, towers, and transmission lines; 
the performance of translators; and the applicability 
of new techniques in the operation of transmitting 
equipment. In very brief summary, the cost of a com-
plete, maximum-power (316 kw) high-band VHF trans-
mitting installation was found to average about 25 per 
cent higher than that of a complete, maximum power 
(100 kw) low-band VHF installation. UHF installations 
operating at powers up through 300-kw effective radi-
ated power were shown to cost, on the average, about 
10 per cent less than maximum-power low-band VIIF 
stations. Little information was obtained regarding 500-
and 1000-kw UHF stations, but it appeared that their 
cost was comparable to that of maximum-power low-
band VHF stations. UHF translators appeared to be ef-
fective in providing television service in areas remote 
from regular broadcasting stations and in " filling in" 
areas of low signal strength within the " normal" service 

• range of television transmitters. 
A major task of special significance was the thorough 

testing of high-power, directional television transmit-
ting antennas under field conditions at WBZ-TV, Bos-
ton, Mass., and WKY-TV, Oklahoma City, Okla. The 
WBZ-TV installation involved the modification of an 
existing antenna, while at WKY-TV a specially de-
signed antenna was installed and tested. The WKY-TV 
installation included means for rotating the complete 
transmitting antenna, as well as the provision of an 
auxiliary, rotatable, reference antenna. These tests not 
only gave reliable information regarding two specific di-
rectional antenna installations under field conditions, 
but also served to demonstrate the validity of proced-
ures developed by TASO for conducting reliable per-
formance tests of directional transmitting antennas. 
These tests indicate that satisfactory performance could 
be obtained with supression ratios as great as 15 (lb. 

INTERFERENCE 

A factor which favors UHF operation is that of 
greater freedom from interference. Although TASO did 
not make quantitative measurements of interference, 

the observations made in the field surveys of television 
reception, the results of a questionnaire survey of tele-
vision servicemen, and the results of inquiries directed 
to service managers of leading television receiver manu-
facturers showed clearly that UHF television is sub-
stantially free from atmospheric interference, from 
such man-made interference as ignition and other im-

pulsive electrical noise, and from airplane flutter. Multi-

path difficulties were not found to be a really serious 
factor except in large cities. In most locations where it 

existed, multipath was more objectionable at VHF 
than at UHF. Galactic, or cosmic, noise, which may be 
a bothersome source of interference in fringe areas in 
the low VHF band, is of no consequence at UHF. 
Finally, although there were frequent reports of co-
channel and adjacent-channel interference at VHF, 
there were practically no such reports at UHF. This, 
however, may well be due at least in part to the rela-
tively small number of UHF stations on the air to 
cause such interference, since the curves of interfering 
(or tropospherically propagated) field strength devel-
oped by TASO indicate that, at equal distances and for 
comparable effective radiated powers and transmitting-
antenna heights, interfering field strengths at UHF are 
only some 6 db lower than at VHF. 

UHF vs VHF OPERATION 

The preceding discussion indicates several significant 
factors affecting the difference in performance of a tele-
vision system at UHF and VHF. Some of these factors 
are truly basic in their nature, and are not susceptible 
to complete compensation by the application of known 
techniques. Others stem from equipment limitations 
which may or may not change as the art progresses. The 
most significant differences between UFIF and VHF 
performance are due to propagation effects, receiving-
antenna characteristics, receiver noise factor, and ex-
ternal noise. The first three factors favor VHF, while 

the fourth favors UHF. Propagation effects depend 
upon laws of nature, and the differences between UHF 
and VHF propagation are likely always to exist. Differ-
ences between UHF and VHF receiving antennas are 
due to both basic and equipment limitations. Future in-
ventions may reduce, but not erase, these differences. 
Improvement in the noise factor of UHF receivers is to 
a considerable extent a matter of economics, and is al-
most certain to occur. The present limitation is the lack 
of a good economical radio-frequency amplifier tube or 
other electron device. The noise factor of VHF receivers 
will probably also be improved; but in the long run the 
advantage of VHF receivers over UHF receivers with 
respect to noise factor will probably be reduced. The 
lower external noise at UHF is largely a basic factor, 
and probably will not change greatly. Over-all, it ap-
pears that while future developments will probably re-
duce the difference between UHF and VHF television 
performance, VHF television will continue to enjoy a 
substantial advantage. 

SIGNIFICANCE OF THE WORK OF TASO 

The significance of the work of TASO is difficult to 
evaluate at this time. TASO has presented to the FCC 
a very large amount of reliable information regarding 
engineering factors which should be taken into con-
sideration ill arriving at decisions regarding television 
allocations. It seems that such decisions should be better 
because of the work of TASO. 
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The Measurement of Television Field Strengths 

in the VHF and UHF Bands* 
H. T. HEADt AND O. L. PRESTHOLDTt 

Summary—The effective and intelligent administration of tele-
vision broadcast channel allocations requires acceptably accurate 
estimates of field strengths which will be produced by television 
broadcast stations. Propagation curves and prediction methods in 
use at the time of the founding of TASO were in many respects inade-
quate. Insufficient data were available for the preparation of new 
propagation curves; a new standard measuring specification was 
prepared, and an extensive program of field strength measurements 
was undertaken. 

This paper discusses the details of the TASO field strength 
measuring specification and describes the program of field strength 
measurements. A summary of the results of the measurements is 
presented. 

INTRODUCTION 

ONE of the principal engineering requirements in 
formulating plans for the allocation of television 
channels is that of estimating the service ranges 

of television stations. This requires a determination of 
the field strengths of both desired and undesired signals 
within the service areas. Previous methods of predicting 
field strengths have taken into account the effects of 
frequency, power, and antenna height, but have not 
provided means for assessing the influence of topo-
graphic and other conditions. 

Historically, field strength prediction was first dealt 
with by employing classical curves of field strength vs 
distance derived on the assumptions of a smooth spheri-
cal earth and a homogeneous standard atmosphere.' In-
creasing experience, however, indicated that deviations 
from these classical propagation path assumptions all 
too frequently resulted in field strengths markedly dif-
ferent from those predicted. 
The field strength measurement data available at the 

time of the formation of TASO were inadequate to 
provide the needed improvement in the tools and tech-
niques for estimating field strengths within the service 
ranges. There was a particular paucity of measured 
field strength data at the ultrahigh frequencies, and 
much of the information available at both the ultrahigh 
and the very high frequencies had been accumulated 
by such a wide variety of means as to greatly reduce its 
value for this purpose. 
The Ad Hoc Committee of 1948 had reviewed the field 

strength measurement data available at that time 

* Original manuscript received by the IRE, February 18, 1960. 
t A. D. Ring & Associates, Washington, D. C. 
t CBS Television Network, 485 Madison Ave., New York 22, 

N. Y. 
K. A. Norton, "The calculation of ground-wave field intensity 

over a finitely conducting spherical earth," PROC. IRE, vol. 29, pp. 
623-639; December, 1941. 

(principally at VHF) and prepared new empirical 
curves of VHF field strength vs distance as a function 
of antenna height.' Separate families of curves were pre-
pared for 63 mc and 195 mc, but the available data did 
not permit taking into account many important influ-
ences, such as terrain roughness, and the curves were 
applied uniformly on an average basis throughout the 
entire United States. The UHF measurements available 
at that time were extremely meager, but indicated gen-
erally that the average UHF field strengths out to a 
distance of about 20 miles from the antenna were ap-
proximately the same as those found at 63 mc. 
The Federal Communications Commission adopted 

the curves prepared by the Ad Hoc Committee at 63 
mc and 195 mc and, for the lack of any better data, ap-
plied the 63-mc curves throughout the UHF band (470-
890 mc).' Subsequent experience indicated that the 
UHF service curves were seriously in error in many 
situations,' but little additional measurement data 
became available at the UHF. A need for substantial 
additional information at both VHF and UHF was ap-
parent. 

Faced with this need for additional field strength 
data within the service ranges of television stations, 
TASO assigned to Panel 4 the task of collecting the data 
needed to provide more adequate information on VHF 
and UHF propagation characteristics and to support a 
sound approach to the propagation problems involved. 
It was apparent that an extensive field strength measur-
ing program was essential to fill important gaps in exist-
ing knowledge. Data were needed to permit the deriva-
tion of improved average curves of field strength vs 
distance, and to assist in the evaluation of the effect of 
terrain roughness on these curves. It was hoped that the 
results would lead to the development of methods for 
improved predictions of field strengths in small areas. 

TECHNICAL PROBLEM 

The measurement of field strengths in the frequency 
bands employed for television broadcasting is not a 
simple problem. The fields may vary widely from one 
location to another, even within small areas, and at 

2 Ad Hoc Committee for the Evaluation of the Radio Propagation 
Factors Concerning the Television and Frequency Modulation 
Broadcast Service in the Frequency Range Between 50 and 250 mc, 
FCC Rept. No. 36830, vol. I; May 31, 1949. 

3 "Sixth Report and Order," FCC Rept. No. 52-294, 74219, 
docket nos. 8736, 8975, 9175, 8976, Paragraph 89; April 14, 1952. 
' E. W. Chapin, "UHF field intensity measurement experience," 

IRE TRANS. ON BROADCAST TRANSMISSION SYSTEMS, no. PGBTS-3, 
pp. 32-38; January, 1956. 
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greater distances may also vary appreciably with the 
passage of time. The classical prediction of a linear in-
crease in field with receiving antenna height is rarely 
realized in practice.6 Many other influences, often 
largely unknown, may affect the strength of the re-
ceived signals. 
As a consequence of these variable influences, field 

strength measurement surveys made by different 
methods have often been found to yield substantially 
different data. Frequently, surveys made on the same 
transmitter are not directly comparable because of dif-
ferences in the measuring techniques. A method of mak-
ing field strength measurements in these frequency 
bands is detailed in the Federal Communications Com-
mission's Technical Standards,6 but experience has 
shown that this method is not necessarily the most suit-
able for the collection of data for propagation analysis 
purposes. In addition, this method suffers from various 
shortcomings, even when applied for its originally in-
tended purpose of establishing the coverage areas of 
operating television and FM stations. 

MEASURING STANDARDS 

The Commission's Radio Propagation Advisory Com-
mittee (RPAC) has established the following require-
ments for field strength measurements on television sta-
tions. 

1) They should indicate whether or not the transmitter and an-
tenna system are performing in the manner predicted in the applica-
tion for the facility. 

2) They should determine the extent and quality of service 
rendered by the operation, showing the areas not getting satisfactory 
service as well as those getting good service. 

3) At least some of the measurements should be suitable for 
technical studtes and should add to the general knowledge of propa-
gation conditions in the frequency bands involved. 

4) The measurements should be reasonably reproducible, so that 
they may be checked at a future date if desired. 

5) The techniques for making these measurements should not be 
too impractical or expensive. 

Prior to the formation of TASO, however, no definite 
measuring specifications meeting these requirements 
had been drawn up, and many workers employing vari-
ous techniques had accumulated data which were diffi-
cult or impossible to correlate. Under these circum-
stances, TASO Panel 4 was, therefore, faced with the 
initial problem of standardizing on a measuring tech-
nique. This required the establishment of measuring 
specifications which would provide uniform data suit-
able for analysis by various methods,' and measure-
ments so taken as to provide an insight into propaga-
tion mechanisms. 

H. T. Head, "Measurement of television field strength," Elec. 
Engrg., vol. 77, pp. 289-302; April, 1958. 

Rules and Regulations of the FCC, Television Technical Stand-
ards, Part 3, §3,686. 

A. H. LaGrone, "Forecasting television service fields," this 
issue, p. 1009. 

TASO Committee 4.1 divided the measuring specifica-
tion problem into two parts—techniques for collecting 
data for analysis purposes, and methods of measuring 
the service areas of operating stations. Agreement was 
reached on techniques for making measurements to be 
used primarily for propagation analysis. The establish-
ment of techniques to measure service areas of televi-
sion stations is a controversial problem and TASO did 
not reach unanimous agreement for the adoption of 
any technique. 

TASO MEASURING SPECIFICATION FOR 
PROPAGATION ANALYSIS 

The process of establishing the measuring specifica-
tions required a substantial amount of exploratory 
measurement work in the field. This initial work in-
cluded several series of continuous mobile measurements 
in varying types of terrain at both 10- and 30-foot re-
ceiving antenna heights over complete radial routes. 
These data indicated that the antenna height-gain rela-
tionship was extremely variable and depended on fac-
tors which could not be accurately evaluated. An anal-
ysis of these data also demonstrated that suitable 
sampling techniques would provide adequate data. 

Because of the variability of the height-gain func-
tion, it was felt desirable to make the field strength 
measurements at a receiving antenna height of 30 feet 

above ground, which is the standard for allocation pur-
poses. Continuous mobile measurements at this re-
ceiving antenna height would involve prohibitive labor, 
but the results of the sampling analysis had established 
the acceptability of a sampling technique, such as a 
short mobile run or a "cluster" of spot measurements. 

Since the received fields are a function of the char-
acteristics of the propagation path, it is desirable to 
make measurements in a radial pattern from the trans-
mitting antenna. However, a random selection of meas-
uring locations is desirable to provide a representative 
selection of receiving sites; also, successive measure-
ments should be sufficiently separated to minimize the 
effects of serial correlation. 

A consideration of the problems presented led to the 
ultimate preparation of a specification for the " Meas-
urement of Television Field Strengths in the VHF and 
UHF Bands," which is included in the final report of 
TASO to the Commission. Copies of the final specifica-
tion, which describes the recommended measuring proc-
ess in detail, are available from Dr. George R. Town, 
Dean of Engineering, Iowa State University, Ames, 
Iowa. The principal features of this specification will be 
briefly described. 
The specification provides for measurements along 

eight or more approximately equally spaced radial 
routes from the transmitter to be laid out on large scale 

topographic maps. The routes should be chosen so as to 
encounter representative samples of the terrain. Start-
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ing at ten miles from the transmitter, exact two-mile 
intervals are laid out along each radial. The measuring 
location is specified as the intersection of the radial and 
an accessible road nearest to each of the two-mile mark-
ers. If such a measuring location is not available, a sub-
stitute location suitably identified should be selected 
along the road nearest the appropriate mileage marker 
and as nearly as possible at the same elevation as the 
mileage marker. 

Ordinarily, the radial lines are laid out on the 
topographic maps using ordinary drafting methods, 
exercising care to produce a great circle track as ac-
curately as possible. For certain types of analysis, some 
workers in the propagation analysis field require that 
the radial lines be more precisely established. A method 
of laying out the radials by calculation is appended to 
the measuring specification and was used in laying out 
the measuring routes for some of the later surveys. 
The measurements made at each location consist of 

continuous recordings for a distance of approximately 
100 feet along the road with the receiving antenna at a 
height of 30 feet above ground. The detailed procedure 
consists of the following routine at each measuring loca-
tion. First, check the calibration of the instruments; 
second, elevate the receiving antenna to a height of 30 
feed above ground; third, rotate the receiving antenna 
and determine whether the maximum signal is arriving 
from the direction of the transmitter. Next, with the 
chart recorder operating and the receiving antenna ori-
ented toward the transmitter, record the field strength 
on the chart while making a run of 100 feet along the 
road, centered on the intersection of the radial route 
with the road. Mark the exact position of the measuring 
location on the topographic map, and in the notebook 
characterize in detail the topography, height and type 
of vegetation, habitation, obstacles, weather, and any 
other local features believed to have an influence on the 
received field. Identify the data by suitable numbering. 

If overhead obstacles will not permit a run of 100 
feet, a cluster of five spot measurements should be sub-
stituted. If at the beginning of a 100-foot mobile run 
the maximum signal appears to come from a direction 
other than that of the transmitter, the mobile run 
should be made with the antenna oriented toward the 
transmitter and a five point cluster should also be meas-
ured, making two observations at each point, one with 
the antenna oriented for maximum response and the 
other with the antenna oriented toward the transmitter. 

Either visual or aural carrier may be measured; if the 
visual carrier is measured, a peak reading voltmeter 
must be employed to assure that the field strength ob-
served corresponds to the synchronizing peak. 
The TASO field strength measuring specification 

recognizes the considerable hazard involved in operat-
ing a moving vehicle with an erected 30-foot mast. An 
appendix to the specifications details suitable safety 
precautions to be observed in the operation of the meas-
uring vehicle. 

MEASURING M ETHODS FOR DETERM I NING 
STATION COVERAGE 

Field strength measurements to determine the cover-
age of an operating station present a different problem 
from that of collecting data for propagation analysis. 
Techniques best suited to the latter purpose may not 
provide adequate results for the preparation of cover-
age maps or may involve unnecessary labor. 
TASO did not establish measuring specifications to 

determine station coverage. Recommendations were 
agreed upon for changes in the method now prescribed 
by the FCC Technical Standards, and a radically new 
method of measuring station coverage was recom-
mended for field trials. 

A. Recommended Modification of FCC Method 

The method now prescribed by the FCC Technical 
Standards requires continuous mobile recordings along 
roads extending generally radially outward from the 
transmitting antenna. The routes are required to follow 
the cardinal and subcardinal points of the compass. 
The received fields (at a receiving antenna height on 
the order of 10 feet) are converted to those expected at 
the 30-foot antenna height by undefined means. 
TASO recommended changes in the selection of meas-

uring routes and the application of height-gain factors. 
It was recommended that the measuring routes be se-
lected with engineering judgment, so as to encounter 
terrain representative of the sectors being sampled. The 
number and direction of the measuring routes should 
be chosen so that an interpolation between adjoining 
routes may be reasonably expected to represent propa-
gation conditions actually obtaining. Height-gain fac-
tors as shown in Table I were recommended for the 
10-foot to 30-foot conversion. 

TABLE I 

RECOMMENDED 10-FOOT TO 30-FOOT HEIGHT-GAIN FUNCTIONS 

Channel 
Smooth 

Unobstructed 
Terrain 

Rolling 
Hilly Terrain 

Rough 
Terrain 

2— 6 
7-13 
14-83 

9.5 db 
9.5 db 
9.5 db 

8 db 
7 db 
5 db 

7 db 
5 db 
2 db 

B. Proposed Circular Arc Technique 

The newly proposed technique is a radical departure 
from past practice and is based on a proposal by Kirby.' 
The following background information will be helpful 
in establishing a proper perspective for this technique. 

Current knowledge of wave propagation indicates 
that statistical methods may be appropriately used in 
reporting VHF and UHF field strength behavior. A 
group of measurements taken by a uniform sampling 

8 R. S. Kirby, "Measurement of service area for television broad-
casting," IRE TRANS. ON BROADCAST TRANSMISSION SYSTEMS, no. 
PGHTS-7; pp. 23-30; February, 1957. 
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technique, in a small area at a fixed distance from a 
transmitter, will in most types of terrain exhibit an ap-
preciable variation from one location to another. TASO 
has referred to such small areas as "cells." A series of 
such groups of data at different distances from the 
transmitter over typical terrain will show a variation 
of the mean field strength with distance. 

If such measurements are taken in groups along two 
different radials but over the same general kind of ter-
rain, it will usually be found that the variation of mean 
field strength with distance is similar for the two radials 
and that the scatter of the data in individual groups is 
also similar. The distribution of field strengths in these 
groups, when measured in dbu,9 is found to closely ap-
proximate a normal distribution. The range between 
the field strength exceeded at 50 per cent of the locations 

and that exceeded at 84 per cent of the locations (the 
standard deviation) is comparable to the variation of 
the mean itself with distance over a range of 5 to 15 
miles, depending on frequency and terrain. 
The mean field strengths vary with distance gen-

erally as shown by standard propagation curves such 
as those contained in the FCC Technical Standards. It 
has also been found that the terrain influences the mean 
widely, that the curve may be lowered or raised from 
the reference curve, and, equally important, that its 
slope or its shape may be altered materially. Experience 
has also shown that the standard deviation varies with 
frequency and terrain roughness. It is not known 
whether there is an important variation of this param-
eter with distance. 

In the general case, neither of these field strength 
parameters can be deduced from the other. Thus both 
are important in determining the service from a broad-
cast station. To summarize, the field strength in a "cell" 
may be described in terms of a mean field strength and 
a standard deviation describing a normal statistical dis-
tribution. 
The proposed new technique specifies that measure-

ments be taken along a pattern of circular arcs rather 
than radial lines. The samples would be selected along 
a series of three to five uniformly spaced concentric 

circles about the transmitter. The radii of the circles 
would range from a distance approximating the princi-
pal city contour to that approximating the service limit 
of the station. A total sample of about 400 spot meas-
urements would be used, with the division of measure-
ments among circles approximately proportional to the 
square root of the circle radius. The measuring loca-
tions should be uniformly distributed over each circle. 
The measurements are to be single spot measurements 
taken at a receiving antenna height of 30 feet. 

For a typical high-power VHF station, a pattern of 
five circles might be used with radii of approximately 
20, 35, 50, 65 and 80 miles. The number of points per 

9 DBU: a terni coined by the FCC, signifying the field strength in 
decibels above 1 ;iv/meter. 

circle would be 52, 69, 82, 94 and 104, respectively. This 
suggested layout is shown in Fig. 1, and cells at distances 
of 20 and 65 miles are indicated. 

In analyzing the data, the area around the station 
should be divided into eight or more sectors not exceed-
ing 45° in width of reasonably homogeneous terrain. In 
smooth or gently rolling terrain, which is more or less 
uniform in all directions, these sectors could be at exact 
45° intervals (starting, for example, with true north). 
The spot measurements on each circle within each 

sector (each cell) would be considered an individual 
group of data for analysis purposes. The mean and 
standard deviation for each individual data group 
should be determined. From these data, curves of mean 
field strength vs distance for each of the sectors may be 
drawn. For percentages of locations other than 50 per 
cent, similar field strength vs distance curves may be 
drawn for each sector by reference to the soecific data 
for each cell. 

TYPICAL CELL 
AT 65 MILES 
0014000 94 POINTS 

ON THIS CIRCLE) 

TYPICAL CELL 
AT 20 MILES 

(APPROX 52 POINTS 

ON THIS CIRCLE) 

ILES 

Fig. 1—Partial layout of measurement program for a typical 
maximum service VHF station. 

C. Coverage Measurements in Cities 

TASO considered that the usual application of the 
two techniques just described would not provide ade-
quate data for determining coverage of cities. A separate 
specification for a measuring technique for this purpose 
was recommended by TASO without qualification. 

Measurements to determine the coverage of cities 
should consist of single spot measurements at a receiving 

antenna height of 30 feet. The measuring pattern pro-
vided by the TASO specifications is a rectangular grid 
laid down on a map of the city. The measurements are 
to be taken at the intersections of the lines of the grid 
or as close to the intersections as is practical. The 

dimensions of the grid should be such that the total 
number of measurements is at least three times the 
square root of the population of the city taken in thou-
sands.. 
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These spot measurements are to be analyzed as a 
single group. The mean and the standard deviation 
should be determined either by computation or by order-
ing and plotting the data on probability graph paper, 
expressing the field strength in dbu. From this analysis, 
a determination may be made as to the percentage of 
locations in the city which receive a field strength equal 
to or greater than any specified value. 

MEASUREMENT PROGRAM 

Concurrently with the drafting of the field strength 
measuring specifications, a program of actual field 
strength measurements was begun. The objective of the 
measuring program was the collection of field strength 
measurement data in substantial accord with the meas-
uring specifications, representing propagation over as 
wide a range of frequencies, antenna heights, terrain and 
other conditions as practical. Obviously, it was not feasi-
ble to investigate and measure transmitters operating 
under all combinations of conditions. However, the 
selection of areas under the guidance of TASO Panel 4 
was such as to provide a reasonably representative 
sampling of many important combinations of the vari-
ous influences. 

In selecting the areas where the measurement surveys 
were to be conducted, an attempt was made wherever 
possible to choose situations where both VHF and UHF 
signals could be measured simultaneously and, where 
possible, from transmitting antennas in close proximity 
to each other. Table II lists the areas in which complete 

TABLE 11 

TASO FIELD STRENGTH SURVEYS 

Location Frequency 
in mc 

Average Effective 
Antenna Height 

in feet 

Wilkes-Barre, Pa. 

Philadelphia, Pa. 

Madison, Wis. 

Fresno, Calif. 

Columbia, S. C. 

Springfield, Mass. 

Baton Rouge, La. 

Buffalo, N. Y. 

98.5 
559.75 
90.9 

601.74 
61.25 

585.26 
209.75 
669.25 
193.24 
789.26 
93.1 

631.75 
59.75 

559.75 
59.75 

493.75 

1160 
1220 
463 
503 
795 
690 
2000 
1787 
640 
624 
968 
1000 
890 
490 
380 
686 

surveys were made in accordance with the field strength 
measuring specification, giving the frequencies of the 
transmissions and the average effective antenna heights 
above the terrain between 2 and 10 miles from the trans-
mitting antenna. 

In addition to the complete surveys listed in the 
table, a limited number of measurements were made 
on VHF transmissions in the Boston, Mass., area and 

UHF transmissions in the Albany, N. Y., area. How-
ever, the measurements tabulated constituted the bulk 
of the data taken specifically for TASO purposes. 

1) Equipment: The TASO equipment specification 
requires the use of a field strength meter of professional 
quality and prescribes that the measurements be made 
at a receiving antenna height of 30 feet above ground. 
These requirements dictate the use of an automobile or 
light truck for transporting the equipment.'° This vehicle 
is additionally equipped with a chart recorder so ar-
ranged as to provide chart motion approximately pro-
portional to vehicle motion. 

Fig. 2 is a photograph of one of the mobile units 
equipped for these measuring surveys, showing the hy-
draulic mast in the retracted position for traveling. The 
same unit is shown with the mast extended in Fig. 3, 

Fig. 2—Mobile field strength survey unit equipped for TASO 
surveys ( photographs courtesy Association of Maximum Service 
Telecasters, Inc.). 

Fig. 3—Mobile unit with hydraulic mast extended 
to 30-foot height. 

1° " NAB Engineering Handbook," 5th Ed., Sect. 2, Pt. 
McGraw-Hill Book Co., Inc., New York, N. Y.; 1960. 

8, 
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which also shows a UHF receiving antenna mounted on 
top of the mast. The mast supports the receiving an-
tennas at the 30-foot height while the vehicle is in mo-
tion and is rotatable. 

Fig. 4 is an interior view of the mobile unit, showing 
the mounting of the UHF and VHF field strength 
meters. Two Esterline-Angus chart recorders, one for 
each field strength meter, were mounted on a platform 
in the front seat of the vehicle and were driven by 
means of a connection to the speedometer cable. Fig. 5 
shows the mounting of the chart recorders. 
The TASO field strength measuring specification 

prescribes the antennas to be employed for making the 
surveys. For UHF measurements, the antenna em-

Fig. 4—UHF and VHF field strength meters in 
operation in mobile unit. 

Fig. 5—Chart recorders for mobile unit. 

ployed should have directivity in the horizontal plane 
and exhibit a single main lobe over the appropriate fre-
quency range. The antenna should have a gain of 6 to 
10 db with respect to a half-wave dipole. For VHF, a 
half-wave or shorter dipole should be employed. In 
areas where VHF signals may be contaminated by inter-
fering fields, directional antennas may be employed. 

In establishing the specifications for the receiving an-
tennas, it was recognized that high-gain UHF antennas 
may not develop their free space gain in some areas, 
especially in rugged terrain. In situations where this is 
true and field strength data are gathered with a dipole 
receiving antenna, estimates of service available to in-
stallations using high-gain antennas in such areas will 
be optimistic. By gathering field strength data with a 
receiving antenna having characteristics approximat-
ing those of a typical home antenna, the errors in esti-
mating the voltage delivered to the receiver input 
terminals are largely self-canceling. Additionally, avail-
able UHF field strength meters are not sufficiently sen-
sitive to measure very weak signals without the use of 
receiving antenna gains. These considerations estab-
lished the basis for the UHF antenna specifications. For 
measurements in the VHF range, the arguments are 
different. VHF field strength meters will measure to a 
sufficiently low signal level without antenna gain, ex-
perience has shown that the loss of antenna gain is less 
likely to occur on VHF, and the physical size of a high-
gain antenna becomes excessive on the lowest VHF 
channels. It was, therefore, decided that the VHF 
standard antenna would be a half wavelength or 
shorter dipole, with the proviso that in areas subject to 
interfering fields, directional antennas might be em-
ployed. 
The TASO equipment specification provides for the 

use of a shielded transmission line between the antenna 
and field strength meter. The antenna impedance 
should be matched to the transmission line and, if an 
unbalanced line is used, a suitable balun is to be em-
ployed to join the balanced antenna to the transmission 
line. 
The use of a receiving antenna.other than the stand-

ard dipole requires the determination of the gain of the 
measuring antenna relative to the dipole. This calibra-
tion should be made in a clear level area at least 10 
miles from the transmitter and in an area where the 
signal is quite uniform, a variation of 1 db or less being 
considered adequate. The area must permit a mobile 
run of 100 to 500 feet with the mast erected. At least 
three runs should be made over the calibration route 
with each antenna. In addition to establishing the an-
tenna gain, the horizontal pattern of the antenna should 
be measured by rotating the antenna through a full 360° 
and observing relative field strength at 10° intervals. 
The measuring equipment employed in making the 

field strength surveys listed in Table II was calibrated 
against laboratory standards at periodic intervals. In 
addition, a calibration program of all the equipment 
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employed was undertaken by the Electrical Engineer-
ing Department of Iowa State University, Ames, Iowa. 
This calibration program assured that any instrumental 
errors which might be introduced into the data were on 
the order of something less than 1 db. 

2) Reporting of Results: The TASO measuring speci-
fication recommends the data to be included in report-
ing the field strength measurements. Tables should be 
included of the measured field strengths in each direc-
tion from the transmitting antenna, giving the distance 

from the antenna, the ground elevation at the measur-
ing location, the median, minimum and maximum field 
strengths for each 100-foot mobile run reduced to dbu 
for 1 kw radiated, and any pertinent notes. Fig. 6 is a 
sample of a portion of one of these tables listing this in-
formation and, in addition, giving additional data for 
continuous mobile measurements at a 10-foot receiving 
antenna height. 
The report of the measurements should also include 

large scale topographic maps showing the exact locations 
at which the measurements were made. In addition, a 
detailed description of each transmitting installation, a 
list of the calibrated measuring equipment used, and a 
detailed description of the calibration should be sup-
plied. It is also recommended that terrain profile graphs 
be prepared for each direction in which measurements 

are made, drawn on "curved earth" graph paper for an 
equivalent four-thirds earth's radius. The reports which 
were supplied to TASO included these terrain profile 
graphs for each radial route and, in addition, included 
graphs of measured field strength vs distance plotted 
directly above the terrain profile graphs. Figs. 7 through 
10 are sample graphs showing the terrain profiles and 

plots of field strength vs distance for several representa-
tive measuring runs. Fig. 7 shows measurements of a 
VHF signal over smooth terrain. Fig. 8 shows measure-
ments on a UHF transmitter over essentially the same 
path. Figs. 9 and 10 are similar measurements over a 
path in very rugged terrain. 
The dashed lines on Figs. 7 through 10 show the 

predicted fields based on smooth earth theory taking 
into account the expected atmospheric refractivity 
gradient. The individual measurements are plotted with 
the cross representing the median field for each 100-foot 
mobile run, and the excursions of the vertical line repre-
senting the minimum and maximum ranges of field 
strength as recorded at each individual measuring loca-
tion. Similar graphs were prepared for each radial path 
which was measured, and were included in the reports 
of the field strength measurement surveys. 

3) Summary of Results: Table Ill has been prepared 
as a brief summary of the results of the field strength 
measurements. Each line in Table III summarizes the 
results of the measurements over one complete measur-
ing route, giving the frequency of the transmission, the 
average height of the transmitting antenna above the 
best fit curve to the measuring points along the radial 
route," estimates of the roughness of the terrain ( R/X), 
and the per cent of forest cover (Pau for each radial. 
The last column gives the average difference between 
the measurements along each radial and the fields pre-
dicted by the classical smooth earth curves corrected 

" R. M. Bowie, "The television system from the allocation en-
gineering point of view," this issue, p. 1112. 

12 H. T. Head, "The influence of trees on television field strengths 
at ultrahigh frequencies," this issue, p. 1016. 

FIELD STRENGTH MEASUREMENTS 

WBRZ-Baton Rouge, Louisiana 
59.75 mc 890 feet 

(All fields in dbu for 1 kw radiated) 
Direction 317°True 

Distance, 
Miles 

Ground 
Elevations 
Above 

Standard 
Time 

30-foot antenna 
100-f oot 

IVIobile Run 

10-foot antenna 
Cont. Mobile Standard 

Time Note 

M.S.L. 
Minimum Median Maximum Minimum Median Maximum 

42 45.0 42.5 43.5 43.5 18.0 25.0 30.0 18 
44 40.0 41.0 42.0 42.5 14.5 28.0 36.0 19 
46 50.0 40.0 40.5 40.5 9.0 23.0 31.0 20 
48 44.0 38.0 39.0 39.0 21.0 29.0 33.0 21 
50 40.1 37.5 38.5 39.0 5.0 27.5 34.0 22 
52 45.0 35.0 35.5 37.0 6.0 20.0 25.0 23 
54 45.0 34.0 35.0 35.5 14.5 21.0 25.0 24 
56 55.0 37.0 38.0 38.5 7.0 21.0 23.0 25 
58 50.0 34.0 35.5 36.0 5.0 17.5 19.0 26 
60 60.0 28.0 29.5 31.0 6.0 16.5 22.5 27 
62 45.0 27.0 28.5 29.0 9.0 16.0 23.5 28 
64 50.0 21.5 22.0 26.0 6.0 14.5 24.0 30 
66 50.0 27.0 29.0 32.0 5.0 11.0 16.0 31 
68 75.0 25.0 27.0 28.0 5.0 14.0 21.0 32 
70 75.0 26.0 28.5 29.5 7.0 12.5 21.0 33 
7.2 50.0 23.5 25.0 28.0 5.5 12.5 17.0 34 
74 50.0 21.0 22.0 24.0 35 

Fig. 6-Sample of tabulated data Um i field strength survey. 
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TABLE Ill 

SUMMARY OF RESULTS OF FIELD STRENGTH MEASUREMENT 

Frequency i 
n inc in f IIeet R/X Pf ASE in db Frequency 

in inc. 
IIeet , in, f R/X Pf ICISE in db 

59.75 890 0.37 98 +0.5 209.75 4500 neg 0 +0.3 
59.75 900 .15 94 5.4 493.75 700 19 25 -21.6 
59.75 900 .41 35 -0.9 493.75 970 135 32 -30.0 
59.75 900 .23 39 -0.6 493.75 420 90 57 -32.2 
59.75 910 .39 82 2.2 559.75 490 6.0 98 -29.3 
59.75 910 .21 94 0.1 539.75 500 1.4 94 -29.0 
59.75 900 .40 70 0.6 559.75 500 6.1 35 -19.7 
59.75 880 1.6 V 2.6 559.75 500 2.3 39 -12.9 
59.75 230 2.2 25 6.7 55).75 510 3.4 82 -22.2 
59.75 670 7.8 32 -,.1 559.75 510 1.7 94 -28.1 
59.75 120 10.8 57 12.8 559.75 500 1.8 70 -16.5 
59.75 420 0.33 - 2.3 559.75 480 29.0 62 -22.4 
61.25 810 2.9 10 1.5 559.75 1975 96.5 50 -37.7 
61.25 900 2.0 16 -1.7 559.75 100 74 90 -18.3 
61.25 910 2.7 10 -4.3 559.75 360 166 70 -30.8 
61.25 900 2.4 10 1.0 559.75 840 91 75 -43.6 
61.25 810 5.0 10 -2.7 559.75 650 98 78 -37.0 
61.25 620 5.2 21 -1.1 559.75 1330 58 30 -34.4 
61.25 1110 6.1 32 -3.6 559.75 1260 187 100 -40.5 
61.25 810 6.4 32 -1.6 559.75 1680 128 50 -49.9 
90.9 430 7.8 7 -3.0 585.26 690 27.2 10 -12.8 
90.9 620 0.45 32 -4.2 585.26 780 18.7 16 -24.7 
90.9 480 2.0 70 -4.0 585.26 790 25.5 10 -19.9 
90.9 440 2.2 49 -1.8 585.26 780 22.3 10 -21.3 
90.9 580 1.0 10 -9.9 585.26 690 47.7 10 -33.0 
90.9 390 7.3 25 -10.5 585.26 500 48.7 21 -20.2 
90.9 360 12.6 28 -4.4 585.26 990 57 32 -35.2 
90.9 570 7.2 25 -8.6 585.26 690 60 32 -36.0 
93.1 1245 9.6 100 -8.9 601.74 470 51.5 7 -30.9 
93.1 845 24.5 81 -12.4 601.74 660 3.0 32 -14.9 
93.1 975 12.3 94 -13.5 601.74 520 13.2 70 -25.0 
93.1 1010 14.2 85 -2.8 601.74 480 15.0 49 -21.3 
93.1 1080 3.2 67 -5.7 601.74 620 6.4 10 -13.5 
93.1 860 15.7 94 -16.0 601.74 430 47.5 25 -33.2 
93.1 40 35.8 90 +15.0 601.74 400 82 28 -38.5 
93.1 250 31.5 76 -16.1 601.74 610 47.8 25 -24.9 
98.5 1920 17.0 50 -14.9 631.75 1275 65 100 -29.4 
98.5 40 13.0 90 0.2 631.75 875 166 81 -32.5 
98.5 300 29.3 70 6.0 631.75 1005 83.5 94 -30.3 
98.5 780 16.0 75 -15.2 631.75 1040 96.5 85 -28.6 
98.5 600 17.2 78 -17.7 631.75 1110 21.7 67 -18.6 
98.5 1270 10.2 30 -19.0 631.75 890 107 94 -38.5 
98.5 1210 33.0 100 -22.1 669.25 4400 neg 0 +1.6 
98.5 1620 22.6 50 -19.0 669.25 4400 neg 0 -1.4 
193.'24 • 540 13.3 80 -4.0 669.25 4400 neg 0 -1.0 
193.24 560 9.7 62 -8.8 789.26 560 55.0 80 -22.0 
193.24 690 14.1 76 -2.1 789.26 580 39.7 62 -28.9 
193.24 740 14.3 74 -8.9 789.26 710 57.8 76 -21.6 
193.24 600 18.2 72 -7.7 789.26 760 58.5 74 -31.7 
193.24 610 9.3 78 -8.7 789.26 620 75 72 -28.4 
193.24 650 9.2 100 -3.6 789.26 630 38.2 78 -28.1 
193.24 430 11.0 80 2.8 789.26 670 38.0 100 -37.1 
209.75 4500 neg 0 -1.2 789.26 450 45.0 80 -29.1 
209.75 4500 neg 0 -1.6 

for refractivity gradient. In evaluating these results, 
it should be borne in mind that classical theory predicts 
considerably higher fields within the radio horizon on 
the higher frequencies. 
Table III provides an indication of the magnitude of 

the measuring program undertaken. Each line in Table 
Ill represents a complete radial series of field strength 
measurements extending out to the maximum distance 
to which the signals could be reliably measured. A typi-
cal series of radial measurements included 40 or more 
individual 100-foot mobile runs. The two mobile meas-
uring units employed in taking most of the data trav-
eled a distance of more than 100,000 miles in making 
these surveys. 
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Forecasting Television Service Fields* 
ALFRED H. LAGRONEt, SENIOR MEMBER, IRE 

Summary—The propagation of VHF and UHF television signals 
over a spherical, irregular surface such as the earth is examined 
theoretically and experimentally and the principal factors evaluated. 
The principal factors are found to be frequency, meteorology, terrain 
and vegetation. It is shown that meteorology, terrain and vegetation 
vary a significant amount geographically and that local values should 
be used in forecasting' local service fields. 

The principal factors are included in a new empirical method sug-

gested for forecasting the service fields of television stations. The 
signal forecast by the new method is compared with field-measured 
signals with good results. 

INTRODUCTION 

T
HE operation of all television stations in the 
United States comes under the supervision of the 

  Federal Communications Commission. It is the 
responsibility of this body to allocate channels, effective 
radiated power, and location of stations to serve the 
maximum interest of the public. In this connection, it 
is of prime importance to the FCC to have accurate 
information regarding the propagation of radio waves 
at all television frequencies over a spherical irregular 
surface such as the earth. 

In the early days of television broadcasting, alloca-
tions were made on the basis of predicted coverage using 
conventional propagation theory. This method was 
used until field reports from operating stations showed 
it to be inadequate. A study was then made of all avail-
able field data in an effort to develop propagation curves 
that were more reliable. Statistically derived curves 
were developed from the study for the low VHF and 
high VHF bands. Curves for the UHF band were not 
derived because of the lack of sufficient field measured 
data at the UHF frequencies. However, the limited 
UHF data available indicated that the low-band VHF 
curves were in close enough agreement to the UHF 
measurements to be useful. At a later date, UHF curves 
were developed but were never generally accepted and 
were little used. 

In 1956, representatives of the television broadcasters 
and manufacturing industries, at the request of the 
Federal Communications Commission, established the 
Television Allocations Study Organization (TASO). It 
was the purpose of this organization to obtain the best 
technical advice and information that could be ob-
tained regarding the transmission of a picture from a 
transmitter to the viewer's screen. The ensuing study 
by TASO covered all aspects of the television problem, 
including a re-examination and evaluation of the factors 
affecting the propagation of television signals and of the 

* Original manuscript received by the IRE January 25, 1960. 
This is a report of TASO Committee 5.4 on Forecasting Television 
Service Fields. 

t Bureau of Engrg. Res., The University of Texas, Austin, Tex. 

propagation curves then in use. This phase of the study 
yielded a new method for forecasting service fields, in-
cluding an empirical equation for including terrain ef-
fects. This paper is a report on this phase of the TASO 
propagation study. 

METEOROLOGY 

Radio waves propagating in the troposphere travel 
curved paths instead of along straight lines because of 
the decrease in refractive index with height. Nor-
mally, the decrease in refractive index with height is 
not sufficient at VHF and low UHF to accomplish total 
trapping; however, some strong gradients do exist at 
times and partial trapping occurs. These are regarded 
as anomalous conditions. The normal decrease in refrac-
tive index with height causes the wave to bend consid-
erably less than that required for total trapping but it is 
sufficient to require consideration when computing serv-
ice fields for a given transmitter. It is customary to 
take the bending effect into account by modifying the 
earth's radius "a" to "ka" in the propagation equations.' 
This modification is based on a so-called standard at-
mosphere which gives a value of four-thirds to the co-
efficient "k." The product "ka" is referred to as the modi-
fied earth radius. 
The four-thirds earth radius has been used for many 

years in computing radio signal strengths and is still 
useful in the absence of more specific information. A 
program of regular radiosonde measurements at dis-
tributed stations over the Continental United States by 
the U. S. Weather Bureau can now provide specific in-
formation on the amplitude distribution of the refrac-
tive index with height at the various stations, so that it is 
possible to obtain more accurate information on the 
modified earth radius to be used at given locations. Figs. 
1 and 2 show contours of "k" in the United States for 
the winter and summer periods obtained from the 
Weather Bureau data.2 
An examination of the contours of "k" in Figs. 1 and 

2 shows larger values of "k" in the Gulf Coast area and 
along the Atlantic seaboard than in the interior areas. 
Broadcasters have long recognized the better broadcast 
conditions in this region and have labeled it Zone 3 
which indicates greater service area for the same facil-
ities. Figs. 1 and 2 also show that average propagation 
conditions along individual radials for a given trans-
mitter may differ by a significant amount. 

J. C. Schelleng, C. R. Burrows, and E. B. Ferrell, "Ultra short 
wave propagation," PROC. IRE, vol. 21, P. 427; March 1933. 

2 These are preliminary curves drawn from data supplied by Mr. 
Bradford Bean of the National Bureau of Standards, Boulder, Colo. 
Mr. Bean will publish his report at a later date. 
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The effect of changes in diffraction on signal strength 
as a function of distance from the transmitter is shown 
in Fig. 3. The most important changes are observed to 
take place in the distant field. The magnitude of signal-
strength change indicates that area meteorological 
conditions must be considered in determining the serv-
ice and interference areas of VHF and UHF transmit-
ters. Recognition should also be made of the large sea-
sonal and diurnal variations found in some locations. 

EFFECTIVE ANTENNA HEIGHT 

The effective height of an antenna is a propagation 
parameter used in determining the signal level in both 
the optical and diffraction regions of a given transmitter 
installation. Since no ordinary terrain is perfectly 
smooth, the average elevation of the two-to-ten mile 
section along a given radial is generally used as the ref-
erence in determining the effective antenna height. 
There are, of course, an infinite number of cases in 
mountainous regions where this approximation is inade-
quate. Such complex terrain must be treated as special 
cases and conventional methods used in point-to-
point analysis. 
One example of complex terrain that occurs fre-
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Fig. 3—Signal strength vs distance for different effective earth radii. 

quently enough to warrant special mention is that of the 
path that undergoes one or two major changes in eleva-
tion but is otherwise relatively smooth. Such a path 
might run across a valley for the first twenty miles, then 
rise suddenly to a plateau several hundred feet above the 
valley floor. The two-to-ten mile average would provide 
an excellent reference for the first twenty miles but 
would hardly be adequate for the remainder of the 
path. In such cases, it seems appropriate to use two ef-
fective antenna heights: one measured from the two- to-
ten mile average and one measured from the average 
elevation of the plateau. A theoretical smooth-earth 
curve for the path would then be computed in two parts 
and joined together with a smooth transition in the 
vicinity of the major elevation change at twenty miles. 
The diffracted field beyond the radio horizon for very 

rough paths is so complex that no practical methods for 
computing them are known. Theoretically, the dif-
fracted field depends on the phase and amplitude dis-

tribution of all the Huygen sources in a plane passing 
through the diffracting edge. Practically, the field in 
the shadow region is determined by the phase and 
amplitude distribution of the Huygen sources in the 
first few Fresnel zones near the diffracting edge. Thus, 
it seems reasonable to examine the path profile for the 
most likely source of a reflected wave that will disturb 
the Huygen sources in the first few Fresnel zones. This, 
ill most cases, is the terrain near the diffracting edge. 
On the basis of this argument, it is recommended that 
the elevation of the five-mile sector, beginning at the 
radio horizon and extending back toward the trans-
mitter, be averaged and used as the reference for deter-
mining the effective transmitter height for propagation 
beyond the horizon. 

Theoretical signal-strength curves show that the sig-

nal level becomes less sensitive to changes in transmitter 
height as the height increases. This means that a fairly 

rough path can be averaged to obtain the effective an-
tenna height for antennas over 500 feet high with an 
error of not more than a few db. The two-to-ten mile 
rule should then be found to apply to terrain that does 
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not vary over + 10 per cent of the effective antenna 
height. For terrain rougher than this, it is suggested 
that the path elevations from two miles out to the radio 
horizon be averaged and used as the reference, or that 
the path be treated as a special problem and conven-
tional methods used in a point-to-point analysis. 

FREQUENCY CONSIDERATIONS 

The signal strength as a function of frequency is 
shown in Fig. 4. The relationship demonstrated in the 
example is maintained in most cases of interest in the 
VHF and UHF television broadcast bands. The im-
portant observation to be made from studying the 
curves is that the near field increases with frequency 
while the distant field decreases with frequency. 

It is not likely that one could go out and measure the 
exact fields predicted by theory developed for a smooth 
spherical earth at television frequencies. Vegetation and 
terrain irregularities would have to be considered. Vege-
tation affects the received television signal in two 
principal ways: The effective terminal heights are re-
duced because the wave is reflected off the vegetation 
instead of the ground, and the signal is attenuated on 
passing through vegetation. Both effects vary with fre-
quency and density of vegetation. 
The reflection coefficient for an area of vegetation of 

uniform height approaches — 1 at low VHF for angles 
near grazing incidence.' At 1000 mc, the same vegeta-
tion may have a reflection coefficient of — 0.3 for angles 
near grazing. The apparent roughness is a function of 
frequency and can be estimated by application of Ray-
leigh's criterion.' The height at which the wave appears 
to be reflected is near the top of the vegetation as graz-
ing incidence is approached. At larger angles, the wave 
penetrates to a depth that depends on the angle, the 
thickness and uniformity of height of the vegetation, 
and the frequency of the signal. The depth of penetra-
tion can be only approximated, as no measurements at 
television frequencies are known to the author that pro-
vide any useful information on the subject. 

Television signals are absorbed by trees in varying 
amounts depending on the frequency and polarization 
of the signal and the density and state of the trees.' For 
moderately thick trees in full leaf with the antenna be-
low tree-top level, the average attenuation at 30 mc is 
2 to 3 db for vertical polarization and 0 db for hori-
zontal polarization. At 100 mc, the average attenua-
tion is 5 to 10 db for vertical polarization and 2 to 3 
db for horizontal polarization. As the frequency in-
creases, the average attenuation increases. At 1000 
Inc, trees that block vision are almost opaque to the 
radio signal. Signals reaching the receiver must then 
diffract over or around the trees. Above 300 to 500 

3 D. G. Fink, "Television Engineering Handbook," McGraw-Hill 
Book Co., Inc., New York, N. Y.; 1957. 

4 D. E. Kerr, " Propagation of Short Radio Waves," M.I.T. 
Rad. Lab. Ser., McGraw-Hill Book Co., Inc., New York, N. Y., 
vol. 13; 1951. 
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mc, there is little difference in the attenuation for vert-
ical and horizontal polarization. 

Measurements of attenuation through woods in full 
leaf have been reported for 500 mc by B. Trevor,' for 
100, 540 and 1200 mc by Saxton and Lane,' and for 
3260 mc by McPetrie and Ford.7 Their findings can be 
represented approximately by the following: 

db/meter = 1.29 X 10-3(f.) °." 

where 

db/meter = attenuation 

= frequency in mcps. 

No such information is available at the above frequen-
cies for deciduous trees without leaves, although some 
measurements made by Trevor' at 500 mc indicate the 
attenuation to be significantly less. Trevor found that 
the attenuation at 500 mc dropped from 0.12 db/meter 
for trees in full leaf, for both vertical and horizontal 
polarization, to 0.1 and 0.08 db/meter, respectively, 
for the same trees leafless. 

Fig. 5 shows the effect of trees between the receiver 
and the transmitter with the receiver in the clear at 
varying distances. It is interesting to note the clearance 
distance required for a significant recovery in the signal 
and the extremely poor signal close by the woods. The 
measurements were made at 485 Inc near Salisbury, 
Md. by A. D. Ring and Associates, Consulting En-
gineers, of Washington, D. C. 

EARTH CONSTANTS 

Normal changes in earth constants for different geo-
graphical areas do not significantly affect radio propaga-
tion at television frequencies presently in use. 

6 B. Trevor, "Ultra-high-frequency propagation through woods 
and underbrush," RCA Rev., vol. 5, pp. 97-100; July, 1940. 

6 J. A. Saxton and J. A. Lane, "VHF and UHF reception," Wire-
less World, vol. 61, pp. 229-232; May, 1955. 

J. S. McPetrie and L. H. Ford, " Experiments on propagation of 
9.2 cm wavelengths, especially on the effects of obstacles," J. IEE 
(London), vol. 93, pt. 3A, p. 531; March, 1946. 
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Median Curves 

The theoretical field over a smooth spherical earth 
provides a first approximation of the median signal. If 
local earth constants and effective earth radius are 
used, the computed signal should be very close to the 
measured signal for reasonably smooth and clear ter-
rain. 
A first approximation of the median signal can also 

be obtained by statistical analysis of a large quantity 
of field- measured data. The median signal obtained in 
this manner differs from the theoretical smooth-earth 
median because the field-measured signal is influenced 
by factors not considered in the smooth-earth equations. 
One important factor in the field-measured median is 
the location of the measuring site. In rough country, for 
example, field- measured data are taken along existing 
roads that invariably run in valleys, of which, some are 
quite deep. Fig. 6 is a pictorial distribution of the meas-
uring sites for such an area in the TASO study. The area 
in question is that of Wilkes-Barre, Pa. The effect of 
the hills is clearly apparent in the measured signals 
shown in Figs. 7 and 8. When such data are included 
in an over-all field study it lowers the field-derived 
median such as the FCC's F(50, 50) and Appendix A 
curves. In reasonably flat or gently rolling terrain, the 
location of a road is not so greatly influenced by a hill 
and the measured median signal does not have so large 
a negative bias as found in the more rugged areas. 

Vegetation is also an important factor is field-meas-
ured data at some television frequencies, as previously 
noted. At low VI IF, it was found to be negligible, but at 
high VI-IF, trees and tall grasses were found to absorb 
a significant amount of the signal. This results in a 
lower median signal in the measured data. As a conse-
quence, the signal derived from such data is lower than 
the median signal predicted by smooth-earth equations 
at the higher VHF. 
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Le 
The absorption of radio waves by trees and grasses 

noted at the higher VHF was found to be considerably 
more at UHF. Previously, it was noted that trees thick 
enough to block vision were essentially opaque at 1000 
mcps. A receiver on a road beside or in such a forest 
would then receive its signal principally by diffraction 
over the trees and the signal would be considerably 
weakened. A median curve derived from such field-
measured data at UHF would then be significantly lower 
than that predicted by smooth-earth theory. 

Another factor to be considered in a median derived 
from field- measured data is the effective earth radius. 
Data taken over a large geographical area tend to aver-
age out local values, so that the effective earth radius in 
the derived median is, to a first approximation, the 
geographical average. 
The effects discussed above appear to be the major 

reasons why a median signal derived from field-meas-
ured data differs from the smooth-earth median. The 
same effects are present in varying degrees on all paths, 
so a median derived from field-measured data would 
naturally fit the measured data better in some cases 
than the theoretical smooth-earth median. 

In determining the best method to use for predicting 
the median field in a given area, it is well to consider 
both the smooth-earth median and the statistically-de-
rived median in arriving at a decision. A re-examina-
tion of Fig. 3, for example, shows that the smooth-
earth field increases considerably with increased at-
mospheric refraction at distances beyond the radio hori-
zon. Fig. 4 shows that the smooth-earth field increases 
with frequency in the optical region and decreases 
with frequency in the diffraction region. It seems logical 
to assume that these same parameters will affect the 
television signal in the same manner for a rough, vege-
tation-covered earth. The possibility, then, of being 
able to use a single statistically-derived median such as 
the FCC's F(50, 50) and Appendix A curves to predict 

the median signal for a band of frequencies is poor. 
Figs. 9-11 show three cases of field-measured average 

signals plotted as a function of distance from the trans-
mitter. Included are the FCC's F(50, 50) or Appendix 
A curves and the theoretical curve for comparison. The 
theoretical curve is computed for the frequency, termi-
nal heights, effective earth radius and earth constants, 
as determined for the case and area involved. 
An examination of the curve in Fig. 9 shows that 

there is very little to choose between the F(50, 50) and 
the computed curve in as far as a fit with the measured 
data is concerned. From studying this curve and others 
similar to it, however, it is recommended that one use 
the theoretical median at low VHF and lower it 1 db 
over its entire range. This decision incorporates in the 
predicted median the local meteorological conditions, 
the gross terrain features, the different characteristics 
of the near and far fields as a function of frequency, and 
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the small average amount of absorption noted at low 
VHF. 

Fig. 10 is a signal strength curve in the high VHF 
band. A study of this and similar curves shows clearly 
that the F(50, 50) curve is a better fit than the theo-
retical curve. This is a strong argument for adopting 
the F(50, 50) curve as the median for this band of fre-
quencies. A close look at the theoretical curve, however, 
will show just as good a fit with the measured data, if 
not a little better, if we lower the theoretical curve by 
4 db. Based on information available to date, this ap-
pears to be the average attenuation caused by all fac-
tors at high VHF. By use of the theoretical curve in-
stead of the F(50, 50) curve, the local meteorological 
conditions, the gross terrain features, and the frequency 
differences in propagation can also be considered. Since 
these are significant, the theoretical curve lowered 4 db 
is recommended as the predicted median. 

Fig. 11 is a signal-strength curve in the UHF band. 
An examination of this and similar curves reveals a wide 
gap between the theoretical and the measured curves. 
The Appendix A curve, being derived from field-meas-
ured data, fits the field-measured data better than the 
theoretical curve. The Appendix A curve, however, is 
not flexible and therefore cannot be used as the pre-
dicted median for all cases. The theoretical curve con-
siders all propagation parameters in the area and thus 
is the logical choice as the predicted median. Based on 
measurements reported to date, the average attenua-
tion at all ranges at UHF appears to be about 22 db. 
This figure might be slightly larger at the higher fre-
quencies in the UHF band. Accordingly, the theoretical 
curve for a smooth spherical earth lowered 22 db is 
recommended as the predicted median to be used at 
UHF. 

Departure of Signal from Median 

Equations are available in reference books for com-
puting the field diffracted over objects of simple design 
such as spheres, cylinders and straight edges, and mul-
tiples or combinations of the above. Methods are also 
available for approximating the field diffracted over one 
or two simple hills.3.8.9 Such methods can usually be 
applied with success on ridges and hills that approxi-
mate the models, but there are many cases that are too 
complex for these methods to be very useful. 
An empirical method for obtaining the field strength 

is presented here that is based on the predicted median 
and the estimated departure of the signal from the 

8 A. N. Kalinin, "Approximate Methods of Calculating the Field 
Strength of Ultra Short Radio Waves, Taking Into Consideration the 
Influence of the Local Terrain," Natl. Bur. of Standards, Washington, 
D. C., translated from Russian by J. W. Herbstreit and K. Warren, 
transl. no. 6005; September, 1958. 
" J. Epstein and D. W. Peterson, "A method of predicting the 

coverage of a television station," RCA Rev., vol. 17, pp. 571-582; 
December, 1956. 

median. The departure signal is an estimate of the ef-
fects of diffraction. Terrain and distance are the prin-
cipal factors considered. Absorption, caused by vege-
tation, is included in establishing the median. Other lo-
cal factors that might affect the signal require an on-
the-spot evaluation, and such information is not usually 
obtainable from a topographical map. 

In developing the equation for estimating the effects 
of diffraction, the theory of diffraction was studied and 
a large number of field-measured cases were examined. 
The study revealed that a quick estimate of the effect 
of a hill could be obtained by taking the square root of 
the height of the hill above the receiver site. The figure 
thus obtained was an approximation of the drop in the 
signal in decibels below the median. In equation form, 

db = - Vh, - hr, (1) 

where 

131-- elevation of hill top in feet above mean sea level 
[Fig. 12(A) ], 

lir= elevation of receiver site in feet above mean sea 
level [Fig. 12(A)]. 

An improvement in (1) was made by including the 
distance of the receiver from the hillside, the height 
of the receiver above the intervening valley, if there 
was one, and including the effects of other hills between 
the receiver and the transmitter. Eq. ( 1) was then modi-
fied as follows: 

db = c[- Iii - 1/2 I 1/2e-dir _ I h2 _ h3 I ti2e-d3r 

+ I h3 - ltritne-d31, (2) 

where 

the sign of the term is the same as the slope between 
the two points involved, and (2) is set up for the 
profile shown in Fig. 12(G), 

132 and h3 are elevations in feet above mean sea level 
[Fig. 12(G) ], 

(f ir, d2r and d3, are distance in miles as measured in 
Fig. 12(G), 

c1.6 for VHF, 

for UHF. 

Fig. 12 shows several other samples of terrain and il-
lustrates the method used in measuring the various 
path parameters used in ( 2). It was not possible to illus-
trate every possible path configuration that could arise; 
however, it is felt that those shown are sufficient to il-
lustrate the method properly. For the terrain in ex-
amples (A) and ( B) of Fig. 12, for instance, the equation 
contains a single term. For examples (C), (D), (E), and 
(F), the equation contains two terms. 
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FORECAST AND MEASURED SIGNAL-
STRENGTH CURVES 

Three sample curves are shown in Figs. 13 and 14, 
comparing the forecast with the measured signal 
strength at VHF and at UHF. The correlation is found 
to be very good in areas where the terrain factors domi-
nate the field strength variations. In relatively smooth 
areas, local factors not included in the departure equa-
tion produce variations that are not included in the 
forecast signal. Some of these variations could probably 
be accounted for in field data obtained specifically for 
such a study as made here. 

CONCLUSION 

The following recommendations or presentations are 
made on the basis of theory or on the basis of field-meas-
ured data analyzed to date: 

1) Meteorological effects on the propagation of tele-
vision signals are significant. The average conditions 
over the Continental United States vary enough to re-
quire local consideration in propagation studies. 

2) The two-to-ten mile average of the elevation 
along a given radial is satisfactory in reasonably smooth 
terrain for determining the effective antenna height for 
propagation along the radial. In rough terrain, the av-
erage of a longer path than the two-to-ten mile section 
is recommended. For beyond-the-horizon propagation 
in rough terrain, the average of the five- mile sector 
from the radio horizon back toward the transmitter is 
recommended as the reference elevation for determining 
the effective antenna height. Some paths are so com-
plex that they constitute special problems and must be 
treated by special methods. 
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3) The frequency characteristics of propagation, 
neglecting absorption, are sufficiently different, even for 
frequencies in the same band, to require individual con-
sideration for forecasting signal strengths as a function 
of distance. 

4) Normal changes in the earth constants for differ-
ent geographical areas do not significantly affect radio 
propagation at television frequencies. 

5) The theoretical signal computed at a given fre-
quency using smooth spherical earth equations and con-
sidering gross terrain features, local meteorological con-
ditions, and local earth constants, is recommended as 
the predicted median television signal under the follow-
ing conditions: 

a) at low VHF, the median is lowered 1 db, 
b) at high VHF, the median is lowered 4 db, 
c) at UHF, the median is lowered 22 db. 

6) An empirical method for estimating the departure 
signal from the median in a given area is presented. The 
estimated departure combined with the predicted me-
dian gives the predicted signal. 
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The Influence of Trees on Television Field 

Strengths at Ultra-High Frequencies* 
HOWARD T. HEADt, SENIOR MEMBER, IRE 

Summary—Field studies of UHF wave propagation between tele-
vision transmitting and receiving antennas indicate that typical 
woods are essentially opaque at these frequencies. The signal in the 

presence of woods near the receiving antenna appears to be prin-
cipally that diffracted over the trees, with a small residual "leakage" 
field observable where the diffracted fields are very weak. 

The results of measurements are compared with diffraction 
theory, and the attenuation below free space fields due to the woods 
is found to be in good agreement with that predicted for a spherical 
obstacle having a four-thirds earth's radius. The conclusions are 
applied to the estimation of average losses in large areas. 

INTRODUCTION 

ONE of the more serious aspects of the problem of 
providing television service at the ultra-high 
frequencies has been the failure in many in-

stances to obtain RF field strengths within the service 
areas as high as predicted by classical propagation 
theory. It has been generally appreciated that rough 
terrain and heavy vegetation have depressing effects 
on the received signal. The recognition of the effects, 
however, has been mainly qualitative, with no clear 
understanding of the absolute or relative magnitudes of 
the respective losses. 

Recent work by LaGrone' at the University of Texas 
and others has provided a reasonable quantitative as-
sessment of the influence of rough terrain on the re-
ceived signal.2-4 However, even after due allowance has 
been made for the reduction of signal caused by rough 
terrain, the observed median field strength is often still 
substantially below that predicted by classical theory. 
LaGrone, in his report to the Television Allocations 
Study Organization, recommends that smooth earth 
predictions at the ultra-high frequencies (470 mc to 
890 mc for television service) be reduced by 22 db to 
provide basic curves from which further departures due 
to terrain irregularities are predicted. 

* Original manuscript received by the IRE, February 16, 1960 
This work was sponsored by the Association of Maximum Service 
Telecasters, Inc. 
t A. D. Ring and Associates, Washington, D.C. 
A. H. LaGrone, "Forecasting Television Service Fields," this 

issue, p. 1009. 
2 K. Buffington, " Radio propagation variations at VHF and 

UHF," PROC. IRE, vol. 38, pp. 27-32; January, 1950. 
3 D. G. Fink, "Television Engineering Handbook," McGraw-Hill 

Book Co., Inc., New York, N. Y.; 1957. 
4 J. Epstein and D. W. Peterson, "A method of predicting the 

coverage of a television station," RCA Rev., vol. 17, pp. 571-582; 
December, 1956. 

EXPERIMENTAL PROGRAM 

To determine how much UHF signal reduction might 
be ascribed to the effects of trees, a program of field 
strength measurements was undertaken in the vicinity 
of Salisbury, Md., during December, 1958 and January, 
1959. This area was selected (see Fig. 1) because the 
terrain is very flat, because new topographic maps 
showing woodland cover weré available, and because 
a television transmitting station (WBOC-TV) was 
in operation with a transmitting antenna height (620 
feet above terrain) reasonably characteristic of stations 
in regular operation. The transmitter operates on 
television channel 16, which occupies the frequency 
band from 482 mc to 488 mc. The visual and aural car-
rier frequencies are 483.26 mc and 487.76 mc, respec-
tively. The radiated power is approximately 20 kw, 
essentially omnidirectional in the horizontal plane. 

Fig. 1—Field strength measurements to determine the effects of trees 
were made on WBOC-TV, 482-488 mc, Salisbury, Md. 

Field strength measurements on the WBOC-TV sig-
nal were made at locations selected to provide trans-
mission under varying conditions over, through, and 
around woods. At each location selected for measure-
ment, the field strengths were measured using a short, 
mobile run in accordance with the measuring technique 
specified by Panel 4 ( Propagation Data) of the Tele-
vision Allocations Study Organization. In a few in-
stances where the mobile run was impractical, a "cluster" 
of spot measurements was substituted. The use of the 
mobile run or "cluster" technique introduces an aver-
aging process which tends to smooth out small-area 
variations caused by standing wave patterns or other 
local influences. 
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• 

All of the measurements were made with a receiving 
antenna height of 30 feet above ground. The details of 
the equipment and technique utilized in making these 
measurements have been described in a previous ar-
ticle.5 

Measurements were made over transmission paths 
which fall into three general categories: 

1) unobstructed ray paths between transmitting and 
receiving antennas; 

2) ray paths obstructed by groups of trees suffi-
ciently small that the signal would be propagated 
principally through, rather than around, the trees 
(these are referred to as " thin screens" of trees); 

3) ray paths obstructed by groups of trees sufficiently 
large that the signal would be propagated prin-
cipally around, rather than through, the trees 
(these are referred to as "thick screens" of trees). 

Measuring locations in this last category were chosen 
so that the obstructing mass of trees occurred at vary-
ing distances from the receiving antenna in the direction 
of the transmitting antenna. The distance from the re-
ceiving antenna to the woods is referred to as the 
"clearing depth" (see Fig. 2). 

DISCUSSION OF RESULTS 

A survey of the literature reveals only scant refer-
ences to the effect of trees and foliage on the received 
signal at the ultra-high frequencies. Trevor5 in the 
United States and Saxton and Lane' in Great Britain 
have published results showing the attenuation of the 
signal when the transmission path is entirely through 
vegetation. Some classified NDRC reports from World 
War Il include similar data. The available data are rea-
sonably consistent and show relatively severe attenua-
tion of signals at these frequencies when the transmis-
sion path lies entirely through trees and underbrush. 
The conclusions, as summarized by Saxton and Lane, 
are shown in Fig. 3. 

Measurements were made at thirteen locations in the 
Salisbury area of the attenuation of the signal in pass-
ing through thin screens of trees ranging ill thickness 
from 8 meters to 480 meters. The results of these meas-
urements are in reasonably good agreement with the 
conclusions of Saxton and Lane, but the rate of atten-
uation shows a decreasing trend with increasing woods 
thickness. This variation is probably due principally to 

5 H. T. Head, "Measurement of television field strength," Elec. 
Engrg., vol. 77, pp. 298-302; April, 1958. 

B. Trevor, " Ultra-h gh frequency propagation through woods 
and underbrush," RCA Rev., vol. 5, pp. 97-100; July, 1940. 

7 J. A. Saxton and J. A. Lane, "VHF and UHF reception—effects 
of trees and other obstacles," Wireless World, vol. 61, pp. 229-232; 
May, 1955. 
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Fig. 3—Rate of attenuation in woods with trees in leaf as a 
function of frequency (after Saxon and Lane). 

the fact that the typical television transmission path is 
basically different from that for the condition where 
both the transmitting and receiving antennas are sur-
rounded by trees. 

In the latter situation, the entire ray path must pass 
through the obstructing vegetation. For typical tele-
vision transmission, however, only a small part of the 
transmission path may pass through trees and under-
brush. The transmitting antenna is usually several 
hundred feet high, and only within a few miles of the 
receiving antenna is the signal obliged to cope with 
trees and underbrush near the ground. This is illus-
trated in Fig. 2, which shows a typical ray path for 
transmission between television transmitting and re-
ceiving antennas. For a path such as that shown, sub-
stantial amounts of the signal may be diffracted over 
and around the trees. The presence of the diffracted 
signal is most noticeable when the vegetation is dense 
enough to reduce the signal transmitted through the 
trees to a very low value. 
The first measurements made in the Salisbury area 

were intended to permit a determination of the signal 
arriving at the receiving antenna in terms of the at-
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tenuation in passing through various thicknesses of 
woods. Examination of the first results, however, 
showed little correlation with woods thickness, and a 
comparison with the Saxton and Lane curve ( Fig. 3) 
revealed that the thicknesses being employed were so 
great that the signal arriving through the woods should 
be well below the noise level of the measuring equip-
ment; nevertheless, measurable signals were being re-
ceived. A further study of the measurements showed 
that the relative signal levels were lowest when the re-
ceiving antenna was closest to the edge of the woods. 
between the transmitting and receiving antennas, in-
creasing as the clearing depth (see Fig. 2) increased. 
A preliminary analysis showed the signal to increase 

approximately in proportion to the logarithm of the 
clearing depth for clearing depths greater than approxi-
mately 0.01 mile, but at very close distances to the 
woods the signal level appeared to be more or less unre-
lated to the clearing depth. This is illustrated by Fig. 4, 
which shows the difference between the smooth-earth 
predictions and the actual observations plotted vs the 
logarithm of the clearing depth. The straight line is a 
least-squares fit to the data points beyond 0.01 mile. 
The standard deviation from the line is 4.1 db. 
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Fig. 4—Depression of signal below smooth-earth values as a 
function of clearing depth. 

COMPARISON WITH DIFFRACTION THEORY 

The basic theory of the diffraction of electromagnetic 
energy around the edge of a partially or completely 
opaque object is well established. Particular solutions, 
however, have been obtained only for a number of 
special cases, and the typical practical problem may 
bear little resemblance to the idealized situations for 
which theoretical solutions have been derived. Also, it 
is often difficult to foretell from the geometry of the 
practical case which of the particular theoretical solu-
tions represents the model most closely resembling ac-
tual transmission conditions. 
The Salisbury data were separated into two groups. 

In the first group were the thin screen measurements, 

in which it appeared that the received signals repre-
sented so complex a combination of transmitted and 
diffracted signals that they would have little value in a 
diffraction analysis. The remaining measurements, con-
sisting of the thick screen measurements and unob-
structed ray path measurements, were grouped to-
gether and tabulated. For each observation, there was 
determined the depression of the measured field below 
the smooth-earth value (AsE), the depression of the 
field below the free-space value (Aps), and the ratio of 
the obstruction of the trees in the first Fresnel zone to 
the radius of the zone at the point of maximum obstruc-
tion (H/I/0). Graphs of these values were plotted and 
compared with attenuation curves representing various 
modes of diffraction." 
A plot of As k: vs //,///0 does not exhibit particularly 

good correlation with the theoretical diffraction curves. 
However, a plot of 3, p,s vs Ii/Ho shows that for Fresnel 
zone clearances greater than about — 1.0, the points 
tend to fall in the general region of the theoretical 
curves for diffraction around a smooth sphere. Fig. 5 
is a plot of this relationship showing a comparison with 
theoretical diffraction around a smooth spherical ob-
stacle for a reflection coefficient R= — 1 and a value of 
Bullington's parameter il of 31=300. 
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Fig. 5—Depression of signal below free-space values as a 
function of Fresnel zone clearance for 55-foot trees. 

The parameter _I/ is a function of transmitting and 
receiving antenna heights, frequency and radius of the 
spherical obstacle. For the heights and frequency at 
Salisbury, a value of M=-. 300 corresponds to a smooth 
sphere having a radius of 24 miles. The standard devi-
ation of the observed values from the theoretical curve 
is 3.4 db for Fresnel zone clearances in excess of — 1.0. 
The observed data were next compared with diffrac-

tion theory making the assumption that the trees ex-

8 K. Buffington, " Radio propagation fundamentals," Bell Sys. 
Tech. J., vol. 36, pp. 593-626; May, 1957. 

9 A. I. Kalinin, "Approximate methods of computing the field 
strength of ultra short waves with consideration of terrain relief," 
Radiolekhnika ( Moscow), vol. 12, pp. 13-26; 1957. 
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-40 

hibit some sort of "edge effect," due to the thinness of 
the upper branches, the small diameter of the top of the 
trunks, or other causes. Most of the tree heights for 
the transmission paths at Salisbury had been deter-
mined by actual measurements with a Matthews Tele-
height, and the average tree heights were approxi-
mately 55 feet. The actual tops of the trees were thus 
some 25 feet above the receiving antenna height of 30 
feet above ground. 
The values of H/Ho were redetermined assuming the 

existence of an "edge effect" of 10 feet; this would re-
sult in an apparent average height of the trees of 45 
feet above ground, or 15 feet above the receiving an-
tenna. The redetermined values of H/Ho were then 
plotted against AFS and the plot compared with the 
theoretical diffraction curves. 

Fig. 6 shows a comparison of the observed values for 
the redetermined values of H/Ho with the theoretical 
smooth-sphere diffraction prediction for M=50. This 
value of M corresponds to diffraction around a sphere 
having a radius equal to four-thirds of the earth's radius, 
the value customarily assumed in classical theory for 
propagation through a standard atmosphere. The 
standard deviation of the observed values from the theo-
retical curve is 2.9 db for Fresnel zone clearances greater 
than — 0.6. 

54.00TH SPNERE 
DIFFRACTION 

-40 -35 -30 

. _ 
-25 -20 -15 _ -10 - OS 

IV N. • CLEARANCE/ I FOIST FRESNEL ZONE) 

• • 

1 
• 

Fig. 6—Depression of signal below free-space values as a function 
of Fresnel zone clearance for assumed 45-foot trees. 

It will be noted from Fig. 6 that the attenuation is 
substantially less than predicted on the basis of smooth-
sphere diffraction for Fresnel zone clearance less than 
approximately — 0.6. These values of Fresnel zone 
clearance represent locations where the receiving an-
tenna was very close to the obstructing mass of trees, 

• generally within 100 feet or less. In several instances, 
the receiving antenna was within 10 feet of the nearest 
edge of the woods. 

In this region, the attenuation exhibits little correla-
tion with any of the parameters influencing the other 
fields. It appears likely that the field received near the 

edge of the woods arrives at the receiving antenna prin-
cipally through the tops of the woods and over a num-
ber of irregular paths. In making this portion of the 
measurements, it was frequently observed that the re-
ceiving antenna did not exhibit any clear maximum and 
minimum response as the antenna was rotated; in 
many instances it was not possible to identify the di-
rection toward the transmitter from the orientation of 
the receiving antenna. The signal arriving under these 
conditions has been referred to as the "leakage field" 
(F1) because it appears to leak through the tops of the 
trees, often in a rather erratic fashion. 
The measurements which were considered to repre-

sent principally leakage field were analyzed for any 
evident trends. An examination of eight observations 
of leakage field at distances ranging from 12.0 miles to 
22.5 miles from the transmitter indicated the average 
signal level below the calculated smooth-earth field to 
be more or less independent of distance. For these eight 
points, the average depression of the field below the 
smooth-earth field was approximately 30 db, with a 
standard deviation of 3.3 db. 

EXTENSION OF THEORY 

These observations and conclusions provide a basis 
for predicting loss of UHF signal strength where the 
loss is due primarily to the effects of trees. Consider a 
transmission path such as shown in Fig. 7(a). Between 
the transmitting antenna and the first woods at the dis-
tance DI there is no obstruction, and the received fields 
in this region are those predicted by smooth-earth 
theory. Beyond DI, in the woods, the received signals 
are primarily those arriving through the woods, and the 
attenuation increases rapidly with woods thickness un-
til the leakage field level is reached (D2). The attenua-
tion cannot exceed that corresponding to the leakage 
level, and thus any additional woods thickness does not 
result in further depression of the signal. 

Beyond the distance Ds, where the far edge of the 
woods is reached, the received signals recover with dis-
tance in an approximately logarithmic fashion until the 
clearing depth is sufficient that the smooth-earth values 
are once again approached. This logarithmic recovery, 
which is noted in Fig. 4, can be shown to follow as a 
consequence of diffraction; the relationship is deter-
mined by the geometry associated with the distance be-
tween transmitter and receiver. 

This model of the behavior of the field permits draw-
ing some interesting conclusions. First, in an area com-
pletely covered with trees, or essentially so, the received 
signal would be largely governed by the leakage level. 
This level is probably a function of frequency and also 
of the type of vegetation. If this latter is the case, as 
seems likely, the leakage fields would be expected to be 
lower in the spring and summer than in the fall and 
winter. It seems probable that the relationship of the 
leakage field to the frequency would be similar to that 
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Fig. 7—(a) Model of woods and clearing for estimating average woods 
attenuation. (b) Depression of signal below smooth-earth values 
vs distance for the model of Fig. 7(a). 

for attenuation in passing through thin screens of trees 
as shown in Fig. 3. 

If the forest cover is less than 100 per cent, some re-
ceiving locations will be closely surrounded by trees and 
others partly in the clear. Theoretical models of the 
type shown in Fig. 7(b) were set up, and the effects of 
various sequences of woods and clearing were deter-
mined on the basis of the processes suggested. These 
studies showed that the average attenuation in an area 
with Pf per cent forest cover, in which the leakage field 
is denoted by F1, cannot be less than P/F//100 for any 
sequences of woods and clearing reasonably to be ex-
pected. For unfavorable sequences, the attenuation may 
be higher than this value, but an upper limit of atten-
uation is set by the relationship between the decay and 
recovery characteristics shown in Fig. 7(b). The average 
attenuation as a function of per cent forest cover based 
on this model of the behavior of the field is shown in Fig. 
8. The straight line corresponds to the least attenuation 
of the signal for the most favorable sequence of woods 
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Fig. 8—Estimated average signal depression below smooth-earth 
value as a function of percentage forest cover Pt. 

and clearing, and the dashed line to the highest atten-
uation to be expected for the most unfavorable sequence 
for a given percentage of forest cover. The dotted line 
shown in Fig. 8 is an average attenuation curve falling 
between the two limits. 

CoNcLusioNs 

Using Fig. 8, an estimate can be made of the average 
attenuation of the UHF signal due to the effect of trees, 
provided that an estimate of the percentage of forest 
cover can be made. Although some modifications will 
probably be required for other frequencies and for vege-
tation under other conditions, it can be seen that the 
average attenuation due to the trees is on the order of 
the 22 db below smooth-earth values employed by 
LaGrone. It appears likely, based on these findings and 
the model of attenuation derived from them, that for-
est attenuation may be one of the most significant fac-
tors responsible for the average loss in signal at the 
higher frequencies. 
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Tropospheric Fields and Their Long-Term 
Variability as Reported by TASO* 

PHILIP L. RICEt, MEMBER, IRE 

Summary—This report presents data from long-term recordings 
of radio field strength over a large number of propagation paths, and 
presents curves for predicting field strength over a smooth earth for 
frequencies between 40 megacycles and 1000 megacycles per second. 
The basic data provided for the Television Allocations Study Organi-
zation during 1957 and 1958 include recordings made in several 
parts of the world and over various types of terrain and were sup-
plied by numerous sources. 

0
-  VER the past decade, long-distance propagation 

in the bands above 40 megacycles per second 
has been carefully studied by government and 

private laboratories in a number of experimental pro-
grams. During 1957 and 1958, Committee 4.2 of Panel 
4 of the Television Allocations Study Organization 
compared available data with theories of diffraction and 
forward scatter, and under the chairmanship of George 
C. Davis prepared a paper which is included as part of 
the final TASO report, " Engineering Aspects of Tele-
vision Allocations."' The committee report, slightly re-
vised and with a few additions, is presented here. 

This report presents data from long-term recordings 
of radio field strength over a large number of propaga-
tion paths, and presents curves for predicting field 
strength over a smooth earth for frequencies between 
40 megacycles and 1000 megacycles per second. After 
pointing out the extremely large variance of the actual 
fields received over irregular terrain relative to any set 
of prediction curves using distance as a parameter, and 
the bias of such curves arising from site selection prob-
lems, reference is made to a method which makes pos-
sible the prediction of either the service or the inter-
ference fields over specific paths for which terrain pro-
file information is available.' 
The basic data provided to Committee 4.2 consist of 

a vast number of recordings of field intensities which 
were made in various parts of the world and over vari-
ous types of terrain. This information was supplied by 
numerous sources, including the Federal Communica-

* Original manuscript received by the IRE, January 22, 1960. 
National Bureau of Standards, Boulder, Colo. 
Report of the Television Allocations Study Organization to the 

Federal Communications Commission, " Engineering Aspects of Tele-
vision Allocations," March 16, 1959. (Obtainable from Dr. G. R. 
Town, Ames, Iowa, at a cost of $10.00.) 

2 P. L. Rice, A. G. Longley, and K. A. Norton, " Prediction of the 
cumulative distribution with time of ground wave and tropospheric 
wave transmission loss," NBS Tech. Note No. 15; July, 1959. (Avail-
able at a cost of $ 1.50 from the Office of Technical Services, U. S. 
Department of Commerce, Washington, D. C. Foreign remittances 
must be in U. S. exchange and must include one-fourth of the pub-
lication price to cover mailing costs.) 

tions Commission and the National Bureau of Stand-
ards. Fig. 1(a) shows median field strength, E(50) 
+10 logo d, plotted vs the four-thirds earth distance 
between radio horizons, d„=d— V214,— -Oh, miles, 
for more than 600 paths in various parts of the world; 
d is the total propagation path distance in statute miles 
and -0/t ie, V2h„ are the smooth earth horizon dis-
tances where ht. and 14,, are effective transmitting and 
receiving antenna heights in feet. A point is plotted on 
Fig. 1 (a) for each year during which data were recorded 
over each path; there are, in all, 645 data points for 
546 nonoptical paths and fewer data points for line-of-
sight paths. One hundred and eighty-five medians cor-
respond strictly to the period 6 P.m. to midnight, and 
the remainder of the data are period-of-record medians, 
with a few cases of duplication. The number of paths 
represented in each of several frequency ranges is indi-
cated on Fig. 1(b) through 1(f). 

The scatter of these data over a range of 70 decibels 
is due mainly to the wide variety of terrain profiles in-
volved, and not primarily to differences in region, cli-
mate, period of record, frequency, or antenna height. 
Although some variance with frequency is expected, 
most of the paths on Fig. 1(a) correspond to frequencies 
near 100 megacycles per second, and thus most of the 
variance of these data must be attributed to terrain ef-
fects, including some variance associated with the 
rather arbitrary method of allowing for the effect of 

antenna height. Plotting these data vs distance, with-
out any allowance at all for antenna height, the scatter 
would be greater. 

Superimposed on the data of Fig. 1(b) through 1(f) 
are solid curves which represent the theoretical value 
of smooth earth tropospheric fields, as determined by 
the methods used earlier' for antenna heights, bracket-
ing those represented by the data in each frequency 
range. 

The dashed curves in each of Fig. 1(b) through 
1(f) were drawn through overland U. S. data only; 
without a theoretical curve to follow, the dashed curve 
in Fig. l(f) could not, of course, have been drawn. A 

considerable fraction of the data in Fig. 1(c) were bi-
ased, as will be explained later, in the direction of higher 
field strengths than would be expected with randomly 

selected receiving locations. At all frequencies the 
median curves through the data appear to indicate 

more transmission loss than would be expected over a 
smooth earth. 
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Fig. 2 shows E(50) + 10 logio d vs d, as calculated for 
a smooth earth with the assumption that the radio re-
fractive index decreases linearly with height for the first 
kilometer above ground and then decreases exponen-
tially with height.3 These theoretical smooth earth 
curves happen to lie very nearly in the middle of the 
mass plot of data shown in Fig. 1(a). We conclude from 
this that the terrain irregularities over these paths are 
just about as likely to increase the expected field as to 
decrease it, at least in the frequency range in the neigh-
borhood of 100 mc. There is some evidence at higher 
frequencies, however, that the median effect of the ter-
rain is a decrease in the received field. We will see later 
that the medians of the fields received at randomly se-
lected receiving sites lie well below the smooth earth 
curves even at 100 mc. The increase of field strength 
above smooth earth values in some terrain situations is 
associated with the phenomenon of "obstacle gain." A 
theory of obstacle gain is given in another paper pub-
lished earlier.4 Also, in this same paper, a method based 
on four different curvatures of the earth is given for 
calculating diffracted fields for any degree of terrain 
roughness, and this provides the explanation for the 
fact that the fields are sometimes stronger and some-
times weaker than the smooth earth values. 

Fig. 3 shows all-day, all-year median field strength 
plotted vs distance for four frequencies and for trans-
mitting and receiving antenna heights of 500 feet and 
30 feet, respectively, using methods described earlier,' 
and assuming a smooth earth and a winter afternoon 
value of surface refractivity N,= 301 corresponding to 
the usual 4/3 earth. In the optical region and slightly 
beyond, the estimates of the difference between winter 
afternoons and all hours given as a function of the 
angular distance, 0, in the earlier work' are here modi-
fied slightly to allow for differences in antenna height. 
As the curves in Fig. 3 show, frequency does not have a 
large influence on the fields received over a smooth 
earth beyond the radio horizon. 

Figs. 4-10, smooth earth curves, show all-day, all-
year median field strengths at 40, 70, 100, 200, 400, 
700, and 1000 megacycles per second, with one antenna 
height fixed at 30 feet and the other antenna height set 
at 100, 200, 500, 1000, 2000, or 5000 feet. The order of 
procedure in preparing these curves was as follows: 
More than a million hours were recorded over two to 
three hundred propagation paths. A forward scatter 
theory and a diffraction theory were developed. These 
theories were found to agree with data in all frequency 
ranges, for essentially any terrain and for any antenna 

B. R. Bean and G. D. Thayer, "On models of the atmospheric 
radio refractive index," PROC. IRE, vol. 47, pp. 740-755; May, 1959. 

K. A. Norton, P. L. Rice and L. E. Vogler, "The use of -angular 
distance in estimating transmission loss and fading range for propa-
gation through a turbulent atmosphere over irregular terrain," 
['Roc. IRE, vol. 43, pp. 1488-1526; October, 1955. See especially 
Figs. 20 and 21 and the accompanying diagram. 

heights. The smooth earth curves of Figs. 2-10 were 
prepared using these methods, as described in detail 
earlier.2 On specific paths where terrain profile infor-
mation and surface meteorological data are available, 
it is advisable to use the prediction methods directly 
rather than assuming a smooth earth; in this way the 
standard error of prediction can be reduced to a value 
of the order of 6 db in the diffraction region and to less 
than 5 db in the scatter region. The variation with fre-
quency shown by the smooth-earth curves on Figs. 2 
and 3 is smaller than that expected over a rough earth. 
Also, the variation with antenna height at a given fre-
quency (illustrated in Figs. 4-10 for a smooth earth) 
should be taken into account in television allocations 
studies. 

It should be noted at this point that the selection of 
the receiving site has a very large influence on the re-
ceived median fields at large distances in this frequency 
range, as might be expected from the very large variance 
of the data illustrated on Fig. 1(a). 

Another presentation of data is shown in Fig. 11, this 
time restricted to data which the prediction methods2 
indicate is more representative of the forward scatter 
(and layer reflection) propagation mechanisms than of 
diffraction. 

Observed median values of attenuation relative to 
free space are plotted vs distance in Fig. 11 for a large, 
heterogeneous sample of data, obtained in most cases 
with broad beam antennas. No normalization for the 
effects of frequency, antenna height, loss of antenna 
gain, terrain or meteorological parameters is included. 
Almost all recordings were made in the wintertime, and 
correspond to conditions where tropospheric forward 
scatter is expected to be the dominant propagation 
mechanism. Two points are indicated where ionospheric 
rather than tropospheric scatter may have been re-
corded at 100 mc. No data are included for cases where 
diffraction is expected to be more important than for-
ward scatter, such as short paths where the angular 
distance is small. 

Fig. 11 also shows deviations of data from the point-
to-point transmission loss prediction method ;2 these 
deviations are plotted vs distance, using the same data 
and the same scale. The NRL over-water 50-minute 
medians shown in Fig. 11 were excluded in calculating 
the rms deviation of 6.75 db from the empirical curve 
and the rms deviation of 5.77 db from the theoretical 
values. 
The data include 80 paths from a special experiment 

conducted in Ohio with randonaly selected receiving 
sites at 85 and 125 miles. For these paths, long-term 
median observed transmission loss is slightly greater 
than when antenna sites are carefully selected to be un-
obstructed. The prediction method in this report indi-
cates an increase in transmission loss of about 12 db 
per degree of increase in horizon elevation angles, and 
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these angles were Often large for the randomly selected 
"Ohio mobile" receiving sites. 
An experiment conducted in Ohio between 1951 and 

1953 by James S. Hill and Carl E. Smith, then of the 
United Broadcasting Company, monitored two FM 
transmitters for a year at 20 randomly selected sites 

at 85 miles, and 20 more sites at 125 miles and showed 
field strengths well below the average of the 100 mc 
data on Fig. 11. The 40 receiving sites were chosen 

without regard to the usual criteria used in selecting 
receiving sites for long term recordings (namely, in open, 
relatively flat terrain with no nearby trees or overhead 
wires), but were chosen instead as nearly as possible on 
a preset lattice with separations between locations 
large enough to make the correlation of the received 

fields for adjacent receiving points negligible. This in-
sured randomness with respect to terrain effects and 
efficiency in the recording program. Some compromise 
with the grid was naturally necessary in order to find 
sites at which power would be available and for which 
the property owner's access rights were available. The 
recordings were made over a two-year period from 

July 3, 1951 to June 30, 1953, and represent all-day, 
all-year conditions. The recordings were made in mo-
bile laboratories which were moved frequently from 
one site to the next in order to obtain a good sampling 
of the seasonal and diurnal effects at each of the 40 re-
ceiving locations. A sufficient number of hours of re-
cording were available so that fields E(1), representa-
tive of the highest 1 per cent of the hours, could be de-
termined for each path. The recording pen went off 
scale some of the time, and, as indicated in Table I, the 
E(1) values were greater in a few instances than the re-
corded values. Thus, the true mean 1 per cent values are 
also greater than tabulated values of E(1)-1-10 logio d. 
In order to obtain a measure of this possible bias, medi-
ans of E(1) + 10 logia d are also listed; it appears that 
the bias is negligible. 

Receiving antennas were always 30 feet above the 
local terrain, while the transmitting antenna effective 
heights were obtained by finding the height of the trans-
mitting antenna relative to a parabolic curve fit to the 
central 0.8 of the terrain between the transmitting an-
tenna and its standard atmosphere (4/3 earth radius) 
horizon. 

Table I lists 12 estimates of the variance sT2 of the 20 
values of E(T)-1-10 logy) d available for each of two dis-
tance ranges, two frequencies, and three percentage 
values T=1 per cent, T=10 per cent, T=50 per cent. 

In order to allow for the effects of antenna height, it was 
assumed that E(T) 10 logia d is a function of 
ds=d- V2h ie- V2h„. Thus, since V2h te + -V2h.,.,= 39.4 
miles when hte = 500 feet and h„ = 30 feet, E(T) +10 
log"' d-10 logia (4+39.4) should be related to the 
distance d = da +39.4 for each station. 

Analysis of the Ohio mobile data indicates that any 
overland E vs d prediction curves, obtained simply by 
averaging data, may involve a substantial bias away 
from estimates appropriate for television allocation. 
When receiving sites are randomly chosen in hilly ter-
rain, there will be biases in 1) median location, median 

time fields, 2) variability due to location, and 3) time 
variability, relative to overland prediction curves de-
termined by averaging data. The effects of these biases 
may be largely eliminated by using prediction methods 
appropriate for the specific paths. This has been estab-
lished for the data in Table I by comparing observed 
cumulative distributions on the 80 "Ohio mobile paths" 
with those predicted earlier.2 
Most available VHF and UHF long term recordings 

(British, French, German, and U. S.) correspond to un-
obstructed antenna sites for which the relationship be-
tween distance and angular distance is on the average 
that which would be expected over a smooth earth. At 
UHF, a small departure from an average smooth earth 
may result in considerably decreased field strengths. 

TABLE I 

OHIO MOBILE DATA 
Polarization: Horizontal; Receiving Antenna Heights: h,„ =30 Feet 

Station WCOL WHKC WCOL WHKC 

Frequency (mc/s) 
Number of Paths 
Distance Range (statute miles) 
Height Range of hg, (feet) 
Range in hours of observation 
if. (statute miles) 
Range of d. (statute miles) 
E(50)-1-10 logiod (db) 
E(10)+10 log iod (db) 
E(1)+10 logiod (db) 
Number of Paths with an Uncertain E(1) 
Median of 1E(1)+10 logiodl (db) 
soot in db2 
.9102 in db' 
si' in db' 

92.3 
20 

76.0-86.7 
318-520 
87-125 
44.32 

40.8-48.1 
22.3 + 1.0 
33.7 + 1.4 

>41.6+1.2 
5 

42.3 
20.08 
36.98 
29.93 

98.7 
20 

80.9-88.9 
619-820 
66-186 
38.63 

33.4-42.3 
26.0 + 1.0 
35.6+1.1 

>45.2+1.4 
4 
45.75 
19.78 
25.80 
40.37 

92.3 
20 

117.7-123.3 
382-547 
149-291 
83.06 

77.4-85.3 
20.0+0.7 
29.0 ± 0.8 

>38.5 ± 1.4 
4 
37.1 
8.37 
11.32 
36.41 

98.7 
20 

119.3-125.7 
728-821 
120-310 
76.61 

71.6-79.3 
23.6+0.6 
31.8+0.8 

>40.0+1.4 
2 

37.5 
6.49 
11.43 
36.79 
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This frequency terrain roughness effect may be accu-
rately accounted for only by methods appropriate for 
point-to-point prediction using terrain profile informa-

tion. 
In order to make proper use of propagation curves 

in allocation, it is necessary that a time-fading factor 
be associated with them. Another paper' predicts time 
variability where terrain profile data is available. A 
forthcoming report will give estimates of time fading 
based on antenna heights and distance.' Such estimates 
are presently available in FCC Report T.R.R. 2.4.16, 

by Fine and Taff.' 
Fig. 12(a) to 12(g) present empirical estimates of 

the time-fading factor E(10) - E(50) vs distance and 
antenna height for each frequency for which a smooth 
earth E(50) curve is available. The Appendix, written 
by \V. R. Burns, explains how these estimates were ob-
tained from the data. A paragraph at the end of the Ap-
pendix indicates how the newer estimates now being 

prepared differ from those in this report. 
The time-fading factors given in Fig. 12(a) through 

12(g) are to be applied to the dashed ("best- fit") 
curves of Fig. 1(b) through 1(f); they do not apply 
to the smooth earth curves on the same figures. The 
data show that E(1) - E(50) is very nearly equal to 
2 [E(10) - E(50)1 for any distance, antenna height, or 
frequency; so separate curves of E(1) - E(50) have not 
been drawn. 

In conclusion, the feasibility of tentative television 
station assignments in particular areas can be estab-
lished by making proper allowance for the terrain char-
acteristics in the areas under consideration. This deter-
mination may be made for each station pair in the pro-
posed allocation by testing it for mutual interference at 

a selected set of receiving locations suitably chosen 
within the service areas of the proposed stations by an 
efficient statistical sampling scheme. This testing may 
be accomplished by determining the terrain profiles of 
both the desired and undesired stations from each of 

the randomly chosen receiving locations and then cal-
culating the two cumulative distributions with time of 
the transmission losses corresponding to the desired and 
undesired transmission paths. Using these distributions 
of transmission loss, it is easy to obtain the expected 
distribution of the ratio of desired to undesired signals 
at the terminals of the receiving atenna. The use of 
these methods will automatically provide allowance for 
1) the effects on the expected median field of the actual 
terrain in the area under consideration, 2) the expected 

P. L. Rice, A. G. Longley and K. A. Norton, " Prediction of 
tropospheric wave transmission loss and its long-term variability," 
to be submitted for publication in J. Res. NBS, Pt. D ( Radio Propa-
gation), sometime in 1961. 

6 Harry Fine and John M. Taff, " Propagation Data and Service 
Calculation Procedures used for the Rescinded Appendix A of Report 
and Order ( Docket 11532) Released June 26, 1956," FCC Rept. 
T.R.R. 2.4.16; October 22, 1956. 

distribution with time of the fields from both the de-
sired and the undesired station, 3) the effect on these 
time distributions of the particular terrain in the area 
under consideration, 4) climatological effects in differ-
ent parts of the country, and 5) the correlation of the 
desired and the undesired fields with changes in the re-
ceiving location. From such an analysis determination 
can be made of the percentage of receiving locations 
which should receive a satisfactory signal, but which 
are expected to be interfered with by the undesired sta-
tion. 

APPENDIX' 

EMPIRICAL ESTIMATES OF LONG-TERM VARIABILITY 

The data selected for this study were CRPL and 
FCC data, satisfying the two conditions: 

1) Measurements of E(10) were selected from data 
corresponding to the period 6:00 P.m.-midnight, all 
year, if more than 114 hourly medians or 20 days of 
data were available, and from period of record data, if 
the period of record was equal to or greater than one 
month. 

2) Measurements of E(1) were selected from data 
corresponding to the period 6:00 P.m.-midnight, all 
year, if more than 240 hours or 40 days of data were 
available, and from period of record data, if the period 
of record was equal to or greater than 60 days. 

These data were separated into groups by fre-
quency, and the fading ratios y(10) = E(10) - E(50) and 
y(1) = E(1) - E(50) were computed and plotted vs dis-
tance for each frequency group. 
Data for which 15 miles<dg<200 miles were classi-

fied into the 7 frequency intervals 38-66, 66-88, 88-
108, 108-300, 300-500, 500-900, 900-1100 megacycles, 
and the mean values of y(1), y(10), log fm,  were deter-
mined for each interval. These 7 values y(1), y(10), 
log f„,, were compared with the two-linear function of 
log fmc given for y(10) and y(1) by FCC T.R.R.2.4.168 
for a corresponding set of data ( 15 <c/.<200); the 
comparison shows somewhat less frequency dependence 

than is indicated by Fine and Taff. 
Data were next separated into the 6 frequency 

groups 38-88, 88-108, 108-300, 300-500, 500-900, 900-
1100 mc. The distance dependence of y(10) and y(1) 
was determined for distances greater than 100 miles by 
linear regressions, first using data for all the frequency 
groups combined. The expressions for y(10) and y(1) so 

determined were: 

y(10) = k(10) - (d - 100)b(10) db, b(10) = 0.0268 ( 1) 

y(1) = k(1) - (d - 100)b(1) db, b(1) = 0.0480. (2) 

7 Written by W. R. Burns, National Bureau of Standards, 
Boulder, Colo. 
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Fig. 12—Long-term fading factor E(10j—E(50) in decibles vs distance and antenna height at (a) 40 mc, (b) 70 am, (c) 100 mc, (0200 
mc, (e) 400 mc, (f) 700 mc, (g) 1000 mc. One antenna at 30 feet, the other as indicated. E(1)—E(50)=2E(10)—E(30). 
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The weighted average of the six values of the ratio 
k(1)/k(10) for the corresponding six frequency groups, 
as determined with b fixed, was approximately two. As 
a check, both k and b were determined separately, for 
each of three frequency groups. 

Next, linear regressions of k(10) and k(1) on log .f.„ 
were found, using the values of k(10) and k(1) for each 
of the above six frequency groups and the correspond-
ing values of log hie for those groups. The expressions 
for k(10) and k(1) so determined were 

k(10) = 7.09 -I- 1.42 log f„„ 

k(1) = 11.43 ± 4.10 log f„,,. 

(3) 

(4) 

The distance and frequency dependence of y(10) and 
y(1) for d < 100 miles was determined as above, except 
that only the data with low antenna heights—hi, < 1000' 
and h00<50'—were used. The linear dependence of y(10) 
and y(1) upon frequency, at d=50 miles was compared 
with earlier work.6 Also, the comparison was made for 
y(10) and y(1) at d=100 miles. Our determinations 
still showed a smaller frequency dependence of y(10) 
and y(1). 

For data in the 88-108 mc frequency group with 
h„<50', y(10) and y(1) were plotted against d, coding 
for antenna height (see Fig. 13). The curves in Fig. 13 
were obtained from Fig. 12(c). 

It appears that y(1) is approximately equal to 2y(10). 
The distance dependence of y(10) for d>100 miles was 
originally determined by drawing a curve through 
median values of data corresponding to overlapping dis-
tance intervals; for d < 100 miles the curve was made 
to agree closely with the linear regression given by ( 1). 
Next, deviations 5),(10) of y(10) from this curve were 
calculated for the data in the 88-108 mc frequency 

group and satisfying the conditions that h„<50 feet 
and d < 100 miles. A linear regression of Sy on log hu. for 
these data was determined. Also, the median value of 
d in the range 0<d<100 miles was found. The same 
process was carried through for data with d>100 miles 
combined with the data described above. 
A plot of c53, vs log hir, for d <100 miles, 88 <f„„ 

<108 inc, h„<50 feet, seemed to indicate that the 
equation Sy(10) =a — b log ht,, corresponding to this set 
of data, should be restricted to the interval 200 feet 
<ht,<5000 feet. A family of y(10) vs d curves was 
constructed. The different curves of the family were 
blended together at about (1=160 miles. It was decided 
to further restrict the data to be used by the conditions 
that hte<2000 feet if d<20 miles and hte <5000 feet, if 
d<60 miles; since the above family of curves was con-
structed using only those data satisfying these condi-
tions. From this family of y vs d curves, a function 
b(d) was determined and the following formula was now 

assumed for y(10) and jy(1): 

1 'te f,,,c 
— y(1) = y(10) = a(d) — b(d) log — cb(d) log—, (5) 
2 500 100 
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Fig. 13—Long-term variability at 100 mc (88 mc<f„„.<108 mc). 
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After examining how well the data could be made to 
agree with an empirical function of the form given by 
(5) and fixing on a value of 0.5 for c, it was decided to 
take into account the variations of h„, and to use the 
additional data with h„>50 feet, by means of the 
formula 

1 
—y(1) = y(10) 
2 

= a(d) — b(d) log 
ro,e+ 200)(h„ 200)1 

L(500 + 200)(30 ± 200)J 

b(d) log Vf„„/100 (6) 

where a(d) is the estimate of y(10) for 100 megacycles 
and a 500 foot-30 foot antenna height combination. 
Finally, b(d) was determined by least squares through 
all of the data available in each of several distance 
ranges, and the curves in Figs. 12(a) through 12(g) 
were drawn using graphs of a(d) and b(d) and using 

the empirical relation (6). 
Subsequent work on this problem indicates that at 

100 megacycles per second the long-term variability 
estimates of another paper2 are better than the TASO 
estimates for angular distances beyond ten milliradians, 
and that for smaller distances the TASO estimates are 
better. Maximum values of y occur where theoret-
ical diffraction and forward scatter fields are equal; it 
follows that the angular distance at which such a maxi-
mum is expected should be inversely proportional to 
the cube root of the frequency. 
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Picture Quality—Procedures for Evaluating 
Subjective Effects of Interference* 

GORDON L. FREDENDALLt, FELLOW, IRE AND WILLIAM L. BEHRENDt, SENIOR MEMBER, IRE 

Summary—In 1958, Panel 6 (Levels of Picture Quality) of the 

Television Allocations Study Organization conducted a comprehen-
sive study of the subjective effects on picture quality of a number of 

types of interfering signals and noise, as functions of the levels of 
interference. These tests were designed and carried out by teams of 
engineers and experimental psychologists using a selective group of 
lay observers. This paper deals with the design of the tests and with 
the laboratory facilities used in the tests. 

ri
1 HE charge of Panel 6 was stated as follows: "The 
Panel on Levels of Picture Quality shall deter-
mine the numerical specifications of the various 

objective measures of picture quality which result in 
specified degrees of subjective viewer satisfaction when 
television pictures are viewed in the presence of various 
types of interference." 

Television reception is susceptible to interference 
from many sources which cause degradation of picture 
quality. Sources which were not considered as relevant 
in an allocation plan were dismissed by the Panel. Sub-

jective testing was carried out with the following sources 
of interference: random noise, co-channel interference, 
upper adjacent channel interference, lower adjacent 
channel interference, and simultaneous random noise 
and co-channel interference. 

Observations under 63 test conditions were made for 
monochrome and color reception. A total of approxi-
mately 200 observers participated, and 38,000 indi-
vidual assessments of picture quality were recorded. 
This paper is intended to present the plan and conduct 
of the test. The report' of the Television Allocations 
Study Organization to the Federal Communications 
Commission and the report' of Panel 6 should be con-
sulted for a complete account. A résumé of the test data 
is presented in a companion paper.' 

TEST PERSONNEL AND TEST ENVIRONMENT 

The design of the tests was dictated by the require-
ment that the test results should be a satisfactory 
sample of the reaction of the population of home tele-
vision viewers to pictures accompanied by interference. 
The lack of experimental flexibility in private resi-

dences with off-the-air signals restricted the choice of a 
test site to a fixed location at which signal-to-interfer-
ence ratios could be varied at will and be reproduced. 

* Original manuscript received by the IRE, February 15, 1960. 
t RCA Labs., Princeton, N. J. 
"Engineering Aspects of Television Allocations"; March 16, 

1959. 
2 "Report of Panel 6, Levels of Picture Quality"; January, 1959. 
3 C. E. Dean, "Measurements of the subjective effects of inter-

ference in television reception," this issue, p. 1035. 

In the opinion of the Panel, the lack of a home at-
mosphere would be an entirely negligible factor. A 
large room at the David Sarnoff Research Center of the 
Radio Corporation of America was selected for the tests. 

The plan of the Panel during the early months of ac-
tivity envisioned the testing of three classes of observ-
ers, namely, metropolitan, suburban, and rural, on the 
basis that individuals from different areas have different 
criteria as a result of being accustomed to different sig-
nal levels and types of interference. As specific test 
plans developed, it proved impracticable to maintain 
this distinction. Also, the work already done by Panel 3 
indicated that the distinction was probably unneces-
sary, their experience having been that viewers in un-
favorable receiving locations were aware of the poor 
quality and that judgments of the three classes of ob-
servers were substantially alike. 

Diversity was exercised in selecting male and female 
observers with a range of ages from approximately 18-
65 years. In all, over 200 observers were recruited from 
college students and community organizations in the 
Princeton, N. J. area. 

It was concluded that conventional commercial tele-
vision receivers were the only unquestionably valid dis-
play devices for observation by viewers. The question of 
whether the receivers should be selected from high, 
medium, or low quality design was resolved by the con-
sidered opinion of the Panel that it would be a mistake 
to use the poorest quality from available models, and 
that the choice should be made among the higher grade 
commercial offerings. The selection of five 21-inch re-
ceivers, two color and three monochrome, was made by 
TASO. Placement of the receivers and observers is 
shown in Figs. 1 and 2. 
The average room illumination was 0.6 foot-candle 

(as reflected from a horizontal magnesium oxide disk) 
of well-diffused overhead lighting and the highlight 
screen luminance of the receiver was 20 foot-lamberts. 

TEST PICTURES AND RATING SCALE FOR 
EVALUATION OF PICTURE QUALITY 

All television pictures viewed during the tests orig-
inated from colored slides. Still subject matter was se-
lected in preference to moving subjects since it is gen-
erally acknowledged that observers are less critical of 
the latter. A television system must be capable of 
handling the more critical type of subject matter. 
A psychological study to determine a scale of picture 
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Fig. 1—Viewing room. 
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Fig. 2—Viewing arrangement. 
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quality suitable for lay observers resulted in the follow-
ing scale and word description: 

Number Name Description 

1 Excellent The picture is of extremely high quality, as 
good as you could desire. 

2 Fine The picture is of high quality providing en-
joyable viewing. Interference is perceptible. 

3 Passable The picture is of acceptable quality. Interfer-
ence is not objectionable. 

4 Marginal The picture is poor in quaEty and you wish 
you could improve it. Interference is some-
what objectionable. 

5 Inferior The picture is very poor but you could watch 
it. Definitely objectionable interference is 
present. 

6 Unusable The picture is so bad that you could not 
watch it. 

This scale and the accompanying definitions were 
incorporated into the scoring sheet (Fig. 3) on which 
the observer recorded his impression of each picture. 

CONDUCT OF THE TESTS 

A picture accompanied by a certain type of interfer-
ence was reproduced on each of the four receivers 
simultaneously for 5 seconds and then removed for 10 
seconds to permit rating by the observer on his indi-
vidual rating sheet before the next presentation was 
made. Observers were instructed to encircle the number 

TEST NO. 

EXCELLENT. 

TELEVISION ALLOCATIONS STUDY ORGANIZATION 

PANEL 6 

LEVELS OF PICTURE OJALITY 

TV SET   OBSERVER 

THE PICTURE IS OF EXTREMELY HIGH QUALITY AS GOOD AS YOU COULD 

DESIRE. 

o 1 2 3 4 5 6 7 8 9 10 SI 12 13 14 15 16 17 18 19 20 

FINE. THE PICTURE IS OF HIGH QUALITY PROVIDING ENJOYABLE VIEWING. 

INTERFERENCE IS PERCEPTIBLE. 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

PASSABLE. 

MARGINAL. 

16 17 18 19 20 

THE PICTURE is OF ACCEPTABLE QUALITY. INTERFERENCE IS NOT 
OBJECTIONABLE. 

12345 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

THE PICTURE IS POOR IN QUALITY AND YOU WISH YOU COULD IMPROVE 

IT. INTERFERENCE IS SOMEWHAT OBJECTIONABLE. 

o 1 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 

INFERIOR. THE PICTURE IS VERY POOR BUT YOU COULD WATCH IT. DEFINITELY 

OBJECTIONABLE INTERFERENCE IS PRESENT. 

• 12345 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

UNUSABLE, THE PICTURE IS SO BAD THAT YOU COULD NOT WATCH IT. 

0 12345 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Fig. 3—Observer's scaring sheet. 

of the presentation under the quality rating dictated by 
their first impression of the picture. Observers were ad-
vised not to vacillate or "reason" in reaching a judg-
ment. Each run consisted of 20 showings of the same 
subject with 10 different signal-to-interference ratios 
each repeated 2 times in a random order. The range of 
ratios extended from severe interference to no interfer-
ence. 

Observers moved as a group to a different receiver at 
the conclusion of each test run. 

RECEIVER CHARACTERISTICS 

The susceptibility of a receiver to interfering signals 
on the adjacent channels is determined by the attenua-
tion at the upper adjacent picture carrier and the lower 
adjacent sound carrier. Attenuation data are given in 
Table I. 
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TABLE I 

LEVEL IN DB RELATIVE TO PIX CARRIER 

Receiver 
Pop-
up* 

Adj. 
Sound 

Band 
Center 

Color 
Sub-

carrier 
Sound 

1 (color) 
2 (mono) 
3 (color) 
4 (mono) 
5 ( mono) 

—37 
—33 
—34 
—28 
—24 

< —60 
—51 

< — 60 
—54 
—48 

+6 
+5 
+6 
+7 
+8 

o 
—1 
o 
o 
o 

< —60 
—22t 
—58 
—26 
—20 

Pop-
up* 

—31 
—23 
—31 
—24 
—10 

Adj. 
Pix 

—48 
—33 
—50 
—43 
—25 

* Pop-up refers to the frequency and attenuation at the minimum 
attenuation point beyond the frequency of the sound trap. 
I" Sound trap measured — 24 but was shifted I mc high (at RF). 

TV SIGNAL GENERATING APPARATUS 

In these simulated transmissions, the FCC require-
ments for color transmission were observed in all essen-
tial respects. A block diagram of the laboratory ap-
paratus is given in Fig. 4 and a photograph of the equip-
ment in Fig. 5. Testing expediency called for duplication 
of equipment at several points so that the desire of 
Panel 6 to test one group of observers on a number of 
different type tests could be fulfilled. Test conditions 
could be changed for many of the tests within a few 
minutes. 

In all tests, the picture carrier was modulated to 
place full white at 15 per cent of the sync-tip carrier 
voltage, and all sound signals were deviated approxi-
mately + 7.5 kc at 400 cycles. 
The equipment was located in a separate room not 

visible to the observers. However, there were visual and 
verbal communications between the equipment op-
erators and the psychologists conducting the tests. 

A. Co- Channel Interference 

A simplified block diagram of the test apparatus for 
co-channel interference is given in Fig. 6 (p. 1034). The 
frequency offsets between the picture carriers were ac-
curately kept by automatic frequency control circuits at 
the frequencies of reference signals provided by stable 
oscillators. An oscilloscope monitored the frequency 
lock and a counter measured the offset frequency. 
A resistive distribution system provided identical sig-

nals to the monitoring facilities and the receivers. The 
desired signal was maintained at a constant level, and 
the level of the interfering signal was varied to provide 
the signal-interference ratios used for the subjective 
tests. 

B. Random Noise 

In the random-noise tests, the noise was combined at 
RF with a high-level desired signal, as shown in the 
simplified diagram of Fig. 6. The noise spectrum was 
flat within + 3 db over TV Channel 4 (66-72 mc); over 
the more important frequency band, from the picture 
carrier to the color subcarrier sideband, the spectrum 
was flat within + 1 db. 

Signal-to-interference ratios for various presentations 
were produced by maintaining the desired signal at a 
constant level and varying the noise level. 

C Adjacent Channel 

Fig. 7 is a simplified diagram of the apparatus for ad-
jacent-channel interference tests. Channel 4 was the de-
sired channel for lower adjacent channel interference 
and Channel 3 was the desired channel for upper adja-
cent channel interference. 
The frequency response of Channel 4 from the output 

of the low-power transmitter to the output of the dis-
tribution system is given in Fig. 8. Video frequencies 
in excess of 4.2 mc were strongly attenuated at the input 
of the transmitter in accordance with standard prac-
tice. The filter characteristic is given in Fig. 9. 
An attempt was made to operate with the maximum 

levels of unwanted sidebands allowed by the standards 
of the Federal Communications Commission. However, 
it was not feasible to meet this criterion in all cases. The 
standards state " the lower sideband . . . , shall not be 
greater than — 20 db for a modulating frequency of 1.25 
mc or greater and in addition, for color, shall not be 
greater than — 42 db for a modulating frequency of 
3.579545 mc (the color subcarrier frequency)." Refer-
ring to the response of the interfering upper channel 
(Fig. 8), it is seen that for modulating frequencies from 
1.25 mc to 2.25 mc the lower sidebands were 2 db below 
the maximum level allowed by the standards. Side-
bands due to modulating frequencies greater than 2.25 
mc were below the maximum allowable level. How-
ever, the energy in these sidebands is small except 
around the color subcarrier sideband (63.65 mc), where 
the response is only 1 db less than the maximum al-
lowed by the standards. 
The carrier frequencies were measured before each 

test by a counter which had an accuracy of 3 parts in 
106. For the lower adjacent channel (Channel 3) interfer-
ence tests, the receivers were tuned to remove the lower 
adjacent sound carrier. A different technique was used 
to tune the receivers for the upper adjacent (Channel 4) 
interference tests since a well-defined null was not pres-
ent in all receivers. The receivers were tuned to WRC-
TV (Channel 3) and the fine-tuning adjusted for mini-
mum interference from WCBS-TV (Channel 2) sound 
carrier and picture carrier of WRCA-TV (Channel 4). 
This procedure insured that the tuning would be cor-
rect after restoration of the test carrier signals. 

Signal ratios were changed by varying the desired sig-
nal level; the interfering signal level remained constant. 

D. Simultaneous Co- Channel and Random-Noise I-nter-
ference 

In each of the simultaneous co-channel and random-
noise interference tests, the amount of the desired signal 
and the amount of the random noise were fixed. The in-
terfering co-channel signal was varied over the same 
range of levels as the levels used for the co-channel in-
terference tests. 
The diagram of test apparatus is the same as Fig. 6, 

except that noise is added to the two television signals 
at a separate input to the adder. 
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Measurements of the Subjective Effects of Inter-

ference in Television Reception* 
CHARLES E. DEAN t FELLOW IRE 

Summary—A measurement program was conducted in which 
almost 200 observers made about 38,000 rating observations on color 
and monochrome stationary television pictures impaired by various 
known amounts of interference. Separate tests were made for the 
following types of interference: upper adjacent channel, lower ad-
jacent channel, random noise, co-channel with each of six carrier-
frequency separations, and simultaneous random noise and co-
channel. Six rating grades were used as follows: 1) Excellent, 2) 
Fine, 3) Passable, 4) Marginal, 5) Inferior, and 6) Unusable. The 
observations were handled on a statistical cumulative frequency 
basis and plotted on probability paper. Commercial monochrome and 
color receivers were used, and the tests were made with laboratory 
signal-generating equipment on the lower VHF television channels. 

As representative results, a picture impaired by upper-adjacent-
channel intereference (with 6-mc channels) was rated by 50 per cent 
of the observers as Passable or better for —27-db ratio of signal to 
interference. For the lower adjacent case a similar value was found, 
this result being explained as due to better traps in the medium-high-
grade receivers of the test than in many receivers in use by the 
public. For random-noise interference the requirement for Passable 
or better rating by 50 per cent of the observers was +27 db on the 
basis of RMS sync amplitude to RMS noise over the 6-mc channel. 
The co-channel tests gave the following requirements for the Passa-
ble or better rating by 50 per cent of the observers: 22 db for 360 
cycles offset, 41 db for 604, 24 db for 9985, 17 db for 10,010, 29 db 
for 19,995, and 17 db for 20,020. Data for simultaneous co-channel 
and random-noise interference were taken for 14 combinations of 
test conditions. 

INTRODUCTION 

A
T AN early point in the Television Allocations 
Study Organization (TASO) activity it was re-
alized that the five panels then existing should 

be supplemented by a sixth, in order to obtain data on 
the physical qualities of television pictures necessary 
for given grades of viewer satisfaction. Panel 6 was 
therefore established and proceeded to plan and carry 
out a suitable program of experimental tests. The 
equipment and procedures were chosen with care and 
are described in the companion paper by Fredendall 
and Behrend.' 
The many possible combinations of conditions for 

which tests could be made, especially when it is realized 
that more than one type of interference can be present 
simultaneously, made it desirable to take as many data 
as possible, but also necessitated that careful selection 
be made of the conditions to be used. The test program 
which was carried out consisted of 63 test conditions 
and included participation by nearly 200 persons, who 
made about 38,000 individual assessments of picture 
quality. 

" Original manuscript received by the IRE, February 23, 1960; 
revised manuscript received, March 29, 1960. 
t Hazeltine Research Corp., Little Neck, N. Y. 
G. L. Fredendall and W. L. Behrend, "Picture quality—pro-

cedures for evaluating subjective effects of interference," this issue, 
p. 1030. 

The results which are considered of the greatest im-
portance are reported in the present paper, chiefly in 
the form of plotted curves. A more complete account 
of the work is included in the general TASO report,' 
and extensive additional data are given in the mimeo-
graphed Panel 6 report.' The original data sheets, the 
IBM punched cards to which the original data were 
transcribed, and tabulations made from the cards, have 
been forwarded to the Federal Communications Com-
mission, where they are available for any desired future 
studies. 

LIST OF TEST CONDITIONS 

The 63 test conditions which were used consisted of 12 
with adjacent-channel interference, 8 with random 
noise, 29 with various types of co-channel interference, 
and 14 with combinations of co-channel and random-
noise interference. All these are listed in Table I, where 
the general type of interference is shown in the first col-
umn. The next column states whether the interfering 
frame rate was 29.27 or 30 per second, representative of 

interference from a color or a monochrome transmis-
sion. The following columns give the desired picture, 
the number and sex of the observers, and the identify-
ing test numbers. All tests were performed at Princeton, 
but the test numbers assigned here were supplemented 
by additional numbers in the data processing at 
Rochester, giving the two sets of test numbers in the 
last two columns. 

ACCURACY OF RESULTS 

Two methods were used to get information on the 
accuracy of the results of the tests. The first utilized the 
fact that numerous individuals made assessments on a 
picture of given technical quality, so that a standard 
deviation between individuals was obtainable. The 
second method utilized the fact that, in most of the 
tests, there was among the presentations of different sig-
nal- to-interference ratios in random order a repetition 
of each ratio, unknown to the observer, so that a meas-
ure was obtained of the consistency with which an ob-
server repeated a previous assessment. The conclusion 
from these considerations is that the findings from the 
tests are accurate within a standard deviation of ap-
proximately + 1 decibel in the signal-to-interference 
ratio. This is on the basis of the test procedure consist-
ing of assessments of pictures by the observers without 

2 " Engineering Aspects of Television Allocations," TASO 
Rept. to the Federal Communications Commission; March 16, 
1959. 

"Levels of Picture Quality," TASO Rept., Panel 6; January, 
1959. 
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TABLE I 
TESTS MADE BY TASO PANEL 6 IN MAY AND JUNE 1958 

Type of Interference 
Interfering 
Frame Rate* 

Desired Picture 
Observers Test Numberst 

No. I Sex Princeton I Rochester 

Adjacent-Channel Tests 

Upper Adjacent Channel 29.97 Miss Taso 18 F 1 1M 
Same 29.97 Kitchen 21 F 1K 39J 
Same 30 Miss Taso 36 M IA 2M 
Same 30 Kitchen 21 F 1AK 40J 

Lower Adjacent Channel (Sound at normal level of 3 db 
below picture) 

29.97 Miss Tsao 18 F 2 3M 

Same 29.97 Kitchen 21 F 2K 41J 
Same 30 Kitchen 21 F 2AK 43J 
Same 30 Miss Taso 18 M 2A 4M 

Lower Adjacent Channel (Sound at 10 db below picture) 29.97 Miss Taso 18 F 3 6M 
Same 29.97 Kitchen 21 F 3K 42J 
Same 30 Miss Taso 18 M 3A 7M 
Saine 30 Kitchen 21 F 3AK 44J 

Random Noise Tests Including Observations with Several Scenes 

Random Noise Not applicable Miss Taso 38 F 9 19M 
38 M 9 19M&34J 

Same Not applicable Cat held by girl 16 F 9C 53J 
Same Not applicable Drapes and flowers 16 F 9D 52J 
Same Not applicable Bowl of fruit 16 F 9F 49J 
Same Not applicable House with horse and 

carriage 
16 F 9H 54J 

Saine Not applicable Kitchen 16 F 9K 48J 
Same Not applicable Boy & girl holding sail 16 F 9S 50J 
Same Not applicable Tug of war 16 F 9T 51J 

Co-Channel Tests 

Co-channel (604-cycle offset) 
Same 
Same 
Same 

Co-channel (360-cycle offset) 

30 
30 
29.97 
29.97 
29.97 

Miss Taso 
Kitchen 
Kitchen 
Miss Taso 
Kitchen 

18 
21 
21 
18 
21 

F 
F 
F 
M 
F 

4 
4k 
4AK 
4A 
29k 

9M 
45J 
46J 
10M 
47J 

Co-channel (9985-cycle offset) 30 Miss Taso 38 F 5 11M 8z 14J 
Same 29.97 Miss Taso 18 M 5A 12M 

17 F 5A 2J 
Same 30 Kitchen 21 F 5K 16J 

20 M 5K 26J 
Same 29.97 Kitchen 17 F 5AK 4J 

20 M 5AK 31J 
Co-channel (10,010-cycle offset) 29.97 Miss Taso 33 F 6 13M & 1J 

Saine 30 Miss Taso 37 F 6A & 13J & 
6AR 25J 

Same 29.97 Kitchen 17 F 6K 3J 
20 M 6K 30J 

Same 30 Kitchen 20 F 6AK 15J 
20 M 6AK 27J 

Co-channel (switched between 10,010- and 9985-cycle 
offset) 

29.97 Miss Taso 37 F 14 24M & 5J 

Same 29.97 Kitchen 37 F 15 25M & 6J 
Same 30 Miss Taso 41 F 18 28M 8z 17J 
Same 30 Kitchen 41 F 19 29M & 18J 

Co-channel (19,995-cycle offset) 30 Miss Taso 39 F 7 15M & 23J 
Same 29.97 Miss Taso 15 F 7A 11J 

18 M 7A 16M 
Same 30 Kitchen 21 F 7K 19J 

• 20 M 7K 28J 
Same 92.97 Kitchen 17 F 7AK 7J 

20 M 7AK 32J 
Co-channel (20,020-cycle offset) 92.97 Miss Taso 33 F 8 17M & 12J 

18 M 8 12J 
Same 30 Miss Taso 20 F 8A 24J 
Same 29.97 Kitchen 17 F 8K 8J 

20 M 8K 33J 
Same 30 Kitchen 21 F 8AK 20J 

20 M 8AK 29J 
Co-channel (switched between 19,995- and 20,020-cycle 

offset) 
29.97 Miss Taso 37 F 16 26M & 9J 

Same 29.97 Kitchen 35 F 17 27M & 10 
Same 30 Miss Taso 41 F 20 30M & 21J 
Same 30 Kitchen 41 F 21 31M & 22J 

* The two interfering frame rates, 30 and 29.97 cyc es per second, give data on the basis of interference coming from a monochrome or 
color station respectively. 

The K in Princeton test numbers designates the Kitchen Scene. The M in Rochester test numbers designates the May series of tests 
and similarly J the June series. All tests were made at Princeton, but were assigned separate series of test numbers at Princeton and Rochester. 
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TABLE I (continued) 

Type of Interference 
Interfering 
Frame Rate* 

Desired Picture 
Observers Test Numbers t 

No. I Sex Princeton I Rochester 

Tests with Simultaneous Co-channel Interference and Random Noise 

Co-channel and random noise (9985-cycle offset and 30 Miss Taso 18 M 11 21M 
38-db ratio of desired signal to random noise) 

Same but 32-db ratio of desired signal-to-noise 30 Miss Taso 18 M 10 20M 
Same 29.97 Kitchen 20 M 28K 35J 

Same but 20-db ratio of desired signal-to-noise 29.97 Miss Taso 18 M 22 32M 
Co-channel and random noise ( 10,010-cycle offset and 29.97 Miss Taso 18 M 13 23M 

38-db ratio of desired signal to random noise) 
Same but 32-db ratio of desired signal-to-noise 29.97 Miss Taso 18 M 12 22M 

Same 29 . 79 Kitchen 20 M 12K 36J 
Same but 20-db ratio of desired signal-to-noise 29.97 Miss Taso 18 M 23 33M 
Co-channel and random noise ( 19,995-cycle offset and 29.97 Miss Taso 18 M 24 34M 

32-db ratio of desired signal-to-noise) 
Same 29.97 Kitchen 20 M 24K 37J 

Same but 20-db ratio of desired signal-to-noise 29.97 Miss Taso 18 M 25 35M 
Co-channel and random noise (20,020-cycle offset and 29.97 Miss Taso 18 M 26 36M 

32-db ratio of desired signal-to-noise) 
Saine 29.97 Kitchen 20 M 26K 38J 

Same but 20-db ratio of desired signal-to-noise 29.97 Miss Taso 18 M 27 37M 

the benefit of any simultaneous comparison. (That is, 
the tests were not on the basis of comparing two pic-
tures arid stating which is better, nor on the basis of one 
picture being adjustable so that it could be varied to 
equal the other.) 

CHOICE OF SCENE 

Preliminary observations by panel members using 
various scenes produced the impression that the char-
acter of the scene had little effect on the assigned rat-
ings. The first main series of tests, made during May, 
1958, were therefore mostly with one scene, namely the 
"Miss TASO" picture shown in Fig. 1. It was then re-
alized that other scenes, especially those where the pic-
ture detail is of greater interest than the general effect, 
might be rated more severely by the observers. In the 
June tests, therefore, numerous conditions were re-
peated but with the substitution of the " Kitchen 
Scene," shown in Fig. 2, where the attention is shared by 
foliage, grapes, apples, bananas, etc. A comparison 
of the data revealed that the observers did, in fact, 
make more severe judgements in the case of the Kitchen 
Scene to the extent of 0.3 grade, or a spread of + 0.15 
grade from the average of the two scenes. (The grade as 
a unit here is on the basis of the scale of assessment with 
1 for Excellent, 2 for Fine, etc., through 6 for Unusable.) 
A further study of the effect of scene was made using 

random-noise interference. Eight of these tests were 
made, differing only in the change of scene. Included 
were the scenes of Figs. 1 and 2 and six other assorted 
scenes. The spread of the assigned grades in the im-
portant intermediate range of signal-to-noise ratios 
averaged 0.6 grade, or + 0.3 grade. The curves for Figs. 
1 and 2 were approximately parallel to each other, and 
were well situated in the center of the total spread. It 
is considered, therefore, that the bulk of the general 
data, obtained by averaging the test results with Miss 
TASO and the Kitchen Scene, is well representative of 
the range of scenes used in television broadcasting. 

In the tests of adjacent-channel and co-channel inter-
ference, the picture on the interfering signal was the 
Sailboat Scene shown in Fig. 3. 

EFFECT OF SEX 

The 63 test conditions varied with respect to the gen-
eral type of interference, the interfering frame rate, and 
the desired scene. Of these 63, a total of 14 test condi-
tions were employed with separate all-men and all-
women groups, so that data were available for compar-
ing men and women as television observers. Analysis of 
the results of these 14 conditions indicated that: 1) 
women appear to be more critical of technical picture 
quality to the extent of about 0.3 grade; 2) there is 
slightly more variation in rating from woman to woman 
for a given picture than from man to man, the standard 
deviations being 1.1 and 0.9 grades respectively; and 3) 
the two sexes are equally consistent in making a second 
rating on a given picture, the two viewings being in 
random order among pictures of other signal-to-inter-
ference values—the correlation coefficient between the 
two ratings was 0.80 for both sexes. 
This indication that women are slightly more critical 

viewers is subject to some qualification on account of 
the fact that about two-thirds of the men tested were 
undergraduate college students while the women were 
older, being chiefly members of women's clubs or par-
ent-teacher associations. An age differential and/or a 
difference in time devoted to television viewing might 
therefore have influenced the result. However, the re-
sult is supported by tests made several years earlier by 
McIlwain,4 in which women typically required 390 kc 
of color video (the signal above this frequency being 
only mixed highs) while the men required only 320 kc. 
On account of the small magnitude of the differences 

of the data for men and women, and also the practical 

' K. McIlwain, "Requisite color bandwidth for simultaneous 
color-television systems," PROC. IRE, vol. 40, pp. 909-912; August, 
1952. 
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Fig 1—Miss TASO picture used as desired scene 
in numerous tests. 

Fig. 2—Kitchen Scene used as alternative desired scene 
in various tests. 

Fig. 3—Sailboat Scene used as interfering scene in adjacent-
channel and co-channel tests. 

point that television broadcasting is intended for serv-
ice to the general population, it is considered that this 
question can normally be disregarded. No adjustment 
for sex has been applied to the data obtained in the pro-
gram of tests. 

EFFECT OF FRAME RATE 

The 12 adjacent-channel and the 29 co-channel test 
conditions were almost equally divided between frame 
rates of 30 and 29.97 pictures per second, these cor-
responding respectively to interference from a mono-
chrome and from a color transmission. Comparison of 
the data for the two frame rates showed that the benefit 
of precise-offset co-channel operation (at 10,010 or 
20,020 cycles rather than 9985 or 19,995 cycles) is some-
what greater when the interference is at 29.97 than when 
it is at 30 per second. In other tests, frame rate had 
little effect and it is therefore thought that in alloca-
tions matters other than precise offset it will not be an 
im portant factor. 

COLOR VS MONOCHROME 

In all tests, the observers were divided into four 
groups of about five subjects each, two of the groups ob-
serving color receivers while the other two observed 
monochrome receivers. Equal quantities of data were 
therefore obtained for color and monochrome reception. 
Comparisons of the data for the two cases have been 
made in a few instances and revealed little difference, 
with a suggestion of a slightly greater tolerance for inter-
ference when receiving a color picture. The data for 
color and monochrome reception are therefore pooled 
in most of the numerous plots giving the Panel findings. 

METHODS OF DATA HANDLING 

At least three methods are available for the reduction 
of data characterized as here by 1) numerous observers, 
2) a number of reasonably closely spaced signal-to-inter-
ference ratios, and 3) a choice of several merit ratings 
which have been intended to constitute equal steps of 
subjective picture quality. Two of the three methods 
were used in the analysis of the Panel 6 data, and the 
third has often been used in other studies of this kind. 
The first method can be said to employ a cumulative 

frequency distribution, the term "frequency" being 
used here in the statisticians' sense of the number of 
times a particular test value is obtained. With this 
method, attention is directed to the data obtained with 
a particular signal-to-interference ratio in a given test 
and the distribution of ratings by all the observers in the 
test is determined. With this frequency distribution in 
hand, the values can then be added up to obtain the 
cumulative frequency curve (the statisticians' ogive 
curve). Such data are naturally plotted on a special type 
of cross-section paper having a "probability scale" in 
one of the coordinate directions and a linear scale in the 
other, since on such paper a statistical normal cumula-
tive distribution appears as a straight line and other 
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distributions show more natural shapes than would be 
the case with other conventional types of plotting paper. 
The use of this type of data reduction and plotting by 
Panel 6 was requested by the Federal Communications 
Commission (FCC); accordingly, plots of this kind were 

predominantly used. This method is referred to as 

"Method I." 
The second available method of data handling again 

directs attention to the results for a particular signal-to-

interference ratio, but instead of determining the dis-
tribution of ratings, it merely includes an averaging of 
them. This is called " Method II." In comparison with 
Method I, it has two disadvantages, viz., 1) the grade 
steps are necessarily assumed equal in Method II, 
whereas there is no such requirement in Method I, and 
2) the original distribution of grades cannot be recov-
ered by going backward from a Method II plot, whereas 
they can be in Method I. However, Method II has an 
advantage in that plots made by this method are much 
more easily understood by lay and semitechnical read-
ers, since the curves clearly show poor grades assigned 
to low signal-to-interference values and favorable 
grades to high signal- to-interference values. Various 
Method II plots are included in the TAS02 and Panel 
6 reports, but because of space limitations none are 

given in the present account. 
Method III was not used in the Panel 6 work, but it 

is listed because it has been used in various investiga-
tions heretofore made in this field. This method consists 
in directing attention to a particular grade of service 
and then mathematically handling (e.g., averaging) the 
values of signal-to-interference ratio which the various 
observers found necessary for this grade of service. 

While for some purposes in using the Panel 6 data it 
may well be unnecessary to give particular attention to 
the method of data reduction, the reader is cautioned 
that the different methods do not necessarily give identi-
cal results, so that in important applications careful at-
tention should be given to this matter. 

Following previous practice of the FCC, the Method 
I plots of the data have the signal- to-interference ratio 
on a linear scale of decibels as ordinates and have as 
abscissas the probability scale indicating the fraction of 
the viewers assessing the picture to be of a particular 
grade or better. Five curves are plotted on the sheet, one 
each for Grades 1 through 5. No sixth curve is shown be-
cause 100 per cent of the observers necessarily consid-
ered all pictures to be Unusable or better. With the 
greater signal- to-interference values plotted upward, the 
Grade 1 (or Excellent) curve is above all the other 
curves, the Grade 2 (Fine) curve next below, etc. The 
meaning of any point of any one of these curves is that 
at the particular signal-to-interference ratio (the ordi-
nate), the indicated percentage of the viewers (the 
abscissa) rates the picture as of the stated grade or bet-
ter. Attention may be concentrated, if desired, on values 
for 50 per cent of the observers, for 90 per cent, or for 

any other specified percentage. 

The cumulative calculation by which these curves on 
probability paper are obtained may advantageously be 
described by a simple example. Suppose a picture of a 
certain signal- to-interference ratio is judged by numer-
ous observers and that the grades assigned are as fol-
lows: 5 per cent of the viewers call the picture Excellent 
(Grade 1), 25 per cent call it Fine (Grade 2), 50 per cent 
call it Passable (Grade 3), and the remaining 20 per 
cent call it Marginal (Grade 4). The cumulative opera-
tion consists of adding these up, with a result which can 
be stated as follows: 5 per cent of the viewers call the 
picture Excellent, 30 per cent call it Fine or better (i.e., 
Fine or Excellent), 80 per cent call it Passable or better, 
and 100 per cent call it Marginal or better. These cumu-

lative values are the points on the plotting sheet where 
the various curves cross the horizontal line correspond-
ing to the signal-to-interference ratio of the picture. In 
the same way, data for other signal-to-interference 
ratios are handled and the points plotted, so that suf-
ficient information is obtained to draw in the desired 
curves. As an example of a Method I plot, see Fig. 4. 

In all these plots giving the results of the Panel 6 
tests, the plotted points show the data, with the curves 
drawn in to indicate the general trends. 

UPPER-ADJACENT-CHANNEL INTERFERENCE 

The desired signal in all tests was according to the 
FCC color standards, including a frame rate of 29.97 
per second. Interference from an upper-adjacent-chan-
nel transmission, therefore, appeared as a slowly mov-
ing picture if the interference was nominally at 29.97, 
since the two sync generating chains were independent. 
If the interfering frame rate was 30 (using 60-cycle 
power-line synchronization), the interfering picture was 
completely tmsynchronized. The cause of the interfer-
ence was readily seen to be the picture carrier and side-
bands of the upper-adjacent signal, with no effect from 
the interfering color subcarrier and sidebands or the 
sound signal. 

Plots of the upper-adjacent data, pooling the Miss 
TASO and Kitchen Scene observations, are shown in 
Figs. 4 and 5 (p. 1041) for the 29.97 and 30 interfering 
frame rates, respectively. In the area of chief interest 
(having grades of Fine (2), Passable (3), and Marginal 
(4), and 20 per cent to 80 per cent of the observers), the 
two plots are in good agreement. For the 50 per cent 
abscissa, as an example of the results, the required sig-
nal-to-interference values are — 22 db for Fine or better, 
—27 db for Passable or better, and — 31 db for Mar-
ginal or better. These values are negative because the 
receiver selectivity permits the interference to be much 
stronger than the desired signal at the antenna terminals. 

LOWER-ADJACENT-CHANNEL INTERFERENCE 

Interference from the lower-adjacent channel appears 
predominantly as an FM bar pattern of 1.5 mc average 
frequency, which is the difference between the desired 
picture carrier and the interfering sound carrier. 
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Tests of lower-adjacent interference were made with 
the normal 3-db amplitude relation between sound and 
picture signals of the interfering transmission, and also 
with 7 db less sound, that is, with the interfering sound 
power 10 db below the interfering picture power. The 
stated signal- to-interference ratios in all cases are the 
values of desired picture to undesired picture, and are, 
therefore, on the same basis as the upper-adjacent and 
the co-channel tests. The lower-adjacent-channel test re-
sults are shown in Figs. 6 and 7. It can be seen that the 
7-db lowering of the interfering sound signal produced 
changes of about 5 db in the curves. It may be conjec-
tured that the discrepancy of 2 db indicates the appear-
ance of a small amount of interference due to the lower 
adjacent color subcarrier. 
A comparison of Fig. 4 or 5 with Fig. 6 shows the 

ratios for upper and lower adjacent interference to be 
much alike, the requirement for 50 per cent of the ob-
servers to assess the picture as Passable or better being 
—26 (lb or — 27 db in both cases. This varies from the 
general experience of broadcast engineers, who have 
normally found interference on the lower-adjacent chan-
nel to be more objectionable than interference on the 
upper-adjacent channel. The present data, showing ap-
proximately equal effects, appear to be associated with 
better traps against the lower-adjacent channel in the 
receivers used by Panel 6 than are provided in many re-
ceivers now in service. The data of Panel 6 were taken 
with receivers which had lower adjacent sound rejec-
tions exceeding their upper-adjacent picture rejections 
on the average by 14 db. This is substantially different 
from approximate equality reported by the Receiving 
Equipment Panel ( No. 2) for these two rejection values. 
The Panel 6 data are therefore considered to be a normal 
result of the decision of Panel 6 to use medium-high-
grade receivers in its test program. 

RANDOM-NOISE INTERFERENCE 

On account of the unique character of random noise, 
it was considered of special importance, and tests utiliz-
ing five groups of observers, totaling 92 persons, were 
therefore made. Various scenes were used, as listed in 
Table I. 
The results of these tests are plotted in Figs. 8 and 9. 

In addition to affording random-noise data, these tests 
indicated the effect of choice of scene, as already dis-
cussed. As representative values of the effect of random 
noise, 50 per cent of the observers required a 23-db ratio 
for Marginal or better and a 27-db ratio for Passable or 
better. The present findings are in general agreement 
with results found by others. 9-9 

6 R. N. Jackson, "Subjective Assessments of Noise in Television 
Pictures," MuHard Res. Labs., Redhill, Eng., Rept. Np. 308; July, 
1959. 
" L. E. Weaver, "Subjective impairment of television pictures," 

Elec. and Radio Engrg., vol. 36 pp. 170-179; May, 1959. 
7 T. Kilvington, "Effects of noise in television transmission," 

J. TV Soc., vol. 9, pp. 26-31; January, 1959. 
R. D. A. Maurice, et al., "The Visibility of Noise in Television," 

BBC Engineering Division Monograph No. 3 Kingswood Warren, 
Surrey, Eng.; October, 1955. 

The signal- to-interference ratio in the random-noise 
tests is the ratio of radio-frequency RMS signal during 
sync peaks divided by the RMS noise voltage over a 
6-mc channel. 

CO-CIANNEI. INTERFERENCE 

The Panel took special interest in the subject of co-
channel interference and conducted numerous tests in 

this area. Tests were made for various offset frequencies, 
the Miss TASO and Kitchen Scene pictures, and the 
two frame rates. In addition, the benefit of precise offset 
was measured with special accuracy by "switched" tests 
in which at each observation the offset was changed be-
tween the best and the worst, such as from 10,010 cy-
cles (best) to 9985 cycles (worst) in the neighborhood of 
10 kilocycles. 

The lowest offset frequencies used were 360 and 604 
cycles, which are respectively a very good value and a 
very bad value in the low-frequency range and are repre-
sentative of the performance which may be obtained 
with very precise carrier-frequency offset operation. 9 A 
Method I comparison of the data at these two offsets 
showed a benefit at the 50 per cent abscissa of about 24 

db for Fine, 19 db for Passable, and 13 db for Marginal. 
The interference at 360 cycles offset consists of a sta-

tionary interfering picture. The data which were taken 
for this offset consisted of a single test with the 29.97 
frame rate and the Kitchen Scene, using 21 female ob-
servers. The results are given in Fig. 10. The vertical 
slopes of the upper portions of the Excellent, Fine and 
Passable curves here suggest that some pictorial aspects 
of the picture, such as definition, color rendition, sub-
ject matter, etc., influenced the ratings and prevented 
the assignment of a better grade when the interference 
was weak or imperceptible. 
The 604-cycle offset produces slowly moving, widely 

spaced, horizontal bars. Data with this offset were 
taken for the four combinations of the two frame rates 
and the usual two desired pictures. Pooling these four 
tests gives the curves in Fig. It. 

Co-channel carrier-frequency offsets of 9985 and 
19,995 cycles are two of the more objectionable offsets 
near 10 kc and 20 kc for the frame rate of 29.97 cycles 
used for the desired picture. These offsets produce a 
visual effect of slowly moving, narrow, horizontal bars. 
These are slightly wider for the 19,995-cycle offset. Off-
sets of 10,010 and 20,020 cycles are two of the more de-
sirable offsets near 10 kc and 20 kc for a frame rate of 
29.97 cycles for the desired picture. A visual interlace 
effect in these cases leads to a finer bar structure and 
thus reduces the visibility of the interference. In 
standard offset operation, the frequency difference may 
range over an interval of + 1 kc from the nominal sep-
aration, passing through favorable and unfavorable pre-

9 L. C. Middlekamp, "Reduction of co-channel television inter-
ference by very precise offset carrier frequency," IRE TRANS. ON 
BROADCAST TRANSMISSION SYSTEMS, vol. BTS-12, pp. 5-10; De-
cember, 1958. 
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• cise-offset conditions.'" An unfavorable condition may 
last for an appreciable length of time and therefore is 
regarded as the determining factor in the grade of sta-

. tion service. 
The Panel 6 test conditions, as listed in Table I, in-

cluded 32 on 10-kc and 20-kc precise offset, covering all 
combinations of four offsets, two scenes, two frame 
rates, and two methods of test (direct and switched). 
Individual plots were made for these 32 combinations 
and are given in the panel report.' Five values read 
from each of these 32 curve sheets are tabulated in 
Table II. For the present account the eight plots for 
29.97 frames per second and the direct test method seem 
to be of the most value and are therefore given as Figs. 
12 through 19. 
Comparing the appropriate values in Table II and 

pooling the data for the two scenes, we find the benefit 
of precise offset at 10 kc (i.e., 10,010 cycles vs 9985) 
to average 7.4 db for the 29.97 frame rate and 4.0 db 
for the 30 frame rate. Similarly at 20 kc the benefit is 
10.6 db for 29.97 and 9.4 db for 30. 

Considering only the data for the 29.97 frame rate and 
the Kitchen Scene, as given in Figs. 13, 15, 17 and 19, 
and computing separately for the various signal- to-
interference values, we obtain the curves of Fig. 20. 
It is seen that the precise-offset improvement is sub-
stantial, especially for the higher grades of picture 
quality afforded by greater signal-to-interference values. 

'° W. L. Behrend, " Reduction of co-channel interference by pre-
cise frequency control of television picture carriers," RCA Rev., vol. 
17, pp. 443-459, December, 1956; vol. 20, pp. 349-364, June, 1959. 
" E. W. Chapin, L. C. Middlekamp and W. K. Roberts, "Co-

channel television interference and its reduction," IRE TRANS. ON 
BROADCAST TRANSMISSION SYSTEMS, vol. BTS-10, pp. 3-24; June, 
1958. 
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Fig. 4—Upper-adjacent-channel interference with 29.97-cycle inter-
fering frame rate and pooled Miss TASO and Kitchen Scelle 
pictures. Tests 1 ( 1M) and 1K (39J), using 39 female observers. 

A comparison for the six offset frequencies of the sig-
nal-to-interference values at which 50 per cent of the ob-
servers rate the picture as Passable or better is given 
in Table III and affords a convenient condensed sum-
mary of the effect of the various offsets. 

SIMULTANEOUS CO-CHANNEL AND 
RANDOM-NOISE INTERFERENCE 

Among the many possible cases of two sources of in-
terference acting simultaneously to impair television 
reception, the Panel chose that of co-channel interfer-
ence and random noise as most in need of study because 
of its importance and the absence of previous research 
attention.'2 Fourteen test conditions were used, of 
which two were with a 30-cycle interfering frame rate 
and the remainder with 29.97. In each test, the amount 
of the desired signal and the amount of the random 
noise were fixed. The amount of the interfering co-chan-
nel signal was varied over a wide range, and in con-
junction with the fixed desired-signal intensity deter-
mined the stated and plotted db values of signal- to-
interference ratio; i.e., the ordinates do not include the 
effect of the random noise. In some tests, the amount of 
random noise was substantial, the ratio of the desired 
signal to the noise being only 20 db; in other tests, this 
ratio was 32 db, and in others it was 38 db. 

Co-channel and random-noise interference in com-
bination produce a visual effect of narrow horizontal 
bars moving through a "snowy" picture. The contrast 
of the bars is proportional to the level of co-channel 

12 "Offset Frequencies for TV Emission: Part Ill, Multiple Co-
channel Interference," FCC Lab. Division, Rept. on Project 222,926; 
December 13, 1956. 
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Fig. 5—Same as Fig. 4, but with 30-frame interference. Tests lA (2M) 
and 1AK (40J), using 36 male and 21 female observers. 
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Fig. 6—Imwer-adjacent-chaimel interference with pooled frame rates 
and pooled Miss TASO and Kitchen Scene pictures. Nortual rela-
tion of mnind and picture power. Usts 2.1K (43.1), 2A (4M), 
2k (41 _1). and 2 (3M1, using 18 male and 60 female observers. 
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Fig. 8—Random-noise interference with Miss TAso picture. Test 9 
(IWNI umal 34j), using 38 male and 38 female observers. 
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Fig. 7--Same as Fig. 6, but with interfering sound-picture ratio 7 db 
below normal. Tests 3 ( 6M), 3K 1421), 3.\ ( 7M), ar4I 3 AK ( 4411, 
using 18 male and 60 female observers. 
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03  

Fig. 9 - - Random-noise interference, averaging the results froin seven 
scenes not including Miss TASO. Observers were 16 women who 
participated in all seven tests. 
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•  

• A 

Fig. 10-Co-channel interference with carriers separated by 360 
cycles, representative of very precise offset operation. Test was 
made with 29.97-cycle interfering frame frequency and the 
Kitchen Scene as the desired picture. The observers were 21 
women. Test number 29K (47J). 
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Fig. 11-Co-channel interference with 604-cycle carrier separation, 
representative of worst relation in region of near-synchronous 
operation. The data are averages of four tts with the two frame 
rates and Miss TASO and Kitchen Scene pictures. The observers 
were 20 men and 58 women. Test numbers 4 (9M), 4K (45J), 4AK 
(46J), and 4A (10M). 

TABLE Il 

SIGNAL-TO-INTERFERENCE RATIOS IN DECIBELS READ FROM CURVES FOR CO-CHANNEL INTEFRERENCE WITH OFFSETS NEAR 
10 AND 20 KILOCYCLES 

Switched 
50 

Per Cent 
Passable 
or Better 

Direct 
50 

Per Cent 
Passable 
or Better 

Switched 
80 

Per Cent 
Passable 
or Better 

Direct 
80 

Per Cent 
Passable 
or Better 

Switched 
50 

Per Cent 
Fine 

or Better 

Direct 
50 

Per Cent 
Fine 

or Better 

Switched 
80 

Per Cent 
Fine 

or Better 

Direct 
80 

Per Cent 
Fine 

or Better 

Switched 
40 

Per Cent 
Excellent 

Direct 
40 

Per Cent 
Excellent 

Offset Scene F. R. 
(cps) (cps) 
9985 TASO 29.97 20.2 21.2 25.0 27.8 28.0 28.1 35.5 33.5 38.5 38.4 
9985 Kitch 29.97 25.5 24.0 34.0 31.7 31.5 30.7 41.8 37.3 42.5 38.5 
9985 TASO 30 21.8 19.2 25.0 25.3 25.5 24.6 32.0 30.8 34.2 30.6 
9985 Kitch 30 24.2 18.2 30.0 23.0 30.3 24.4 37.7 29.6 35.5 32.0 

10,010 TASO 29.97 17.8 16.5 21.6 20.3 21.8 22.1 29.0 28.4 25.3 28.5 
10,010 Kitch 29.97 19.5 16.6 24.2 21.2 24.2 21.7 31.7 29.4 32.0 33.4 
10,010 TASO 30 21.3 17.3 25.7 20.1 22.1 20.7 26.5 24.9 26.8 26.8 
10,010 Kitch 30 20.4 18.4 23.5 21.4 25.2 22.1 30.4 25.4 27.7 27.9 
19,995 TASO 29.97 25.5 23.1 30.7 28.8 30.8 31.7 37.4 37.4 42.6 41.6 
19,995 Kitch 29.97 30.2 29.0 37.2 34.5 35.8 34.2 42.6 41.4 45.7 47.3 
19,995 TASO 30 23.6 25.6 28.0 33.7 29.8 34.5 36.2 42.2 41.2 45.8 
19,995 Kitch 30 27.4 26.0 31.6 32.4 32.6 32.8 37.4 40.6 39.2 42.9 
20,020 TASO 29.97 16.0 16.9 23.0 20.7 23.5 21.3 29.7 25.3 27.2 27.0 
20.020 Kitch 29.97 16.0 17.0 23.6 22.5 24.4 22.9 39.6 29.4 42.0 28.5 
20,020 TASO 30 19.7 18.6 22.4 21.1 23.8 20.8 26.7 23.1 30.3 30.2 
20,020 Kitch 30 23.0 18.1 27.0 22.3 26.6 23.1 30.4 28.5 32.5 29.8 
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Fig. 12 -- Co-channel interference with 9985-cycle separation, 20.97 Fig. 13 Co-channel interference for same conditions as Fig. 12 
frame rate, and Miss T.\ SO scene. This offset is a very poor one in except its.: of Kitchen Scene. The observers were 20 men and 17 
the vicinity of 10 ke. The observers were 18 men :ind 17 women. women. Tests 5.\ K t-tj and 31j 4 
Tests 5.\ (12 NI and 2.1 4 
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Fig. 14 Co-channel interference with 10,010-cycle separation, 29.97 
trame rate, ; Ind :Miss T.\ SO scene. This offet is a very good one 
in the vicinity of 10 la. The observers were 33 women. Tests 6 
(13\1 and 1,1). 

S
I
G
N
A
L
-
T
O
-
I
N
T
E
R
F
E
R
E
N
C
E
 
R
A
T
I
O
,
 
d
b
 

.
1
-
-
 
I
N
C
R
E
A
S
I
N
G
 
I
N
T
E
R
F
E
R
E
N
C
E
 

42 

38 

34 

30 

26 

22 

18 

14 

10 

6 

PERCENT OF VIEWERS RATING 
STATED GRADE OR BETTER 

90 

PICTURE AS OF 

Fig. 15 -- Co-channel interference for same conditions its Hg. 14 e\cept 
use of kitchen Scene. The observers were 20 men and 17 women. 
Tests 6K (3.1 and 30j). 
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Fig. 16—Co-channel interference with 19,995-cycle separation, 29.97 
frame rate, and Miss TASO scene. This offset is a very poor one in 
the vicinity of 20 kc. The observers were 18 men and 15 women. 
Tests 7A (16M and 11J). 
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Fig. 17—Co-channel interference for same conditions as Fig. 16 ex-
cept use of Kitchen Scene. The observers were 20 men and 17 
women. Tests 7AK (7J and 32J). 
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Fig. 18—Co-channel interference with 20,020-cycle separation, 29.97 Fig. 19—Co-channel interference for same conditions as Fig. 18 ex-
f rame rate, and Miss TASO scene. This offset is a very good one in cept use of Kitchen Scene. The observers were 20 men and 17 
the vicinity of 20 kc. The observers were 18 men and 33 women. women. Tests 8K (8J and 33J). 
Tests 8 ( 17M and 12P• 
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Fig. 20—Improvement afforded by precise-offset operation, com-
puted from Figs. 13, 15, 17 and 19. 

interference, and the "snowiness" is proportional to the 
magnitude of the random noise. The more favorable 
offsets lead to a finer line structure and reduced visibil-
ity of the bar pattern. 

It seems likely that in the future considerable effort 
will be devoted to devising formulas which will give 
accurately the combined effect of any given amounts 
of two or more types of interference acting simultane-
ously. For this reason it appears desirable to give a 
fairly complete account of the data which the Panel 
took in this area. The results of the twelve tests at 
the 29.97 frame rate are therefore shown in Figs. 21-
32. 
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Fig. 21— Simultaneous 9985-cycle co-channel and ramiont-noise inter-
ference. The desired signal was at fixed level, 32 db above the 
fixed random noise. Ordinates give decibel ratio of desired signal 
to the adjustable-level co-channel interference. Frame rate 29.97 
and Kitchen Scene. Observers were 20 men. Test 28K (35J). 

TABLE Ill 

' COMPARISON OF OFFSET FREQUENCIES* 

Amount of Carrier Offset 

Signal-to- I nterference Ratio 
at which 50 Per Cent of 
Observers Rate Picture as 

Passable or Better 

360 cycles 
604 cycles 

9985 cycles 
10,010 cycles 
19 , 995 cycles 
20,020 cycles 

22 db 
41 db 
24 db 
17 db 
29 db 
17 db 

* Conditions: 29.97 frame rate and Kitchen Scene. 

An analysis of Figs. 21-32 was made by noting the re-
quired signal- to-interference ratios for ratings of Pass-
able or better and Marginal or better and comparing 

these with the corresponding values for tests with the 
sanie types and amounts of co-channel interference but 
no random noise. In this way, the effect of adding the 
random noise was obtained. The interesting result was 
found that in about half the cases the two types of inter-
ference (one producing horizontal bars and the other 
producing general varying mottled effects) seemed to 
"help" each other, the combination being more accept-
able than the co-channel interference alone. This 
phenomenon was observed in various cases having the 
38-db or the 32-db ratio of signal-to-noise, but it was 
not observed with the greatest noise value corresponding 
to the 20-db ratio of signal-to-noise. 

PERCENT OF VIEWERS RATING PICTURE AS OF 

STATED GRADE OR BETTER 

Fig. 22—Same as Fig. 21 except 20-db ratio of desired signal to ran-
dom noise and use of Miss TASO scene. Observers were 18 men. 
Test 22 (32M). 
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PERCENT OF VIEWERS RATING PICTURE AS OF 

STATED GRADE OR BETTER 

Fig. 23—Simultaneous 10,010-cycle co-channel and random-noise 
interference with desired signal 38 db above random noise. Frame 
rate 29.97 and Miss TASO scene. Observers were 18 men. Test 
13 (23M). 

S
I
G
N
A
L
 
-
T
O
-
 I
N
T
E
R
F
E
R
E
N
C
E
 
R
A
T
I
O
,
 
d
b
 

.
4
-
-
 I
N
C
R
E
A
S
I
N
G
 
I
N
T
E
R
F
E
R
E
N
C
E
 

PERCENT OF VIEWERS RATING PICTURE AS OF 
STATED GRADE OR BETTER 

S
I
G
N
A
L
-
T
O
-
 I
N
T
E
R
F
E
R
E
N
C
E
 
R
A
T
I
O
,
 d
b
 

«
0
—
 
I
N
C
R
E
A
S
I
N
G
 
I
N
T
E
R
F
E
R
E
N
C
E
 

o  

PERCENT OF VIEWERS RATING PICTURE AS OF 
STATED GRADE OR BETTER 

Fig. 24—Same as Fig. 23 except desired signal 32 db above random 
noise. Observers were 18 men. Test 12 (22M). 
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PERCENT OF VIEWERS RATING PICTURE AS OF 
STATED GRADE OR BETTER 

Fig. 25—Same as Fig. 24 except Kitchen Scene. Observers were 20 Fig. 26—Same as Figs. 23 and 24 except desired signal 20 db above 
men. Test 12K (36J). random noise. Observers were 18 men. Test 23 (33M). 
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PERCENT OF VIEWERS RATING PICTURE AS OF 
STATED GRADE OR BETTER 

Fig. 27—Simultaneous 19,995-cycle co-channel and random-noise 
interference with desired signal 32 db above random noise. Frame 
rate 29.97 and Miss TASO scene. Observers were 18 men. Test 
24 (34N1). 
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PERCENT OF VIEWERS RATING PICTURE AS OF 
STATED GRADE OR BETTER 

Fig. 29—Same as Fig. 27 except desired signal 20 db above random 
noise. Observers were 18 men. Test 25 (35M). 
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PERCENT OF VIEWERS RATING PICTURE AS OF 
STATED GRADE OR BETTER 

Fig. 28—Same as Fig. 27 except use of Kitchen Scene. Observers were 
20 men. Test 24K (37J). 
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PERCENT OF VIEWERS RATING PICTURE AS OF 
STATED GRADE OR BETTER 

Fig. 30—Simultaneous 20,020-cycle co-channel and random-noise 
interference with desired signal 32 db above random noise. Frame 
rate 29.97 and Miss TASO scene. Observers were 18 men. Test 26 
(36M). 
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PERCENT OF VIEWERS RATING PICTURE AS OF 
STATED GRADE OR BETTER 

Fig. 31—Same as Fig. 30 except use of Kitchen Scene. Observers 
were 20 men. Test 26K (38J). 

UTILIZATION OF THE DATA 

The Panel gave a broad interpretation to the scope of 
its duties in that several grades of viewer satisfaction 
were taken into consideration and determinations were 
made of the physical television-picture characteristics 
necessary for each grade. In particular, six grades were 
chosen, so that the tests yielded data in terms of these 
grades or ratings. On the individual subject's scoring 
sheet these were given as the choices among which each 
observer selected in making each observation. These six 
grades, already given, were 1) Excellent, 2) Fine, 3) 
Passable, 4) Marginal, 5) Inferior, and 6) Unusable. 

In utilizing the Panel data, therefore, a direct method 
is to choose the grade of service to be taken as a crite-
rion, and then to consult the detailed Panel findings for 
the signal- to-interference ratio required. Should uncer-
tainty be felt in choosing the grade of interest, refer-
ence should be made to the sentence descriptions of the 
six grades given on the observers' data sheets and avail-
able in the companion paper.' Weight should also be 
given to the scale used by Panel 3 in the field tests, and 
by the NTSC in 1950-53, since the Panel 6 scale was 
designed to be the same except for names and defini-
tions better suited for tests involving the lay public. 
When the grade to be taken as the criterion for service 

has been chosen, the data of Panel 6 are available for 
determining the required signal-to-interference ratio for 
various types of interference. 
The data of the Panel can also be used in the opposite 

• direction, i.e., to determine for assumed conditions of 
signal and interference what degree of viewer satisfac-
tion would be experienced. 
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PERCENT OF VIEWERS RATING PICTURE AS OF 
STATED GRADE OR BETTER 

Fig. 32—Same as Fig. 30 except desired signal 20 db above random 
noise. Observers were 18 men. Test 27 (37M). 

A study of the Panel 6 data has been made recently 
by I-1. Fine of the Federal Communications Commis-
sion, including new proposed methods of application. 
It is expected that this work will be published in the 
near future. 
One aspect of the Panel 6 tests, which should be of 

value, is that they afford results on various types of in-
terference taken under fairly closely comparable condi-
tions. For example, the question can be answered as to 
how much random-noise interference is equivalent to a 
given amount of upper-adjacent-channel interference. 

It should be emphasized that extensive analyses of 
the data beyond those performed by the Panel are pos-
sible and should give useful conclusions. This seems a 
fertile field for doctoral research by graduate students. 
The original observers' data sheets, the punched IBM 
cards, and machine-made tabulations are being pre-
served by the Federal Communications Commission so 
as to be available for further study. 
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Studies of Correlation Between Picture Quality 

and Field Strength in the United States* 
C. M. BRAUMt, SENIOR MEMBER, IRE AND W. L. HUGHESt, MEMBER, IRE 

Summary—The purpose of this paper is to present data which 
correlate a given level of picture quality with some corresponding 
level of measured field strength. The data were gathered by actual 
house-to-house surveys in conjunction with field strength measure-
ments. This procedure was followed rather than making laboratory 
tests on new receivers because it was desired to evaluate coverage 
as it actually was, not as it ought to be. Particular attention was paid 
to differences between UHF and VHF channels with respect to re-
ceiver and antenna performance in given field strengths. The ranges 
of field strengths required for a passable picture quality are fairly 
well established for each band of television channels. 

BACKGROUND 

-10R many years, the accepted procedure for arriv-
-1 ing at television coverage has been to make field 

  strength measurements in the prospective cover-
age area of a given television station. These measure-
ments were then coupled with assumed performances of 
the average home receiver and antenna installation to 
arrive at some scale of television service coverage. It is 
necessary to point out that no quarrel is taken with this 
method. Ultimately, for any given station or market, it 
is the only foreseeable method that will continue to be 
used. The difficulty with this approach thus far is that 
there are many factors which, if ignored, may cause the 
method to give false conclusions. It is probably expedi-
ent to point out some of these factors. 

1) The effects of multipath are not accounted for in 
field strength readings. In turn, this will determine 
the nature of the antenna installation required for 
a good television picture. Inherent in this problem 
is the question about the effort and expense to 
which people will go to eliminate undesirable 
ghosts, and how bad such ghosts need to be before 
they become subjectively important. 

2) The evaluation of variations between the perform-
ance of receivers of different types and sensitivi-
ties, and perhaps what is more important, the deg-
radation of receiver performance with age. 

3) The effects of variation in the quality of antenna 
installations, and the rate of performance deterio-
ration of the antenna installation with weathering 
and age. 

4) The effects of rough terrain as opposed to smooth 
terrain on signal strength and standing wave pat-

* Original manuscript received by the IRE, February 1, 1960. 
Joint Council on Educational Television, ‘Vashington, D. C. 
College of Electrical Engineering, Iowa State University, Ames. 

patterns within the structure of the general field 
distribution. 

5) The effects of foliage and seasonal variations on 
propagation, and therefore on picture quality and 
uniformity throughout the year. 

6) The effects of short term variation of weather con-
ditions on picture quality and uniformity. This is 
of interest not only because of propagation effects, 
but also because of the equally important factor of 
degradation of average receiver antenna perform-
ance when the antennas and lead-ins are wet and 
dirty. 

7) The effects on service degradation occurring be-
cause the receiver owner does not operate his set 
properly. 

8) The effects of the competence level of servicemen. 

It goes without saying that all of the above factors 
vary with the frequency of transmission, be it VHF or 
UHF. This factor must be considered critically in all of 
the difficulties listed. It has seemed to some qualified 
individuals that to evaluate the effects of all of these 
difficulties is a hopeless task. It is certainly hopeless if 
one tries to separate and assign numbers to all of the 
factors by means of objective measurements alone. It 
does not follow, however, that objective aggregate in-
formation on all of the factors cannot be obtained by a 
combination of objective field strength measurements 
and subjective house- to-house surveys on over-all picture 
quality for representative television service areas over 
the nation.' This was the attack taken by Committee 
3.3, of which the authors of this paper were co-chair-
men, at the direction of the Television Allocations 
Study Organization (TASO), Panel 3, on field tests. 
Once such information is obtained, it can be correlated 
to find not only aggregate effects but also some individ-
ual effects of the degrading factors listed. 

PROCEDURE OF THE SURVEYS 

The fundamental problem of evaluating the afore-
mentioned factors in television coverage might be re-
stated in a manner which more properly describes the 
tests which were made. This problem was to correlate 

' Early work in this area was done by Raymond F. Guy of the 
National Broadcasting Company. See R. F. Guy, " Investigation of 
ultra high frequency television transmission and reception in the 
Bridgeport, Connecticut area," RCA Rev., pp. 98-I4!; March, 1951. 
Direct comparisons between Mr. Guy's work and the work of Com-
mittee 3.3 are difficult to make because of different data-taking pro-
cedures, but such comparisons show no apparent inconsistencies. 
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picture quality observed in an area with field strength 4 

readings taken in that area. Such a correlation study 
provides the aggregate effects. In addition, certain 
questions were asked at each home to assist in separat-
ing the aggregate effects into some of their component 
parts. The surveys were made in different types of ter-
rain and in locations all over the country. Surveys 
were made in the following general areas: 

• 

1) Baton Rouge, La., 

2) Madison, Wis., 

3) Albany, Schenectady, and Troy, N. Y., 

4) Fresno, Calif., 

5) Bakersfield, Calif., 

6) Columbia, S. C., 

7) Harrisburg, Pa., 

8) Connecticut Valley Area, New England, 

9) Buffalo, N. Y., 

10) New Orleans, La., 

11) Northern Minnesota Area. 

All but two of these areas were chosen because of their 

primary television service. At the time the survey came 
from both UHF and VHF, so that direct comparisons 
were possible. The two exceptions were Northern Min-
nesota and the Albany-Schenectady-Troy area. No 
facilities were available for simultaneous measurement 
of the UHF and VHF at Albany-Schenectady-Troy. 
Therefore, UHF only was measured. Minnesota was 
chosen as the last test area because it had become ap-
parent that more data were needed for rather weak 
VHF television signals. Three of the areas have essen-
tially smooth terrain ( Baton Rouge, New Orleans, 
and Columbia). One combined area ( Fresno and Bakers-
field) has terrain which represents both the smoothest 
(San Joaquin Valley) and the roughest (Sierra Moun-
tains) terrain that was surveyed. Three of the areas have 
moderately smooth terrain with a certain amount of 
rolling hills ( Madison, Buffalo, and Minnesota). Three 
of the areas have moderately rough terrain but not as 
rough as the Sierras (Albany-Schenectady-Troy, Con-
necticut Valley, and Harrisburg). 

In each area surveyed, station wagons were equipped 
with field measuring equipment and trained operating 
personnel. The equipment used on each survey was 
owned by one of the following: Association of Maximum 
Service Telecasters, the CBS Television Network, the 
Federal Communications Commission, or Jansky and 
Bailey, Inc. personnel to make the house-to-house sur-
veys were provided by the participating television sta-
tions in each area. In every case the house survey team 
was composed of competent television technicians or 
engineers. At the beginning of each study, the Chairman 

or Co-chairman of TASO Committee 3.3 visited the 
area to instruct the survey crew, and to spend a few 
days in the field with them. Each house survey team 
was made up of at least two men. Except for two cases, 
at least one of the men was from a VHF station and 
one was from a UHF station. This arrangement was de-
liberate, to avoid unconscious bias factors in the answers. 
It is the opinion of these authors, at least, that the dual 
arrangement was probably necessary for the avoidance 

of later criticism, but that the quality and integrity of 
the men in the survey teams was such that no bias 
would have been introduced except in perhaps a nega-
tive manner. It was never necessary to restrain a man 
from boosting his own station, but on occasion it was 
necessary to insist that each man make his ratings as 
objective as possible, and that he not lean over back-
wards in favor of another station. 
The field test procedure was uniform throughout the 

country. Two types of general surveys were run. These 
two types will be termed urban clusters and rural arcs. 
In the urban cluster type of survey, a series of up to 
thirteen points was chosen in a given measurement loca-
tion covering an area of approximately one square mile. 
Urban areas of varying population density were chosen 
at distances ranging fron five to one hundred and twenty 
miles from the transmitters of interest. These urban 
areas were scattered around the transmitter locations as 
evenly as was possible and consistent with the require-
ment that all major types of terrain in the area were to 
be sampled. Further, it was attempted to lay out the 
geometric pattern of the measurement points in any 
given urban measurement location in such a way that 
local terrain variations and urban characteristics were 
all represented, i.e., river bottoms, hill tops, plateaus, 
business districts, residential districts, etc. The rural 
arcs were laid out on topographic maps in such a way 
that measurement points were approximately equidis-
tant from the transmitters and were separated from 
each other by two or three miles. In this way it was pos-
sible to obtain information that was of use to Commit-
tee 3.3 while simultaneously gathering propagation in-
formation for other TASO panels. 
The general procedure at individual measurement 

points was as follows. At each point, field strength read-
ings were made on two (or in one case three) calibrating 
stations. Except for the Minnesota and Albany-Sche-
nectady-Troy surveys, one of the calibrating stations 
was a major VHF station in the area, and the other was 
a major UHF station in the same area. Field strength 
measurements were made at ten and thirty feet for both 
visual and aural carriers of each calibrating station. In 
addition, field strength readings of visual and aural 
carriers were made (at thirty feet only) for other sta-
tions which were received in the area. In many cases, 
continuous ten-foot recordings of field strength were 
made at both UHF and VHF along the routes covered 
by the survey teams. 
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The questions asked of the householder are given on 
the survey sheet of Fig. 1. It will be noted that this 
sheet is simply a tabulation of the type of questions 
raised at the beginning of this paper. The rating of pic-
ture quality was carried out with the six point scale com-
mon to the NTSC testing programs carried out some 
years ago. The six possible ratings were Excellent, Good, 
Passable, Not Quite Passable, Poor, and Not Usable. The 
index column on the survey sheet is really the column 
for the engineer's rating of picture quality. It was not 
expedient to put the engineer's opinion in one column 
and the owner's opinion in another column, particularly 
if they did not agree, and the owner happened to see the 
survey sheet. Therefore, the engineer's opinion was 
coded. After carrying out the survey one or two times, 

the engineer's opinion was recorded after leaving the 
house, so this piece of subterfuge was probably not as 
necessary as was first thought. 
The receiver was always operated by the householder. 

The survey teams were specifically instructed not to 
touch the receiver. Each member of the survey team had 
a special identification card, and a mimeographed letter 
of thanks on a TASO letterhead was given to each 
householder on the departure of the survey team. These 
arrangements and precautions were apparently suffi-
cient because little difficulty was experienced in getting 
into the house for individual surveys. 

Eleven surveys were run in all. There were an average 
of perhaps nine measurement locations per survey, each 
requiring a full day, and an average of eleven interviews 

CONFIDENTIAL—FOR USE OF FIELD TEST PANEL—CONFIDENTIAL 
TELEVISION ALLOCATIONS STUDY ORGANIZATION 

Questionnaire for UHF/VHF Television Reception Study 

Date  Time Weather  

Location   

Description of Site ( urban, rolling country, hill top, etc ) 

Name of Receiver Owner  Address  

ANTENNA 

Channel Height Age Orientation Type 

TRANSMISSION LINE 

VHF  UHF  Separate ( yes or no)   

RECEIVER 

Type and size of receiver  Age of receiver  When last service call  

TUNER 

Type of tuner Separate converter ( yes or no)  

RELATIVE PICTURE QUANLITY 
Channel Index Owner's Opinion Comments 

OTHER COMMENTS 

Who operated receiver?   Engineer's name  a 

Fig. 1 
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per measurement location, making a total of around 
1100 interviews. There was an average of about three 
measurements of field strength per measurement point, 
and there were usually one or two more measurements 
than interviews in a given location, so the number of 
individual measurements is in excess of 3500. Since 
there were about five men involved in each survey (at 
least two interviewers, a driver, the measuring engineer 
and often a TASO member), the effort expended equals 
well over one and a half man years. This includes field 
work only. 1 t does not include time for panel and 
mittee meetings and data analysis. 

PRESENTATION OF DATA 

Coln-

One of the major objectives of this program was to 
obtain correlation information between field strength 
and picture quality that could be later used by the FCC 
for channel allocations purposes. As such, it would seem 
that a point-by-point correlation of picture quality and 
field strength on some sort of graph would be in order. 
This type of data analysis was attempted on both an 
individual point and a statistical basis, but was found 
to be useless for reasons that were obvious after several 
areas were surveyed. The combination of variability 
in receiver performance plus the effects of standing 
wave patterns in the field strength distribution made it 
unreasonable to expect a good point-by-point correla-
tion. A more reasonable and more productive approach 
proved to be to plot the median field strength for a given 
measurement location against the median picture qual-
ity observed in that location. The picture quality rating 
was obtained by averaging the opinions of the house-
holders and the engineers making the survey. The aver-
age difference between the nationwide householder and 
engineer opinions was 0.43 point on the six point scale, 
the engineers' opinion usually being lower than that of 
the householder's. Positive and negative differences 
averaged out to some extent, and thus in the aggregate, 
the engineers' -opinion averaged only 0.13 point lower 
than that of the householder. Fig. 2 is a plot of all the 
median data. Each point represents the median field 
strength (visual carrier at 30 feet only) vs the median 
picture quality for one mesaurement location (i.e., the 
medians of some ten or twelve observations). The pic-
ture rating scale was apportioned such that 1 = Excel-
lent, 2 = Good, 3 = Passable, 4= Not Quite Passable, 
5 = Poor, and 6 = Not Usable. The points marked with 
an X represent VHF observations, and those marked 
with an 0 represent UHF observations. Field strength 
is measured in dbu which means db above one microvolt 

• per meter. 
It will be noted in Fig. 2 that some of the points are 

marked with a star. These particular points were de-
leted from a revised figure ( Fig. 3), because, in each of 

▪ the measurement locations represented, there was a 
special anomolous situation that made the data un-
representative. In addition, three points were added on 

Fig. 3 that did not appear on Fig. 2. The explanation of 
each of these deleted and added points is listed below. 

1. In preparing Fig. 3, the following points (which ap-
pear in Fig. 2) were deleted. These are indicated by 
stars in Fig. 2. 

a) Channel 10, Q„,= 6; E„,=40.5 dbu. Only one ob-
servation of picture quality was made. At that 
location, the householder's antenna was pointed 
approximately 180 degrees away from the sta-
tion on Channel 19. 

b) Channel 19, Q„,=6; E„,= 59.5 dbu. All receiving 
antennas were pointed approximately 180 de-
grees away from the station on Channel 19. 

c) Channel 17, Q„, =3.5; E., = 41 dbu. There were 
only four operable UHF receivers in this meas-
urement location. The area is obviously not 
served by Channel 17. Median picture rating 
was abnormally high due to the presence of two 
or three excellent antenna installations and the 
resulting good pictures. Q„,= 3.5 does not prop-
erly represent the Channel 17 service in this 
area. 

Q. 

N.11w, Field itren th at 1i ft. - dOL 

2 

3 

5 

6 

ao 30 

o = VHF 
o = UHF 

x = VHF 
o = UHF 

Fig. 2—All UHF and VHF original data. 
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d) Channel 12, Q.= 6; E.= 55dbu. Antennas were 
all pointed toward another station. 

e) Channel 24, (2„,--= 4.5; E. =59.5 dbu. Antennas 
were all pointed toward another station. 

f) Channel 10, Q.= 6; E„,=-• 32.5 dbu. Only one ob-
servation on this station, and antenna was 
pointed in the wrong direction. 

g) Channel 67, Q.-6; E.= 66 dbu. Another closer 
station on VHF carried the same network and 
UHF receivers and antennas were no longer used. 

2. In preparing Fig. 3, the following points (which do 
not appear in Fig. 2) were added. These are shown 
as circles in boxes in Fig. 3. 

a) Channel 17, Q.= 6 (added); E.= 33.5 dbu. 
b) Channel 28, Q.-6 (added); E. =36.5 dbu. 

c) Channel 67, Q.= 6 (added); E.= 22 dbu. 

In each of these three measurement locations, there 
was no evidence of any service from the stations listed, 
and it was felt that a picture rating of 6 properly repre-
sented the facts. 

For purposes of analysis and discussion it is interest-
ing to split the data of Fig. 3 still further. Fig. 4 is a 
plot of the low channel 30-foot VHF data alone. Fig. 5 
is a plot of the high channel 30-foot VHF data. Fig. 6 

is a plot of low channel 30-foot UHF data, and Fig. 7 is 
a plot of the middle and high channel 30-foot UHF data. 
A low UHF channel will be defined as Channel 40 and 
below. Anything above Channel 40 will be considered a 
middle and high UHF channel. Fig. 8 is a plot of all of 
the 30-foot VHF data, and Fig. 9 is a plot of all the 30-
foot UHF data. 

It may be wondered by some readers how the figures 
could have half and quarter steps between the indi-
vidual six points of the judging scale. The half steps 
arise because the median of an even number of observa-
tions is the average between the two middle observa-
tions. In addition, the quarter steps arise because each 
point has a picture rating determined by the average 
between the median engineer's opinion and the median 

householder's opinion. 
One of the purposes of these tests was to examine the 

correlation between picture and field strength, with 
measurements being made at both a ten foot antenna 
height and a thirty foot antenna height. All of the data 
presented thus far were for field strengths at thirty feet. 
Fig. 10 presents all valid median data for an antenna 
height of ten feet. Fig. 11 is a plot of low channel ten-
foot VHF data. Fig. 12 is a plot of high channel ten-
foot VHF data. Fig. 13 is a plot of low channel ten-foot 
UHF data. Fig. 14 is a plot of medium and high channel 
ten-foot UHF data. Fig. 15 is a plot of all of the VHF 
ten-foot data, and Fig. 16 is a plot of all of the UHF ten-
foot data. Only valid data are plotted in the ten-foot 
data figures. That is, anomalous points mentioned 
earlier have been removed. 

The significance of these figures is discussed in the 
next section on data analysis. 

ANALYSIS AND DISCUSSION OF DATA 

The differences in performance of television receiv-
ing equipment (receivers and antenna installations) 
operating in the various allocated bands are rather ap-
parent from Figs. 2 through 16. Figs. 3 and 10 illustrate 
the over-all difference between VHF and UHF. Further, 
it is possible to subdivide clearly the performance dif-
ferences between low and high VHF, as well as be-
tween VHF and UHF. Comparison of Figs. 4 and 5, as 
well as 11 and 12, shows degradation of receiving per-
formance from low VHF to high VHF. Comparison of 
Figs. 6 and 7 (and Figs. 13 and 14 to a lesser extent) 
shows deterioration from low UHF to middle and high 
UHF. Most important, Figs. 8 and 9, as well as Figs. 15 
and 16, show the over-all degradation from VHF to 
UHF. It should be noted that, for any given field 
strength, UHF receiving installations suffer in compari-
son with VHF installations in at least three important 
respects—lower antenna conversion factor, higher trans-
mission line loss, and inferior receiver performance, 
especially with respect to noise factor and sensitivity. 
These are discussed in detail in the report of Panel 2, 
and in the paper in this issue by W. O. Swinyard.2 
Some comment on a comparison of 10- and 30-foot 

measurements is in order. At the VHF channels, com-
parison of low channel VHF data (Figs. 4 and 11) indi-
cates that the scattering of points is comparable, but 
that the 10-foot signal is lower. Comparison of high 
channel VHF data ( Figs. 5 and 12) leads to somewhat 
similar conclusions. Comparison of low channel UHF 
data (Figs. 6 and 13) is more difficult because of the ab-
sence of low signal data and the scattering of existing 
data. This is partly due to the fact that the UHF signal 
disappears much more rapidly with distance over the 
horizon. Further, standing wave field patterns tend to 
be more severe at the UHF channels. Comparison of 
medium and high UHF data ( Figs. 7 and 14) suffers 
from similar problems. In all cases, however, the dif-
ferences in receiving performance are clearly marked 
for either 10- or 30-foot field strengths. 

It must be remembered that these differences in re-
ceiving performance (antennas, transmission lines, and 
receivers) are due to two fundamental causes. The first 
can be classified as "state of the art" difficulties. This 
includes transmission line losses and receiver noise fig-
ure. The second has to do with problems of fundamental 
physics. The most important of these is the lower an-
tenna capture area of antennas of the same type as the 
frequency is increased. 

2 W. O. Swinyard, "VHF and UHF television receiving equip-
ment," this issue, p. 1066. 
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Fig. 17—Idealized picture quality—field strength characteristic. 
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The over-all nature of Figs. 2 through 16 seems to 
indicate a general performance characteristic that 
might be expected. This characteristic is idealized in 
Fig. 17. 

First, in high signal areas, it would be expected that 
some variation in receiver performance would be en-
countered due to the variation of receiver and antenna 
degradation, variations of service quality, etc. The aver-
age receiver performance, however, would be relatively 
independent of field strength as indicated by the hori-

zontal part of the sketch. It is important to note from 
Figs. 4 through 7, as well as from Figs. 11 through 14, 
that the variability in this high signal performance is 
apparently more extensive as the frequency is increased. 
A second type of performance characteristic to be ex-
pected is that, as the signal becomes weaker, the set 
performance becomes more and more dependent upon 
signal strength as indicated by the sloping part of the 
sketch. Presumably, the other variables are still present. 
One interesting situation was noted throughout the sur-
vey. That is, the general quality of receiver installation 
and state of repair of the average receiver improved as 
the distance from the transmitter increased, since a 

fringe receiver must be in better condition to give a usa-
ble picture than a receiver close to the transmitter. This 

"feed-back with distance" characteristic was sometimes 
so pronounced that average picture quality (particu-
larly at VHF) improved as distance increased out to per-
haps twenty or thirty miles. As the signal gets very 
weak, however, the received picture obviously degrades, 
and degradation unquestionably goes up with fre-
quency. 

Some other interesting points can be obtained from 
the interview sheets. These are summarized here. It is 
interesting to examine the UHF conversion figures on an 
over-all basis. These are given in Table I for a total of 
396 homes which had UHF conversion. 

TABLE I 

Distance from 
Transmitter 

(Miles) 

Total Homes 
Visited Having 

Television 
in a Mixed 
VHF-UHF 
Service Area 

Total 
Television 

Sets Converted 
to UHF 

Per Cent 
Conversion 

0-10 
11-20 
21-30 
31-40 
41-50 
51-60 

61 
160 
155 
168 
32 
25 

51 
122 
108 
98 
13 
4 

84 
76 
70 
58 
41 
16 

It is interesting to note that of these 396 television 
sets, 41, or slightly over ten per cent, were inoperative 
on UHF while they were operative on VHF. No receiv-
ers are included in this tabulation which were inopera-
tive on both UHF and VHF. Due to the technical na-
ture of the UHF tuners, no sets were found which were 
operative on UHF but not on VHF. It should be 
pointed out that the Fresno, California, data are not in-
cluded in Table I. This is because the transmitter an-
tenna heights are such that UHF propagation is not 
representative of conditions in the remainder of the 
country. In Fresno, good UHF as well as VHF pic-
tures were received at distances as high as 100 miles 
from the transmitters. This was essentially line-of-sight 
transmission, of course. 

It was found that very few external converters are 
used for UHF. Further, these are used only in old UHF 
areas, and are rapidly being replaced with internal units 
as the old television sets are replaced. Most combina-
tion UHF-VHF installations use separate transmission 

lines, and the usual line for UHF is round twin lead, 
whereas flat twin lead is almost universally used for 
VHF. 

The average time to the last service call over the 
country, as determined by this survey at least, is 61 
months. This figure varied widely from area to area, of 
course. The quality of television service observed varied 
from area to area. In some commwiities, for example, 
almost every television receiver observed was in good 
operating condition. In others, almost all were in bad 
operating condition. All degrees in between the ex-
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tremes were observed. The same general statement, al-
though perhaps to a lesser degree, could be made of an-
tenna installations. The reports from the survey teams 
indicate that the average television service level 
throughout the country needs considerable improve-
ment. Generally, more deficiencies in receiver operation 
were noted due to such things as alignment, than to an-
tenna and receiver installation. This is probably to be 
expected, since to remedy the former difficulty needs 
much higher skill on the part of a serviceman than to 
remedy the latter. Further, a large percentage of service 
shops are inadequately equipped with test equipment. 

GENERAL CONCLUSIONS 

Some general conclusions can be drawn based on the 
preceding material, and also on some general observa-
tions made during the survey. 
With certain obvious exceptions, down to a field 

strength of 60-70 dbu on the average, the best and the 
worst pictures observed in a measurement location were 
both UHF pictures. (This statement holds, of course, 
only for areas served by both UHF and VHF.) These 
field strengths correspond generally to distance ranges 
roughly out to the optical line-of-sight. Thereafter, UHF 
field strength and picture quality deteriorate rapidly 
while good VHF service holds for considerably greater 
distances. The rapid deterioration of UHF over VHF 
is apparently an over-the-horizon propagation problem. 
In areas where UHF line-of-sight is 75 to 100 miles, 
UHF service holds up almost comparably with VHF to 
those distances. This fact was brought out quite forcibly 
in the Fresno, California, survey. The statement about 
the best and the worst pictures both being UHF pic-
tures is not difficult to explain. In areas of adequate sig-
nal strength, UHF does not appear to be subject to ig-
nition noise, airplane flutter, and so forth. Thus the 
"best" picture is explained. The "worst" picture is ex-
plained by the fact that for any given median signal 
strength in an area, the gamut of receiver performance 
at UHF is much wider than at VHF. 

It was interesting to note that for the most part, the 
householder did a fairly competent job of operating the 
receiver. There were exceptions, of course, but in per-

haps 75 per cent of the cases, the engineer would not 
have done much better. 

It was definitely noted that, as the distance from the 
transmitter increased, the average quality of antenna 
installation improved, and the average service condi-
tion of the receiver improved. A much higher percent-
age of misaligned or otherwise improperly operating re-
ceivers was noted close to the transmitters than was 
noted at considerable distance away (20 miles and 
above). 

Although there is considerable room for individual 
judgment, Figs. 4 through 7 would seem to indicate that 
for a Passable picture the following mean field strengths 
at thirty feet in a measurement location are required. 

Low VHF 
High VHF 
Low UHF 
Middle and High UHF 

40-45 dbu, 
50-55 dbu, 
55-60 dbu, 
62-67 dbu. 

There were not enough data to separate middle and 
high UHF. 

It is important to realize that this does not mean that 
these figures at a receiving antenna will give a passable 
picture. Rather, they mean that when these figures 
represent the mean field strength at thirty feet, the 
height of receiver antennas and quality of receiver per-
formance and installations will be such that median 
picture quality in that measurement location will be 
passable. The reader may choose appropriate figures 
from the ten foot data by examining Figs. 11 through 
14, if he desires. 
For a Good or better picture, the following values of 

field strength appear to be adequate at thirty feet. 

Low VHF 
High VHF 
Low UHF 
Middle and High UHF 

50 dbu and above, 
60 dbu and above, 
65 dbu and above, 
72 dbu and above. 

It should be noted that the preponderance of low 
signal VHF data was taken in the northern Minnesota 
area. This does not detract from the validity of the data 
as far as correlation between picture quality and field 
strength is concerned, but may restrict the generality of 
any conclusions that might be drawn about the receiv-
ing antenna height-gain function. 
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Relative Performance of Receiving Equipment as 

Reported by Television Servicemen* 
HOLMES W . TAYLORt 

Summary—Incorporate with the over-all study conducted by 

TASO, Panel 3 (Field Tests) in its study of reception problems 
conceived a six-page questionnaire which was circulated to that seg-
ment of the industry most closely associated with these problem 
areas—the television servicemen in communities across the nation. 

The questionnaire dealt with reception conditions, antennas, trans-
mission lines, receivers and allied questions on both VHF and UHF 

covering both color and monochrome. The statistical compilation of 
answers received from the cooperating TV servicemen is included in 

this paper. 

I
N conjunction with the Television Allocation Study 
Organization, Panel 3 ( Field Tests) brought Com-
mittee 3.4 (Analysis of Questionnaires) into being 

at its 10th Meeting in March, 1958. 
This committee was charged with the responsibility 

of reducing the data obtained from the television serv-
icemen's questionnaires to a form suitable for sum-
marization and analysis. While the questionnaire is not 
reproduced in this paper, all of the pertinent questions 
head the various tabulations of the results. All original 
data, including that generated by the Committee, have 

been turned over to the FCC. 
The Committee received 730 completed question-

naires. Since it was decided to transfer pertinent data 
from the questionnaires to punched cards, the ques-

' tionnaires were sorted alphabetically by state and by 

cities within the state. In this way, the serial num-
ber of a questionnaire allowed ready reference to geo-
graphical information. The questionnaire data were re-
duced to numerical alphabetical codes which greatly 
simplified the summary work and reduced punched 
card volume. 

It became apparent during the preparation of format 
sheets prior to actually preparing the cards that some 
of the data had been subject to local interpretations or 
appeared to be erroneous. After checking through a 
number of cases, it also became apparent that a certain 
amount of inconsistency would be averaged out as part 
of the normal statistical analysis. In addition, the 
Committee felt that, in the area of interpretation, it 
should not attempt to reinterpret data since this in it-
self would tend to disqualify them. However, certain 
basic ground rules were followed. Data with no mean-
ingful significance (i.e., a question either left blank or 
answered in such a way that it could not be resolved), 
were omitted from the summaries. Furthermore, those 
few areas which called for written comments covered 

* Original manuscript received by the IRE, February 11, 1960. 
t Res. Center, Burroughs Corp., Paoli, Pa. 

such a wide field of answers that it was decided in the 
summary only to indicate whether or not the question 
had been answered. 

Finally, in picking the maximum quantity size for 
various parameters, some answers beyond the capacity 
chosen were discovered. These were so few that they 
were included at the maximum number and it was felt 
that this would not disturb the relative relationship of 
the final results. 

Before presenting the results of the analysis, there 
are several points which should be considered. The data 
presented reflect the results of the servicemen's ex-
periences and consequently the receiver information is 
limited to those sets which have required professional 
servicing. Thus, in interpreting the results, one must 
keep in mind that there were undoubtedly a number of 
receivers which either required no servicing or were 
serviced by the owner. For example, in the table where 
it is indicated that the average number of calls per set 
per year is approximately three, the figure would be re-
duced if the number of unserviced sets within the aver-
age serviceman's area of endeavor were known. While 
this is a fairly obvious point, it is sometimes overlooked 
in reviewing data of this nature. In order to place the 
results of this survey back into the same perspective 
originally intended, the results are tabulated in the 
same order as the questions were presented in the ques-
tionnaire and divided into six sections: 

A. General Information; 

B. Receiving Antennas; 

C. Receivers; 

D. Multipath (Ghost) Problems; 

E. Interference; 

F. Color Reception. 

The actual question from the survey questionnaire 
has been repeated, and heads each tabulation. 

A. GENERAL INFORMATION 

The first three questions in this section of the ques-
tionnaire were not summarized, since these questions 
were used to establish identification and area location 
of the reporting serviceman. This information for each 
questionnaire, along with its individual identification 
number, appears on the punch cards that were used. 
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The state and city address of the serviceman was 
used to establish in which FCC Zone (i.e., I, II or III) 
he was located, and the following data were established 

from the information: 

a) That questionnaires were returned from 46 of the 
48 states (Delaware and Vermont abstaining). 

b) That 44 per cent of the questionnaires came from 
Zone I. 

c) That 44 per cent of the questionnaires came from 
Zone II. 

d) That 12 per cent of the questionnaires came from 
Zone III. 

4(a). Please estimate the number of calls per year 
you make on the following types of receivers: 

Survey 
Totals 

Average 
Total Per 

Questionnaire 

Aggregate 
Response 

VHF 2,975,031 4605 89 per cent 
UHF Converter Sets 145,187 621 32 
UHF Single-Channel Sets 1762 28 9 
All-Channel Sets 392,869 1224 44 
Strip-Tuner-Equipped Sets 336,342 998 46 
Community-TV Sets 25,686 299 12 
Centralized-Receiver-Sys-

tems Equipment 2382 21 16 

4(b). Please estimate the number of service calls you 
make PER SET PER YEAR on the following types of 
receivers: 

Survey 
Totals 

Average 
Total Per 

Questionnaire 

Aggregate 
  Response 

VHF 1911 3.11 84 per cent 
UHF Converter Sets 856 3.93 30 
UHF Single-Channel Sets 153 2.94 7 
All-Channel Sets 1139 3.93 40 
Strip-Tuner-Equipped Sets 948 3.27 40 
Community-TV Systems 

Sets 242 2.99 11 
Centralized-Receiver-Sys-

tems Equipment 290 3.15 13 

5. For the area you service, please indicate the num-
ber of TV antennas you have installed: 

Survey 
Totals 

Average 
Total Per 

Questionnaire 

VHF Indoor Antennas 
UHF Indoor Antennas 
VHF Rooftop Antennas 
UHF Rooftop Antennas 

538,443 
78,010 

829,538 
148,932 

1213 
441 
1440 
532 

Aggregate 
Response 

61 per cent 
24 
79 
38 

Based on the above data, dividing the total calls 
by the average number of calls per set for a given re-

ceiver, furnishes this tabulation of receiver sets serviced 
per year. 

Receiver Sets 

VHF Receivers 
UHF Converter Sets 
UHF Single-Channel Sets 
All-Channel Sets 
Strip-Tuner-Equipped Sets 
Community-TV Systems Sets 
Centralized- Receiver-Systems Equipment 

957,000 
37,100 

600 
100,000 
103,000 

8580 
755 

Thus, excluding the centralized and community sys-
tems, the survey indicates a total of 1,197,000 serviced 
receivers with VHF capabilities and 240,700 serviced 
receivers with UHF capabilities. It is interesting to 
note that the percentage responding for VHF is ap-
proximately twice that for UHF. This trend, which 
shows that about half of the areas responding did not 
have UHF service, is found throughout the results. 

6. Please indicate YES or NO to each of the follow-
ing descriptions of your area: 

Survey 
Totals 

Percentage 
Breakdown 

Aggregate 
Response 

a) 
Flat 266 38 per cent 
Hilly 220 31 
Flat and hilly 130 18 
Mountainous 16 2 
Flat and Mountainous 1 
Hilly and Mountainous 48 7 
Flat, Hilly and Mountainous 31 4 

b) 
Over-all 

97 per cent 
Industrial 8 1 
Residential 92 13 
Industrial and Residential 99 14 
Rural 10 2 
Industrial and Rural 1 * 
Residential and Rural 94 13 
Industrial, Residential and Rural 405 57 

* Less than 4 of 1 per cent. 

7. Please list in the columns below, the TV stations 
which provide service to your area. For comments on 
the usual grade of service, use E for Excellent, G for 
Good, F for Fair and P for Poor. (This refers to technical 
performance only, not programming.) 
The original data were, of course, by station includ-

ing call letters and channel numbers; however, in the 
summarization the channels have been grouped in the 
following way: 

Low VHF 

High VHF 

Low UHF 

Medium and High 
UHF 

2-6 

7-13 

14-40 

41-83. 
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a 

The latter group was combined because of the low 
density of stations in this category. The tabulation be-   Performance 

low is of average distance in miles to the transmitting 
antenna and is organized by channel groups and grade 
of service. Response in this area was over 95 per cent. 

Channel Group Grade of Service 

2-6 
7-13 
14-40 
41-83 

Excellent 
22 miles 
22 
15 
11 

Good 
37 miles 
31 
18 
13 

Fair 
67 miles 
55 
16 
15 

Excellent 
Good 
Fair 
Poor 

Aggregate Response 

Rooftop Antenna Indoor Antenna 

VHF UHF 

51 per cent 35 per cent 
38 32 
7 19 
4 14 

97 47 

VHF UHF 

7 per cent 2 per cent 
28 10 
32 24 
33 64 

95 54 

Poor Note again that the response for VHF is approxi-
71 mately twice that for UHF. 
27 
22 

76 miles 

The data for average power used by the transmitting 
stations and the average relative height (vertical dis-
tance from top of transmitting tower to serviceman's 
area) were obtained from the "Television Digest Fact-
book" and a reference book on height above sea level 
for numerous locations in the United States. The aver-
ages for both power and transmitting height were based 
on averaging the total number of stations reported for 
each channel group. Since servicemen reported on the 
same stations in a number of cases, the average then is 
multiple station rather than single station average. 
The average transmitter height is perhaps greater than 
expected because of the occurrence of stations like 
WMTW, Poland Spring, Me., where the vertical dis-
tance from a serviceman in Portland to the top of the 
transmitting antenna was 6375 feet. These large heights 
tended, of course, to bring up the average. Finally, the 
over-all average, again on a multiple station basis, was 
1210 feet. 

Channel Group 
Average Transmitting 

Station Power 
Relative Antenna 

Transmitting Height 

2-6 
7-13 
14-40 
41-83 

88 kw 
240 
350 
330 

1272 feet 
1235 
735 
1179 

A different analysis showed that there were 444 indi-
vidual stations covered by the survey (includes six in 
Canada and one in Mexico). Due to overlap reporting, 
some of these stations were reported as many as 48 
times. The nontranslator stations of this group are 427 
and the total United States station density is 541. This 
survey then represents a 79 per cent coverage. 

B. RECEIVING ANTENNAS 

1(a). In your area, how would you rate the perform-
ance of a typical rooftop antenna? 

1(b). In your area, how would you rate the perform-
ance of a typical indoor antenna? 

2(a). In a strong-signal area, what are the minimum, 
average, and maximum outdoor receiving antenna 
heights you have observed? (Enter height estimates in 
feet above street level.) 

2(b). In a weak-signal area, what are the minimum, 
average, and maximum outdoor receiving antenna 
heights you have observed? 

Antenna Heights Strong Signal Area 

Minimum 
Average 
Maximum 

22 feet 
32 
68 

Weak Signal Area 

29 feet 
40 
74 

3. Selection 
antenna. 

of the location for an outdoor receiving 

3(a). In weak-signal areas, do you exp ore the roof-
top area for locations of maximum signal intensity? 

Yes No 
Aggregate 
Response 

VHF 
UHF 

53 per cent 
81 

47 per cent 
19 

89 per cent 

3(b). Have you observed seasonal changes in the op-
timum location of outdoor antennas? 

VHF 
UHF 

Yes No 
Aggregate 
Response 

43 per cent 
63 

57 per cent 
37 

92 per cent 

4. What proportion of receiver installations in your 
area receive less than optimum picture quality because 
the owner does not erect an outside antenna? 

Proportions of Installations Aggregate Response 

30 Per Cent 95 Per Cent 

5. What types of transmission lines are most often 
used? 

Type of Area Coax Tubular Flat 
Aggregate 
Response 

Strong Signal VHF 1 per cent 5 per cent 94 per cent 91 per cent 
Strong Signal UHF 4 83 13 40 
Weak Signal VHF 3 15 82 83 
Weak Signal UHF 6 87 7 37 
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6. Is the transmission line length and/or installation 
ordinarily a factor in the choice between an indoor and 
an outdoor antenna? 

VHF 
UHF 

Yes No 
Aggregate 
Response 

12 per cent 
18 

88 per cent 
82 

94 per cent 

Rhombics 
Folded or double V 
Traveling-Wave 
Yagis 

For purposes of the analysis, the antenna types used 
in the table were reduced to five. These five represented 
a total usage of 80 to 95 per cent, while the use of the 
others was comparatively small. 

Antenna Types 

Reception 
Type 

Area Type 
Corner 

Reflectors Conicals Dipoles 

Monochrome 

Color 

Weak VHF 
Weak UHF 
Strong VHF 
Strong UHF 
Weak VHF 
Weak UHF 
Strong VHF 
Strong UHF 

35 per cent 

28 

33 

33 

25 per cent 

40 

24 

36 

10 per cent 

30 

16 

28 

Yagis 

60 per cent 
28 
24 
13 
53 
23 
29 
13 

Bow-ties 

26 per cent 

43 

26 

36 

Aggregate 
Response 

76 per cent 
35 
80 
36 
43 
11 
51 
13 

7. Do you usually use separate VHF and UHF trans-
mission lines to the receiver? 

Yes No 
Aggregate 
Response 

60 per cent 40 per cent 48 per cent 

8. Please list your estimate of the minimum, aver-
age and maximum lengths of transmission line used for 
outdoor antennas in strong and weak signal areas at 
VHF and UHF: 

Strong Weak 
Aggregate Response 
Strong Weak 

VHF Minimum 29 feet 36 feet 75 per cent 62 per cent 
Average 50 57 81 70 
Maximum 115 127 75 65 

UHF Minimum 26 31 31 27 
Average 44 50 34 29 
Maximum 86 90 32 28 

9. What type of outdoor antenna have you found 
most acceptable for MONOCHROME reception: di-
poles, yagis, conicals, bow-ties, stacked combinations, 
corner reflectors, rhombics, others? 

10. What type of outdoor antenna have you found 
most acceptable for COLOR reception: dipoles, yagis, 
conicals, bow-ties, stacked combinations, corner reflec-
tors, rhombics, others? 
The servicemen indicated in the questionnaire that 

the following types of outdoor antenna were used: 

Bow-ties 
Conicals 
Dipoles 
Corner reflectors 
Helix 
Inline, colinear, colateral 
Parabolic 

Note that here again the UHF responses are about 
50 per cent of the VHF and that the area having color 
service was about 50 per cent of the UHF and VHF re-
spectively. 

C. RECEIVERS 

1. What proportion of receiver installations are un-
satisfactory? 

Percentage 
Unsatisfactory 

Aggregate 
Response 

VHF 
UHF 

15 per cent 
11 

95 per cent 
83 

In the following list, check reasons for this that have 
occurred in your experience. Opposite any troubles that 
are especially frequent, put several check marks. 
The number of check marks have been analyzed for 

each of the performance problems within the specific 
receiver type only (i.e., no correlation was attempted 
between receivers). The percentage response to this 
question, as a whole, was 84 per cent and was based on 
the fact that a man indicated at least one check mark 
for a particular trouble under at least one receiver 
type (this was the only method which determined that 
a man actually read and considered the question). 
There were a few cases where there were no check 
marks, but the part of the question allowing for other 
reasons had some notation. Those cases were con-
sidered valid. Although some of the blank remaining 
forms may have indicated no troubles, it is hard to be-
believe that a serviceman could have any experience to 
report on without having to service a receiver. 
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• 

Performance Difficulty 

Oscillator Drift 
Difficulty in Tuning, Tuning too Critical 
Short Tube Life 
Dissatisfaction with External Boxes 
Failure of Beating Oscillator to Cover the 
Range 

Inadequate Dial Channel Identification Mark-
ings 

High Noise Level 
Beat Notes 
Self Oscillation 

Other Reasons 

VHF 
Receivers 

UHF 
Converters 

10 per cent 
11 
30 
3 

3 

7 
20 
11 
5 

19 per cent 
18 
25 
12 

3 

6 
7 
6 
4 

UHF 
Strip-Tuner 

Equipped Receivers 

23 per cent 
16 
19 
3 

4 

6 
15 
9 
5 

UHF 
Single-Channel 

Receivers 

All 
Channel 
Receivers 

22 per cent 
18 
30 
3 

4 

5 
8 
6 
5 

18 per cent 
18 
32 
2 

3 

8 
8 
6 
5 

Of the 84 per cent responding to the question as a whole, 33 per cent of this group indicated 
scattered reasons other than those specified. 

2. If you do business in a mixed VHF-UHF area, is 
it your experience that new receivers purchased are al-
most always, usually, or seldom, of the all-channel 
(UHF and VHF) type? 

Purchase 
Frequency 

Percentage 
Breakdown 

Always 
Usually 
Seldom 

43 per cent 
28 
2Q 

Aggregate 
Response 

Over-all 42 per cent 

3. Has it been your experience that owners of com-
bination VHF-UHF receivers know how to tune in 
either :\ 10 NOC F 1 ROM EVHF or t'iIF stations equally 
well? 

Yes No Aggregate 
Response 

55 per cent 45 per cent 46 per cent 

4. Has it been your experience that owners of combi-
nation VHF-UHF receivers know how to tune in either 
COLOR VHF or UHF stations equally well? 

Yes No 

55 per cent 65 per cent 

Aggregate 
Response 

30 per cent 

D. NI l'UTIP.1TH (GHOST) PROBLEMS 

1. What proportion of the total 
your area suffer from ghosts? 

number of sets in 

Percentage 
of Ghosts 

Aggregate 
Response 

VHF 
UHF 

12 per cent 
19 

83 per cent 
23 

• 2. Are ghosts more objectionable on VHF or UHF? 

VHF UHF VHF and UHF Aggregate 
Response 

69 per cent 18 per cent 13 per cent 44 per cent 

E. INTERFERENCE 

1(a). Listed below are some sources of interference. 
In the table, check the sources of interference which 
you have found to exist in your service area at UHF 
and VHF. 

1(b). Please note in the table below the sources of in-
terference you have found to be troublesome in the 
areas indicated. 

The percentage response to this question as a whole 
was 98 per cent. In analyzing the interference data, the 
table has been organized such that percentages within 
the group responding for a particular interference are 

listed for VHF, UHF, or a combination of both. In 
addition, the percentage distribution which indicated 
the most troublesome areas is also shown within the 
framework of the response for a given type of interfer-
ence. Since the area group, namely, business-industrial, 
residential, and rural, can receive either individual or 
composite checks, there results seven possibilities rang-
ing from each one individually to all three combined. 
For analysis purposes we have selected the four most 
prevalent combinations which are business-industrial 
(B); residential ( R); business-industrial and residential 

(BR); and business-industrial, residential, and rural 
(BRR). On this basis (4 out of 7), the percentages, 
when added across, will not necessarily total 100 per 
cent. Under the aggregate response column, the figure 
associated with VHF indicates the actual response to 
the area portion of the question for a given interference 
as a part of the total (i.e., 98 per cent) response. The 
statement is similar for UHF. The third response figure 
represents that portion of the total response which 
indicated a check mark at UHF, VHF or both for a 
given interference. 
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Band B R 

Motor Vehicle Ignition Systems 
VHF 
UHF 
Both 

92 per cent 
1 
7 

28 per cent 
36 
— 

14 per cent 
10 
— 

Diathermy Machines 
VHF 
UHF 
Both 

95 
* 
5 

59 
54 

19 
8 

BR 

33 per cent 
26 
— 

20 
38 
_ 

BRR 

16 per cent 
18 
— 

2 
0 

Aggregate 
Response 

68 per cent 
6 

86 

30 
2 

50 

Power Distribution Systems 
VHF 
UHF 
Both 

Neon Signs 
VHF 
UHF 
Both 

89 
1 

10 

94 
t 
5 

31 
20 

9 
0 

14 
25 

21 
25 

35 
3 

45 

86 
84 
_ 

4 
11 

9 
0 

TV Receiver Radiation 
VHF 
UHF 
Both 

81 
7 

12 

9 
21 
— 

60 
33 
— 

18 
33 
— 

Standard AM Receiver Radiation 
VHF 
UHF 
Both 

85 
7 
8 

o 
0 

86 
0 

7 
0 
_ 

FM Receiver Radiation 
VHF 
UHF 
Both 

87 
7 
6 

7 
50 
_ 

56 
25 
_ 

Electrical Household Devices 
VHF 
UHF 
Both 

88 
2 

10 

4 
4 
— 

47 
27 
— 

11 
0 

9 • 
4 
— 

AM-FM Broadcast Station Radiation 
VHF 
UHF 
Both 

86 
6 
8 

10 
0 
_ 

45 
40 

21 
40 

Shortwave Station Radiation 
VHF 
UHF 
Both 

91 
3 
6 

15 
7 
_ 

54 
57 
_ 

Amateur Radio Stations 
VHF 
UHF 
Both 

92 
2 
6 

3 
0 

68 
58 

Police Radio 
VHF 
UHF 
Both 

78 
10 
12 

26 
10 

Special Service Communication Systems 
VHF 
UHF 
Both 

73 
11 
16 

33 
27 
— 

36 
37 
— 

28 
20 

10 
7 

4 
17 
— 

17 
23 
— 

17 
40 

1 
s 

4 
8 

7 

11 
0 

9 
19 
— 

11 
10 

7 
14 
— 

5 
21 
— 

8 
13 

9 
13 
_ 

40 
3 

58 

20 
3 

44 

2 
* 

9 

8 
1 

21 

44 
4 

70 

16 
1 

29 

12 
2 

29 

38 
3 

63 

19 
4 

38 

12 
2 

26 

* Less than 4 of 1 per cent. 
Note: 14 per cent of those responding specified other types of interference. 

2. Do you find adjacent channel interference on VHF 
or UHF? 

VHF 
UHF 

Yes No Aggregate Response 

55 per cent 
7 

45 per cent 
93 

Over-all 87 per cent 

3. Do you find co-channel interference on VHF or 
UHF? 

Yes No Aggregate Response 

VHF 
UHF 

58 per cent 
4 

42 per cent 
96 

Over-all 86 per cent 

Note, however, that no duty factor was associated 
with these questions [E(2), E(3) [. Thus, effects could 
be of short irregular duration or only at special times 
of day or season. 

F. COLOR RECEPTION 

1. Does color TV seem to work better at VHF, at 
UHF, or does it work equally well at both bands? 

Better at VHF 

61 per cent 

Better at UHF Equally Well Aggregate 
Response 

18 per cent 21 per cent 25 per cent 
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.• 

2. If there are any differences between color reception 
at VHF and UHF, can you give any reason for these 
differences? 

Of the group responding to F(1), 44 per cent provided 
written remarks in conjunction with F(2). 

GENERAL COMMENTS 

In analyzing the original and final data which were 
obtained as part of the TASO survey, there are a num-
ber of highlights which are worth mentioning. 
A close study of the servicemen's questionnaire indi-

cated that those men who took the time to answer the 
questionnaire were quite thorough. We received very 
few questionnaires incompletely filled out. There were, 
of course, a number of unanswered questions for those 
areas that had neither UHF nor color service, and this 
is the reason for the reduced response in those areas. 
In cross-checking the total results of various sections of 
the questionnaire, those which dealt basically with the 
same problem areas showed a very close correlation. 
Therefore, we believe this indicates that the serviceman 
did not just make haphazard guesses but was particu-
larly reliable in the way he went about answering the 
questions. 

It is important to remember several things; one, that 
the sample size, which was 730, represents a small per-
centage of the total television servicemen throughout 
the country. In addition, it represents their knowledge 
as it pertains to receivers that have required attention. 
No attempt was made to try to derive a figure repre-
senting the number of receivers that might be con-
sidered as within the area of operation of the serviceman 
reporting. The accumulated data, of course, are in line 
with the purpose of the survey which was aimed at 
finding out just what the problems were, and we feel 
that many of the sets that have not been repaired by 

the serviceman have, statistically, somewhat the same 
problems with respect to ghosts and interferences. 
Then, as previously mentioned, there is no doubt that 

a number of sets were repaired by the owner. The cov-
erage resulting from the survey is particularly gratify-
ing. For example, of the three FCC Zones, the two 
larger each returned 44 per cent of the data, while the 
third and smaller zone returned 12 per cent of the total. 
Also, 46 out of 48 states were represented. In addition, 
it is a significant fact that out of the 541 individually 
operating television transmitting stations in this coun-
try, this survey covered 427, which represented 79 per 
cent. These facts greatly increase the importance of the 
data obtained because they indicate that although the 
sample may have been small, the coverage was large 
and quite complete. 

It was not the prerogative of this committee to draw 
definite conclusions from the data presented; however, 
this report is annotated in several places to point out 
results that seem to be of particular interest, and in 
addition, many conclusions are self-evident based on 
the data themselves. 
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VHF and UHF Television Receiving Equipment* 
WILLIAM O. SWINYARD t, FELLOW, IRE 

Summary—This paper covers a study of various types of VHF 
and UHF television receiving equipment made by TASO Panel 2 
and reported October 3, 1958. Information and performance data 

are given for antennas, transmission lines and television receivers. 
RF amplifier and oscillator electron devices (tubes and semi-
conductors) used in television tuners for both VHF and UHF are 
discussed and tables showing relative performance data for devices 

of various types are included. 
In addition to this study of home television receiving equipment, 

TASO Panel 2 made studies of 1) community television antenna 
and distribution systems, and 2) the effects of transmitter sound 
power reduction on television receiver performance. Results of 

these studies are also included. 
In general, data collected by Panel 2 show that performance of 

VHF equipment is markedly superior to that of UHF equipment and 
that a reduction in sound power of television transmitters is harmful 

to television reception, particularly in fringe areas. 

INTRODUCTION 

ASO Panel 2 was charged with the task of secur-
ing reliable information, on both theoretical and 
practical bases, for the purpose of appraising the 

present performance of television receiving equipment 
(monochrome and color) for both VHF and UHF 
broadcasting on all presently allocated channels. The 
presently allocated VHF channels are 2-6 in the fre-
quency band of 54-88 mc and 7-13 in the 174-216-mc 
band. The UHF band is continuous in coverage from 
470-890 mc and includes 70 channels numbered 14-84. 
All channels, both VHF and UHF, are 6 mc wide. 

Performance data on antennas, transmission lines and 
television receivers were obtained by Committee 2.4 
directly from the manufacturers of the equipment. 
Forms for use in recording the data were worked out 
and sent to the manufacturers along with specific in-
structions regarding the measurement methods to be 
used. In the case of antennas, the measurement stand-
ard, where applicable, was Electronic Industries Asso-
ciation (EIA) Standard REC-141, "VHF Antenna Per-
formance Presentation and Measurement," which was 
used for both VHF and UHF antennas. In the case of 
television receivers, since no up-to-date measurement 
standard was available, a comprehensive manual, 
"Measurement Methods," was compiled. This was based 
on the experience of those skilled in the field and in-
cluded methods of measurement which were consid-
ered to be the best available. 
The antenna and transmission line questionnaires 

were mailed to 52 manufacturers of antennas, 11 manu-
facturers of transmission lines, and 37 manufacturers of 
television receivers. After follow-up letters, seven ques-
tionnaires were returned with data, five of which pro-

* Original manuscript received by the IRE, January 11, 1960. 
t Hazeltine Research, Inc., Chicago, III. 

vided fairly complete data on the material manufac-
tured by the sources. The data received in reply to the 
questionnaires, along with valuable data from three 
other sources, were analyzed and the results appear in 
this paper. 
The television receiver questionnaires, manual of 

"Measurement Methods" and instructions were sent by 
Committee 2.1 to all known manufacturers of televi-
sion receivers and tuners. Replies and data were re-
ceived from 16 receiver manufacturers, and three tuner 
manufacturers, covering 78 different receiver chassis 
and nine tuners. These data were analyzed, the per-
formance characteristics averaged, and the results are 
presented herein. 

All electron devices (tubes and semiconductors) now 
being used by tuner and set manufacturers were re-
viewed by Committee 2.7 and tables of data considered 
important to the performance of these devices as they 
are used in television tuners were derived and are pre-
sented in this paper. In addition, tubes designed for 
VHF and UHF applications, but whose commercial 
usage has not yet developed, were added to the lists in 
order to give an up-to-date picture of their performance 
capabilities. 

Information on community antennas and distribu-
tion systems was obtained directly from the operators 
by Committee 2.5. Answers to questionnaires were re-
ceived from operators of 125 community television 
systems. 
The effects of transmitter sound power reduction were 

studied by Committee 2.6. Tests were made in the 
laboratories of committee members using representa-
tive receivers under conditions closely simulating those 
actually encountered in the field. 

ANTENNAS AND TRANSMISSION LINES 

Data on antennas and transmission lines received 
from seven manufacturers, supplemented by data re-
ceived from The Association of Maximum Service Tele-
casters (AMST) and the RCA Service Company were 
analyzed. 
The questionnaire data which were sent in by seven 

of the 52 manufacturers to whom the questionnaires 
were sent contain data on 26 VHF and four UHF an-
tennas. Although only seven of the 52 manufacturers 
sent in data, it is believed that the data are representa-
tive since they came from the larger manufacturers. 
The AMST data cover 13 all-channel VHF antennas 

and two special Yagi antennas. The RCA Service 
Company data cover nine all-channel VHF antennas, 
one high VHF channel antenna and one Vagi single-
channel antenna; they also cover six all-channel UHF 



1960 Swinyard: VHF and UHF Receiving Equipment 1067 

• antennas and two Vagi antennas designed for specific 
channels. 

Data on transmission lines were received from three 
of the 11 companies to whom the questionnaire was 
sent. These companies, however, are the larger ones in 
the field and for this reason it is felt that significant 
conclusions may be drawn from the data. 

Table I summarizes the more important character-
istics of antennas and transmission lines. It can be seen 
that the gain of UHF antennas is somewhat higher than 
the gain of VHF antennas when it is measured with re-
spect to a half-wave folded dipole antenna. However, as 
the frequency increases the reference dipole becomes 
shorter; hence, it is not as effective in picking up signal 
at UHF as it is at VHF frequencies. The effectiveness 
is inversely proportional to frequency, and this fact 
must be taken into consideration when comparing the 
gain of VHF and UHF antennas. The dipole constant 
Xbr shown in Table II takes cognizance of this fact. The 
dipole constant, in (lb' (also called the antenna lambda 

The dipole constant is the ratio of the voltage at the transmission 
line terminals of the dipole antenna to the uniform field strength of 
the field in which the dipole is located. Its dimensions are therefore 
those of voltage/field strength or volts/(volts/meter) = meters. By 
definition, a db is a dimensionless quantity, being proportional to 
the logarithm of the ratio of two quantities having the samP dimen-
sions; therefore, it is not rigorously correct to express the dipole con-
stant as so many db. Since all other quantities entering into this dis-
cussion are correctly expressed in db, it is convenient also to express 
the dipole constant on a logarithmic scale so that the gains (or losses) 
of all elements may be added to give the over-all gain (or loss) of the 
system as a whole. The dipole constant has therefore been expressed 
as 

Ka (in db)=20 logis 
voltage (in volts) 

field strength (in volts per meter) 

with the knowledge that the expression is convenient rather 
rigorously correct, and that the numerical result can be used 
when the voltage and the field strength are expressed in units 
that their ratio has the dimension of meters. 

than 
only 
such 

factor) added algebraically to the antenna gain, in db, 
with respect to a half-wave dipole gives the relationship 
between the incident field intensity and voltage at the 
receiver input terminals, neglecting transmission line 
loss. 

Theoretically it is possible for the antenna to deliver 
a constant voltage to the load on all television channels 
if the field strength is the same for all channels. This re-
quires a constant capture area for all channels.' The 
capture area (sometimes called the effective area or 

aperture) is GiX2/47r, where G1 is the power gain as a 
transmitting antenna relative to an isotropic radiator.' 
For a half-wave dipole GI is 1.64 and the capture area 
is 0.130X2. The capture area for a dipole resonant at the 
center frequency of channel 2 is 38.5 square feet. To 
maintain this area for all channels requires the use of 
some sort of high-gain directional antenna at the higher 
frequencies and particularly at UHF where, for ex-
ample, a dipole, or dipoles, mounted at the focal point 
of a parabolic reflector might be used. However, such an 
antenna has not come into general use in television re-
ception. 

It can be seen from Table II that for practicable an-

tennas, and assuming uniform field strength at all fre-
quencies, the signal delivered by the antenna to the in-
put of the transmission line is - 5.9 db and - 15.6 db at 
high VHF and UHF, respectively, with reference to low 
VHF. This loss is further increased by losses in the 
transmission line. The net result is shown in the last two 
columns of data in Table II. These data show that in an 

2 G. H. Brown, J. Epstein, and D. W. Peterson, "Comparative 
propagation measurements: television transmitters at 67.25, 288, 
510 and 910 megacycles," RCA Rev., vol. 9, pp. 177-201; June, 1948. 
3 F. E. Terman, " Radio Engineering,' McGraw-Hill Book Co., 

Inc., New York, N. Y., Third ed., p. 729; 1947. 

TABLE I 

SUMMARY OF CHARACTERISTICS OF ANTENNAS AND TRANSMISSION LINES 

TV 
Band 

Low VHF 
High VHF 
UHF 

Gain, db' Front/Back Signal 
Ratio, db 

Horizontal Beamwidth 
(6 db), Degrees 

Transmission Line Loss ( 100 feet), db 

New, Dry 5 Years Old, Wet 

Min Av Max Min Av Max Min Av Max 

-7.0 3.7 11 0 11.6 30.4 55 109 360 
-2.5 6.8 12.8 2.2 10.6 26 24 59 210 
-0.2 7.7 13.5 2.7 15.1 25 30 65 120 

Min Av Max 

0.7 
1.5 
2.8 

0.9 
1.7 
3.6 

1.2 
1.9 
4.5 

Min Av Max 

2.1 
4.2 
7.5 

5.1 
9.7 

20.0 

8.0 
14 
31 

Referred to a tuned, folded dipole. 

TABLE II 

RELATIONSHIP BETWEEN INCIDENT FIELD STRENGTH AND VOLTAGE AT RECEIVER INPUT TERMINALS 

TV Band 

Low VHF 
High VHF 
UHF 

Average 
Antenna Gain 

Dipole Constant, 
Ks (Lambda 

Factor) 

Ratio of Voltage 
at Transmission 
Line Input to 
Incident Field 

Strength 

Average Transmission 
Line Loss (30 feet) 

Ratio of Voltage at Receiver 
Terminals to Incident Field 

Strength 

5 Years New, Dry 
Old, Wet New Dry Line 5-Year Old 

Wet Line 

3.7 db 
6.8 
7.7 

2.9 db 
- 6.1 
-16.7 

6.6 dl) 
0.7 

-9.0 

0.3 db 1.5 db 
0.5 2.9 
1.1 6.0 

6.3 db 
0.2 

-10.1 

5.1 db 
- 2.2 
-15.0 
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average installation the signal delivered by the antenna 
to the receiver input terminals greatly favors the VHF 
receiver, and especially the low-frequency channels. 
The signal delivered to the receiver input terminals is 
—6.1 db and — 16.4 db for the high VHF and UHF 
bands, respectively, with reference to the low VHF 
band, assuming equal field strength in all cases and new, 
dry transmission line. For old, wet transmission line the 
corresponding figures are — 7.3 db and — 20.1 db. 

Although UHF antennas have been shown to deliver 
far less voltage to the receiver antenna terminals than 
VHF antennas, for a given field strength, there is some 
advantage in their generally smaller physical size. 

RECEIVERS 

Information concerning the more important circuit 
and performance characteristics of UHF and VHF re-
ceivers, including their susceptibility to various types 
of interfering signals, was supplied by 16 receiver manu-
facturers and three tuner manufacturers, covering 78 
different receiver chassis and nine tuners. This repre-
sents a sufficiently large sampling of the industry to 
justify some rather general conclusions concerning the 
important circuit features and performance charac-
teristics of present-day UHF and VHF receivers. 

Consideration will be given first to the circuit features 
of UHF and VHF receivers. Most receivers employ a 
single transmission line input and are designed to re-
ceive VHF signals only. A few UHF/VHF receivers em-
ploy a single transmission line input with an internal 
crossover network. Most combination UHF/VHF re-
ceivers have dual inputs. 

All VHF receivers reported have provision for recep-
tion of 12 channels which are selected by means of a 
switch having a detent mechanism. Provision is made 
for "fine-tuning" the selected channel for the best com-
promise of picture and sound. Most UHF receivers em-
ploy continuous tuning from channels 14 through 83, 
although a few divide the band into segments which can 
be selected by means of a switch and provide sufficient 
"fine-tuning" range to tune through each segment, thus 
covering the entire UHF band in discrete steps. 

All VHF receivers employ an RF amplifier stage. 
Vacuum tubes are employed in the tuner and three 
tuned RF circuits are used in most cases. On the other 
hand, UHF receivers do not employ an RF amplifier 
stage. This matter will be discussed later. All UHF re-
ceivers have vacuum tube oscillators and crystal diode 
mixers, and most of them employ two RF tuned cir-
cuits. 

All receivers reported, both VHF and UHF/VHF, 
employ the EIA standard video carrier IF of 45.75 mc. 
In combination UHF/VHF receivers the VHF tuner 
circuits are usually employed as IF amplifiers for UHF 
reception, thereby partially compensating for the losses 
in the UHF tuner. 

Existing VHF television receivers can be adapted to 

receive UHF signals by means of a converter which, in 
conjunction with the receiver, operates an a double 
superheterodyne principle and uses one of the VHF 
channels as the converter intermediate frequency. No 
data on UHF converters were reported. 
An important characteristic of a UHF converter is its 

ability to amplify weak signals to a usable level with a 
good signal-to-noise ratio. Most UHF converters em-
ploy a circuit consisting of a tuned preselector, an oscil-
lator, a crystal diode mixer, an IF amplifier, and a 
power supply. The over-all noise factor of such a con-
verter in combination with a VHF receiver is deter-
mined mainly by the following three characteristics:4 

1) the losses in the preselector and crystal mixer cir-
cuits, 

2) the noise factor of the converter IF amplifier, and 
3) the noise factor of the VHF receiver. 

The combined noise factor of the VHF receiver and 
converter IF amplifier is found usually to be only 
slightly higher than the noise factor of the converter IF 
amplifier alone, which may be assumed to be 6 or 7 db. 
This, combined with an assumed loss of about 10 db in 
the preselector and mixer circuits together, gives an 
over-all noise factor of about 16 to 17 db. 

Other important converter characteristics are good 
oscillator stability, adequate selectivity, sufficient band-
width and low oscillator radiation. A well-designed pres-
ent-day converter can satisfy all of these requirements. 

Converters may reasonably be considered as interim 
devices. Better results can be secured by using UHF re-
ceivers or combination UHF/VHF receivers. 
The more important receiver performance character-

istics are summarized in Table III. This shows the poor-
est, average and best results for each of the character-
istics listed. It can be seen that the UHF receiver suf-
fers in comparison with the VHF receiver in four major 
respects: 1) noise factor, 2) image ratio, 3) tuner band-
width, and 4) oscillator stability. Average VHF noise 
factors are 6.5-8.5 db and average UHF noise factors 
are 12.8-13.8 db, a difference of about 6 db in favor of 
VHF. The image ratio performance is much poorer in 
UHF receivers. This is due to the practice of using a 
common IF for UHF and VHF receivers. This IF is as 
high as it can be for VHF but is too low for UHF; how-
ever, it seems to be a good compromise and no change 
is recommended. The RF bandwidth is much more 
favorable for VHF than for UHF, leading to fewer inter-
ference problems in VHF receivers. Oscillator drift is 
significantly less in VHF receivers. While the average 
drift in present UHF receivers is tolerable for mono-
chrome reception, it is doubtful if it is sufficiently low 
for satisfactory color reception without retuning. Most 
receivers with remote tuning devices are also critically 

' W. Y. Pan, "Some design considerations of ultra-high-frequency 
converters," RCA Rev., vol. 11, pp. 377-398; September, 1950. 



1960 Swinyard: VHF and UHF Receiving Equipment 1069 

TABLE Ill 

RECEIVER PERFORMANCE CHARACTERISTICS 

Channel 2-6 7-13 14-40 41-65 , 66-83 

Characteristic' P A B P A B P A B P A B P A B 

Noise Factor, db 
Sensitivity, uy 
Image Ratio, db 
IF Interference Ratio, 
db 

Tuner Bandwidth' 3 db 
down, mc 

Tuner Bandwidth, 20 
db down, mc 

Five-Minute Warmup 
Drift, mc 

One-Hour Warmup 
Drift, mc 

Input VSWR 
Adj. Lvvr. Snd.' Car. 

Atten.. db 
Adj. Upr. Pic. Car. 

Atten., db 

9.7 
150 
41 

36 

10.5 

22.5 

0.52 

0.45 
6.0 

14 

26 

6.5 
40 
73+ 

57+ 

7.5 

14.8 

0.09 

0.21 
2.7 

40 

40 

4.6 
4 

80.5 

76 

4.0 

6.0 

0.015 

0.03 
1.0 

60 

56 

12.2 
270 
45 

53.5 

14.0 

37.0 

0.65 

0.40 
6.0 

20 

24 

8.5 
57 
68+ 

68+ 

9.4 

23 

0.14 

0.23 
2.4 

38 

39 

6.5 
6 
80 

91 

3.5 

8.0 

0.017 

0.035 
1.0 

60 

52 

16.7 
360 
14 

43 

37.0 

125 

0.458 

I.25 
5.0 

16 

20 

12.8 
79 
32 

64+ 

17.5 

48 

0.17 

0.45 
2.4 

39 

40 

10.5 
10 
46 

88 

8.0 

15 

0.09 

0.12 
1.0 

58 

77 

18.2 
280 
10 

43 

34.0 

178 

0.50 

2.5 
5.0 

16 

24 

13.2 
76 
29 

65+ 

18.5 

59 

0.22 

0.61 
2.4 

41 

42 

10.0 
8.5 

44 

82 

9.0 

16 

0.06 

0.14 
1.0 

58 

80 

19.0 
300 
6 

43 

60.0 

247 

0.70 

1.142 
5.0 

16 

20 

13.8 
81 
26 

66+ 

25.4 

74 

0.28 

0.63 
2.5 

41 

41 

9.5 
11 
46 

86 

10.0 

18 

0.03 

0.16 
1.0 

60 

<80 

P, A, and B stand or poorest, average and best, respectively. 
" In general, the broadest bandwidth is considered poorest and the narrowest is considered best. A lower number is generally more favorable down to about 6 mc. 
Channels used: 3-6; 8-13; 15-40; 41-65; 66-83. 
Channels used: 2-5; 7-12; 14-40; 41-65; 66-82. 

dependent on oscillator stability. While VHF receivers 
are being sold in increasingly large numbers with remote 
tuning devices, at present such devices are not in wide-
spread use in UHF receivers. 
With respect to other performance characteristics for 

which data were obtained, the difference between UHF 
and VHF receivers is not significant. 
Of the four points mentioned, wherein the perform-

ance of UHF receivers suffers by comparison to that of 
VHF receivers, the most important is the noise factor. 
The lack of a suitable low-cost RF amplifier tube for 
use in UHF tuners accounts for the relatively high UHF 
noise factors. 

Not immediately apparent in the data is the fact that 
UHF receivers fall short with respect to amplification. 

It has been pointed out previously that this shortcom-
ing in amplification in UHF tuners is at least partially 
compensated in combination UHF/VHF receivers by 
using the VHF tuner circuits to provide additional IF 
amplification. However, in receivers built for UHF re-
ception only, provision would have to be made in the 
IF amplifier for this additional gain. This probably 

would require one, or possibly two, extra IF amplifier 
stages as compared with a VHF receiver. If an RF 
amplifier stage were used for improvement in noise fac-
tors, one additional IF amplifier stage would probably 
suffice because of the amplification supplied by the RF 
stage. The provision for additional IF gain for UHF re-
ception in UHF/VHF receivers results in UHF sensi-
tivity, which, while it is slightly poorer than that of 
VHF receivers, appears to be adequate considering the 

noise factors. 
Table IV shows the reduction in receiver input ter-

minal voltage for the high VHF band and UHF band rela-
tive to the low VHF band. The data in columns one and 
two were derived from the last two columns in Table II 
and assume the use of a 30-foot length of transmission 
line as in an average installation. Table IV, columns 3 
and 4, shows how these figures are modified, as far as the 

TABLE IV 

REDUCTION IN RECEIVER INPUT TERMINAL VOLTAGE AND IN 
SIGNAL-TO-NOISE RATIOS FOR HIGH VHF AND UHF BANDS 

RELATIVE TO Low VHF BAND, FOR EQUAL FIELD 
STRENGTH& 

TV Band 

Reduction in Receiver In- Reduction in Signal-to-
put Terminal Voltage' Noise Ratio' 

Transmission Transmission 
Line New, Line 5 Years 

Dry Old, Wet 

Transmission Transmission 
Line New, Line 5 Years 

Dry Old, Wet 

High VHF 
UHF 16.4 

6.1 db 7.3 db 
20.1 

8.1 db 9.3 db 
23.2 26.9 

' Based on average noise factors as follows: Low VHF, 6.5 db; 
High VHF, 8.5 db; UHF, 13.3 db. 

2 Figures derived from last two columns in Table II. 
These figures were obtained by adding to the figures in columns 

1 and 2 the average noise factors relative to low VHF, which are as 
follows: high VHF, 2.0 db; UHF, 6.8 db. 

signal-to-noise ratio in the picture is concerned, by the 
receiver noise factors. In fringe area installation the 
antenna usually is mounted on a tower high above the 
roof. In such cases the length of transmission line re-
quired might well be 60-100 feet. For a 60-foot length 
of transmission line the figures in column 3 of Table IV 
would be 8.3 db and 24.0 db; those in column 4 would 
be 10.7 db and 31.4 db. For a 100-foot length of line the 
figures in column 3 of Table IV would be 8.7 db and 
25.1 db; those in column 4 would be 12.5 db and 37.3 
db. Thus it can be seen that the UHF receiver is under a 
heavy handicap as compared with a VHF receiver from 
the standpoint of signal-to-noise ratio in the picture. 
This could be offset by increasing the UHF antenna 
gain and decreasing the transmission line losses. How-
ever, the margin for improvement in these respects does 
not seem to be especially significant considering the 
magnitude of the required improvement. A decrease in 
UHF receiver noise factors would be equally effective in 
improving the performance. However, data obtained on 
tubes and other electron devices, to be discussed later, 
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show that the magnitude of the possible improvement 
which could be obtained by using an RF amplifier tube 
is sufficient to provide only a small part of the required 
improvement. 
There is little difference between VHF and UHF re-

ceivers with respect to cross-modulation, as is shown in 
Figs. I and 2. 
On the positive side, it should be mentioned that ex-

perience has shown that UHF receivers are less sus-
ceptible to airplane flutter and to various types of elec-
trical disturbances, both natural and man-made, than 
are VHF receivers. 
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ELECTRON DEVICES FOR TELEVISION TUNERS 

All of the tubes and semiconductors now being used 
by TV tuner and set manufacturers were reviewed and 
tables of data considered pertinent to the performance 
of these devices in their functional applications were 
derived. Accordingly, tables were composed listing every 
tube type now being used in volume in new tuners. In 
addition, tubes designed for tuner applications at UFIF 
and VHF, but whose commercial TV usage has not yet 
developed, were added to the lists in order to give an 

up-to-date picture of the performance capabilities of 
these devices. The tables are as follows: 

Table V.—VHF RF Amplifiers 
Table VI.—VHF Oscillator- Mixers 
Table VIL— UHF Oscillators 
Table VI I I.—UHF RF Amplifiers 
Table IX.—UHF Mixers 
Table X.—UHF Semiconductor Mixers. 

These six classifications cover the functional applica-

tion areas of electron devices used in tuners, and for the 
purposes of the performance descriptions of products 
were considered adequate. 

Performance Criteria and Technical Data 

In the performance tables no attempt was made to 
provide complete technical information regarding the 
various electron devices listed since such information is 
widely available in detail far beyond the scope of this 
paper. Rather, those electrical characteristics believed 
to have the greatest significance to the functional ap-
plications described in the table headings were selected. 
In some cases, measurements were made and data pre-
sented under " typical" operating conditions rather than 
under the more normal "rated" conditions for the elec-
tron devices under consideration. For example, VHF-
RF amplifier tubes were all tested for transconductance 
(Gm) under typical tuner operating conditions rather 
than at standard "rated" values of En, E2, Ib and — Ea. 
Thus the relative transconductances and calculated 
performances derived from these data are considered to 
represent actual "in-tuner" performance more closely 
than might otherwise be the case. 
The following is a summary of the performance char-

acteristics to be found in Tables V through X: 

1) VHF-RF amplifiers (data in Table V): 
a) Gain-bandwidth figure of merit. This is deter-

mined by calculation from the formula 

G. B. = 
Gm 

2N/Cin X Cout 

where Gm is the low frequency transconductance, Ch, is 
the capacitance from G1 to K II, and aut is the capaci-
tance from P to K±H. It should be noted that this 
figure of merit does not involve frequency-sensitive 
parameters and consequently can be misinterpreted. 
This relative value is valid only when the frequency of 
operation is such that the input resistance of the tube is 
high. In this column larger numbers generally indicate 
better performance. 

b) Theoretical noise factor—at 50 mc and 200 mc. 
The theoretical noise factor of a vacuum tube is an ex-
pression of the irreducible noise generated by the non-
correlated flow of electrons within the tube. This factor, 
expressed in db, represents the power ratio of the noise 
produced by the device being tested to that obtained 
from an ideal " noiseless" amplifier. In our case, we have 



TABLE V 

VHF RF AMPLIFIERS 

Type Class Cutoff 
Heater Current Versions 

Available 
VHF Characteristics Static Characteristics 

Tube 
Types 
i n Cur-
rent 
Usage 

Cas- 
code 

Tri- 
ode 

Tet- 
rode 

Pent- 
ode Sharp 

Re- 
mote 

6 Volt 
/f in ma 300 ma 450 ma 600 ma 

Gain Band- 
width, 

Theoreti- 

cal Noise Factor 
at 50 mc- 

dbl.' 

Theoreti- 
cal Noise 
Factor 

at 200 mc- 
dbl.' 

Input 
Resist. 
50 mcc-- 
ohms' 

Input 
Resist. 
200 mc- 
ohms' 

Equiva- 
lent 

Noise 
Resist. 
ohms 

Feed 
Through 
Cap.-, uf 

(with 
shield). 

Upper 
Freq. 

Limmeit - 
Gm -renhos, 

With Shield 
Catalog 
Price G to (K 

+H)_umf 
Capad- 
tance 

P to (K 
+H)- uf 
Capad- 
tance 

G to P- 
j orf 

Capaci-
tance 

6BC5 X X X X 735 3.8 7.4 7,100 500 1,025 0.02 360 7 ,500 6 .6 2.6 0 .02 1.17 
6BC8 X X 400 X 2,650 I. 7 3 .6 10,000 835 340 0.008 500 9,600 2.5 1.3 1.4 2.01 

(,BK7A X X X X 2,040 I.8 4.8 6,900 400 355 0.004 380 8,690 3.0 1.5 1.8 1.76 

6BK7B X X X 2,040 1.8 4.8 6,900 300 355 0.0043 320 8,700 3.0 1.5 1.8 1.76 

6BN4 X X 200 X X 1,606 2.0 5.3 9,400 800 460 1.2 530 9,000 3.2 1.4 1.2 1.23 

6BQ7A X X 400 X 2,410 1.9 5.0 9,400 800 460 0.005 510 8,520 2.6 1.2 1.2 1.98 

6BS8 X X 400 X 2,610 1.7 4.7 6,300 665 345 0.014 520 9,820 2.6 1.35 1.15 1.96 

6BZ7 X X 400 X 2,480 1.9 5.0 9,300 850 420 0.0045 530 8,780 2.6 1.2 1.2 2.01 

6BZ8 X X 400 X 2,520 2.0 5.2 7,400 480 385 0.015 390 9,980 2.8 1.4 1.3 2.37 

6CY5 X X X X 1,090 2.7 6.4 11,000 1,070 835 0.03 710 8,100 4.5 3.0 0.03 1.40 

PCC881 X X 2,495 1.6 4.4 7,000 380 190 0.0012 - 13,700 3.5 1.8 1.4 

E,I80F, X X 1,738 2.3 5.9 4,700 170 320 0.019 -- 13,500 7.5 3.0 0.03 

; European types w.th possible future usage. 
Gain Bandwidth-a figure of merit defined by formula 

G„, 

2 ii/Cii,XCout 

This figure becomes deficient when input resistance becomes low. See Paragraph a), page 1070. 
; For tube only. 
+Short circuit input resistance. 
Input grid to output plate capacitance. 
A relative indication of highest frequency of operation attainable. See Paragraph f), page 1073. 

7 Conditions: Ee = -1 V(Rk =68 ohms). Ek or Ea adjusted for 15 ma lk and with plate dissipation within rating. These conditions are for comparison on a common basis. 

TABLE VI 

VHF OSCILLATOR-M IXERS 

Tube 
Type Class Heater Current Versions 

Available 
VHF Characteristics as Oscillators 

and Mixers 

Static Characteristics 

Triode, Pentode or Tetrode, 

Types 
in Current 
Usage Triode 

Pentode 
Triode 
Tetrode 

Common 
Cathode 

6 Volt 
/f in ma .3°° ma 6°0 ma 

Resonant 
Frequency 

(me) 
Measured, 

Relative 
Mixer ( a mn 
Zero- Bias 

G,„,(umhos), 

Loading 
(Feed-back) 

(aid ), 

G,,, 
(ramhos1 

G to ( K -I-H) 
Capacitance 

(Put-) 

P to ( K-1-11) 
Capacitance 

(mid) 

GI to P 
(mid) 

G,,, 
(ermhosi 

G to (K +II) 
Capacitance 

(Awl) 

P to (K +H) 
Capacitance 

(mid) 

G, to P 
Capacitance 

(mil) 

Catalog 
Price 

6AT8A X X 450 X 930 5 , 700 0.06 6,500 2.4 1.0 .5 5,500 4.8 1.6 0.06 1.62 

6BR8A X 450 X 772 5,500 0.008 8,500 2.5 1.0 .8 5,200 5.0 3.5 0.008 1.65 

6CG8A X X 450 X 870 5,700 0.02 6,500 2.4 1.0 .5 5,500 4.8 1.6 0.02 1.62 

6CL8A X 450 X 794 6,500 0.01 8,000 2.7 1.2 .8 6,400 5.0 3.4 0.01 1.62 

6CQ8 X X 671 5,800 0.015 8,000 2.7 1.2 .8 5.800 5.0 3.3 0.015 1.65 

6EA8 X 450 X 694 7,300 0.01 8.500 3.2 1.1 .7 6,400 5.0 3.4 9.01 

6EH8 X 450 708 6,100 0.012 7,500 2.8 2.2 .8 6,000 4.8 3.2 0.012 

6U8A X 450 X 694 5,500 0.006 7,500 2.5 1.0 .8 5,000 5.0 3.5 0.006 1.65 

6X8 X X 450 X 990 5,700 0.06 6,500 2.4 1.0 .5 5,500 4.8 1.6 0.06 1.62 

6EU85 X 450 X 694 7,300 0.01 8,500 3.2 1.1 .7 6,400 5.0 3.3 0.015 

A relative indication of the highest frequency of operation attainable (in oscil ator section) 
G,,, measured at zero bias considered significant. Conditions: Em =0, Ea = 70 volts, El, =100 volts. 
Considered as a function of capacitance between the input signal grid and output plate. 

4 Capacitances measured with external shield. 
The 6EU8 differs from the 6EA8 in base connections. 
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TABLE VII 

UHF OSCILLATORS 

Tube Types 
in Current 
Usage 

Type 
Class 

Triode 

Heater Current Versions Oscillator 
Available Characteristics 

225 ma 
6 volt 450 ma 

Static Characteristics 

600 ma 

6AF4 
6AF4A 
6T4 

Resonant 
Frequency' 

(me) 

1,345 
1,408 
1,343 

(minhos) 

6,500 
6,500 
7,000 

Input 
Capacitance2 
G, to (K+H) 

(144f) 

2.2 
2.2 
3.3 

Grid-Plate 
Capacitance2 
(1z1Á) 

Output 
Capacitance2 
P to (K +H) 

(Pd) 

Catalog 
Price 

1.9 
1.9 
1.7 

1.4 
I .4 
1.8 

2.01 
2.01 
2.01 

Cold line test. Considered a relative ication of the highest frequency of operation but not necessarily the highest attainable. 
2 Capacitance measured with external shield. 

Tube 
Type,) 
Con-

sidered, 

Type 
Class UHF Characteristics 

TABLE VIII 

Ul IF RF AMPLIFIERS 

Tri-
ode 

Power 
Gain--db 
(meas. 
tired) 

(500 mc), 

Power 
Gain-db 
(meas-
tired) 

(900 mc), 

Noise 
Factor-

db 
(500 me) 
(meas-
ured) 

Noise 
Factor-

db 
(900 mc) 
(meas-
ured) 

Approximate 
Input 
Resist. 
(ohms) 

Grounded 
Grid 

(900 mc) 

6AM4 
6AN4 
6BC4 
651,4 
6299 
6BA4 
5876 
7077 >

<
>
<
>
<
>
<
>
<
X
X
X
 

7.1 
12.0 
10.0 
15.0 
15.5 
14.0 
11.7 
14.5 

7.0 
10.0 
6.0 
15.0 
15.0 
14.0 
14.0 
14.5 

13.2 
12.0 
11.5 
7.5 
5.5 
8.0 
9.4 
5.5 

14.0 
14.0 
14.5 
8.5 
8.0 
11.0 
12.5 
7.5 

100 
1013I 
1001 
180 
100 
125 
150 
150 

Equivalent 
Noise 

Resistance 
(ohms) 

340 
300 
300. 
500 
175 
400. 
500 
350 

VHF 200 mc 
Characteristics 

Noise 
Factor-

db 

Power 
Gain-
d b 

Static Characteristics 

Gm (minims) 

8.1 
6.5 

4.2 
3.7 

2.7 

12.0 
14.0 

14.0 
16.0 

14.5 

9,800 
10,000 
10,000 
6,000 
12,000 
8,000 
6,500 
9,000 

Grid 
to (IC +II) 
Capacitance 

3.2 
2.6 
2.9 
1.2 
3.5 
2.4 
2.5 
1.9 

P to G 
Capacitance 

(pt)' 

P to ( K. +H) 
Capacitance 

(me.f)> 

2.2 
1.7 
1.6 
0.7 
1.7 
1.4 
1.4 
1.0 

Catalog 
Price 

0.22 2.99 
0.18 2.54 
0.26 2.49 
0.007 
0.015 56.00 
0.02 39.25 
0.035 13.55 
0.01 

I Types shut n are not in current usage. The list is being retained to provide technical information to TASO. 
, Gain meas irements with the minimum of 10-mc bandwidth. 
, Capacitances as published with grounded-grid connection. 
1 Calculated Data shown for other types are measured. 

TABLE IX 

UHF MIXERS 

Tube 
Types 
Con-

sidered' 

.6AM4 
6AN4 
6BC4 
6BV4 

Type 
Class Static Characteristics 

Tri-
ode 

G„, 

hos) 

G to 
(K-FH) 
Capaci-
tance 
(iled) 

P to G 
Capaci-
tance 
(eted) 

9,800 
10,000 
10,000 
6,000 

3.2 
2.6 
2.9 
1.2 

2.2 
1.7 
1.6 
0.7 

P to 
(K 1-H) 
Capaci-
tance2 
(ilmf) 

0.22 
0.18 
0.26 
0.007 

Catalog 
Price 

2.99 
2.54 
2.49 

Types shown are not in current usage. The list is included to 
provide technical information. 

2 Grounded-grid with shield. 

TABLE X 

UHF SEMICONDUCTOR MIXERS 

Types in 
Current 
Usage 

750-mc 
Over-all 

Noise Figure 
(NFif =3.5 db) 

Conversion 
Loss 

Output IF 
Impedance 
at 40 mc 

Catalog 
Price 

1N82A 
1N72 
1N124A 
1N147 

13.0 db 
13.0 db 
13.0 db 
13.0 db 

8.0 db 
8.0 db 
8.0 db 
8.0 db 

400 ohms 
400 ohms 
400 ohms 
400 ohms 

0.98 
0.87 

NOTE: Crystal Current = approximately 0.75 ma. These data are 
presented as family characteristics. See Paragraph 6), page 1074. 

followed the method of Rothe5 to make measurements,5 
at 90 mc, of the noise parameters of the tubes listed in 
the table. From these the noise factors can be calculated. 
The values shown in the tables are the lowest values of 
noise factor one may obtain from each of the types 
listed under the test conditions specified. Low noise 
factor is regarded to be desirable for RF amplifier applica-
tions. It should be noted that in practical applications 
the over-all tuner noise factor is generally 2 to 3 db 
greater than the values shown in the table because of 
circuit limitations. Noise factor is sensitive to operating 
conditions. The data presented are not necessarily under 
optimized conditions. 

In a practical case it should be noted that the corre-
lated noise usually cannot be eliminated completely, at 
least with today's techniques. For this reason, the theo-
retical noise factor listed in Table V will not be realized. 
In combination with other parameters, a listing of tubes 
in order of merit may be somewhat different when con-
sidering correlated noise than when not considering it. 

c) Input resistance-at 50 mc and 200 mc. This im-
portant parameter is an indication of the apparent elec-

H. Rothe and W. Dahlke, "Theory of noisy fourpoles," PROC. 
IRE, vol. 44, pp. 811-818; June, 1956. 

6 C. Metelmann, "Noise Measurements by the Rothe Method," 
presented at the AIEE Winter General Meeting, New Hork, N. Y.; 
January 21,1957. 
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trical resistance one may measure between the input 
grid and cathode at the frequency indicated. Since this 
value of resistance appears as a loading factor on the 
tuned circuits usually associated with RF amplifier 
stages, a high value of input resistance, i.e., least loading 
of tuned circuit, is considered desirable. Values of input 
resistance shown in Table V were measured under 
"rated" operating conditions given in the tube manuals. 
The values shown are averages obtained from measure-
ments made on tubes manufactured by several different 
companies. This characteristic is quite dependent upon 
operating point (lb, Eb, —Eci) and frequency. ( Input re-
sistance is approximately proportional to 1/(frequency)2 
in the UHF and VHF range.) 

d) Equivalent noise resistance. This value of re-
sistance referred to the input network is one of the 
parameters by which the noisiness of an electron device 
can be described. This value of resistance, which can be 
determined experimentally by the use of Rothe's the-
ory,5 will produce the same noise energy at room tem-
perature as the electron device being measured. Tubes 
having low values of Rc.„ are generally better than those 
having high values. An approximate method for calcu-
lating an equivalent noise resistance for triodes is given 
by the formula 

2.5 
Rag = . 

g. 

Experience has shown that this figure is sometimes seri-
ously in error, and considerable care must be taken in 
applying calculated values. 
The Rothe method for determining the Re, has been 

applied to the measurements in Table V because it has 
been determined to give accurate results. 

e) Feedthrough. This is a value of capacitance meas-
ured from output plate to input grid of the RF ampli-
fier. This capacitive reactance provides a coupling path 
for oscillator voltage to appear on the input tuned cir-
cuits. Therefore, the feedthrough capacitance should be as 
small as possible for best results in TV applications. 

f) Upper frequency limit. This is a calculated value 
of the frequency at which the product of the input re-
sistance and the transconductance equals unity, G. 
X R h(f) = 1. Since the input resistance is proportional to 
17p approximately, this calculation for frequency can 
be made by simple arithmetic if the G. is known and an 
accurate value of Rin at some frequency has been deter-
mined. 
One must recognize that this upper frequency limit 

is an expression of considerable significance. The num-
bers shown here are probably somewhat higher than 
could be realized in practical tuners. High values of upper 
frequency limit are desirable. 

g) G.—transconductance. This characteristic is re-
garded as one of the more significant of amplifier tube 
parameters. The data reported in Table V were deter-
mined by operating the tubes under operating condi-
tions typical of TV tuner applications rather than under 

"rated" conditions specified by the tube industry. In 
order to compare tube types, measurements were made 
under the same operating conditions. 

All G. measurements (1000 cps) listed in this column 
were made at 4=15 ma; Rk= 68 ohms (yielding a bias 
of — 1.02 volts); and Eb adjusted to give the proper Is. 
The tetrodes and pentodes were operated at I K = 15 nia 
with the screen grid at plate potential. The transcon-
ductance of the cascode triodes was measured in a se-
ries-cascode connection with G. of the input section being 
measured and recorded. High values of G. are desirable. 

h) Catalog price. In each of the tables a column of 
catalog price is included to enable the reviewer to deter-
mine the relative "net" price for which these tubes can 
be purchased. The committee arbitrarily selected a 
widely distributed 1958 catalog as the source of this in-
formation. Wherever price information is not included, 
no price was available from the catalog chosen. 

2) VHF oscillator mixers (data in Table VI). Current 
practice in VHF tuner design is to employ a triode-
pentode or triode-tetrode tube as a single-tube oscil-
lator-mixer. The triode section of the tube functions as 
the local oscillator which supplies a signal to the other 
section of the tube for the purpose of converting the 
VHF signal to an intermediate frequency, usually 40 
mc. In the performance evaluation of these electron 
tubes, the following characteristics are considered as 
definitive: 

a) Resonant frequency measurement. This is the fre-
quency at which the internal structure, including the 
base leads, becomes resonant. While this frequency is 
not necessarily the highest frequency at which the tube 
can be made to oscillate by the use of appropriate cir-
cuit components, the values indicated in Table VI pro-
vide relative indications of the maximum frequencies of 
these tubes. A high resonant frequency is desirable. 

b) Gain—relative. This figure is an indication of the 
relative mixer section gain which may be realized from 
the tube under test. This measurement is a static, rather 
than a dynamic, test of the zero-bias transconductance 
of the mixer section. The mixer conversion transcon-
ductances, obtained under dynamic conditions, are ap-
proximately one-fourth of the values shown here. A 
high value of zero-bias G. is desirable. 

c) Loading (feedback). This value of capacitance 
represents the undesirable coupling which exists be-
tween the output plate of the mixer and its input grid. 
A low value of loading is desirable. 

d) Static characteristics. The static characteristics of 
VHF oscillator-mixers deemed most significant are 
listed under this heading. In general, high transconduct-
ances (G.) and low interelectrode capacitances are the de-
sirable features of these tubes. 

3) UHF oscillators (data in Table VII). Only three 
tubes are in current usage as UHF oscillators. These are 
all triodes and are characterized by a high resonant fre-
quency. These tubes are physically small in order to 
keep capacitance and lead inductance low, and are re-
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quired to supply a few milliwatts of power to the mixer 
stage of UHF tuners. 

4) UHF-RF amplifiers (data in Table VIII). None of 
the tube types listed is being used in TV tuners for 
home use at the present time. The first three tubes on 
this table are of miniature construction, while the re-
maining tubes employ special construction techniques 
designed to yield superior UHF performance. 

a) Gain measurements—at 500 and 900 mc. These 
figures are expressed in decibels for the condition of 
power matched impedances. Since the circuit and the 
tube are so intimately related at UHF, no attempt has 
been made in this table to separate the performance 
characteristics of each as was done at VHF. A number of 
different circuit configurations of the grounded-grid 
type were used. A high value of power gain is desirable. 

b) Noise factor. This is an expression, in db, of the 
noisiness of the amplifier stage under test. The noise 
factor is determined primarily by the characteristics of 
the electron device being used. Since the UHF tube or 
semiconductor employed acts as a generator of un-
wanted noise signals, the basic UHF performance of the 
equipment, that is, its ability to receive weak signals, 
is dependent upon this factor to a considerable extent. 
Methods of measuring this characteristic are complex; 
however, by using a calibrated noise generator, such as 
a noise diode or argon discharge lamp and a calibrated 
amplifier, a relatively accurate determination of noise 
factor can be made. It should be noted that noise factors 
at UHF were measured at the frequencies stated. This 
is different from the VHF noise factors which were cal-
culated. Low values of noise factor are desirable. 

c) Approximate grounded-grid input resistance. All 
of the triode tubes listed are intended for application in 
grounded-grid circuits. Accordingly, the approximate 
input resistance of the stage is determined by the trans-
conductance of the tube and is nearly 1/G„,. Maximum 
power gain is obtained when the source resistance is ap-
proximately equal to this value. Minimum noise factor 
may be obtained at some other values of source resist-
ance. 

d) VHF characteristics of UHF tubes. It should be 
noted that all UHF triodes are capable of very effective 
operation at VHF. 

e) Catalog price. The last five types shown in Table 
VIII, employing special construction, are somewhat 
more costly than the more conventional types. 

5) UHF mixers—vacuum tube. No UHF vacuum tube 
mixers are now being used for TV (home use) tuners. 
The types listed in Table IX have been tested in lab-
oratories and have been found to be applicable to this 
type of circuit. 

6) UHF Mixers—semiconductor. The types in cur-
rent usage are listed in Table X. In addition to these 
types, a few others are known to be in limited use. The 
performance figures shown represent average crystal 
mixers in average tuners. ill UlIF-TV tuners in current 
production use crystal mixers. A wide variety of applica-

tions, some involving double conversion, or harmonic 
oscillator drive, have been noted in addition to the usual 
single conversion (to 40 mc) applications. Semicon-
ductor mixers have a conversion loss of about 8 db as 
noted and provide low impedance drive to the IF ampli-
fier. 

Interpretation of Data 

It is evident from the foregoing discussion and the 
data contained in the tables that a great many factors 
enter into the selection and application of electron tubes 
and semiconductors for TV tuners. The most salient 
technical characteristics have been covered to some ex-
tent. Nonetheless, other factors should be considered in 
weighing this technical information. One could gen-
eralize and state that the functional requirements of 
electron devices for TV tunets appear in the following 
possible order of importance: 

1) Noise factor—should be low. 

2) Amplification (sensitivity)—should be high. 
3) Oscillator stability—frequency of oscillation 

should be constant. 
4) Dynamic range. 

a) Gain control—should be widely variable with-
out introduction of distortion or increase of 
over-all signal-to-noise ratio. 

b) Cross-modulation—low so that desired weak 
signals are not distorted in presence of unde-
sired strong signals. 

5) Efficiency of operation—should be high to mini-
mize power input requirements. 

Fig. 3 is a plot of noise factor vs frequency in which 
the theoretical noise factors for electron devices, as re-
ported in the appropriate tables, and the measured 
noise factors of receivers are given. It should be recog-
nized that these data represent laboratory measure-
ments in which the effects of galactic noise and noise 
from other sources, such as ignition noise, radiation ef-
fects from industrial equipment, lighting devices, etc., 
have been excluded. Since most of these sources of noise 
exhibit decreasing output as frequency increases, the 
effective performance of receivers, particularly in the 
VHF region, may deviate greatly from the values shown 
in Fig. 3. Two reports demonstrating the frequency 
sensitive nature of these types of noise" were consid-
ered in detail and reported to TASO Panel 2 for addi-
tional consideration by the TASO organization. When 
these additional noise sources are considered, it is ap-
parent that the items listed above may not be in the 
order of greatest importance for all receiving locations. 
Nevertheless, these five items are regarded to be the 
major technical areas of consideration in the applica-
tion of electron devices to TV tuners. 

K. Buffington, " Radio propagation fundamentals," Bell Sys. 
Tech. J., vol. 36, pp. 593-626; May, 1957. 

8 D. V. Carlson, "Galactic Noise—An Important Design Con-
sideration of VHF Television Tuners," RCA Industry Service Lab., 
Rept. No. LB-1068; April 4, 1957. 
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It should be recognized that some characteristics of 
electron devices, combined with circuit elements of the 
tuners in which they are used, account for important 
performance attributes of these tuners. In most cases, 
the data reported in the foregoing tables do not include 
parameters which are normally associated with circuit 
design considerations such as capacitance from heater 
to cathode. As was mentioned earlier in this paper, only 
those characteristics completely identifiable with the 
electron device being evaluated are listed, and distinct 
efforts have been made to prevent these data from re-
flecting circuit considerations which are outside the 
control of the tube or diode manufacturer. 

In summary, it appears that in the VHF region avail-
able vacuum tubes are capable of providing generally 
adequate tuner performance in at least the first three 
technical areas listed above. In the UHF region, elec-
tron devices are available to perform the functional re-
quirements of tuner operation; however, present prac-
tice embodies only the use of vacuum tube oscillators 
and crystal mixers with performance results as shown 
in Fig. 3. By employing vacuum tubes designed for 
UHF applications as RF amplifiers, considerable per-
formance improvement could be realized. However, it 
should be noted that tubes capable of providing this im-
proved performance are relatively very expensive and 
for some time have been regarded as lacking economic 
justification for consumer product applications. 
At UHF, oscillator stability has been recognized as 

one of the major technical problems to be solved. En-
gineering work has been done on both the tubes and the 
circuits in which they are used, and improvements have 
been made by the various manufacturers in both of 
these areas. Although long-term life test data were not 
available in sufficient quantity to draw industry-wide 
conclusions, it was recognized that somewhat higher 
cathode loading, leading potentially to shorter operat-
ing life, is required from UHF oscillator tubes than from 
VHF oscillator tubes. 
Data presented in the tables show that the per-

formance/price ratios for tubes used at VHF are higher 

than those for tubes designed for UHF applications. 
Where economic factors must be given consideration, it 
is reasonable to consider the present status of the per-
formance/price ratios as reflecting the inherently more 
costly nature of high-performance UHF tubes. It is 
beyond the scope of this paper to speculate on the 
changes which might be anticipated in this situation 
should wider interest develop in UHF applications. 

Regarding transistors, there is no commercial use of 
transistors in TV tuners at VHF or UHF. Laboratory 
tuners using transistors have been built and tested 
which would receive VHF signals and convert them to 
IF for further amplification. No similar work at UHF 
was discovered. No performance information on VHF 
applications was available. 

COMMUNITY ANTENNAS AND DISTRIBUTION SYSTEMS 

Community antenna and distribution systems pro-
vide television service to communities spreading across 
the entire country. These communities range in popula-
tion from a few hundred to about 50,000. 

According to a recent report,9 there were 610 com-
munity antenna systems in operation. Not all operators 
reported the number of homes they serve, but those giv-
ing figures reported a total of 492,345 subscribers, with a 
potential of 934,864. The number of subscribers per sys-
tem averages 1056, with a potential average of 2068. 
One system with 900 subscribers and a potential of 1500 
was in operation in Alaska. 

Information collected from the field shows that of the 
125 community television systems providing informa-
tion on the number of channels received and the dis-
tances to the transmitters, 24 systems reported the re-
ception of UHF signals and seven received some of 
their signals via microwave relay. Fig. 4 shows the dis-
tribution of distances over which the 125 systems re-
ceive the signals which they use—VHF, UHF and mi-
crowave relay. 

Fig. 5 was based on the data on UHF signals reported 
by the 24 systems and shows the distribution of trans-
mission distances involved. It is hoped that a compari-
son of these data with data obtained by TASO commit-
tees involved in propagation studies might be useful in 
determining distances over which satisfactory UHF sig-
nals might be received for Community Antenna Televi-
sion (CATV) use. In this connection it should be ob-
served that there are some differences between the 
forms of the propagation data which would be applicable 
to the CATV reception problem and to the usual service 
area or interference area. Such data are often presented 
in the form using the statistical parameters A(B, C) 
where A is a field strength, quite low in interference 
areas and moderate to high in service areas; B repre-
sents a percentage of locations at which this field 
strength is exceeded C per cent of the time. Both B and 
C are relatively high in service areas (50 per cent and 

Television Digest, vol. 14, p. 2;September 20, 1958. 
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Fig. 4—Total number of stations (VHF, UHF and microwave relay) 
used by 125 community antenna television systems vs dis-
tance. 
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Fig. 5—Number of UHF stations reported received by 24 community 
antenna television systems vs distance. 

higher for B and 90 per cent for C) and low in interfer-
ence areas. 

In the locations where CATV systems are likely to fill 
a need, the values of these parameters are somewhat 
different. For example, .1 needs to be moderate, B is 
likely to be quite low, and C should be high. 
The data presented in Figs. 4 and 5 indicate that re-

ception distances for this type of signal area for UHF 
are likely to be considerably less than for VHF opera-
tions, although exact numerical data might be difficult 

to obtain. To some degree, the difference in reception 
distances may be due to the fact that most community 
TV systems have relied largely on VHF signals up to 
now. 

In order to determine the possible impact of a re-

striction in reception range, the data provided in the 
questionnaire were assembled as shown in Fig. 6. In this 
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Fig. 6—Chart indicating effect on 125 community antenna television 
systems if reception distance were restricted. 

figure, the original data were arranged to show what 
would happen to the 118 systems using off-air recep-
tion entirely if the usable range of the stations which are 
presently used were dropped to specific distances of 25, 
50, 75, 100 and 150 miles. It will be noted that there 
would be a continuous decrease in the number of sys-
tems which could receive any signals at all, as well as an 
increase in the number which would be restricted to car-
rying only one or two channels. Since the economics of 
system operation depends in some cases on the number 
of channels available for distribution, this could repre-
sent a more rapid decrease in the number of systems 
which it might be feasible to operate. The most rapid de-
crease occurs in the region of a 75-mile maximum range 
which coincides very closely with the most rapid de-
crease in UHF reception reported. 
The data appear to indicate that a shift in fre-

quency of the transmitters involved would have a con-
siderable impact on the operation of community an-
tenna systems. A large number of communities would 
lose service entirely and the operations of another large 
group would be severely restricted. This impact could 
probably be reduced somewhat by recourse to micro-
wave relay or similar service to obtain signals. However, 
economic factors here are fairly complicated. It appears 
likely that a large number of the systems first affected 
by a reduction of transmission range would be the 
smaller systems serving communities of a few hundred. 
The cost of relay service would be out of the question 
for many of these unless a service, common carrier or 
private, using less expensive installations were made 
available. 

EFFECTS OF TRANSMITTER SOUND POWER REDUCTION 
ON RECEIVER PERFORMANCE 

Tests were made on representative television receiv-
ers to determine the effects of a reduction in sound power 
on the performance of television receivers. The receivers 
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used in these tests included the various types of sound 
detector circuits currently in use; the results obtained 
are therefore felt to be representative of those which 
can be expected in the field using new, aligned receivers 
of modern design, properly installed. 
The following types of tests were made in order to 

determine the extent to which receiver performance was 
affected or modified by a reduction in transmitter 
sound power below the value currently standardized, 
i.e., between 50 and 70 per cent of the peak visual power: 

Thermal noise (signal-to-noise ratio) 
Impulse noise rejection. 

Additionally, consideration was given to the problem 

with respect to: 

Loss of service area 
Adjacent-channel interference 
Fine-tuning characteristics 
Fading 
Co-channel interference 
Sound vs picture performance. 

It has been the experience of receiver manufacturers 
since receivers were first put on the market that there 
has been an ever-present demand for greater sensitivity. 

Users in fringe areas are, in many cases, willing to in-
stall receivers at considerable expense provided a good, 
reliable sound signal can be obtained even though the 
picture performance may be subject to fading, interfer-
ence, impulse or thermal noise of a magnitude such as to 
cause serious picture degradation, or even a loss of pic-
ture from time to time. In such areas a reduction in 
sound power would result in serious impairment of serv-
ice and in many cases a complete loss of service. 

Thermal Noise Performance 

A reduction in transmitted aural power will result in 
poorer receiver signal-to-thermal-noise ratio which will, 
by reduction of receiver fringe area sound performance, 
reduce the sound coverage of any given transmitter. To 
obtain experimental verification of the reduction of 
sound channel thermal noise performance, measure-
ments were made on nine different receivers. Four dif-
ferent types of FM detector systems are represented 
in these receivers covering every type in use today. In 
all cases, measurements are for one of the lower VHF 
channels. Fig. 7 presents the data of one of these receiv-
ers which is typical of the group. Sound channel signal-
to-noise ratio is plotted as a function of picture- to-
sound ratio for a number of picture carrier signal levels. 
It can be seen that for each signal level there is a thresh-
old value of picture-to-sound ratio below which the sig-
nal-to-noise ratio degrades rapidly. Fig. 8 presents a 
summary of these data for all the measured receivers. 
The loss of sound channel signal-to-noise ratio per unit 
reduction in sound carrier is plotted as a function of 
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picture carrier level. In these data the average of all the 
receivers is presented and the data for the measured ex-
tremes are also plotted. As an example, from this curve 
it can be seen that with 20 microvolts ( — 34 db) of pic-
ture signal (open-circuit antenna voltage delivered 
through a 300-ohm dummy antenna to the receiver), 
an average loss of about 1.5 db in signal-to-noise ratio 
will occur for each db of aural carrier power reduction. 
These data are for new, aligned receivers of modern de-
sign. If we add the losses expected due to misalignment, 
tube aging and antenna orientation and mismatch, as 
well as transmission line losses, it is reasonable to expect 
that this type of signal-to-noise ratio loss would occur 
in the 100 to 200 microvolts-per-meter range of signal 
strength in a substantial number of receivers currently 
in the hands of the public. 
Sound quieting sensitivity, which takes into account 

only thermal noise considerations, is 30 microvolts for 
the typical receiver in the group used to obtain these 
data. As can be seen from Table III, the picture sensi-
tivity for 78 receivers reported varied from four to 150 
microvolts. The distribution of sensitivity shows: 

12.8 per cent—less than 10 microvolts 
34.6 per cent—between 10 and 20 microvolts 
19.2 per cent—between 20 and 30 microvolts 
11.5 per cent—between 30 and 50 microvolts 
9.1 per cent—between 50 and 100 microvolts 
12.8 per cent—greater than 100 microvolts. 

The importance of fringe area performance may be 
judged by the fact that more than 66 per cent of the re-
ceivers reported picture sensitivities better than 30 
microvolts. 

Impulse Noise Rejection Performance 

A common form of noise interference in the sound 
channel is that caused by automotive ignition noise, 
electric motor commutator noise (shavers, mixers, 
vacuum cleaners, etc.), arcing switches, and lightning. 
This form of noise is usually lumped under the general 
heading of impulse noise. In order to measure the effect 
of aural carrier power reduction on receiver performance 
in the presence of this form of noise, an interference 
source, such as a nonsynchronous 60-cps rotating arc 
device, was coupled through a variable attenuator into 
the antenna circuit of the test receiver in parallel with 
the desired standard visual and aural television signal. 
The interference noise signal input to the receiver was 
increased until its presence was noted in the sound out-
put of the receiver either by aural or measured output 
detection. The aural signal was then reduced in steps 
and at each step the change in noise interference re-
quired to restore the original condition was recorded. 
Data were obtained on seven different commercial re-
ceivers. Data for a typical receiver are plotted in Fig. 9 
for visual signal input levels ranging from 50 to 10,000 
microvolts. Fig. 10 presents a plot of data for the relative 
impulse noise level for constant audible interference as a 
function of sound-picture ratio. This is the average of all 
data for all seven receivers measured. A loss of tolerance 
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to impulse noise of about 1 db for every db of reduction 
in aural power is noted. This performance loss occurs at 
strong signals as well as weak; the performance loss 
with reduction of aural power is as great at 10,000 
microvolts as it is at 50 microvolts. As in the previous 
case for thermal noise, these data are for new, aligned 
receivers of modern design. 

Loss of Service Area 

In order to show the loss of service area resulting from 
a reduction of sound power, the required field strength 
in db above 1 pv/meter to produce 30 db quieting was 
determined by measurement of the quieting sensitivity 
for representative TV receivers under existing transmis-
sion standards and calculation of the equivalent field 
strength. The average figures for antenna gain and 
transmission line losses were used for channels 4 and 10, 
which are about in the middle of the two frequency 
ranges. The required increase in video and sound signal 
levels to compensate for a reduction in sound power with 
respect to video power was determined to be 0.57 db for 
each db drop in sound power. This was obtained from 
the average degradation in signal-to-noise ratio at the 
30-db level in data furnished by the members of this 
Committee. 

Finally, the reception range and loss of service area 
was determined from the FCC curves of expected field 
strength, assuming maximum authorized power in the 
TV transmitter, and representative antenna heights. 

• Figs. 11 and 12 show the loss of service area for VHF 
channels 2-6 and 7-13 resulting from a reduction of 
sound power below the present minimum of 3 db below 
the peak video power. The service area is reduced about 
20 per cent on the low VHF channels and about 10 per 
cent on the high VHF channels if a 7-db reduction in 

sound power is made. 

Adjacent Channel Interference 

A reduction in transmitted aural power would reduce 
the lower adjacent channel sound interference in those 
areas where it now exists by an amount equal to the 
sound power reduction. Examination of the data in 
Table III shows that receiver attenuations for the 
lower adjacent channel sound signal vary widely, rang-
ing from 14 db to 60 db. The attenuations are distrib-

uted as follows: 
11.8 per cent—less than 30 db 
42.1 per cent—between 30 and 40 db 
13.2 per cent—between 40 and 50 db 
32.9 per cent—greater than 50 db. 

This wide variation is reflection of the fact that this per-
formance characteristic is determined by competitive 
pressure in particular areas rather than by a universal 
requirement. 
The fact that competitive pressure determines re-

ceiver adjacent channel rejection capabilities in most 
cases means that for any small variation in adjacent 
channel interference, such as would be accomplished by 
a 7-db reduction in sound power, the net improvement 
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would be relatively short-lived, as new designs under 
economic pressure would tend to seek the same com-
petitive level as is now considered satisfactory. Con-
versely, any increase in adjacent channel interference, 
such as might result from a permitted increase in both 
picture and sound power, might result in no long-term 
degradation in adjacent channel performance, as com-
petitive pressure would force receiver manufacturers to 
build more adjacent channel rejection in receivers. 
Other factors which are of importance but less suscep-

tible to a quantitative analysis include the following. 

Fine Tuning 

A reduction in transmitted sound power will result 
in a more critical requirement for fine tuning in weak 
signal areas, thus increasing the need for skill and judg-
ment in adjusting the fine tuning control, a function in 
which most consumers are presently inept. 

Fading 

A reduction in transmitted sound power will aggra-
vate the effects of fading, either natural or man-made, 
such as airplane flutter, on the sound performance of the 
TV receiver. 

Co- Channel Interference 

In some locations at present both picture and sound 
reception is limited by co-channel interference. Co-chan-
nel picture interference can be considerably improved 
by operation of all transmitters on the proposed super-
accurate offset. In the event of improved picture chan-
nel performance by the use of these techniques, reduc-
tion of sound channel coverage might nullify the im-
proved picture coverage. 

Sound vs Picture Performance 

It is the emphatic experience of all television receiver 
manufacturers that the public will tolerate and be en-
tertained by extremely marginal picture signals pro-
vided satisfactory sound signals are available. In the re-
port of the first NTSC in 1941, it is stated, " . . . a 
given amount of interference is more disturbing in the 
sound than in the picture. The service area of the tele-

vision system will be determined by the acceptability 
of the service with respect to the noise interference." 

Future System Development 

Technological advances and improvements could con-
ceivably make use of the sound channel to transmit 
additional information. A reduction of aural power could 
obstruct such possible future benefits. 

It is considered beyond the proper scope of this paper 
to hypothesize what design changes might be made by 
commercial television receiver manufacturers in the 
future in the event of any change in transmission stand-
ards; however, it can be stated that the factors cited 
with regard to thermal and impulse noise considerations 
are fundamental to all receiver designs. 

In summary, any proposals for sound power reduc-
tion should weigh what appears to be a minor and 
probably short-lived advantage of adjacent channel 
sound interference reduction against the disadvantage 
of the fundamental reduction of system capability and 
coverage. 
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Findings of TASO Panel I on Television 

Transmitting Equipment* 
H. G. TOWLSONt, SENIOR MEMBER, IRE, AND J. E. YOUNG, SENIOR MEMBER, IRE 

Summary— TASO made a thorough study of the characteristics, 
performance and cost of television transmitters, antennas and trans-

mission lines, and translators. The results of these studies gives a 
clear picture of the technical and economic factors involved in 
operating television transmitters in the VHF and UHF bands. This 
paper summarizes some of these studies which are reported in detail 
in the TASO Report, "Engineering Aspects of Television Alloca-

tions." 

INTRODUCTION 

NY study of the frequency allocation of television 
broadcasting involves many parameters. It was 
the purpose of TASO Panel I to study those 

having to do with transmitting equipment—to accumu-
late information for the purpose of appraising both 
present and potential performance of television trans-
mitters, antennas and transmission lines, translators 
and other transmitting equipment for both VHF and 
UHF broadcasting. 
At the date of the Panel 1 report there were 448 VHF 

and 93 UHF broadcast stations in operation, and the 
cost data developed and presented by Panel 1 show 
that each of these 541 stations has a considerable capi-
tal investment in its plant. Since each plant, if it is to 
continue operating, must be either immediately or po-
tentially profitable, any study of allocations must in-
clude economic as well as technical factors. The first 
portions of this paper will deal mostly with the cost 
factors and the latter portions with the technical per-
formance characteristics. 

ORGANIZATION OF PANEL 1 

Representation on the Panel was secured by invita-
tion to known manufacturers of transmitting equip-
ment and to networks and broadcasting stations, as 
well as by press releases from TASO headquarters an-
nouncing the formation of the panels and inviting par-
ticipation by interested persons. The committee organi-
zation of Panel 1 was set up as follows: 

1.1 Committee on Standard Transmitters—charged 
with studying the characteristics (cost, perform-
ance, reliability) of standard TV transmitters, 
both VHF and UHF. 

1.2 Committee on Repeater Transmitters—charged 
with the investigation of the performance of re-
peater transmitters. 

Original manuscript received by the IRE, February 24, 1960. 
General Electric Co., Syracuse, N. Y. 
Radio Corp. of America, Camden, N. J. 

I "Engineering Aspects of Television Allocations," TASO 
Rept.; March 16, 1959. 

1.3 Committee on Antennas—charged with the study 
of the characteristics of antennas, towers and 
transmission lines. 

1.4 Committee on Systems—charged with the study 
of the applicability of new techniques in trans-
mitter operation. 

Attention is called to the term "repeater" transmit-
ters in the title of Committee 1.2. " Repeater" is used to 
include satellites, translators and boosters. The regular 
Television Broadcasting Station was classed as a 
"standard" transmitter under Committee 1.1. 

METHODS OF OBTAINING COST INFORMATION 

To obtain reliable first hand information considerable 
use was made of questionnaires. Committee 1.1 sent 
questionnaires to 490 operating stations to obtain trans-
mitting plant information on their initial and operating 
costs as well as information on technical performance, 
outages, etc. Committee 1.3 sent questionnaires to 475 
stations to obtain antenna plant information, and the 
response to these questionnaires was about 55 per cent. 
Committee 1.2 obtained information on facilities and 
operating data for translators by means of a question-
naire sent to all translators and to all translated tele-
vision stations. 

Prices on current TV equipment, tube costs, operat-
ing powers, etc. were obtained directly from the cata-
logues of the manufacturers of transmitting equipment. 
At first, Panel 1 proposed to report on potential power 
outputs and costs. As such information had to come 
from the manufacturers themselves, to avoid any possi-
bility of antitrust action, all requests for information 
were channeled through the Federal Communications 
Commission. The manufacturer supplied the informa-
tion to the FCC where it was digested. The composite 
data was then forwarded to TASO with all identifica-
tion of the manufacturers removed. However, the data 
had such wide cost variations that it was considered in-
conclusive and was deleted from the Panel Report. 

Considerable technical information was made avail-
able to Panel 1 through the fine cooperation of the 
FCC. This included information from its Mobile Moni-
toring Service on frequency stability, maintenance of 
power output, modulation characteristics, compliance 
with FCC rules and required maintenance time. 

INITIAL COSTS—TRANSMITTER SELLING PRICES 

Fig. 1 is a plot showing the average selling prices of 
VHF and UHF transmitters as obtained from the manu-
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facturers. The connecting lines have been drawn be-
tween the values merely to better indicate the trend be-
tween VHF and UHF. However, it should be noted 
that transmitters are usually available for only the 
rated powers as indicated by the points themselves, and 
the intermediate powers would not necessarily be avail-
able at the prices indicated by the graph. It would 
normally be necessary, if an intermediate power is re-
quired, to employ a transmitter of the next higher 
standard rating. The VHF selling price averages in-
clude both low channel and high channel facilities inas-
much as their differences were not great. The VHF 
prices all include one set of operating tubes. However, 
the UHF prices, except for powers of 1 kw and lower, 
do not include tubes so the UHF curve would actually 
be somewhat higher than indicated. The VHF prices for 
20-kw and 35-kw ratings were reported together so this 
average was plotted at the intermediate 271-kw rating. 
The UHF 20-kw and 25-kw prices were likewise aver-
aged together at the 221-kw rating. 

Fig. 1 indicates that for a given transmitter peak 
power output, the UHF transmitter price is consider-
ably greater than for VHF. However, it must be borne 

in mind that the higher effective radiated powers 
(11:1(P) at UHF are obtained largely through use of the 
higher gain antennas which are quite feasible at the 
higher frequencies. The result is that lower power trans-
mitters are usually used at UHF than at VHF so the 
actual initial transmitter costs, at typical installations, 
are probably not greatly different. 

The selling prices given in Fig. 1 were for transmit-
ters designed for the normal 2/1 ratio of visual power/ 
aural power. For use in discussions regarding possible 
higher ratios, it was estimated that if a VHF transmit-
ter were specifically designed for a 4/1 ratio it would 
have a price about 15 per cent lower, and one designed 
for 10/1 ratio about 25 per cent lower, than the values 
of Fig. 1. The corresponding reductions for UHF were 
estimated at about 10 per cent and 20 per cent. 

TRANSMITTING PLANT COSTS 

The "transmitting plant costs" were obtained from 
the questionnaires to the broadcasters. It should be 
noted that the term " transmitting plant" as used above 
includes the main transmitter, the main transmitter 
accessories, and the transmitter plant terminal facili-
ties, plus installation and transmitter building costs. 
The data which came back had tremendous spreads 

in their values. Some installations must have been very 
plush indeed, and others equally austere! A method of 
presentation was arrived at, however, which produced 
a meaningful display. The data were grouped, for each 
band, into five groups of visual transmitter peak powers. 
For the VHF low channels the groupings were from 0 to 
2 kw inclusive, 2 to 6 kw, 6 to 12 kw, 12 to 25 kw, and 
over 25 kw to 35 kw inclusive. For the VHF high chan-
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nels the groupings were from 0 to 2 kw inclusive, 2 to 
6 kw, 6 to 12 kw, 12 to 20 kw, and over 20 kw to 50 kw 
inclusive. For UHF the groupings were 1 kw, 5 kw, 12.5 
kw, 25 kw, 45 kw. In the TASO Report complete charts 
are included for each band showing the maximum, mini-
mum, and the average costs reported for each grouping, 
and the numbers of stations whose data were included. 

Fig. 2 shows the curves obtained by joining, for each 
band, the average cost points of each grouping to show 
the comparison between VHF and UHF. The upper 
and lower limits are shown to indicate the magnitude 

of spread of the original data. From Fig. 2 it is seen that, 
comparing the average costs of low channel VHF and 
high channel VHF, no significant difference was found 

for transmitter power outputs of 7.5 kw and higher. 
The average cost of a high power UHF transmitting 
plant (say 25 kw and above) was found to be a little 
less than that of the average VHF plant. At lower 
powers, however, the UHF plant averaged substantially 
higher in cost than VHF plants. 

j 
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Considering the spread of the initial data itself, we 
can see that the differences in transmitting plant costs 

between the three bands are not great. 

ANTENNA PLANT COSTS 

Information on the selling prices of antennas for the 
various power ratings and gains was obtained from 
three manufacturers. Antennas were listed only for the 
standard power gains (1, 2, 3, 4, 5, 6, 8, 10 etc.); how-
ever, the values were connected together as a curve to 
highlight the relations between VHF and UHF prices. 
A fairly linear relation was noted between selling price 
and power gain as indicated in Fig. 3. These graphs 
show the average selling prices (but for standard rat-
ings only) for low channel VHF, for high channel VHF, 
and for UHF. For a given gain, the VHF high channel 
antennas are less costly than are the VHF low channel 
units, and for UHF antennas are much less costly than 
for VHF. However, again, it should be pointed out that 
higher gain antennas are normally used at UHF than at 
VHF, and for VHF high channel than for VHF low 
channel, so the typical antennas that might be used 
would probably not differ greatly in price. 

COMPARISON OF ANTENNA PLANT COSTS 

A more meaningful comparison is the one of typical 
antenna plant costs which includes not only the cost of 
the antenna but also the costs of the diplexer, transmis-
sion line, tower and erection. These data were obtained 
from the questionnaires to the stations. 
The data had very great spreads of costs as reference 

to the complete TASO report will show. After some ex-
perimentation in plotting the information it was found 
that, due to the predominant effect of the tower height, 
costs vs tower height produced a meaningful display. 
To avoid confusion the VHF low channel information 
was limited to stations operating at 100-kw ERP, and 
VHF high channel to stations operating at 316 kw. 
Due to the smaller number of returns, all UHF data 
was included. 

Fig. 4 shows average curves only taken from the 
TASO report. To indicate the spread of the original 
data, approximate lower and upper limits are indicated. 
It is seen that the average curves are fairly linear—at 
least out to about 1000-foot tower height. The differ-
ences of antenna plant costs for the three bands are not 
great—although the UHF antenna costs tend to aver-
age somewhat less than those for VHF. 

TOTAL COST OF TRANSMITTING PLANT 

The total cost of a transmitting plant includes the 
costs of the transmitting plant and the antenna plant. 
Because of the various manners in which transmitter, 
accessories, antennas, transmission lines, towers, etc. 
are combined in different stations, it was not felt cor-
rect to merely add the data of Fig. 2 (as obtained by 
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Fig. 3—Average selling prices of 'IA. transmitting 
antennas (January, 1958). 
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Fig. 4—Average antenna plant costs. 

one committee) to the data of Fig. 4 (as obtained by 
another committee). Rather, the information on the 
total cost of the transmitting plant was solicited di-
rectly from the stations. 

Again, the spread of received data was very great and 
again the predominant effect of the tower height was 
evident. In Fig. 5 the averages of the TASO Report 
data are plotted to show the trends between the three 
bands. On the average, maximum power VHF high 
channel stations seem to cost about 25 per cent more 
than maximum power low channel VHF stations. UHF 
stations operating at powers up through 300-kw ERP 
seem to cost about 10 per cent less than the VHF low 
channel stations. Little information was obtained re-
garding 500- and 1000-kw ERP UHF stations, but it 
appeared that their costs were comparable to those of 
maximum power VHF low channel stations. 
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MONTHLY OPERATING COSTS 

Values of the power input figures and estimated op-
erating tube costs per hour were received from the 
transmitter manufacturers, and these are included in 
the full TASO report. They indicate that a UHF trans-
mitter consumes more primary power, for a given peak 
power output, than does a VHF transmitter, and for a 
given peak power output the tube cost per hour is 
greater for UHF. Some savings in both areas would re-
sult from a higher ratio of visual/aural power. 

For more meaningful information on the monthly 
operating costs, the data received back from the broad-
casters was analyzed, and this is summarized in Fig. 6. 
These monthly operating costs include only primary 
power costs, tube costs, and maintenance parts. All fig-
ures were normalized to a common base of 455 hours per 
month of operation. 
The data were assembled, for each band, into groups 

by visual transmitter peak powers. For VHF low chan-
nels the groupings were from 0 to 2 kw inclusive, 2 to 6 
kw, 6 to 12 kw, 12 to 25 kw, and over 25 to 35 kw inclu-
sive. For VHF high channels the groupings were 0 to 2 
kw inclusive, 2 to 6 kw, 6 to 12 kw, 12 to 20 kw, and over 
20 to 50 kw inclusive. For UHF, the groupings were 1 
kw, 12.5 kw, 25 kw, 45 kw. In the TASO Report com-
plete charts are included for each band showing maxi-
mum, minimum and average operating costs as reported 
for each grouping, as well as the number of stations for 
which data is included. 

Fig. 6 shows the curves produced by joining, for each 
band, the average operating costs points of each group-
ing to indicate the trend between VHF and UHF. The 
upper and lower limits indicate the amount of spread in 
the original data. These curves show that, for a given 
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Fig. 6—Monthly operating costs. 
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power output, the average operating costs for high 
channel VHF stations average about 15 per cent 
higher than those of low channel VHF stations. For 
UHF stations the operating costs varied from about 20 
per cent higher than for low channel VHF stations for 
the lowest powers to 100 per cent higher for transmitter 
power outputs above 15 kw. 

However, if we consider that lower power trans-
mitters are more often used at UHF than at VHF (be-
cause of the use of the higher gain antennas) it is prob-
able that the differences in operating costs at typical 
installations are not very great. 

RELIABILITY 

For information on characteristics of television broad-
cast stations which, taken together, measure reliability, 
the committee turned to the files of the FCC. The char-
acteristics deemed important, and the variation be-
tween VHF and UHF follow: 

1) Frequency stability—Reports of off-frequency op-
eration, both of the visual transmitter and the 
intercarrier difference between visual and sound, 
occurred in more than half the UHF stations 
sampled, while the number of high VHF and low 
VHF channel stations off frequency was less than 
twenty per cent and ten per cent, respectively, of 
those sampled. This variation results at least 
partly from the greater use of outside frequency 
measuring services by the VHF stations—in over 
90 per cent of the stations sampled compared to 
51.2 per cent of the UHF stations. There ap-
peared to be a general lack of frequency measur-
ing service available to UHF stations due to the 
shorter transmission range of UHF stations and 
the lack of UHF measuring equipment. 

2) Modulation characteristics—The VHF visual 
transmitters were generally better than UHF 
units, particularly with respect to linearity. This is 
believed to be at least partly due to a tendency to 
continue to operate tubes to the point of degrada-
tion of output at UHF to minimize operating cost. 
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Fig. 7—Comparison of transmitter maintenance and outage time. 

3) Maintenance and outage time—Fig. 7 compares 
low VHF, high VHF and UHF stations. Outage 
time, although relatively low for all three groups 
of stations, is clearly greatest for the UHF group 
despite comparable maintenance effort. 

4) Tube life—Tube life at UHF was found to be gen-
erally shorter than VHF. This was reflected in the 
higher operating cost per hour on UHF. 

5) Avenues of needed improvement—There are two 
general areas where the committee found improve-
ment needed under present FCC standards. The 
first, improvement in tube life, was mainly a prob-
lem at UHF. The second, improved frequency sta-

bility and measurement, was needed to a degree 
in all three bands, most at UHF, least in the low 
VHF band. Table I shows the visual carrier fre-
quency stability required. The first column shows 
the present FCC standard; the second, that needed 
if precise frequency control is to be used to reduce 
co-channel interference; and the third, the still 
greater stability needed for very precise fre-
quency control to achieve maximum reduction of 
co-channel interference. 

Table II shows the possible accuracy of frequency 
monitoring by several different methods. 

It will be noted that WWV transmissions may be 
used to check the frequency of low VHF stations op-
erating under the precise standards. For very precise 
frequency stability at low and high band VHF, and pre-
cise stability at UHF the atomic resonance standard is 
adequate. Even this is hardly sufficient to achieve the 
needed stability for very precise operation at UHF. 
Fortunately, the large number of channels available in 
the UFIF band makes the need for very precise stability 
unlikely. 

In addition to the more complicated monitoring 
means required for improvement in frequency stability, 
the frequency control used to drive the transmitter 
must also be improved if the need for continual check-
ing against the standard is to be avoided. 

TABLE I 

REQUIRED VISUAL CARRIER FREQUENCY STABILITY' 
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Low VHF 
High VHF 
UHF 

FCC Precise Very Precise 

+1000 cycles 
±1000 cycles 
±1000 cycles 

5 parts in 108 
2 parts in 108 
5 parts in 10° 

1 part in 108 
4 parts in 10° 
1 part in 10° 

TABLE II 

MEANS OF FREQUENCY MEASUREMENT 

Present TV frequency monitors ± 500 cycles' 
Monitoring by use of WWV transmissions 
Monitoring by use of VLF transmissions ( not 

presently available) 
Monitoring by use of atomic resonance stand-
ard 

( ± 5 parts in 107) 
5 parts in 108 
2 parts in 10° 

I part in 10° 

ANTENNAS 

In addition to the cost studies discussed earlier in 
this paper, the Committee on Television Antennas gath-
ered information on transmission lines and towers. Its 
chairman also chaired the Task Group on Directional 
Antenna Tests. Out of the work of this group grew the 
directional antenna tests reported in another paper. A 
summary of information obtained on transmission lines 
and towers follows: 

Transmission Lines 

To develop cost data on the transmission lines used 
at UHF and VHF, the committee laid out typical 1000-
foot runs of co-axial transmission lines, and waveguides 
including elbows, gas barriers, etc. This information is 
summarized in Fig. 8. 

Towers 

The effect of height of the supporting tower on cost 
was developed from cost data solicited from a number 
of manufacturers. The relation between cost and height 
is shown in Fig. 9. Insufficient data were received for 
tower heights between 1250 and 1600 feet, but they 
have been included in the dashed portion of the curve. 
A medium-sized antenna was assumed in these calcula-
tions. The effect of size of the antenna on the cost of a 
1000-foot, 50 pound per square inch tower is shown in 
Fig. 10, and the effect of variation in design wind pres-
sure is shown in Fig. 11. 
Of these parameters, only the antenna size affects the 

relative cost of UHF and VHF installations. Because 
of the higher effective radiated power required at UHF 
an antenna having a higher wind load is required. The 
increase is modest however, amounting to an average 
of perhaps 15 per cent. 

2 Ibid., see Sect. 24.4.3. 
3 Includes check against a standard frequency or measuring serv-

ice at intervals varying from a few months at low VHF to a few 
weeks at UHF. 
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Fig. 9—Cost of tower vs height. 

1600 

ft. 

Data on permissible deflection of antennas under the 
action of wind were solicited from several manufactur-
ers. A tabulation of these angles for wind pressure of 10 
pounds per square foot, for various types of antennas, 
is included in the committee report. These data may be 
summarized here by stating that a well designed guyed 
tower should have a maximum deflection of 0.17 degrees 
at a wind pressure of 10 pounds per square foot at the 
base of the antenna. 

REPEATER TRANSMITTERS 

The committee found need for definitions of the sev-
eral terms used to define satellites, translators and 
boosters. Table III (opposite) was, therefore, prepared. 

140 

Relative120 
Coat 

(X) 110 

L-4-bay superturnstile Ch. 4-6 
6-bay superturnstile Ch. 7-13 
2-bay slotted ring 

M-6-bay superturnstile Ch. 2-6 
12-bay superturnstile Ch. 7-13 
3-5-bay slotted ring 
3-bay helical high band 

H-12-bay superturnstile Ch. 4-6 
high gain UHF—slotted cylinder, 
helical, high gain 

XH-12-bay superturnstile Ch. 2-3 
Tower-1000 ft. high, 50 lbs/sq. ft. design 

Fig. 10—Relative cost of tower vs antenna size. 
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Specification 

Tower: 1000 feet high 
No elevator 
Transmission Line 12 in. total width per ft. of height 
Antenna: Medium size ( 100 sq. ft. project area at 50 feet ) 

Fig. 11—Relative cost of tower vs wind pressure. 

The generic term "repeater" was selected as being 
applicable to all three classes of nonoriginating stations. 

General Repeater Performance 

The committee, in its report, found that generally 
satisfactory reception of television translators had been 
reported. In fact, it was noted that they were operating 
with aural power levels at least 6 db below the peak vis-
ual power, and that a number of translators were known 
to be operating with aural power 10 db below the 
standard ratio. In view of this history the committee 
recommended that the ratio of visual to aural power be 
changed from the present standard of 2:1 to 4:1. 

UHF Booster Tests 

A series of measurements and observations were out-
lined by the committee for the UHF booster already in 
operation at Waterbury, Conn. Much of this work 
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TABLE III 

DESCRIPTION OF VARIOUS TYPES OF TELEVISION BROADCAST STATIONS 

Standard Satellite Translator 

1. Presently provided for in rules 
2. Limited by rules to UHF broadcast channel only 
3. UHF and VHF channels 
4. Cannot originate programs 
5. Does not ordinarily originate programs 
6. Can originate programs 
7. Must repeat program on saine channel 
8. Must repeat program on another channel 
9. Programmed only by off-air pickup 

10. Programmed by -line relay or off-air pickup 
11. Maintains standard mileage separations 
12. Licensed on non-interference basis 
13. Maximum power limited by technical factors 
14. Maximum ERP/height limited by rules 
15. Remote control operation now permitted 
16. Maximum transmitter power limited by rules 
17. Unlimited directional antenna permitted by rules 

(b) 

Booster 

(a) (b) 

(a) 
(a) (b) 
(a) (b) 
(a) (b) 

= With respect to regular and satellite stations only. 
(a)= Presently proposed in Docket No. 11331 ("On Channel" Booster Stations—UHF only). 
(b)= Presently proposed in Docket No. 12116 ( Low Power Repeater Stations). 
(c)= Presently limited to 10 watts by rules but increase to 100 watts proposed in Docket No. 12567, and approved for adoption by the 

FCC effective December 26, 1958. 

could not be completed in time to be included in the 
TASO report. 
The following two paragraphs are quoted from the 

tentative conclusions of the interim report on the Wa-

terbury tests: 

Thus far it is indicated that there are locations where 
interference between main station and repeater sta-
tion cannot be reduced by simple antenna orienta-
tion techniques. Further investigation is required, 
particularly in the use of such methods as cross-

. polarization to obtain a better discrimination of 
wanted to unwanted signals. It is planned to conduct 
tests using two matched re-transmitting antennas at 
the output of the repeater. One will be mounted for 
horizontal polarization and the other for vertical. 
The only assuring procedure so far for discrim-

inating against an undesired signal in favor of the 
desired signal for ghost elimination, where both sig-
nals are arriving at the receiver test sight at small 
angles, is the use of low elevations (a few feet above 
the ground) to reduce or eliminate the signal from 
the unwanted source. Shielding one signal with a car 
or house has also shown some promise. This technique 
will also be investigated further. 

• 

Survey of UHF Translators 

A task force of the committee surveyed translator 
licensees and television stations being rebroadcast, by 
questionnaire. Data thus obtained were compared with 
information in FCC files. Table IV presents some of 
the results. 
Much significant data were obtained which cannot be 

reproduced here for lack of space.4 

op. cit., "Engineering Aspects of Television Allocations," The 
interested reader is referred to Sec. 1.2.6 in which all of the informa-
tion is included. 

TABLE IV 

TASO 
Data" 

TASO and 
FCC Data' 

No. of areas served by TV translators 
No. of individual communities 
No. of individual TV translators authorized 
No. of areas using 1 translator 
No. of areas using 2 translators 
No. of areas using 3 translators 
No. of areas using more than 3 translators 
Total population in areas served by trans-

lators 
Total no. of homes in areas served 
Total no. of UHF receivers in use 
Per cent of homes equipped for UHF re-

ception 
Total investment in translator installations 
Average cost of a 1-channel system 
Average cost of a 2-channel system 
Average cost of a 3-channel system 
Cost of one 5-channel system 
No. of installations costing less than $4,000 

per channel 
No. of installations costing $4,000-$6,000 

per channel 
No. of installations costing $6.000-$8.000 

per channel 
No. of installations costing $8,000-$10,000 
per channel 

No. of installations costing over $ 10,000 
per channel 

Annual operating cost of all translators 
Average annual operating cost of 1-channel 

system 
Average annual operating cost of 2-channel 

system 
Average annual operating cost of 3-channel 

system 
No. supported by public funds 
No. supported by private funds 
No. supported by TV broadcast stations 
No. supported by public subscription 
Average ERP employed 
Average height of antenna above commu-

nity 
Average maximum distance served 

41 
65 
60 
25 
12 
4 

321,150 
83,896 
37,641 

45% 
$375,655 
$ 6,212 
$ 13,040 
$ 20,764 

3 

21 

7 

6 

3 
$ 52,638 

$ 1,161 

$ 1,990 

S 2,210 

22 miles 

92 
132 
156 
53 
23 
15 

717,893 
187,5006 
84,5006 

45'70' 
$892,764 
$ 5,380 
$ 11,977 
$ 18,820 
$ 60,681 7 

13 

49 

15 

9 

5 
$162,661 

1,149 

S 3,140 

2,720 
14 
8 
5 

66 
189 watts 

1,515 feet 

See text for explanation 
Extrapolated. 

7 Unusual installation employing a high tower. 
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Determining the Operational Patterns 

of Directional TV Antennas* 
F. G. KEARt, FELLOW, IRE, AND S. W . KERSHNERt, MEMBER, IRE 

Summary—In January, 1959, the Television Allocations Study 
Organization authorized its Committee on Directional Antennas to 
conduct field tests on directional TV antennas looking toward de-
velopment of a means whereby the operational antenna pattern could 
be determined and to explore the effect of reflections and anomalous 
propagation on the degree of directivity actually obtained as com-
pared with that calculated. 

Tests were subsequently carried out at WBZ-TV in Boston, 
Massachusetts, and at WKY-TV in Oklahoma City, Oklahoma, with 

special directional antenna systems possessing various degrees of 
directivity. Measurements were made at distances varying from a 
few miles from the transmitter to well over 100 miles from the trans-
mitter. Within the limits imposed upon the tests by the choice of 
sites, nature of the terrain, and a limited period of observation, it was 

found that propagation conditions did not materially affect the di-
rectivity of the array, even at distances where the scatter fields were 
of appreciable magnitude. 

In the course of these measurements and tests, a procedure was 
developed whereby the operational antenna pattern could not only 
be determined, but also rechecked at suitable intervals thereafter. 

INTRODUCTION 

/
N THE field of television broadcasting, vertical di-
rectivity of the transmitting antenna system has 
long been employed in order to make the most effi-

c'ent use of the available radiated power. However, with 
few exceptions, directivity in the horizontal plane has 
been avoided. Two of the factors behind this reluctance 
to use directional antennas for TV were: 1) the absence 
of a tested and acceptable procedure for proving the 
performance of a TV antenna pattern and for making 
subsequent checks on it, and 2) uncertainty as to the ex-
tent to which the directivity could be maintained in the 
suppression area under conditions of serious local re-
flections or tropospheric scatter. 

In its study of the over-all problems of television allo-
cations, it became evident to the members of TASO that 
antennas with horizontal directivity would be useful in 
allocation if dependence could be placed upon their per-
formance. It was apparent that, in the limited time 
available to TASO, it would be impossible to make an 
exhaustive study of all of the factors affecting the per-
formance of directional antennas under all combinations 
of local and distant terrain conditions. However, it was 
agreed that even a limited amount of information would 
be valuable, and a special group was appointed to re-
view the problem and make recommendations as to the 
best possible procedure. 

• Original manuscript received by the IRE, February 15, 1960. 
f Kear and Kennedy, Washington, D. C. 
$ A. D. Ring and Associates, Washington, D. C. 

This initial study led to the formation of a "Commit-
tee on Directional Antenna Tests," which was charged 
with preparing a program of tests on directional an-
tennas, the results of which may be expected: 

First, to form the basis for establishing procedures for determining 
the extent to which the operational antenna pattern corresponds 
(1) with the antenna pattern as measured at the antenna test site, 
and (2) with the antenna pattern previously calculated or otherwise 
determined to be required for the site in question. 

Second, to provide corroborative detail on the extent to which 
the behavior of the distant field ( 100 km or more) from a TV direc-
tional antenna is determined by the directivity of the operational 
antenna pattern. 

During this saine period the Association of Maximum 
Service Telecasters had independently decided to con-
duct tests on directional TV antennas, and upon the 
formation of the Directional Antenna Committee the 
tests which AMST had proposed were made a part of 
the TASO program. 
The Westinghouse Broadcasting Company, Inc., in-

dicated their willingness to make the facilities of tele-
vision station WBZ-TV available for some of these tests 
and the licensee of WKY-TV in Oklahoma City also 
agreed to cooperate in the project. WJMR-TV in New 
Orleans offered the use of their experimental operation 
on Channel 12, but the experimental authorization was 
terminated prior to initiation of the tests. 
WBZ-TV possessed a unique advantage in that it 

employed separate antennas for visual and aural trans-
mission. This meant that the aural pattern could be 
directionalized to some extent without seriously affect-
ing the over-all television service rendered by the sta-
tion. It provided maximum power-height (FCC Zone I) 

so that observations could be conducted over substan-
tial distances in order to observe the effect of diffraction 
and scatter. 

WKY-TV was a valuable acquisition since the sta-
tion had proposed to purchase a new antenna for emer-
gency use and now agreed that it could be modified to 
permit rotation while installed. An additional calibrat-
ing or reference antenna could also be added to this 
structure and the over-all performance of the combina-
tion could be measured carefully on the test range be-
fore delivery to WKY-TV. Measurements made at the 
site after installation of the antenna would therefore 
permit comparison between the antenna patterns meas-
ured at the test range and the performance after erection 
at the transmitter site. 
The program of tests finally proposed by the Commit-

tee was approved by the appropriate body of TASO and 
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funds for the test program were allocated. The tests at 
WBZ-TV were made during the early part of 1959, 
terminating in time to move the measuring equipment 
and personnel to Oklahoma City for the tests at WKV-
TV. These tests were conducted during the fall of 1959 
and were concluded in December of that year. A de-
scription of the tests and the results obtained follow. 

MEASUREMENT OF THE PERFORMANCE OF THE 
ANTENNA AT TELEVISION STATION WBZ-TV 

The antenna installation for WBZ-TV consists of two 
three-section superturnstile antennas mounted one 
above the other on a 1107-foot tower which is located 
approximately eight miles southwest of Boston, Massa-
chusetts. For the purposes of this test the upper antenna 
was used as an experimental directional antenna for 
aural transmissions on 71.74 mc. 

Separate transmission lines were installed to connect 
the north-south and east-west superturnstile elements 
to a special power dividing network installed in the 
transmitter building. This network was designed to pro-
vide either " nondirectional" operation with normal 50-
50 power division or directional operation with a power 
ratio of 20 db between the two sets of superturnstile 
elements. For both modes of operation the normal 90° 
phase relationship was maintained. The high power ele-
ments were oriented at a true bearing of approximately 
351.5° and this was the expected direction of minimum 
radiation from the directional antenna. During the 
period of the field measurements, the power dividing 
network was switched to provide alternate 15-minute 
periods of nondirectional and directional operation with 
the saine power input from the aural transmitter. Fig. 1 
shows the expected radiation patterns in terms of rela-
tive voltage based on pattern shapes for single super-
turnstile elements supplied by RCA. 
The field measuring program consisted of obtaining 

three types of measurements. Fig. 2 is a map showing 
the expected direction of minimum signal and the loca-
tions at which the field measurements were obtained. 
The first type of measurements comprised field strength 
measurements for both directional and nondirectional 
operation made along four radial routes from the trans-
mitter, at distances ranging from 9.0 to 50.4 miles. At 
each measuring location, a continuous mobile recording 
of the signal was made over a distance of approximately 
100 feet. These measurements were made with a half-
wave dipole receiving antenna mounted 30 feet above 
the road surface. At each location, recordings were ob-
tained over the same path for both directional and non-
directional operation during adjacent 15-minute periods. 
The second type of measurements consisted of field 

strength measurements made at locations traversing a 
"cross minimum" route at distances ranging from 18.6 
to 21.8 miles. These measurements were made in the 
same manner as described above for the radial field 
strength measurements. 

The third type of measurements consisted of time re-
cordings of signal strengths at several fixed locations 
over periods ranging from 7 to 18 days. At each location, 
the signal was recorded for alternating 15- minute peri-
ods of nondirectional and directional operation. 

'NONDIRECTIONAL“ 

270 

240. 

361.5 11 

\ 1.6 

330. 14 30. 

/ 

210. ' 

1110* 

20 OD DIRECTONAL 

Fig. 1—Computed horizontal radiation patterns 
of \VBZ-TV antenna. 

20. 

90° 

Fig. 2—Map showing WBZ-TV transmitter site 
and measuring locations. 
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Fig. 3 shows the results of the measurements made 
along the four radial paths from the transmitter. For 
each location the median signal levels were determined 
from the recorder charts for directional and nondirec-
tional measurements along the same path. The ratio of 
these median values expressed in db is plotted vs dis-
tance from the transmitter station. The average ratio 
and the standard deviation for each direction are indi-
cated on the graphs. The standard deviation was less 
than 0.8 db for all four radial directions. 
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Fig. 4 shows the ratios obtained from the cross mini-
mum measurements along with the average ratios ob-
tained from the radial measurements and the average 
ratios obtained at the six fixed measuring points. The 
solid curve shows the average of the measured data, and 
the dashed curve shows the expected ratio based on the 
computed antenna patterns of Fig. 1. It should be noted 
that the expected ratio (DA/ND) in the direction of 
minimum radiation is 17 db instead of 20 db because the 
maximum radiation from the directional antenna is 3 db 
greater than from the nondirectional antenna. 

Table I summarizes the results of the measurements 
obtained at the six fixed locations where time recordings 
of the signals were made. 

TABLE I 

SUMMARY OF RESULTS OF RECORDINGS MADE AT 
FLKED M EASURING LOCATIONS 

Location Bearing Distance' 

Mi. 

Number of 
Recording 
Periods 

Average 
Ratio 
DA /ND 

Bennington, N. H. 324.4° 58 190 — 7.1 db 
Montpelier, Vt. 334.2 151 27 —10.9 
North Woodstock, N. H. 349.5 121 35 —14.7 
Laconia, N. H. 350.4 84 175 —15.5 
Mt. Washington, N. H. 358.6 135 67 —12.4 
Biddeford, Me. 25.9 97 185 ± 0.2 

The number of periods for which 15-minute records of 
both nondirectional and directional signals were ob-
tained is indicated for each location along with the 

average ratio of the signals. Comparison of the results as 
plotted in Fig. 4 shows close agreement between the 
ratios obtained at the fixed locations and the ratios ob-
tained from the radial and cross minimum measure-
ments made at closer locations. It should be noted, 
however, that the results obtained at 121 miles (349.5° 
true) indicate one or two db less suppression than the 
measurements made at closer locations. This effect may 
be due to scatter propagation modes which tend to " fill 
in" the minimum of the pattern. 
With the exception of the Mt. Washington and Mont-

pelier locations, the fixed locations were selected to rep-
resent typical rural receiving locations for the terrain 
involved. The Mt. Washington recordings were made at 
the site of television station WMTW-TV at an elevation 
of approximately 6300 feet above sea level. The Mont-
pelier recordings were obtained at the Montpelier Com-
munity Television receiving site located on the south-
west side of a mountain at an elevation of 1125 feet 
above sea level. 
The equipment used at the fixed locations consisted 

of high-gain fringe-type antennas mounted at heights of 
30 to 40 feet. Baluns and coaxial transmission lines were 
used to connect the antennas to crystal-controlled re-
ceivers which were connected to the recording meters. 
The receivers were calibrated on a daily basis with labo-
ratory-type signal generators. 
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• Figs. 5 and 6 show the distributions of the median 
signal levels for all 15-minute periods of nondirec-
tional and directional operation recorded at the two 
fixed recording locations in the direction of maximum 
suppression. Smooth lines were drawn through the 
measured points, and the ratios of the signals exceeded 
for 50 per cent and 10 per cent of the time are indicated. 
These data do not indicate any consistent trend between 
the 50 per cent and the 10 per cent signal ratios. 

• 

• 

MEASUREMENT OF THE PERFORMANCE OF THE 
ANTENNA AT TELEVISION STATION WKY-TV 

An extensive program of measurements was under-
taken to determine the performance of a special experi-
mental directional antenna installed by television sta-
tion WKY-TV at their transmitting site five miles north 
of Oklahoma City, Oklahoma. Careful control of the 
antenna design was possible because the management 
of station WRY-TV agreed to incorporate the direc-
tional antenna project into the installation of a new 
standby antenna system. 
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Fig. 5—Results of recordings made at North Woodstock, 
349.5° true, 121 miles. 
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Fig. 6—Results of recordings made at Laconia. 
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99 997 

The directional antenna consisted of a modified RCA 
Type TF-3EM three-section superturnstile designed for 
operation on television Channel 4. Fig. 7 is a photograph 
showing the main antenna and the special reference an-
tenna which is mounted some twenty feet above the 
upper superturnstile elements. The reference antenna 
consists of two folded half-wave dipoles mounted in the 
same horizontal plane with the spacing and phasing ar-
ranged to provide a "figure 8" type pattern and low 
coupling to the superturnstile antenna elements. Both 
the superturnstile antenna and the reference antenna 

Fig. 7—Photograph of WKY-TV directional antenna system, 
showing main and reference antennas. 
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were equipped with motor drive mechanisms and remote 
control and bearing indicator systems so that the an-
tennas could be independently positioned to any de-
sired orientations. Flexible RG-117/U coaxial transmis-
sion lines provided connections between the antenna ele-
ments and the rigid 3i-inch transmission lines used to 
connect the antennas to the transmitter. Three inter-
changeable power-dividing tees provided power ratios of 
0, 10, or 20 db between the two sets of superturnstile ele-
ments. Motor-driven coaxial switches permitted switch-
ing the transmitter to either the superturnstile antenna 
or the reference antenna. 
The special directional antenna and reference antenna 

were assembled by RCA and a complete set of pattern 
measurements was made at the Gibbsboro, New Jersey, 
test site of RCA. Fig. 8 shows measured horizontal pat-
terns for the three modes of operation as made at Gibbs-
boro with the reference antenna removed. Similar pat-
tern measurements were made at the aural carrier 
frequency, and pattern measurements were also made 
with the reference antenna in place. Analysis of these 
measurements showed that the reference antenna had 
only a small effect on the pattern of the main antenna. 
The antenna was then shipped to Oklahoma City and 

installed on a 263-foot supporting tower located some 
800 feet from the 969-foot main antenna tower of sta-
tion WKY-TV. The field measurements made after in-
stallation included measurement of pertinent details of 
the radiation patterns at the visual carrier frequency, 
aural carrier frequency, and at sideband frequencies 2.0 
and 3.6 mc above the visual carrier frequency. All meas-
urements were made during the early morning experi-
mental hours following sign-off of the regular WKY-TV 
program. Three basic types of measurements were 
made. The first type employed the reference antenna 
method for which measurements were made of the sig-
nals received from the main antenna and the reference 
antenna, with the reference antenna oriented for maxi-
mum signal at the measuring location. Measurements 
by the reference antenna method were made along four 
radial routes from the transmitter and along one cross 
minimum route, as shown by Fig. 9. These measure-
ments were made with a half-wave dipole receiving an-
tenna mounted at a height of 10 feet. 
The second type of measurements utilized the rota-

tion method. The signal received from the main antenna 
was observed as the main antenna was rotated. Meas-
urements were made by this method at locations along 
the 90° radial route from the transmitter employing a 
receiving antenna height of 10 feet. 
The third type of measurements consisted of record-

ings made for extended periods of time over two paths of 
65 and 206 miles (see Fig. 9). Measurements were made 
on the visual carrier frequency at Bristow, Oklahoma, 
with the main antenna set at specific orientations for 
alternate 10-minute periods. Measurements were also 
made of the visual signal received from the KRLD-TV 
transmitter located near Dallas, Texas, with the WKY-
TV directional antenna used as a receiving antenna. 

The portion of the pattern providing minimum radia-
tion (maximum suppression) was considered to be the 
most important area for exploration, and the "90° mini-
mum" portion of the pattern (see Fig. 8) was selected 
for detailed study. The "0° maximum" was used as the 
reference for establishing suppression ratios. 

Fig. 10 shows the results of the measurements of the 
20-db pattern made by the reference antenna method 
along four radial routes. At each location, measurements 
were made of the signals from both the main antenna 
and the reference antenna at three cluster points spaced 

320 . 

210* 

. NON - DIRECTIONAL" 

10 DB POWER RATIO 

20 DB POWER RATIO 

Fig. 8—Horizontal radiation patterns measured by RCA, 
67.5 mc. reference antenna removed. 

Fig. 9—Map showing WKY-TV transmitter site 
and measuring locations. 
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at 50-foot intervals along the road. The main antenna 
orientation remained fixed with the "north" elements 
aligned with true north, and the reference antenna was 
oriented for maximum received signal. The graphs show 
the minimum, average and maximum ratios for each 
measuring location. 

Fig. 11 shows the results of the cross-minimum ratio 
measurements of the 20-db pattern made using the ref-
erence antenna method. Each point plotted on the 
graphs represents the ratio observed at a single measur-
ing point along the cross-minimum route. The average 
results of the radial measurements are also shown. 

Fig. 12 shows the results of measurements made at the 
aural and visual carrier frequencies and sideband fre-
quencies using the point-by-point rotation method. 
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along radial routes, 20-db power ratio, visual carrier. 
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Measurements were made at 17 locations along the 90° 
radial route, and the graphs of Fig. 12 show the mini-
mum, average and maximum values observed. At each 
location, the received signal was measured as the antenna 
was rotated point-by-point over the sector required to 
provide details of the position and width of the 90° 
minimum of the radiation pattern. The signal obtained 
from the 0° maximum of the radiation pattern was also 
measured in order to obtain the ratio of minimum to 
maximum signal. Analysis of the data obtained by the 
rotation method indicates that the depth, orientation 
and width of the minimum of the radiation pattern 
vary as a function of both location and frequency. Sub-
stantial variations in the pattern parameters occurred at 
different locations in the same radial direction and even 
at locations spaced about 100 feet apart along the same 
road. These variations are believed to be caused by scat-
tering of the signal caused by terrain irregularities. The 
test data indicate that the results of a large number of 
measurements made at different locations must be 
averaged to obtain an accurate operational radiation 
pattern. 

Measurements of the 20-db pattern were made at 
Bristow during the early morning experimental hours 
for the period of October 7 through October 11, 1959. 
The measuring equipment was set up in a downtown 
hotel room and the signal was received by means of a 
fringe area type antenna mounted on the roof of the 
hotel. The visual signal was recorded for 30-minute 
periods, and the average results are given in Table II. 
During each period the signal was recorded both for 
the indicated orientation and with the 0° maximum 
towards Bristow, and the ratio of the median signals 
was established. 

TABLE II 

RESULTS OF BRISTOW MEASUREMENTS 
(73.2° TRUE-65 MILES) 

Orientation of Path 
Measured Clockwise from 
North Antenna Elements 

Number of 
Recording 
Periods 

Average Ratio of 
Signals Referred to 

0° Maximum 

80° 
90° 
100° 

12 
29 
10 

—16.6 db 
—20.6 db 
—14.4 db 

Table III shows the results of measurements of the 
20-db pattern made by employing the WKY-TV direc-
tional antenna as a receiving antenna to pick up visual 
signals transmitted by station KRLD-TV which oper-
ates in Dallas, on television Channel 4. The use of this 
reciprocal technique permitted obtaining data over a 
relatively long path (206 miles). The measurements 
were made between the hours of 1 A.M. and 5 A.M. from 
November 30 to December 12, 1959. 
During the first ten minutes of each half-hour period 

the signal was recorded with the antenna oriented for 
maximum pickup from KRLD-TV (north superturn-
stile element towards KRLD-TV). During the next 10-

minute period, the signal was recorded with the indi-
cated orientation. The remaining time of each half-hour 
period was used to calibrate the receiving equipment and 
to record the noise level and any other signals present 
with the KRLD-TV transmitter shut down. The analy-
sis of these periods of noise recordings showed the ab-
sence of significant signals arriving from other sources. 
The median signal values (db above 1 i.tv at input to 

the receiver) for the ten-minute periods were deter-
mined and the average ratios for each day's recordings 
are given in Table III. The antenna orientations given 
are corrected for an error of 0.8° in the bearing indicator 
system which was discovered after the measurements 
were made. 

TABLE III 

SUMMARY OF RESULTS, KRLD-TV MEASUREMENTS 

Date Number of 
Periods 

Average Ratio of Signals 
Referred to 0° Maximum 

80.8° 90.8° 100.8° 

Nov. 30 8 
Dec. 2 8 
Dec. 3 
Dec. 4 8 
Dec. 5 8 
Dec. 7 7 
Dec. 9 8 
Dec. 10 8 
Dec. 11 8 

Dec. 12 {44 

—19.9 db 
—12.5 db 

—15.8 db 
—19.8 
—19.3 
—22.7 

—15.3 
—19.3 

—22.2 
—15.1 

—18.5 

Weighted Average —17.7 db —20.7 db — 14.1 db 

Fig. 13 shows the results of the measurements of the 
90° minimum portion of the 20-db radiation pattern by 
the several methods employed. Data are shown for oper-
ation at both the visual and aural carrier frequencies, 
and the dashed lines provide a comparison with the pat-
tern measurements made before installation. The re-
sults show close agreement for the pattern measure-
ments made after installation by different methods, and 
there is no great difference between the patterns meas-
ured before and after installation. 

Fig. 14 shows the results of measurements of the 10-
db directional antenna pattern before and after instal-
lation. Measurements of the 10-db pattern were not 
made at the two distant recording locations, but the 
measurements made by the reference antenna method 
and the rotation method are in close agreement. 

Fig. 15 shows photographs of test patterns made at 
four locations between 4.9 and 6.7 miles from the trans-
mitter with the 20-db antenna pattern employed. Fig. 
15(a) shows the test pattern as received with the an-
tenna oriented for maximum signal at the receiver. 
Figs. 15(b)-15(d) show the signals received with the 
antenna oriented for either minimum signal at the re-
ceiver or 10° from the position of minimum signal, as 
indicated. These photographs were selected as typical of 
test pattern observations made at locations in all eight 
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Fig. 14—Results of measurements of the 90° minimum portion 
of the pattern, 10-db power ratio. 

(c) (d) 

Fig. 15—Photographs of test patterns, 20-db power ratio. (a) 6.2 
miles west, antenna oriented for maximum signal. (b) 6.2 miles 
west, antenna oriented for minimum signal. (c) 5.8 miles south-
west, antenna oriented for minimum signal. (d) 5.8 miles south-
west, antenna oriented 10° from minimum. 

directions from the transmitter. In all cases, ghosts 
ranging from moderate to severe were evident when the 
antenna was oriented for minimum received signal. In 
some cases, ghosts were still quite noticeable with the 
antenna oriented 10° from the minimum position. A 
limited number of test pattern observations made with 
the 10-db pattern indicated negligible to slight ghost 
problems in the directions of minimum radiation. 

RECOMMENDED METHOD OF MEASURING THE 
OPERATIONAL ANTENNA PATTERN OF 

A TELEVISION ANTENNA 

On the basis of the results obtained and described in 
this paper, it is considered that the most practical way 
of measuring the operational antenna pattern is the ref-
erence antenna method. The directional antenna should 
incorporate a rotatable reference antenna designed to 
operate on the visual, color subcarrier and aural fre-
quencies. The coupling between the reference antenna 
and the main antenna or other nearby objects must be 
low enough to minimize errors due to radiation effects. 
The test transmitter may be of lower power than the 
transmitter normally used, but should have sufficient 
power to provide signals of adequate strength at the re-
quired measuring locations. The power into the anten-
nas must be accurately determined and maintained. 
Controls should be available at the transmitter for ro-
tating the reference antenna. 

Field strength measurements should be made along at 
least eight radial paths from the transmitting antenna. 
These paths should include the direction(s) of maximum 
radiation, the direction(s) toward stations requiring 
protection, and at least two additional directions to-
ward the service area of each station requiring appre-
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ciable protection. For each direction, measurements of 
the signals received from the main and reference an-
tennas should be obtained in at least eight measuring 
locations at distances between 10 and 30 miles. The 
measuring locations should be selected so as to provide a 
clear, unobstructed path to the transmitting antenna, 
and the reference antenna should be rotated for maxi-
mum received signal. The ratio of the signals from the 
reference and main antennas should be established 
either by means of short mobile runs made by the con-
tinuous recording technique, or on the basis of the aver-
age results of four cluster measurements at points lo-
cated at least 50 feet apart. 

Measurements should be made at the visual carrier 
frequency at each measuring location. At approximately 
half of the measuring locations, measurements should 
also be made at the color subcarrier frequency and at the 
aural carrier frequency. Field strength measurements 
may be made with a receiving antenna height of ap-
proximately 10 feet. 

Measurements should also be obtained at the visual 
carrier frequency along cross minimum routes through 
those arcs which include the service area(s) of other 
station(s) where suppression is required. These should 
be made at distances between 10 and 30 miles, and point 
ratio measurements should be obtained at intervals 
ranging from three to four degrees in the case of suppres-
sions on the order of 10 db to 1 or 2 degrees for suppres-
sion on the order of 17 db. At all measuring points, the 
reference antenna should be positioned for maximum 
received signal and measurements should be made of the 
signals from both the reference antenna and the main 
antenna. 
The operational antenna pattern should be estab-

lished by analysis of the ratio measurements using the 
average or median ratio obtained for each radial direc-
tion. The ratios for each radial direction should be 
plotted vs distance and the resulting graphs should 

show no significant correlation with distance, except as 
expected because of the difference in vertical patterns of 
the two antennas. The radiation determined for each 
direction should be referred to the radiation in the direc-
tion of maximum radiation. 

The suppression obtained at visual carrier frequency 
should meet the requirements set forth under the Con-
clusions to this paper. It is suggested that suppression 
at the color subcarrier and aural frequencies be within 
+2 db of the suppression measured at the visual carrier 
frequency. 

Monitoring points should be selected in each critical 
direction. These points should provide unobstructed 
paths to the transmitting antenna. If the cluster meas-
uring method is employed, at least six points should be 
measured and the exact location of each of the cluster 
measuring points should be permanently established. 
Ratio measurements should be made at the monitoring 
points at monthly intervals to insure that the opera-
tional pattern is properly maintained. 

CONCLUSIONS 

Factors beyond the control of TASO and the Direc-
tional Antenna Committee made it necessary to re-
strict the tests to measurements which were expected to 
provide an answer to the two problems set forth in the 
terms of reference of the Committee previously quoted. 
Tests were conducted at only two sites employing only 
one basic type of directional antenna, and any conclu-
sions which are drawn must be made with full apprecia-
tion of the limitations thus imposed. Measurements 
made upon directional antennas of other types or having 
a more complicated structure and/or located in rough 
terrain or large metropolitan centers might show greater 
deviation from the expected results. However, the uni-
formity of the results obtained in these tests would tend 
to indicate that if sufficient care is employed in using di-
rectional antennas as an instrument of allocation, the 
antennas can be depended upon to perform in the man-
ner intended. From the experience gained from future 
operation of directional antennas by operating tele-
vision stations, it is to be expected that the limited con-
clusions reported here can be expanded and augment-,1 
in the same fashion as this information was obtained by 
the operation of directional antennas in the standard 
broadcast band. 

Based upon the results of the tests just described and 
keeping in mind the limitations thereon, the follow' n 
conclusions have been reached. 

1) The operational antenna pattern, that is to say. 
the pattern measured with the antenna installed 
on its supporting structure at the transmitter site, 
can be accurately established after installation by 
field measurements, using either the reference an-
tenna or rotational techniques. 

2) Measurement of the operational antenna pattern 
after final installation is considered essential to in-
sure that the suppression intended is actually ob-
tained. Such measurements will not only show the 
influence of nearby objects on the operational pat-
tern, but will also permit correction of any possible 
irregularities in the antenna pattern caused by 
damage during installation or improper connec-
tions and adjustments. 

3) The reference antenna method is probably more 
practical and feasible than the rotational method 
in the case of actual operating antennas. For ac-
curate results, the reference antenna must be de-
signed to insure low coupling to the main antenna 
elements, tower structure and guy wires. Utiliza-
tion of the rotational reference antenna eliminates 
the necessity for an accurate radiation pattern of 
this antenna. 

4) The methods employed in these tests are not suit-
able for determining the vertical directivity of the 
• operational antenna pattern, although a small but 
important sector thereof can be studied by an 
analysis of ratio measurements made over a limited 
range of distances by the reference antenna meth-
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od. Because of this limitation, the antenna manu-
facturer must be relied upon to provide informa-
tion on the vertical pattern characteristics. In 
making measurements on antennas with unusual 
heights or large beam tilts, the effect of the vertical 
plane pattern on the measured ratios at various 
distances should be considered when selecting the 
range of distances over which the measurements 
are to be made. 

The question of the amount of fill in the directions of 
maximum suppression is of course most important. This 

fill is a function not only of the depth of the suppression 
but also of the steepness of the sides of the pattern. As 
applied to the Television Allocations problem, suppres-
sion will generally be required over a relatively wide 
arc. Consequently, the use of directional antennas with 
high degrees of suppression and steep sides is not likely. 
The observations at WKV-TV showed that with a 

suppression of 20 db in the operational pattern at con-
siderable distances from the transmitter, measured sup-
pression of 16 to 17 db could be counted upon, and the 
average over a long period of time approximated the 
calculated 20-db value. It would appear that for the 
present, at least, a suppression of 20 db is too great to be 
used with confidence that the intended suppression 
would be obtained in practice. On the other hand, sup-
pressions on the order of 10 db appear to present no 

problem. 

Until further experience is gained, we believe that di-
rectional antennas should not be used to provide pro-
tections greater than 15 db (ratio of major lobe to mini-
mum). To provide for possible propagation " fill in" ef-
fects, the operational pattern should indicate somewhat 
greater suppression than that required to meet the pro-
tection requirements. Until further knowledge is avail-
able, it is suggested that a " fill in factor" of 2 db be used 
for suppressions in the order of 15 db and that the factor 
be reduced to zero for suppressions less than 10 db. For 
example, if calculations indicate that a suppression of 
15 db is required, the directional antenna should be de-
signed for 17 db and this figure should be obtained in 
the operational pattern. 

Distinct from this problem is the appearance of ghosts 
when the radiation is suppressed to the order of 20 db 
as, for example, in the WKY-TV case. Reflections of the 
main beam from nearby objects may reach a magnitude 
equal to, or greater than, the direct signal. In selecting a 
site for a television station which would require a direc-
tional antenna having a high degree of directivity, it 
would be desirable to locate the transmitter so that the 
suppressed direction is toward the area of lowest popula-
tion density. 
The conclusions expressed herein are those of the au-

thors of this paper, and they do not necessarily reflect 
the conclusions of the Directional Antenna Committee 
or of TASO. 

Sound-to- Picture Power Ratio* 
K. McILWAINt, FELLOW, IRE 

Summary—During the Television Allocations Study Organiza-
tion's deliberations the question of lowering the television sound-
to-picture power ratio from 50 per cent to 10 per cent was raised to 

determine its effect on allocation policy. The transmitter engineers 
favored it as simplifying the transmitter and reducing its price. The 
receiver engineers opposed it as reducing the useful range of the 
receiver and complicating its design. While TASO made no recom-
mendation on the question, it is the author's personal opinion that 

it is best to leave well enough alone. 

'WI I ILE the consideration of a reduction in the 
sound-to-picture power ratio of the United 
States Standard Broadcast television system 

had been discussed before, serious action on this subject 
in TASO was triggered off by a statement by E. W. Allen, 
Chief Engineer of the Federal Communications Com-

* Original manuscript received by the IRE, February 3, 1960; 
revised manuscript received March 1, 1960. 
1. Research Center, Burroughs Corp., Paoli, Pa. 

mission, that he believed that the choice of this ratio 
could have an influence on allocations. This is because 
the usual limitation on adjacent channel spacing is the 
interference from the undesired sound signal in the 
lower frequency channel adjacent to the desired chan-
nel. Lowering the sound power might well extend the 
range of the higher frequency channel. 

This remark stirred up considerable activity in both 
Panel 1, Transmitters and Panel 2, Receivers. Some 
interest was also generated in Panel 3, Field Tests and 
in Panel 5, Analysis and Theory. This paper is the his-
tory of the subsequent controversy as it developed in 
TASO. 
The original sound-to-picture power ratio allowed in 

the FCC monochrome regulations ranged from 50 to 
150 per cent. In the color television regulations this 
range was reduced to 50 to 70 per cent. This made little 
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practical difference since almost all stations were then 
operating near the 50 per cent limit. It was suggested 
that the ratio be lowered to 10 per cent—a decrease of 7 
db. 
There is no question that the 50 per cent figure gives 

an aural range considerably greater than the picture 
range and that this increased range is used. The author 
has seen receivers at Riverhead, Long Island, N. Y., 
reaching 70 miles to pick up New York City. The pic-
tures were, at best, ghostly outlines, but the sound was 
fine and the people watched and listened. A. J. Ebel 
"can report from three years viewing experience with in-
ferior signal that so long as the sound level was main-
tained much enjoyment and/or information could be 
obtained from TV programs even though the picture 
was of very poor quality or faded out completely. On 
the other hand, when the sound would fade, the content 
of the program was lost even though the picture held." 
Our experience with radio has trained us to fill in, while 
the television performers are not, in general, skilled 
pantomimists. Since the system is used under these 
conditions let us now examine the effects of making a 
change in the present standards. 
As far as TASO is concerned, the three ratios dis-

cussed were the present 50 per cent, 20 per cent, and a 
lower limit of 10 per cent. 

Several criteria of comparison have been put forward. 
Let us examine them one by one, starting with the less 
controversial (if there are any). 

RECEIVER INTERFERENCE 

The report of Committee 1.4 of TASO points out at 
least two forms of interference which would be de-
creased, namely sound into video and the 900-kc beat 
in color reception. Obviously for a given design, for less 
sound power there would be less sound interference. 
The TASO Committee 2.6 report points out, however, 

effects in the receiver which they regard as much more 
serious. The effects of a reduction in transmitted aural 
power from present standards on typical modern tele-
vision receivers will now be considered. 

Thermal Noise Performance' 

A reduction in transmitted aural power will result in 
poorer receiver signal- to-thermal-noise ratio which will, 
by reduction of receiver fringe area sound performance, 
reduce the sound coverage of any given transmitter. To 
obtain experimental verification of the reduction of 
sound channel thermal noise performance, measure-
ments were made on nine different receivers in the en-
gineering laboratories of some of the members of TASO 
Panel 2. Four different types of FM 'detector systems 
are represented in these receivers covering every type 
in use today. In all cases, measurements are for one of 

the lower VHF channels. Fig. 1 presents the data of one 
of these receivers which is typical of the group. Sound 
channel signal-to-noise output ratio is plotted as a func-
tion of picture-to-sound input ratio for a number of pic-
ture carrier signal levels. It can be seen that for each sig-
nal level there is a threshold value of picture-to-sound 
ratio below which the signal-to-noise ratio degrades 
rapidly. Fig. 2 presents a summary of these data for all 
the measured receivers. The loss of sound channel signal-
to-noise ratio per unit reduction in souiul carrier is 
plotted as a function of picture carrier level. In these 
data the average of all the receivers is presented and the 
data for the measured extremes are also plotted. As an 
example, from this curve it can be seen that with 20 
microvolts (- 34 db) of picture signal (open circuit an-
tenna voltage delivered through a 300-ohm dummy an-
tenna to the receiver), an average loss of about 1.5 db in 
signal-to-noise ratio will occur for each db of aural car-
rier power reduction. These data are for new, aligned re-
ceivers of modern design. If we add the losses expected 
due to misalignment, tube aging and antenna orienta-
tion and mismatch, as well as transmission line losses, 
it is reasonable to expect that this type of signal-to-
noise ratio loss would occur in the 100- to 200-micro-
volts-per-meter range of signal strength in a substantial 
number of receivers currently in the hands of the public. 
Sound quieting sensitivity which takes into account 

only thermal noise considerations is 30 microvolts for 
the typical receiver in the group used to obtain these 
data. In the report on receivers prepared by Committee 
2.1 of Panel 2, the reported picture sensitivity for 78 
receivers in the low VHF channels varied from 4 to 
150 microvolts.' The distribution of sensitivity shows: 

12.8 per cent less than 10 microvolts 
34.6 per cent between 10 and 20 microvolts 
19.2 per cent between 20 and 30 microvolts 
11.5 per cent between 30 and 50 microvolts 
9.1 per cent between 50 and 100 microvolts 
12.8 per cent greater than 100 microvolts. 

The importance of fringe area performance may be 
judged by the fact that more than 66 per cent of the re-
ceivers reported picture sensitivities better than 30 
microvol ts. 

Impulse Noise Rejection Performance' 

A common form of noise interference in the sound 
channel is that caused by automotive ignition noise, 
electric motor commutator noise (shavers, mixers, 
vacuum cleaners, etc.), arcing switches, and lightning. 
This form of noise is usually lumped under the general 
heading of impulse noise. In order to measure the effect 
of aural carrier power reduction on receiver performance 
in the presence of this form of noise, an interference 
source, such as a nonsynchronous 60-cps rotating arc 
device, was coupled through a variable attenuator into 

' The text and figures in this section are taken from the report of 
TASO Committee 2.6. 

See Table III of W. O. Swinyard, "VHF and UHF television 
receiving equipment," this issue, p. 1069. 
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the antenna circuit of the test receiver in parallel with 
the desired standard visual and aural television signal. 
The interference noise signal input to the receiver was 
increased until its presence was noted in the sound out-
put of the receiver either by aural or measured output 
detection. The aural signal was then reduced in steps 
and at each step the change in noise interference re-
quired to restore the original condition was recorded. 
Data were obtained on seven different commercial re-
ceivers, independently measured in the laboratories of 
Panel 2 members, and data for a typical receiver are 
plotted in Fig. 3 for visual signal input levels ranging 
from 50 to 10,000 microvolts. Fig. 4 presents a plot of 
data for the relative impulse noise level for constant 
audible interference as a function of sound-to-picture 
power ratio. This is the average of all data for all seven 
receivers measured. A loss of tolerance to impulse noise 
of about 1 db for every decibel of reduction in aural 
power is noted. This performance loss occurs at strong 
signals as well as weak; the performance loss with reduc-
tion of aural power is as great at 10,000 microvolts as it 
is at 50 microvolts. As in the previous case for thermal 
noise, these data are for new, aligned receivers of modern 
design. 

COSTS 

The transmitter engineers report that the cost savings 
of from 10 per cent to 40 per cent resulting from a change 
of picture-to-sound power ratio from 2:1 to 10:1 may be 
of importance to a television station. The approximate 
savings, based upon the Committee 1.1 report, for the 
10:1 ratio are as follows: 

VHF 
kw visual power rating 27 per cent 
5 kw visual power rating 30 per cent 

10 kw visual power rating 30 per cent 
25 kw visual power rating 40 per cent 
50 kw visual power rating 40 per cent 

UHF 

kw visual power rating 
1 kw visual power rating 

12 kw visual power rating 
25 kw visual power rating 
45 kw visual power rating 

10 per cent 
10 per cent 
30 per cent 
10 per cent 
20 per cent 

Loss OF SERVICE AREA' 

The savings in cost of operation must of course be 
measured against the decreased population the trans-
mitter will serve even though partially. In order to show 
the loss of aural service area resulting from a reduction 
of sound power, the required field strength in decibels 
above 1 iiv/meter to produce 30-db quieting was deter-
mined by measurement of the quieting sensitivity for 
representative TV receivers under existing transmission 
standards and calculation of the equivalent field 
strength using the formula and data presented in TASO 
Committee 2.4's report. The average figures for antenna 
gain and transmission line losses were used for channels 
4 and 10 which are about in the middle of the two fre-



1100 PROCEEDINGS OF THE IRE June 

45 

•-• 5 

e 

30 

25 

Dr/A Prat ELECIFICIr pitti LL. 

20 

-.n.rrer 

50 tx. Pichtre Crerter 

-3 -5 -7 -9 

RATIO OF SOUND-TO-PICTURE CARRIER LEVEL IN db 

Fig. 3. 

Fig. 4. 

I III II 

',kite Li 

14  

quency ranges. The required increase in video and sound 
signal levels to compensate for a reduction in sound 
power with respect to video power was determined to be 
0.57 db for each decibel drop in sound power. This was 
obtained from the average degradation in signal-to-
noise ratio at the 30-db level in data furnished by 
members of Committee 2.6. 

Finally, the reception range and loss of service area 
were determined from the FCC curves of expected field 
strength, assuming maximum authorized power in the 
TV transmitter, and representative antenna heights. 

Figs. 5 and 6 show the loss of service area for VHF 
channels 2-6 and 7-13 resulting from a reduction of 
sound power below the present minimum of 3 db below 
the peak video power. The service area is reduced about 
20 per cent on the low VHF channels and about 10 per 
cent on the high VHF channels if a 7-db reduction in 
sound power is made. This assumes that service area is 
limited by the signal-to-thermal-noise ratio. 

FIRST NTSC 

Both sides quote the first NTSC report. The reduced 
sound adherents quote that the first NTSC Panel 4 orig-
inally recommended visual-to-aural ratio of 4:1 to 8:1. 
The unreduced sound adherents point out that the 

first NTSC recognized that the public will tolerate and 
be entertained by extremely marginal picture signals 
provided satisfactory sound signals are available. In 
the report of the first NTSC in 1941, it is stated, "a 
given amount of interference is more disturbing in the 
sound than in the picture. The service area of the televi-
sion system will be determined by the acceptability of 
the service with respect to the noise interference." 

Since the first NTSC reported almost twenty years 
ago and its members were not endowed with second 
sight, the quotation of these opinions looks like grasping 
for straws. 

ELIMINATION OF EQUIPMENT CONSIDERATION 

All of the arguments listed above seem to this re-
viewer largely to cancel out; moreover, it had been 
agreed by TASO to reject economic arguments unless 
related to the problem of allocations. In fact, the interim 
report of Panel 5 states: "Though there would be some 
savings possible to broadcasters through equipment 
simplifications and some reduction in power cost, it has 
been agreed in TASO that this is not significant to allo-
cations and is therefore not a consideration." 

ADJACENT CHANNEL INTERFERENCE' 

One consideration which seems at first blush to have 
an influence on allocations is the interference in the pic-
ture from the nearby sound signal of the next lower 
channel (exists on channels 3, 4, 6, and 8 through 13). 
The interfering sound carrier is only 11 megacycles 
from the desired picture carrier. 
The unreduced sound power adherents counter with 

this argument. Granted that a reduction in transmitted 
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aural power would reduce the lower adjacent channel 
sound interference in those areas where it now exists by 
an amount equal to the sound power reduction. Exam-
ination of the receiver report of Committee 2.1 of Panel 
2 shows that receiver attenuations for the lower adja-
cent channel sound signal vary widely, ranging from 14 
db to 60 db, distributed as follows:2 

11.8 per cent less than 30 db 

42.1 per cent between 30 and 40 db 

13.1 per cent between 40 and 50 db 

32.9 per cent greater than se db. 

This wide variation is a reflection of the fact that this 
performance characteristic is determined by competi-
tive pressure in particular areas rather than by a uni-
versal requirement. 
The fact that competitive pressure determines re-

ceiver adjacent channel rejection capabilities in most 
cases means that for any small variation in adjacent 
channel interference, such as would be accomplished by 
a 7-db reduction in sound power, the net improvement 
could be relatively short lived, as new designs under 
economic pressure would tend to seek the same competi-
tive level as is now considered satisfactory. Conversely, 
any increase in adjacent channel interference, such as 
might result from a permitted increase to both picture 
and sound power might result in no long term degrada-
tion in adjacent channel performance as competitive 
pressure would force receiver manufacturers to build 
more adjacent channel rejection in receivers. 

SURVEYS 

Several surveys were conducted under various condi-
tions ranging from asking servicemen to make two 
measurements a day while three stations voluntarily 
varied picture-to-sound power ratios at random all the 
way from 2:1 to 10:1, to one station which had to run 
at reduced power because of antenna difficulties but ex-
perienced no customer complaints. There was no clear 
indication from any of these. People are prone to turn 
up the volume control, to lay difficulties to a change in 
the weather, or just not to remember. A trained ob-
server turning immediately from one simple sound to 
compare it with a similar sound can discriminate about 
1 db. Whether an untrained observer, after a time inter-
val, and comparing one complex sound with an entirely 
different one can remember a difference of 5 db is doubt-
ful, except where it makes the difference of being able 
to understand or not. Suffice it to say, there is no proof 
that anyone noticed the degraded service and protested. 
It is not, however, certain that at the fringe area, the 
percentage of usable broadcasts was or was not de-
creased. 
We know that a usable signal for any individual is de-

termined by his judgment of whether it is worth the ef-
fort to try to read it. The strong sound folk have shown 
that a decrease in the strength of the sound inevitably 
makes the signal-to-noise ratio worse and therefore 
makes the signal harder to read. 
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Since present receivers have been designed to elim-
inate largely the various interferences and, therefore, 
are practically noise-limited, and since, with respect to 
this characteristic, at least the good receivers are work-
ing at the limitation of the state of the art it would ap-
pear to this reviewer that less harm would be done by 
leaving the sound level near what it is and devoting our 
time to improving noise figure and other qualities of the 
receiver. 
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Presentation of Coverage Information* 
DONALD C. LIVINGSTONt, SENIOR MEMBER, IRE 

Summary—Two methods for calculating the locations of bound-
ary contours defining the limits for various grades of television ser-
vice are described and discussed. The first is the location probability 
method, which has been used by the Federal Communications Com-
mission for the past ten years in its allocation and channel assign-
ment operations. The second is the newly developed acceptance ratio 
method, which emerged from the work of the Television Allocations 
Study Organization. 

INTRODUCTION 

T
HROUGHOUT the life of a television broad-
casting station, occasions arise when it is desirable 

  that means exist for estimating how large an area 
cal be reached by its programs and how this area is 
disposed geographically. It is also of interest to know 
how quality of reception varies over this area. These 
questions have been of particular interest to the Federal 
Communications Commission because of its responsi-
bility for assigning television channels in such a way as 
to provide a maximum amount of service to a maximum 
number of people. It is also of interest to individual 
broadcasters since their ability to attract sponsors for 
their programs is a function of the number of people who 
can be reached by their commercial messages. 

In 1949, a method for developing such information 
was deduced by a special committee of the Federal Corn-

Original manuscript received by the IRE, February 16, 1960. 
'I General Telephone and Electronics Labs., Inc., Ba:side, N. Y. 

munications Commission.' Since then, the method has 
been used by the Commission to assist in the determina-
tion of whether the licensing of a proposed new station 
will be consistent with the over-all allocation plan. 
Within the past several years, the method has been ex-
amined by the Television Allocations Study Organiza-
tion (TASO) in its studies on television coverage presen-
tation methods and has been endorsed as the best meth-
od available. At the same time, TASO regarded the 
method as too complicated mathematically, particularly 
in view of the admitted deficiencies in certain experi-
mental. data with which use of the method was neces-
sarily coupled. It seemed worth while to attempt to de-
velop a new method which had a simpler mathematical 
form and which would avoid the use of experimental 
data of questionable accuracy. In the course of an ef-
fort to accomplish this purpose, a new method was con-
ceived by Dr. Bowie' and studied in detail by TASO 
Panel 5.3 Although it was concluded that the new 
method represented a restricted special case of the old 
one and would be inapplicable in many actual situa-

' "FCC, Report of Ad Hoc Committee for Evaluation of Radio 
Propagation Factors Concerning Television and Frequency Modula-
tion Broadcasting Services in Frequency Range Between 50 and 250 
Mc," FCC, Washington, D.C., vol. I, May 31, 1949: vol. II, July 7, 
1950. 

2 R. M. Bowie, "The television system from the allocation en-
gineering point of view," this issue, p. 1112. 

"Engineering Aspects of Television Allocations," Rept. of 
TASO to FCC, pp. 359-362 and 366-368; March 16, 1959. 
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tions, it was nevertheless considered to possess fea-
tures of mathematical simplicity more consistent with 
the accuracy of the available experimental data with 

which it would be used than was the old method. In 
4 

short, it was considered that both methods would be of 
value under appropriate circumstances. 

Until the present time, neither method has been 
adequately described and explained in the readily ac-
cessible technical literature. The purpose of the present 
paper is to overcome this deficiency. The technical dis-
cussion will begin with a description of the older of the 
two methods, known as the location probability method. 
This will be followed by a similar treatment for the new 
method, which has come to be known as the acceptance 
ratio method. 

LOCATION PROBABILITY METHOD 

Discussion of the location probability method con-
veniently begins with introduction of the concept of a 
cell. A cell will be defined as an area on the ground in the 
field of a transmitting antenna radiating a desired sig-
nal. The cell will be required to have dimensions which 
permit it to satisfy simultaneously the following two 
conditions: 

1) The dimensions must be small enough so that the 
locations of all points within the cell relative to the 
transmitting antenna can be described to an acceptable 
first approximation by the same distance and direction 
angle. In essence, this means that the linear dimensions 
of the cell must be small compared with the distance be-
tween the transmitting antenna and any selected point 
within the cell. It follows that cells near the transmitter 
must be quite small while those further away can be 
larger in direct proportion to their distances. 

2) A cell must have large enough dimensions to per-
mit it to enclose a population of uncorrelated receiving 

sites from which statistically representative samples, 
small compared with the total population, can be taken 
by random selection. By "uncorrelated" is meant that 
detailed knowledge of the reception conditions at one 
site does not permit one to infer in detail the reception 
conditions at any other site in the population. By "sta-
tistically representative samples" are meant assem-
blages of sites yielding distributions of receiving condi-
tions having essentially the same median values and 
standard deviations as those for the full population. 

It is to be noted that these two requirements are nec-
essarily mutually exclusive at locations within some 
critical distance of the transmitting antenna. That is, 
when the cell is small enough to satisfy the first condi-
tion mentioned above, it may be too small to satisfy the 
second condition. Thus, there is always a region of in-
definite extent around the antenna which cannot be di-
vided into cells. Within this region, the concepts to be 
developed in this paper cannot be applied without some 
modification in the basic philosophical approach, but it 
will eventually be seen that this consideration is of only 
academic interest. 

Consider the field E(t) at an individual arbitrarily 
selected site within some given cell. This field is likely 
to vary with time in some such manner as shown in Fig. 
1. Over any relatively short interval of time, the field 
strength may tend to fluctuate in a random manner 
about a fairly well-defined median value. This is the 
case for the interval depicted in Fig. 1. When longer 
intervals are considered, however, it is likely to be re-
vealed that the short-term median value is itself a func-
tion of time, being lowest during the afternoon hours 
and increasing steadily after sunset. Thus, the short-
term median field shows a diurnal variation. Similarly, 
it shows a seasonal variation, tending to be higher dur-
ing the summer than during the winter. 

TIME t 

Fig. 1—Typical time variation of field strength E(1). 

When E(t) data for the field at the selected site are 
available for an interval of time long enough to permit 
the averaging out of components due to diurnal and 
seasonal variations, it becomes possible to construct 
from the E(t) data a new function F'(T) which is fully 
independent of time. This new function is to be defined 
so that the symbol F'(T) represents that value of field 
strength which is exceeded at the given site for exactly 
T per cent of the above-specified sufficiently long inter-
val of time. It then follows, for example, that F'(50) 
represents the long-term median field strength. It also 
follows that the smaller the value of T, the higher is the 
value of F'(T). Although this point is of only academic 
interest, it will also be noted that the values associated 
with the symbols F'(0) and F'(100) cannot be unique 
unless special qualifications are placed on their defini-
tions. Suppose, for example, that the lowest field ever 
encountered at the given site is Ffr.i.. Then, according 
to the definition already given, the symbol F'(100) 
might be applicable to any field strength less than 
F'r.i.. In the same way, any field strength greater than 
Firm,x might be denoted by the symbol F'(0). This mul-
tiplicity is readily eliminated by the adoption of a pair 
of special definitions F'(0) F'lliaX and F'(100) 
When F'(T) is plotted as a function of T, the result is 

a curve such as that shown in Fig. 2. Although this curve 
may show considerable variation in form for data from 
different receiving sites, its slope is always negative 
along its entire length. It is instructive to note that the 
same curve could have been derived from the same data 
in another way. First, the abscissa and ordinate scales 
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in Fig. 1 would be subdivided into large number § of 
narrow intervals with the number of intervals in the 
abscissa scale greatly exceeding that in the ordinate 
scale. The two sets of intervals would define a rectangu-
lar grid subdividing the curve into a large number of 
short segments. Each segment would be characterized 
by a pair of ordinate and abscissa values referring to the 
pair of scale intervals within which it occurred. A new 
curve would next be drawn, showing the number of seg-
ments falling within each ordinate interval as a function 
of the ordinate value belonging to that interval. This 
plot would be a frequency function indicating the rela-
tive frequency with which any given field strength oc-
curred, and might appear as in Fig. 3. Finally, a graph 
would be drawn to display as a function of the abscissa 
values in Fig. 3 the area lying under the curve and to 
the right of each abscissa. The abscissa values in Fig. 3 
would be plotted along the ordinate scale in the new 
diagram, and the areas would be plotted along the 
abscissa scale in terms of the parameter T, which repre-
sents the area in question divided by the total area 
under the entire curve in Fig. 3. The resulting curve will 
be recognized as representing a cumulative distribution 
function. This curve is also identical with that in Fig. 2. 
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Fig. 2—Function F'(T) corresponding to E(1) in Fig. 1. 
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Fig. 3—Frequency distribution corresponding to Fig. 1. 
Shaded area is T per cent of total area under curve. 

In what follows, a field strength value which is ex-
ceeded at a given site for exactly T per cent of a suitably 
long period of time as defined above will be called a T 
per cent field. Thus, F'(T) denotes a T per cent field, and 
it would become meaningful, for example, to speak of 

60 dbu4 as being the 70 per cent field at a given site. Now 
consider not just one site within a given cell but all of 
the sites in a statistically representative sample of the 
population of uncorrelated sites in the cell. Let E(t) and 

Fi(T) be the field strength and the T per cent fields, 
respectively, at the ith site in the cell. Corresponding to 
any arbitrarily selected value of T, there exists a definite 
value of Fi(T) at every site, and it is to be expected that 
the value at one site will generally differ somewhat from 
that at another site in the same cell unless the terrain 
around and within the cell is flat and the corresponding 
air space unobstructed. The distribution of values of 

Fi(T) corresponding to a given value of T would be ex-
pected to be a function of the terrain roughness, and it 
is intuitively reasonable to expect the median value of 
Fi(T) in the distribution to be primarily a function of 
distance to the cell from the transmitting antenna, con-
tour of the intervening terrain, effective height of the 
transmitting antenna, etc., and to expect the standard 

deviation of values about this median to increase with 
the roughness of the terrain in and around the cell in 
question. 

It will shortly become necessary that some sort of 
assumption be made about the manner in which the 
Fi(T) values for a given value of Tare distributed about 
their median. In both the original Ad Hoc Committee 
Report' and a more recently published discussion' of the 
location probability method, the mathematical formu-
lation was patterned in a way which tacitly assumed a 
normal distribution. This, however, does not mean that 
some other form of distribution could not be used just 
as readily in the formulation. Published data show that 
a normal distribution is indeed approached when the 
cell is expanded along a circular arc with the transmit-
ting antenna at its center. But this type of MI, since it 
does not comply with the definition given earlier in this 
paper, will not be considered further. In the case of cells 
of the type defined in this paper, there appears to be a 
scarcity of published data on which to base a reliable 
determination of what type of distribution is more likely 
to be encountered, but the available data seem to sug-
gest that a Rayleigh distribution is more likely to pro-
vide a satisfactory fit with the data than is a normal 
distribution. There is also theoretical reason for expect-
ing that this might tend to be the case. 

Next to be constructed is a graphical representation 
of the distribution. This construction begins with selec-
tion of a suitable interval AF' in the range of F' values. 

A coordinate system is then laid out with the scale of 
F' values arranged along the abscissa axis. A smooth 
curve is then drawn in such a way that its ordinate at • 
each point approximates the number of Fi'(T) values 
lying within the selected interval F' of the abscissa of 

DRU denotes decibels above a field strength of 1 mv. per meter. 
5 E. W. Allen, "Wave propagation, radiation, and absorption," in 

"Television Engineering Handbook," D. G. Fink, Ed., McGraw-
Hill Book Co., Inc., New York, N. Y., ch. 14. pp. 26-32; 1957. 

u. 
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• the point. If F' has been chosen small enough, the 
curve will represent the frequency function for F,'(T) 
corresponding to the specified value of T. It might ap-
pear as shown in Fig. 4, which depicts the distribution 

• of F,'(40) values among a set of sites in a given cell. As 
the value of T is varied, it is to be expected that the 
form and position of the curve might shift. It is clear 
from what has preceded that increasing the value of T 
will cause the position of the curve to shift to the left. 
The effect on the shape of the curve cannot be inferred 
at this point. 

• 

• •  

90 95 100 

F'(10) IN DON 

85 105 

Fig. 4—Typical distribution of Fi(40) values over 
sites in given sample. 

At this point, the requirement that the data are to be 
taken at a statistically representative set of uncorre-
lated sites is to be invoked. From this requirement and 
from the definition of a cell, it follows that the forms of 
the distributions of the type shown in Fig. 4 should not 
be sensitive to the method used in choosing the set of 
statistically representative sites and should not even 
vary significantly from one cell to an adjacent one. In 
fact, the entire concept of a cell with finite area could be 
abandoned at this point. Instead of dealing with sets of 
sites in cells and calculating median fields and consider-
ing frequency functions relating to sets of data taken 
from discrete uncorrelated sites, one might now deal 
instead with probability functions for the field at a given 
site. The appropriate probability function would have 
the same form as did the corresponding frequency func-
tion for the statistical assemblage. The median field 
would be replaced by the most probable field if the 
frequency function is symmetrical, and the uncertainty 
in the prediction would be measured by the standard 
deviation in the frequency function. At a later point in 
this development, it will be desirable to adopt the prob-
ability approach for values at a single point. For the 
present, however, the purposes of clarity will best be 
served by retaining the statistical point of view involv-
ing cells and sets of uncorrelated sites. 
The purpose of the next step in the development of 

the location probability method is to provide means for 
determining the answer to this question: Given a par-
ticular cell and given a particular statistically repre-
sentative set of receiving sites in that cell, what per-

centage L of the sites in this set can be expected to ex-
hibit fields which exceed some prescribed field strength 
level F' for at least some preassigned percentage T of 
the time? To answer this question, one can begin by de-
termining the T per cent fields F,'(T) at all of the sites, 
T being the preassigned percentage T of the time, and 
continue by constructing from these values a frequency 
curve of the type shown in Fig. 4. There can then be con-
structed at the abscissa corresponding to the prescribed 
field strength level F' a vertical line which divides the 
area under the frequency curve into two parts. Now the 
total area under the curve represents the total number 
of sites in the given sample, the area to the right of the 
vertical line represents the number of sites having F,'(T) 
values larger than F', and the area to the left represents 
the number having values smaller than F'. From the 
meaning of the quantity F,'(T) as illustrated in Fig. 2, 
it should be intuitively clear that if the T per cent field 
at a given site is larger than F', then there exists some 
T' larger than T such that the prescribed level F' co-
incides with the T' per cent field corresponding to T'. 
For example, let F' be 80 dbu, and let T=40 per cent. 
For the case shown in Fig. 2, the F'(40) field has a value 
of about 88 dbu. However, there exists a value of T 
larger than 40 per cent such that the corresponding 
F'(T) level equals the prescribed 80 dbu. This larger T 
value is seen in Fig. 2 to be T-86 per cent. It follows 
that all of the sites represented by the area to the right 
of the vertical line have fields which exceed the value F' 
for at least T per cent of the time. Exactly analogous 
reasoning reveals that all of the sites represented by the 
area to the left of the line have fields exceeding F' for 
less than T per cent of the time. Thus, the desired per-
centage L of the sites having fields exceeding level F' 
for at least T per cent of the time is the ratio of the area 
to the right of the vertical line to the entire area under 
the curve. Hereafter, the symbol F' will be replaced by 
the symbol FU, T) to denote that it is a function of 
both L and T. 

F'(L, T) can be plotted as a function of L for any 
fixed value of T by constructing the previously described 
vertical line at various abscissa positions on the F,'(T) 
frequency curve and plotting these abscissas as a func-
tion of the corresponding area ratios. The resulting curve 
is a cumulative distribution function similar to that in 
Fig. 2, the shape of the plot arising in any given case 
depending, of course, on the particular form of the 
Fi'(T) function for that case. Through suitable applica-
tion of nonlinearity to the abscissa scale of such a graph, 
one can easily test the data to determine to what type of 
distribution they belong. It has been most customary to 
assume a normal distribution for such data, for which 
the corresponding test involves the use of probability 
coordinates. Coordinates of this type are shown in Fig. 5 
with the F'(L, 40) distribution derived from Fig. 4 
plotted against them. The solid curve represents the 
actual data, while the dotted straight line represents the 
normal distribution which fits it most closely. In the 
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event that the F'(L, T) data do not yield a nearly linear 
plot on probability coordinates, a reasonable next guess 
at the form of the distribution involved would often be 
a Rayleigh distribution. This hypothesis could be tested 
by replotting the data against a corresponding set of 
nonlinear coordinates. 

It has usually been customary in working with the 
location probability method to assume that the F'(L, T) 
values are normally distributed. This assumption can be 
expressed analytically by the formula 

F'(L, T) = F'(50, T) k (L), ( 1) 

in which N(L) is a prescribed standard cumulative nor-
mal distribution such that N(50) = 0 dbu and N(10) 
=20.5 dbu. Being a cumulative normal distribution, 
N(L) has a straight-line plot on probability coordinates 
and is therefore fully determined by the above two 
specified values. The quantity k is a constant with nu-
merical values given by Allele as 0.53 for VHF fields and 
0.75 for UHF fields. N(L) is shown in Fig. 6. In the event 
that the distribution under consideration is not normal, 
the standard reference distribution N(L) for a cumula-
tive normal distribution would be replaced by a corre-
sponding function appropriate to the actual type of dis-
tribution. The ensuing Figs. 5 and 6 would then appear 
the same as in this paper except that the nonlinearity in 
the abscissa scales would assume a different form from 
that shown. 
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Fig. 5—Function Fn. 40) corresponding to 
distribution in Fig. 4. 
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Fig. 6—Standard normal distribution function N(L). 

e Ibid., p. 31. 

Just as the location probability method employs ( 1) 
to describe the distribution of F'(L, T) in L in terms of a 
well-defined standard distribution law, it also employs 
a corresponding relation to similarly deso-ibe the dis-
tribution of F'(L, T) in T in terms of a similar distribu-
tion law. Thus, ( 1) can be generalized, in the case of 
normal distributions in both L and T, to 

F'(L, T) = F'(50, 50) ± kX (L) M(T), (2) 

in which 111(T) is a cumulative normal distribution such 
that M(50) = 0 dbu, thereby making it a constant mul-
tiple of the standard cumulative normal distribution 
N(T). N(T), of course, is simply the previously intro-
duced standard function N(L) with the variable L re-
placed by the variable T. Before ( 2) can be used, means 
must be provided for determining values of M(T) other 
than M(50). The procedure supplied in the location 
probability method is based on the relation 

M(T) = M(T 0) 
N(T) 

N(To) 
(3) 

which follows directly from consideration of similar tri-
angles in Fig. 7, representing To as having the value 10 
per cent, although any other value would be equally 
usable. The curve N(T) in Fig. 7 is the same as that in 
Fig. 6 except for the change in variable, and the curve 
M(T) represents the straight-line approximation to the 
function F'(50, T) which coincides with it at T= T0 and 
at T=50 per cent. 

5 10 10 30 IN SO 60 70 10 94 95 2, 

7 IN PER CENT 

Fig. 7—Graphical interpretation of ( 3). 

Eq. (3) by itself is not sufficient for the determination 
of 111(T), for this relation eliminates M(T) only by ex-
changing it for the new quantity m(ro. In order to 
evaluate M(To), one can set L= 50 per cent and T= To 
in (2) and solve for M(T0). The result is 

M(To) = F'(50, To) — F'(50, 50). (4) 

Thus, evaluation of M(To) requires knowledge of 
F'(50, 50) along with F(50, To). 
At this point, it is convenient to introduce the symbol 

F(L, T), defined through the relation 

F'(L, T) = P F(L, T), (5) 
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in which P is the effective radiated power of the trans-
mitter. F(L, T) is a normalized quantity which is con-
veniently presented through a family of curves. Curves 
for F(50, 50) and F(50, 10) are presented by Allen.5 If 

• 
To is placed equal to 10 per cent in (4) and if (5) is then 
substituted into (4), one obtains 

• 

M(10) = F(50, 10) — F(50, 50), (6) 

which is readily evaluated through use of the above-
mentioned curves. It is thus seen that, in the course of 
several steps, it becomes possible to deduce numerical 
values for any field strength level F'(L, T) through (2), 
(3), and (6). Or, by altering the sequence of operations, 
one can solve for L after F'(L, T) and T have been 
specified. As will be seen shortly, this latter procedure is 
the one which must be used in establishing service area 
boundary contours in accordance with the present FCC 
specifications for service of various grades. 
The formulation as thus far developed is sufficient for 

application of the location probability method in the 
absence of interfering signals generated outside the re-
ceiving plant itself. It will therefore be convenient to 
interrupt the orderly evolution of the formulation at this 
point to describe how it is used in determining the limits 
of service of various grades in the absence of interfering 
signals. 

In addition to the mathematical formulation already 
described, specifications must be provided for defining 
the performance characteristics of at least one, and per-
haps more than one, standard reference receiving plant. 
It has been customary to base allocations and assign-
ments on analyses involving the use of a single standard 
reference receiving plant at all distances from the trans-
mitting antenna. However, there is no inherent limita-
tion in the location probability method which compels 
such a procedure, and one could, if he so desired, carry 
out the procedure with different standard reference re-
ceiving plants for each of the different grades of service. 
In any event, one specification which must be provided 
for a standard reference receiving plant is the minimum 
field strength which must prevail at the antenna to pro-
vide a picture with acceptable signal-to-noise ratio. This 
ratio is called the signal-to-noise acceptance ratio and 
must be determined by subjective testing of a represent-
ative group of observers. No unique value for this ratio 
will arise from such tests, for different observers will 
exhibit different tolerance levels for noise in the picture. 
What the tests will yield is a distribution of acceptance 
ratios. The ratio, thereafter to be regarded as the signal-
to-noise acceptance ratio, would then be defined as that 
tolerated by some prescribed percentage of the ob-
servers. If F'(T) is now used to denote the field strength 
level at which the actual signal-to-noise ratio is just 
equal to the acceptance ratio at a given site, then T is 
called the time availability of service at that site. This 
name is based on the concept that service is said to be 

available at the given site as long as the signal-to-noise 
level is not less than the signal-to-noise acceptance ratio 
for the standard reference receiving plant. T in the pres-
ent instance, of course, is the percentage of time for 
which the signal-to-noise ratio is not less than the signal-
to-noise acceptance ratio and is therefore the percentage 
of time for which service is available. 

Consider now the cell in which the given site is lo-
cated. Because of the way in which the function F'(L, T) 
has been defined, not only does there exist a definite 
numerical value in dbu for this function corresponding 
to any given pair of values for the parameters L and T, 
but there also exists a definite value of L corresponding 
to any given pair of values for the parameter T and the 
function F'(L, T). In other words, one can regard L as a 
function of T and F'(L, T) and can determine the value 
of L corresponding to specified values of T and F'(L, T) 
if the form of the functional relation is known. This is 
what is done in determining what grade of service is 
available in a given cell. When T is the time availability 
of service and F'(L, T) is the acceptance ratio for noise-
limited service, then L is called the location probability 
for noise-limited service with time availability T. As 
currently defined, grade A service prevails in a given cell 
if the signal-to-noise acceptance ratio is exceeded for 90 
per cent of the time at not less than 70 per cent of the 
sites. Grade B service prevails if this same ratio is ex-
ceeded at between 50 and 70 per cent of the sites for 90 
per cent of the time. 
The service area around a transmitter can thus be 

mapped by the above method into Grade A and Grade 
B areas if no interfering signals are present. The pro-
cedure would involve determining L for specified T and 
F'(L, T) at each cell, designating as the Grade A and B 
service areas the assemblages of cells for which L equals 
or exceeds 70 per cent and for which L is less than 70 
per cent but not less than 50 per cent, respectively. Such 
a map might appear as in Fig. 8 if the terrain around the 
transmitting antenna is only moderately rough. If the 
terrain is rougher, the resulting map would show a more 
tortuous contour accompanied by a larger number of 
enclaves and exclaves, both large and small. In such a 
case, arbitrary conventions might be adopted to simplify 
the contours, but this subject lies outside the domain of 
the present discussion. 

KEY 

GRADE A 

ARAD( I 

Fig. 8—Hypothetical contours for Grades A and B service. 
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Time availability and location probability have thus 
far been defined as attributes collectively held by all of 
the sites in a cell of finite dimensions. It is also possible 
to consider them as attributes of individual sites. This is 
accomplished by invoking the considerations cited ear-
lier for arriving at the conclusion that one could aban-
don the concept of cells and deal on a probability basis 
with values at individual sites instead of on a statistical 
basis with values at an assemblage of uncorrelated sites 
within a given cell. When this is done, the distribution of 
field strengths actually observed among the assemblage 
of sites can be regarded as a probability density distribu-
tion for the field strength at any given site in the cell. 
Thus, the area lying under the frequency curve and 
bounded by a prescribed pair of abscissas represents the 
probability that the field at the given site lies in the 
range between the limits corresponding to the prescribed 
abscissas. 

Next to be determined is the procedure for determin-
ing the availability of service when the degrading in-
fluence is contributed by interfering signals from an-
other transmitter rather than by locally generated ther-
mal noise. There are now two signal fields to deal with, 
a desired field and an undesired field, and each can be 
described in terms of its own F'(L, T) functions in the 
manner already described. These functions will be desig-
nated as Fd'(Ld, Td) and F„'(L„, Tu), respectively. 
Moreover, it will be supposed that the desired signal is 
always strong enough to override noise, so that service 
interruption occurs only when the desired signal fails to 
override the interfering signal by a sufficient amount. It 
now becomes necessary to define what amount is suf-
ficient. This involves subjective evaluation of pictures 
which result when various ratios exist between the levels 
of desired and undesired signals at the receiver input 
terminals. The minimum such ratio which results in an 
acceptable picture is defined as the acceptance ratio for 
the pertinent type of interfering signal. Thus, there are 
co-channel, upper-adjacent channel, lower-adjacent 
channel, image frequency acceptance ratios and others, 
depending upon the natures of the interfering signals 
and the frequency ranges in which they lie. 
When service is limited by interfering signals, the 

angle between the directions of arrival of the desired 
and undesired signals becomes of importance, and this 
brings the directivity characteristics of the receiving an-
tenna into the discussion. Specifically, it becomes neces-
sary to translate the acceptance ratio, measured as a 
ratio of voltages at the receiver input terminals, back 
through the antenna transmission line and through the 
antenna into a ratio of local radiation fields at the an-
tenna. Let the strengths of the desired and undesired 
fields at the antenna at the ith site in a given cell be 
Edi(t) and E„i(t), respectively, and let the gains of the 
antenna in the directions from which these fields arrive 
be Gd and G„, respectively. Then the corresponding sig-
nal voltages Vdi(t) and V.i(t), respectively, at the re-

ceiver input terminals are 

Vd;(i) = Edi(t) Gd d 

V uj(t) = E 1(i) Gu Kd 

when all quantities are 
dipole constant of the 
version factor between 
tenna and the output 
ratio Ri(t) of desired to 

June 

(7a) 

(7b) 

expressed in decibels. Ka is the 
antenna, representing the con-
strength of the field at the an-
voltage at its terminals. The 
undesired signal voltage is then 

Ri(t) = Edi(t) — E,(1) Gd — G. (8) 

Eq. (8) represents instantaneous conditions which vary 
with the passage of time. As was true in the earlier 
treatment, it is possible to deal with field strength lev-
els exceeded for specified percentages of the time. Then 
the time-dependent quantities in (8) can be replaced by 
frequency functions. If Edi(t) and Eui (t) are uncorre-
lated, that is, if knowledge of the time variation of 
Edi(t) does not permit one to correctly predict the time 
variation of Eui (t), then the median value A;(50) of the 
voltage ratio Ri(t) will be given by 

A;(50) = Fd,"(50) — F„,'(50) — G.• (9) 

The assumption that Edi(t) and E„i(t) are uncorrelated 
seems likely to be valid when the desired and undesired 
fields do not both arrive from nearly the saine direc-
tion, thereby subjecting both fields to the saine terrain 
effects. However, in the event that the arrival direc-
tions are nearly alike, it seems unlikely that lack of cor-
relation can safely be assumed. In general, the symbol 
A ,-( T) designates that value of Ri(t) which is exceeded 
for T per cent of a long period of time at the ith site. 
When all of the other sites in a statistically repre-

sentative sample of the sites in the given cell are 
considered, distributions .1 (L, T), Fi(Ld, Td), and 
F,/(L„, T„), are obtained, each having its own median 
and standard deviation. The medians, of course, are 
A(50, 50), and Fi/(50, 50), and F„'(50, 50), respec-
tively. Since the sites are assumed to be «correlated, 
one can write the relation 

A(50, 50) = Fd'(50, 50) — F„'(50, 50) -I- Gd G„ (10) 

by applying (9) to all of the sites in the sample and gen-
erating the cumulative distribution functions in the 
same manner described earlier for forming F'(L, T) 
from a set of F/(T) values. 
By analogy with (2), one can also write 

A(L, T) = A(50, 50) + n'(L) M'(T), (11) 

in which n'(L) and M'(T) are proportional to the stand-
ard deviations of the distributions of A(L, T) in L and 
T, respectively. Now a well-established theorem in sta-
tistics states that the standard deviation of a distribu-
tion consisting of the differences between correspond: 
ing values in a pair of uncorrelated distributions is 
equal to the square root of the sum of the squares of 
the standard deviations of the component distribu-



1960 Livingston: Presentation of Coverage Information 1109 

• tions. The component distributions in the present case 
can be described by the relations 

• 

• 

e 

Fd'(Ld, Td) = Fd'(50, 50) -I- kaN(LO Md(Td) (12a) 

F'(L, = F,;(50, 50) + k„N(L.) 3/1„(Tes) (12b) 

through comparison with (2). Thus, n'(L) and M'(T) 
in ( 11) are given by 

n'(L) = N(L)Vkd2 k,,2 (13a) 

M'(T) = N/Md(T)2 31„(T) 2. (13b) 

For present purposes, however, it will be convenient to 
leave n'(L) unchanged. Substitution of ( 10) and ( 13b) 

into ( 11) yields 

A(L, T) = Fd'(50, 50) — F„'(50, 50) + n'(L) 

Vmd(n2 mu(7)2 (14) 

This is the basic relation used in determining the limits 
for each grade of service under interference-limited con-
ditions. A(L, T) is the voltage ratio of desired signal to 
undesired signal which is exceeded at the input termi-
nals of L per cent of the standard receivers in a given 
cell for at least T per cent of the time. Setting T=90 
per cent, setting A(L, T) equal to the acceptance ratio 
for the prevailing type of interference, and solving ( 14) 
for L will yield the percentage of standard receiving 
plants in the given cell which will have service for at 
least 90 per cent of the time when one such plant is lo-
cated at each site in a statistically representative sample 
of the population of uncorrelated sites in the cell. The 
parameters Gd and G,A may be regarded as constants 
throughout any given cell, values for Fd'(50, 50) and 
F,/(50, 50) may be taken from standard curves such as 
those given by Allen,' and the constants Md(90) and 
M.(90) may be determined through the use of (3) in 
the manner described earlier. 

In the special case in which the desired field can be 
regarded as independent of time, or when fading of the 
desired signal can be regarded as negligible in compari-
son with that of the undesired signal, Md(90) can be 
placed equal to zero in ( 14). The result is that 

A(L, 90) = Fd'(50, 50) — F,;(50, 50) ± Gd Gu 

n'(L) Mu(90). (15) 

Then, upon noting that 

Mu(90) = — Mu(10) (16) 

because of the antisymmetry of the M(T) functions 
about the T=50 per cent line, as is evident in Fig. 7, one 
can use the relation 

F,,'(50, 10) = Fu'(50, 50) 4- Mu(10) (17) 

which follows from ( 12b) to reduce ( 15) to 

A (L, 90) = Fd'(50, 50) — Fu'(50, 10) 

+Gd— G„ ni(L). (18) 

Eq. ( 18) is an approximation to ( 14) which can be used 
in place of it whenever the desired field can be re-
garded as having negligible time variation. Values for 
F,/(50, 10) can be taken from standard curves such as 
those given by Allen.' 

This concludes the description of the location proba-
bility method. It has consisted of three principal parts: 
1) Introduction of the concept of a cell and presenta-
tion of the basic cell statistics, involving the time-de-
pendent field strength E,(t) and the time-invariant T 
per cent fields F,'(T) for all values of T at each site in 
the cell, and finally, the cumulative distributions 
F'(L, T) for all of the sites in a statistically representa-
tive sample of the population of uncorrelated sites in 
the cell; 2) introduction of the concepts of a standard 
reference receiving plant, of a signal-to-noise accept-
ance ratio, of service, time availability of service, of lo-
cation probability, and finally, description of the pro-
cedure for constructing a service map through the use 
of the F'(50, 50) data and the standard cumulative dis-
tribution function N(L); and 3) introduction of the 
concept of signal-to-interfering signal acceptance ratios, 
formation of the A(L, T) functions and description of 
the procedures for relating them to the standard 
F'(50, 50), F'(50, 10), and N(L) data, and description 
of the procedure for using these functions in the con-
struction of service maps. A corresponding treatment 
will now be given for the acceptance ratio method. 

ACCEPTANCE RATIO METHOD 

The acceptance ratio method, like the location proba-
bility method, involves subdividing the area around 
the desired transmitting antenna into cells, the same 
criteria for specifying the size of a cell being applicable 
to both methods. The acceptance ratio method was 
conceived as a replacement for the location probability 
method on the ground that the available knowledge 
about the field distributions in space and time over 
typical terrain did not seem sufficiently precise to jus-
tify the use of such an elaborate mathematical frame-
work as has been built up around the location proba-
bility method. To be more specific, it was considered 
that the procedures which had been provided for eval-
uating the quantities F'(L, T) for desired and unde-
sired fields rested on assumptions the validity of which 
could not readily be assessed on the basis of available 
data. As was pointed out earlier, the procedure re-
quires that some specific form be assumed for the dis-
tribution of F'(L, T) in both L and T. It is evident that 
whatever form of distribution is assumed, there will re-
main uncertainty regarding the basic suitability of the 
chosen form for the physical situation being considered. 
Even if the form is appropriate, that is, even if a normal 
distribution is a better choice then, say, a Rayleigh dis-
tribution, there still remains the problem of assigning 
numerical values to the constants which define the par-
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ticular normal distribution to be used. Thus, numerical 
values must be assigned to k, 111(T0), and F'(50, 50) be-
fore ( 2) can be applied in the noise-limited case, and 
corresponding assignments must be made before the 
interference-limited case can be treated. 

It is the objective of the acceptance ratio method to 
arrive at a specification of what grade of service is avail-
able within a given cell purely on the basis of F'(50, 50) 
levels for the desired field and of F'(50, To) levels for 
the dominant interfering field without recourse to as-
sumptions concerning the way in which the F'(L, T) 
functions vary with L and T. Thus, standard F(50, 50) 
and F(50, To) data would be required, but no use would 
be made of cumulative normal distribution functions. 
In order to realize this objective, the acceptance ratio 
method defines the limit for any given grade of service 
not in terms of the percentage of locations within a 
given cell at which a designated field strength level is 
exceeded for a specified percentage of the time, but 
simply in terms of whether the median field over the 
cell is large enough to override noise and interfering 
signals. The minimum acceptable desired field is deter-
mined by the noise characteristics of a specified stand-
ard reference receiving plant in the noise-limited case 
and by the strength of interfering signals arriving in 
the cell from various directions in the interference-
limited case. 

In addition to avoiding the use of assumptions con-
cerning the form of the distribution of F'(L, T) in L 
and T, the acceptance ratio method also seeks to pro-
vide for the demarkation of service grade limits solely 
on the basis of the new data developed during the pe-
riod of operation of TASO. These data are of two prin-
cipal kinds. One is the system of median curves and 
deviation formulas developed from the TASO data by 
Dr. LaGrone.7 The other is a set of median curves and 
time-fading curves developed by the Bureau of Stand-
ards from a separate body of data. It has been proposed 
as part of the procedure for the acceptance ratio method 
that the field strengths obtained through the applica-
tion of the TASO median curves and deviation formu-
las be regarded as F'(50, 50) values for the desired field 
and that the Bureau of Standards curves be used to pro-
vide F'(50, To) values for fields due to interfering sta-
tions when the latter are too remote from the cell in 
question to permit application of the LaGrone method. 
Up until this point, discussion of the acceptance ratio 

method has been in general terms in ordér to outline the 
essential features of the philosophy on which it is based. 
Next to be presented is a detailed description of the 
method itself. Whereas an analysis in terms of the loca-
tion probability method was ordinarily built around a 
single standard reference receiving plant so that only a 
single set of acceptance ratios would be encountered, the 
acceptance ratio method proposes to use a different 

7 A. H. LaGrone, "Forecasting television service fields," this issue, 
p. 1009. 

reference receiving plant for each grade of service. 
TASO has recommended the use of three grades of serv-
ice, to be designated Principal City, Urban, and Rural, 
and so the acceptance ratio method proposes the use of 
three reference receiving plants. The suggested char-
acteristics of these plants would be derived from the 
TASO Panel 2 data on the characteristics of actual re-
ceiving plants observed in the field, and this would be 
done in a manner intended to establish for each grade 
of service a reference receiving plant whose character-
istics would especially suit that plant for use in the pre-
vailing environment and at the same time permit that 
plant to be assembled from a judiciously chosen but 
readily available selection of components. Thus, a re-
ceiver used as a standard reference receiver for rural 
service would be equipped to perform more satisfac-
torily with a weak signal from the desired station than 
would one designed as a standard receiver for principal-
city service. This would mean that it would have higher 
sensitivity and lower noise factor. Similarly, it would 
be equipped with a high-gain antenna to which it would 
be connected by a transmission line which was laid out 
and maintained with more meticulous care than would 
be necessary or worthwhile in a principal-city installa-
tion. In the same way, this receiver would be provided 
with above-average capability for rejecting adjacent-
channel and co-channel television signals because of the 
relatively high likelihood that such interfering signals 
might be present in sufficient strength to compete seri-
ously with the desired signal. 

It is thus to be considered that three standard receiv-
ing plants have been specified. Consider first the use of 
the principal-city standard receiving plant in arriving 
at the boundary contour determining the limit of the 
principal-city service area. It is assumed that the de-
sired signal is sufficiently strong throughout the region 
receiving principal-city service so that any interfering 
signals which may be present can usually be safely ig-
nored and the boundary fixed solely on the basis of the 
signal-to-noise acceptance ratio for the standard re-
ceiver. Since the noise factor and input noise level of 
the standard receiver are to be specified initially, and 
since a signal-to-noise acceptance ratio for principal-
city viewers is also to be determined from subjective 
tests, the minimum acceptable level of desired signal 
for the standard receiver can be deduced. The F'(50, 50) 
contour corresponding to this field strength level then 
becomes the boundary of the principal-city service area. 

Next, consider location of the outer boundary of the 
urban service area. This, according to the acceptance 
ratio method, is to be the contour on one side of which 
the urban standard receiving plant gives satisfactory 
service and on the other side of which it does not. Serv-
ice on the other side may fail to be satisfactory for 
either of two reasons. One is that the signal-to-noise 
ratio may be below the signal-to-noise acceptance ratio, 
and the other is that the signal-to-interference ratio 
may be below the signal- to-interference acceptance 

a 
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ratio. The desired contour is to be located by consider-
ing each type of signal degradation separately and then 
taking appropriate account of which influence is pre-
dominant in each individual cell. This will give rise to 
two separate contours. One contour will be that along 
which the F'(50, 50) level of the desired signal is just 
high enough to permit the signal-to-noise acceptance 
ratio to be exceeded. This would then be the outer 
boundary of the urban service area if no interfering sig-
nals were present. The other contour will be that along 
which the F'(50, 50) level of the desired signal and the 
F'(50, To) level of the interfering signal are in such 
ratios that the ratios of the resulting signal voltages at 
the receiver input terminals just barely exceed the sig-
nal-to-interference acceptance ratio appropriate to the 
particular type of interfering signal under consideration. 
This ratio of field strength levels, of course, would need 
to be determined through consideration of the ability of 
the receiving antenna to discriminate against the inter-
fering signal by virtue of the fact that the desired and 
the interfering signals generally arrive from different di-
rections. The acceptance ratio method in the form most 
recently described' thus yields a contour for constant 
signal- to-interference voltage ratio at the receiver input 
terminals determined by a constantly varying ratio of 
desired-to-undesired signal field strengths at the re-
ceiver antenna. The variability of the latter ratio, of 
course, is attributable to the fact that the desired and 
interfering signals are arriving from directions with 
constantly varying angles of separation between them. 

Returning to the two contours which would be found 
through the above procedures as the outer boundaries 
of areas receiving noise-limited and interference-limited 
service, respectively, it is next necessary to construct 
from these contours a single contour representing the 
unqualified outer boundary of urban service. This is to 
be done by constructing a new contour around the area 
which is simultaneously enclosed by both of the previ-
ous contours, so that both acceptance ratios will be ex-
ceeded in all cells enclosed by the new contour. In other 
words, the new contour will follow in every direction 
from the transmitting antenna whichever contour lies 
closer to the antenna. This procedure for establishing 
the location of the boundary for urban service will cer-
tainly be valid if the desired signal is constant in time. 
In the event that this constancy does not exist, the ac-
ceptance ratio method would propose to assume a tend-

ency for positive and negative excursions in the fields 
to cancel each other, thereby permitting the median 
fields Fd'(50, 50) and F•'(50, 50) to be used, where the 
subscripts d and u have the same meanings employed 
in describing the location probability method. 

In the location of the boundary contour marking the 
outer limit of rural service, exactly the same procedure 
used in the case for urban service would be repeated, 
the standard rural receiving plant now being used as 
the basis for arriving at the appropriate acceptance 
ratios. 

The following criticism has been leveled at the ac-
ceptance ratio method: As has been seen, the proposed 
method for fixing the boundary of an area receiving a 
given grade of service is such as to make the median 
field strength of desired signal on one side of the bound-
ary just high enough to override noise and interference, 
while the median field on the other side is just short of 
being high enough. Some distance inside this boundary, 
that is, on the side toward the transmitter, the median 
field will evidently be appreciably greater than the 
value which yields a barely acceptable picture. Simi-
larly, some distance outside this boundary the median 
field will be appreciably less than this minimum value. 
However, the acceptance ratio method provides no 
means for arriving at a number representing the per-
centage of time that an acceptable picture can be ex-
pected when the median field has any particular value. 
At the boundary itself, the picture will be acceptable 
only 50 per cent of the time. This, presumably, is too 
small a percentage of time to permit the service to be 
regarded as satisfactory. Some distance closer to the 
transmitter the percentage is higher, but the accept-
ance ratio method offers no means for determining how 
much higher. At some particular distance closer to the 
transmitter, the percentage will be just high enough to 
permit service to be regarded as barely satisfactory; 
but no means are provided for determining this dis-
tance, and hence, a contour cannot be constructed 
through such points. Such a contour, it would seem, 
should logically be used as a service boundary rather 
than that given by the acceptance ratio method. De-
fenders of the acceptance ratio method argue, on the 
other hand, that because of the uncertainty in the time 
dependence of the data which must be used with the 
location probability method, the location of iso-service 
contours for time availabilities other than 50 per cent 
is necessarily more subject to error than is that for 
those of 50 per cent. 

SUMMARY AND CONCLUSION 

To the casual reader, it will be plain at this point 
that use of the location probability method necessarily 
involves very extensive mathematical manipulation, 
and that relatively few mathematical operations are 
involved in using the acceptance ratio method. Pre-
sumably, he will wonder if the location probability 
method offers sufficient advantage over the accept-
ance ratio method to justify the use of the former in 
spite of the greater mathematical complexity of the 
operations involved. He might first recognize the obvi-
ous fact that no advantage will be gained at all if use 
of a more elaborate method does not lead to a result 
superior to that available from the acceptance ratio 
method. As has been seen, application of the location 
probability method involves the use of previously avail-
able experimental field strength data. If these data are 
not properly suited to the situation under considera-
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tion, then it would seem difficult to justify the addi-
tional mathematical labor involved. The Ad Hoc Com-
mittee itself, at the very time when it was developing 
the location probability method, recognized and called 

attention to the inadequacy of the data with which it 
had to work. For the next ten years after the develop-
ment of the location probability method, users of this 
technique nevertheless had little choice but to use these 
admittedly inadequate data if they were to use the 
method at all. One of the most valuable results of the 
work of TASO was the generation of a new set of ex-
perimental data which promised to be more generally 
valid than were the data with which the Ad Hoc Com-
mittee had to work. It is not at all certain, however, 
that even these data are capable of providing as much 
information on the time and location variability of the 
fields as would be desirable for use with the location 
probability method. The great sensitivity of the loca-
tion probability method to these time and location 
variability data is connected with ( 2). It will be recalled 
that this equation, in order to yield values for F'(L, T), 
must have substituted into it suitable values for N(L) 
and M(T). It will be recalled that these two quantities 
were specified in ( 2) as representing cumulative normal 
distributions, but that they might under appropriate 
circumstances be replaced by cumulative distribution 
functions of other forms. One of the most important 
purposes which must be served by the standard data 
used with the location probability method is that of 
providing for the determination of the appropriate 
forms for these functions. 

On the basis of these considerations, it might appear 
that the acceptance ratio method ought to be used in 
preference to the location probability method. This, 
however, is not necessarily a safe conclusion in view of 
the fact that, inadequate as the standard data are, they 
may still provide with the probability location method 
a high enough degree of precision to offset the best ac-
curacy that the acceptance ratio method can offer. 

Another very strong argument is available for the 
location probability method. It has been seen that this 
method provides measures of the percentage of loca-
tions in a given cell which are able to obtain satisfac-
tory service. On the basis of such a number in combi-
nation with data on the population density in a cell, it 
becomes readily possible to calculate the number of 
people who have service in a given cell for any given 
value of L. In the case of the acceptance ratio method, 
on the other hand, it is possible to arrive at a numerical 
measure for the number of people per unit area capable 
of receiving satisfactory service only on the boundary 
contours between regions having different grades of 
service, since only along these contours can a value be 
found for L. 

In conclusion, it seems that neither method is always 
clearly superior to the other. In the long run, it seems 
certain that the location probability method must 
prove superior, but this can happen only after suitable 
experimental data are available for use in conjunction 
with it. In the meantime, when determinations of the 
types given by these methods are to be made, it seems 
appropriate that both techniques be considered. 

The Television System from the Allocation 

Engineering Point of View* 
ROBERT M. BOWIEt 

Summary—Television allocation is technically dependent upon 
the properties of the television system comprising, in sequence, the 
transmitter plant, the propagation path, the receiver plant and the ob-
server. Performance is limited either by receiver noise or by noise 
and undesired signals entering by way of the receiver antenna. Anal-
ysis of this system and its components has led to criteria by means 
of which service may be defined. These criteria have been incorpo-
rated in a procedure for producing maps portraying selected isoservice 
contours applicable as defining boundaries of the several grades of 
service. Precision of portrayal is limited essentially by the uncer-
tainty of measurement or prediction of propagation which has led to 
the use of quasistatistical methods of treatment. Some resulting 
limitations are pointed out. 

* Original manuscript received by the IRE, February 12, 1960. 
General Telephone & Electronics Labs. Inc., Bayside, N. Y. 

T
ILE United States has for some time been con-
fronted with an unresolved television allocation 
problem arising, not from the lack of assignable 

spectrum, but rather from significant differences in sig-
nal propagation and equipment performance over the 
wide frequency spectrum assigned to television. 
These differences are not astonishing when one recalls 

that the assigned spectrum extends over almost four 
octaves. 

This great breadth of spectrum is increased consider-
ably over that required to accommodate the 82 channels 
by the assignment of gaps between the low and high 
VHF and between the VHF and the UHF. These gaps 
are equivalent to 55 channels. 
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• Experience during the decade since the UHF band 
was added to television has demonstrated that the dif-
ferences in propagation over the broad television spec-
trum cannot be disregarded, and that ten years have 
not been sufficient time to reduce the disparity in 
equipment performance over this spectrum appreciably. 
It has been pointed out that even with a substantial im-
provement in performance of UHF transmitters and 
receivers relative to VHF equipment, such as by the use 
of parametric amplifiers in the receiver, there will re-
main at least a 15-db advantage to the VHF in fringe-
area performance because of propagation differences 
alone, while phase anomalies in the UHF wavefront at 
the receiver antenna site appear likely to preclude the 
use of UHF antennas having an effective aperture or 
signal-gathering ability equal to that of VHF antennas. 
It has become evident, however, that television service 
must be economically competitive in any one locality. 
A number of technical approaches to the resolution of 
this problem are now in various stages of study, evalua-
tion or use, although as yet the FCC has not completed 
its study and finalized its choice among them. They are 
listed: 

1) " Deintermixing" of VHF and UHF assignments. 

2) A two-class allocation plan involving limited 
broad-area, high-power VHF stations interspersed 
with less restricted local UHF stations. 

3) Shifting all television to UHF. 
4) Shifting all television to VHF and 

a) using close-packed allocation principles [ 1] 
under which a station's service area would be 
limited by interference from its neighbor, and 
not by receiver noise; 

b) obtaining a larger VHF spectrum by trading 
UHF spectrum to the military. 

5) Multicasting, particularly in the UHF, wherein 
more than one transmitter at the same, or pos-
sibly at another frequency, is operated by one 
station using closed-link interconnection. 

6) Rebroadcasting (regardless of ownership of re-
broadcast equipment) 
a) at some frequency (boosters); 
b) at another frequency (translators). 

7) Employing very-precise-carrier frequency con-
trol, particularly with the close-packed allocation 
plan. 

8) The using of directional transmitter antennas, 
such as with multicasting. 

9) Employing cross-polarization of transmissions 
such as with close-packed allocation, multicasting 
and boosters. 

10) Increasing transmitter power—particularly at 
UHF. 

11) Increasing transmitter antenna heights—particu-
larly at UHF. 

12) Reducing aural-to-visual transmitter power ratio, 
a) by increasing visual power; 
b) by decreasing aural power, particularly with 

close-packed allocations. 

13) Improving receiving plant performance in the 
UHF such as with parametric amplifiers and 
lower-loss lead-in lines. (The performance of 
high-quality VHF receiver plants is probably a 
practical limit here which leaves at least some 
15-db poorer fringe area propagation in the UHF 
relative to the VHF.) 

14) Improving receiver plant discrimination against' 
television interference, particularly when close-
packed allocation is extensively used, both in 
UHF and VHF. 

15) Satellite transmissions or reflections (not immi-
nent). 

It is interesting to note in the above listing that some 
nine items are concerned with propagation; four are 
essentially instrumental and two involve both. This 
points up clearly the critical importance of propagation 
in the preparation of any sound television allocation 
plan. The relationship of this factor to the others con-
stituting a television service can best be seen by refer-
ence to the Systems Concept Chart of Fig. 1. 

OSSEAvEn RECEIVER 

NOISE 

RECEIVER ANTENNA SITE 

DESIRED 
TRANSMITTER 

LOCAL 
VEGETATION 

TERRAIN EFFECTS 

RECEIVER PROPAIIATION  ITTER 

ENVIRONMENT 

Fig. 1—System concept chart. 

PLANT 

I. SYSTEMS CONCEPT 

The Systems Concept Chart [2] was originally de-
veloped by TASO Panel 5, but was tacitly employed 
earlier by the Ad Hoc Committee [3] in its reports of 
1949 and 1950, and by the FCC [4 ] in its Third and 
Sixth Reports. 
The equipment and propagation paths by means of 

which a television program is conveyed from a studio 
into a viewer's consciousness can be regarded, for the 
desired signal, as a sequential system. Furthermore, 
with the exception of receiver noise, the interference and 
undesired signals all enter this sequence at essentially 
one point, the receiver antenna. The sequentiality with 
interference entering essentially at one point consider-
ably simplifies the analysis of the system. The process of 
analysis is not unlike that for a transmission line in 
which the transfer characteristics of the line elements 
are known. One can start at either end of the system, 
and using the characteristics of each element in se-
quence, can compute at each step the characteristics for 
the system as seen looking back along the path of com-
putation. 
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If one starts with the observer, he needs to know the 
human reaction to varying degrees of picture degrada-
tion produced by each of the various types of interfer-
ence to be expected. This information has been obtained 
in a consistent manner for all of the major types of inter-
ference by TASO Panel 6 (Levels of Picture Quality). 
As an example of its findings, a curve providing this 
kind of information for lower adjacent-channel interfer-
ence is shown in Fig. 2. There are, of course, similar 
curves for the other forms of interference. 

o 

+00 -10 -15 -MI -Z5 10 -40 -45 

db 

( Lower Adjacent Channel Signal ) 

D Sienal 

Fig. 2—Graph of picture quality vs ratio of desired signal to lower 
adjacent-channel interference ( from report of Panel 6). 

The ordinate, picture quality, is a statistically ob-
tained measure of human satisfaction, while the desired-
signal-to-lower-adjacent-channel-signal ratio is ex-
pressed in db. Similar curves have been prepared for 
upper adjacent channel, random noise and various forms 
of co-channel interferences. In all cases the ratios apply 
at the input terminals of the receivers used in the tests. 
Thus, to transform the curves to apply at the receiver 

antenna location, it is necessary only to have available 
the characteristics of the lead-in line and the antenna. 
The latter must include the directional properties of the 
antenna, because the desired and undesired stations will 
usually have different bearings from the receiver loca-
tion. 

Actually, it is not necessary for allocation purposes to 
transform each curve in its entirety, but merely to trans-
form certain critical or limiting numbers to the antenna 
location. If the FCC were to specify the three grades of 
television service recommended by Committee 5.3 of 
TASO Panel 5—namely, Principal City, Urban, and 
Rural—then the Commission would first need to select 
the lower limit of picture quality applicable to each 
grade of service. For illustrative purposes here, these 
limits have been chosen to be as 2, 3 and 4, respectively, 
on the picture quality scale. If one now considers the 
case of lower adjacent channel interference, the unde-
sired signal cannot exceed the desired one by more than 
20, 26 and 34 db, respectively, for the three grades of 
service. These values have been read from the curve of 
Fig. 2. The reason for permitting the undesired lower 

adjacent-channel signal to be much stronger than the 
desired signal for an acceptable picture is that television 
receivers have strong rejection against lower adjacent 
channel signals built into them. Using the method just 
described, one can develop three limiting ratios corre-
sponding to the three grades of service for each of the 
various types of interference for which the Commission 
wishes to set limits. These limiting ratios, expressed in 
db, could be tabulated in the following manner where 
the blank spaces would be filled in with figures applicable 
at the receiver input for the qualities of picture specified 
by the FCC. 

Principal City Urban Rural 

Upper adjacent channel 

Lower adjacent channel 

Co-channel 

Image 

External random noise 

To transform these limiting ratios as tabulated to ap-
ply at the receiver antenna site, it is necessary to know, 
for each grade of service, what quality of typical re-
ceiver plant the Commission wishes to specify. When 
the Commission specifies a typical receiver plant for a 
grade of service, it would, in essence, be specifying the 
transfer characteristics of the antenna, lead line [5] and 
receiver. In the TASO Report [6], such typical transfer 
characteristics have been selected for illustrative pur-
poses and the computations have been carried out yield-
ing, for the lower adjacent-channel case, interference 
ratios applicable at the receiver antenna site. The result-
ing ratios are 12, 32 and 59 db, respectively. These, then, 
are the factors expressed as db ratios by which the 
lower adjacent channel signal may exceed the desired 
signal for a just acceptable picture as defined earlier. 
These db ratios at the antenna location then become 
"the critical numbers" for television allocations. 
To carry out the calculations, it was necessary to as-

sume that the FCC had selected fixed values for the an-
tenna's discrimination against undesired signals arising 
from the directional characteristics of the antenna. 
Otherwise, different sets of ratios would apply in differ-
ent directions about the receiver antenna. Later in this 
report, that simplification is removed. 
The "transfer" characteristics of the receiver plant 

include such receiver and antenna characteristics as the 
adjacent-channel rejection ratios, image rejection, re-
ceiver noise factor, lead-line loss and antenna aperture 
or X factor and gain. In general, the antenna character-
istics are functions of both azimuth angle and channel 
number. To assist the FCC in its selection of typical re-
ceiver plant characteristics, TASO Panel 2 compiled 
comprehensive tabulations based upon extensive sur-
veys of sets and antennas in manufacture [6] in 1958. 



1960 Bowie: The Television System from the Allocation Engineering Point of View 1115 

II. CRITICAL NUMBERS 

By the process just described, it is possible for the 
FCC to arrive at a set of critical numbers for each grade 
of service and to specify, in terms of field strength 
ratios [ 7] at the receiver antenna location, what signal 
is deemed necessary to render a particular grade of serv-
ice. The critical numbers now become the terms in 
which to express the three limiting isoservice contours 
that define the boundaries of the three grades of service. 
More will be said of these contours later. 

III. PREDICTION OF PROPAGATION 

The most elusive and probably, therefore, the most 
critical task of TASO has been to provide means for 
predicting, with useful accuracy, where and how much 
television service will be rendered. The critical numbers 
just described provide means for defining service in 
terms of field requirements at a site. What is needed be-
yond this are means for predicting the propagation of 
the desired and the undesired signals from their re-
spective transmitters to arbitrary receiver sites in the 
service area. Unfortunately, this cannot be done with 
meaningful accuracy for any one receiver site because 
propagation is subject to variation with frequency, ter-
rain, gradient of the index of refraction of the atmos-
phere, the time of day and year, and the vegetation in 
the vicinity of the receiving antenna. Theoretical formu-
las exist for propagation over a smooth earth of arbi-
trary conductivity as a function of frequency, taking 
into account different gradients of the atmospheric in-
dex of refraction. However, basic theory and mathe-
matics for coping adequately with irregular terrain and 
local clutter do not exist. It has been found necessary, 
therefore, to treat propagation on a statistical basis for 
both time and location. This means that one cannot pre-
dict precisely what desired and undesired fields will be 
laid down at a receiver antenna site, but rather can pre-
dict the probabilities of laying down these fields. Di-
urnal variations in field strength at a point near or be-
yond the radio horizon may, for example, be of the or-
der of 15 to 20 db, while seasonal variations are of the 
same order. In like manner, the fields experienced at 
various locations in a given locality can vary by even 
greater amounts, particularly if the terrain is rough. 
It is customary to denote by F'(L, T) that field which 
can be expected to be exceeded in L per cent of locations 
in a locality for T per cent of the time by a specified 
transmitter plant. For example the F'(50, 50) field will 
be exceeded in half of the randomly selected receiver 
sites in the locality for half of the time. The term "local-
ity" is somewhat vague for lack of any clear-cut crite-

• rion for its size. It must be large enough so that readings 

are not related to each other as they might be if taken 
on adjacent house tops, yet it must not be so large as to 
contain excessive variations with distance from the • 
transmitter or with major changes in terrain. The prin-
cipal dimensions of such a locality are of the order of a 

few miles to a few tens of miles. More will be said of this 
later in discussing portrayal of coverage. Suffice it to say 
here that this vagueness does not destroy the usefulness 
of the concept and provides a very necessary smoothing 
factor in mapping the fields about a transmitter for 
allocation or assignment purposes. Allocation, or even 
assignment, is a "broad-brush" type of task from which 
local detail must be omitted in the interest of broad 
comprehension and decision. 

Since F'(L, T) fields such as F'(50, 50) fields cannot 
be calculated by purely theoretical means, various meth-
ods of obtaining them empirically have been developed. 
Probably the best known of these are the 1952 F(50, 50) 
curves [8] contained in the Rules and Regulations óf 
the Commission (Section 3699 of these Rules). They 
were obtained by averaging available propagation data 
for all parts of the country at all times of the year; hence, 
they are too general for the study of specific station as-
signments. They have been recommended as Type I 
curves by Committee 5.4 of TASO Panel 5, as have also 
those of the FCC-TRR Report No. 2.4.16. 
Committee 5.4 foresaw [9] need for three successively 

more exact and detailed methods for predicting televi-
sion service field strengths; these were designated Type 
I, II and III. 

Briefly, a Type-I curve is an average empirical propa-
gation curve to be applied on a country-wide basis for 
broad or preliminary purposes. A Type- II curve would 
take into account average large area effects such as ter-
rain roughness and meteorology and is believed suitable 
for allocations and assignments purposes except in 
rugged terrain. A Type- III curve would permit the pre-
diction of field strength in relatively small areas for 
specific conditions of terrain and meteorology. It would 
be useful for allocation and assignments in rugged ter-
rain and for detail studies of assignments in rolling ter-
rain. 
A Type- II method or curve should be capable of 

yielding F'(50, 50) fields on a locality basis throughout 
the service area of the transmitter. One such method 
was developed by Howard T. Head [ 10] and submitted 
to Committee 5.4. It is of the type in which empirical 
corrections are made to theoretical propagation curves 
based on a standard smooth-earth formula. Standard 
atmosphere is also assumed. A suitable number of radii 
from the transmitter are laid out on a large-scale con-
tour map and elevations are read at exactly two-mile 
intervals on each radius. These elevations are plotted on 
Cartesian coordinates, as shown in Fig. 3, and a best-
fit " least squares" straight line is drawn. The intercept 
on the ordinate establishes the effective antenna height 
for that radius, while the rms deviation of the points 
from the line in feet yields the roughness factor R. By 
analysis of the field data gathered by Panel 4, it has 
been established empirically that the loss in db relative 
to the smooth-earth fields is approximately 3.6VR/X, 
where X is the free-space wavelength. This empirical 
relation was found to hold for both VHF and UHF, 
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Fig. 3—Elevation sample points and least squares fit. 
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though better results at UHF can be obtained by also 
taking forestation [ 11] into account. The resulting em-
pirical equation involving the percentage of forestation 
P f is 

30P, ± 3.6(100 — Pf)-VR/X 
Loss (db) =   

100 

The method has the advantage of relative simplicity, 
but provides no character along a radius other than a 
uniformly degraded smooth-earth curve. Committee 
5.4 has recommended consideration of this method for 
allocation purposes, based on further test to gain ex-
perience. 
Committee 5.4 has recommended for consideration as 

a Type- III method that developed by Prof. A. H. La-
Grone [ 12] of the University of Texas under contract 
to TASO. His method provides for the making of em-
pirical corrections to theoretical smooth-earth propaga-
tion curves, modified, however, to account for the ef-
fect of local clutter at the receiver site. The smooth-
earth calculations are made by using local Weather 
Bureau average data for the gradient of the atmos-
phere's index of refraction; this gradient affects the ef-
fective radius of the earth. 

During the development of the empirical formula, it 
was noted that as the terrain being studied approached 
the ideal smooth-earth, there remained an unaccounted 
degradation which appeared to bear some relation to the 
level of forestation or local clutter at the receiver site. 
By the preceding method, Dr. LaGrone estimated this 
form of degradation to be — 1 db for the lower VHF, —4 
db for the upper VHF and — 22 db for the UHF. This 
modification to the smooth-earth formula is applied 
before computing the further degradation in the field at 
a point due to the effect of the terrain intervening be-
tween the point and the transmitter. The determination 
of field strength is made for a point in the service area 
of the transmitter by drawing an accurate radial profile 
through the point and applying the following empirical 
formula to find the degradation from the modified 

smooth-earth curve: 

Loss (db) 

= CE— h1 — 1221 (exp — dir) — I h2 — h31 1(exp — d2r) 

+ I h3 — htli(exp — d3,-)] 

where 

h3 and hr are elevations in feet above mean sea 
level, 

d2r, and d3, are distances in miles as defined in 
Fig. 4, 

for VHF, and 
for UHF. 

Fig. 4—Sample cases of terrain ( measure height in 
feet and distance in miles). 
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sidered in computing the corresponding interference 
ratio. Thus, each interference ratio is a vector quantity 
and could take the form of a polar plot. 

If a particular level of picture quality is now set as 
the limit for a given grade of service such as Urban, then 
the corresponding limiting service required by the re-
ceiver antenna can be expressed in terms of a set of cri-
teria. This set will include a value of desired signal 
strength and values for each of the interference ratios 
such as co-channel, lower adjacent channel, image and 
so on. 
At this stage, the location of the receiver site relative 

to the desired and undesired transmitter is arbitrary; 
hence, as before, each criterion (except desired signal) 
is really a polar plot. However, for ease of manipulation, 
values for several selected directions could be tabulated 
as illustrated below. 

Desired field 
strength 

Lower adjacent-
channel interfer-
ence ratio 

Upper adjacent. 
channel interfer-
ence ratio 

Co-channel inter-
ference ratio 

Etc. 

yields the corresponding interference ratio could be re-
placed directly by the median, or Fd'(50, 50) and F,/(50, 
50) fields where the subscripts d and u denote desired 
and undesired signal [ 13], respectively. 
The extension of the principle that the effects of small 

excursions about a mean are self-compensating to the 
case of wide excursions is fraught with some uncer-
tainty. However, because of the lack of data on which 
to base a better choice, there seems to be no obviously 
superior alternative. Proceeding then with the use of 
median fields, the limit of a grade of service such as 
Urban would consist of a set of criteria as before, but 
with the median field values replacing the former 
steady-state fields. 

It has been the practice of the FCC to express the 
limits of service in terms of field probabilities other than 
50 per cent. For example, Grade A service requires that 

Principal City Urban Rural 

0° 60° 

xxx 
120° 180° 0° 60° 120° 180° 0° 60° 120° 180° 

Thus far, service has been considered only under 
steady-state conditions. Since these do not prevail in 
practice, the statistical nature of the service rendered at 
a receiver site must be introduced. It is obvious that 
each field at the receiver antenna site may vary quite 
independently in such a manner that the actual inter-
ference ratios experienced in the locality of the receiver 
site will vary both with time and from site to site in the 
locality. It is difficult to give quantitative figures for the 
effect of such variations upon service because they are 
dependent upon viewer reaction to both picture quality 
fluctuations and inhomogeneity of receiving conditions 
in a locality. To obtain meaningful figures here, one 
would need to conduct statistical viewer tests on the 
effects of various types of fading and upon the socio-

. logical effect of inferior and superior sites in the locality. 
Lacking these, one might make a beginning by stating 
that for mild excursions from the mean in both time and 
location, the effect of positive excursions would be sub-

. stantially offset by negative ones. Under this condition, 
the desired field and the interfering field whose quotient 

pictures of acceptable quality be obtained in the best 
70 per cent of sites in a locality for at least 90 per cent 
of the time. It is clear, of course, that if the time and 
location distribution functions for the various desired 
and undesired fields involved are known, one can always 
find from the median field values other sets of field 
values that will yield the desired quality of picture for 
other percentages of locations and times. This is essen-
tially what is done in the location probability method 
as employed by the Commission [ 14]. For a mathe-
matical treatment of this subject, the reader is referred 
to the companion paper by D. C. Livingston [ 15]. 
Two disadvantages of using nonmedian field values 

are that they have a greater uncertainty than the 50-per 
cent values and the labor of computation is greater. 
Probably the major attraction lies in an intuitive feeling 
that the specification of service in terms of field prob-
abilities higher than 50 per cent is more realistic. 

It has been the practice with the location probability 
method to employ a single specified receiver plant for 
both currently specified grades of service and to dis-
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tinguish between them by requiring a higher level of 
location probability for the better grade of service. 

Thus, for Grade A service, an acceptable picture must 
be available in the best 70 per cent of locations for at 
least 90 per cent of the time while for Grade B, an ac-
ceptable picture is to be expected in only the best 50 per 
cent of locations for 90 per cent of the time. However, 
the location probability method, in its broadest inter-
pretation such as evolved during the life of TASO, 
need not be limited to a single specified receiver plant 
for all grades of service [ 16]. 

Also during the life of TASO, a simplifying modifica-
tion of the location probability method of specifying 
the limit of service was evolved which became known 
as the acceptance ratio method. It employs median-
service fields and also different standard receiver plant 

for each grade of service. 
In both methods, for lack of better data, it has been 

found expedient to employ the field data as though hav-
ing a 50-per cent time probability. The usual practice 
is to take data during daytime hours only and at such 
times of the year as meet measurement schedules; 
hence, such data are not truly time-median values. 
Further, it is recommended that field strength measure-
ments be made along roads using a 30-foot antenna 
height. Hence, the field data contain a "road" bias as 
well as the " temporal" bias. These same biases exist in 
the Head and LaGrone methods of field prediction, as 
both are empirically dependent on the data of Panel 4 
which were taken in this manner. It was felt by Com-
mittee 4.1 of TASO Panel 4 that steps should be taken 
to reduce these sources of uncertainty [ 18]. 

Regardless of whether the location probability or 
the acceptance ratio method were used, the set of "crit-
ical numbers" employed in specifying the limits of the 
grades of service would continue to look like the tabula-
tion given earlier in Section IV, but with the spaces 
filled in with db ratios that take into account the sta-
tistical nature of television service. 

V. ISOSERVICE CONTOUR AND PORTRAYAL 
OF COVERAGE 

The last technical step in the preparation of data for 
use in allocation or assignment is the production of a 
map (or maps) of the area about a transmitter showing 
where service is available and how much. The map 
should be reasonably unique so that maps prepared by 
different engineers from the same basic data will not ex-
hibit major differences. Such a map must be capable of 
showing two or more grades of service and must be fine 
grained enough to show the relative coverage in differ-
ent directions from the transmitter and in different 
areas. Finally, it must be possible to draw the map in 
a straightforward manner with reasonable effort by 
means of suitable propagation curves and data, and to 
confirm the predicted areas from a reasonable number 
of field-strength measurements taken in an appropriate 
manner. 

Though there was not evinced in TASO a full unanim-

ity regarding a suitable method of portrayal, there was 
a consensus favoring a method of the type about to be 
described It is believed that this method satisfies the 
criteria just set forth which have been derived from those 
in the Report of Committee 5.3 [ 19]. 

It appears desirable and proper that the limit of a 
grade of service be an isoservice contour. Since it is 
recommended that there be three grades of service, 
there would then be three corresponding outer limiting 
isoservice contours. Disregarding minor enclaves and 
exclaves, it is evident that the grades of service will lie 
one outside the other with the Principal City grade at 
the center. About the latter will be the Urban grade as 
an annular ring and beyond that another annular ring 
representing the Rural service area. The inner bound-
ary of each such annular service area will be set by the 
outer limit of the next higher grade of service while the 
outer limiting isoservice contour will be established by 
the criteria for the grade of service directly involved. 

Since service, as previously defined, depends on the 
specified receiver plant, then, if a different receiver 
plant were specified for each of the three grades of 
service recommended by TASO, there would be three 
sets of limiting isoservice contours. In such a set, there 
would be a separate isoservice contour for the desired 
signal and for each form of interference. A simplified 
set of such isoservice contour, using only three contours, 
is shown in Fig. 5. 

URBAN SERVICE 

STATION 

PRINCIPAL 
CITY SERVICE 

••• 
RURAL SERVICE 

NOT SHOWN 

„e„, CO.CHANNEL INTERFERENCE RATIO 

 LOWER ADJACENT CHANNEL 
IN - ERF ERE NCE RATIO 

DESIRED SIGNAL 

Fig. 5—Examples of the manner in which a service area is bounded 
by overlapping contours of constant desired signal strength and 
interference ratios. 

In general, these various limiting isoservice contours 
would not be expected to agree. The service area as 
shown cross-hatched in Fig. 5 is that area which is 
within all of the contours, excluding, however, the 
areas of the higher grades of service. In Fig. 5 the Prin-
cipal City service area is so excluded. 
The drawing of any contour on a map first requires 

the plotting of points having the appropriate value for 
that contour. This is to be done for the limiting iso-
service contour associated with each form of interfer-
ence. Because of the great variability in individual field 
strength measurements and the necessity to hold down 
the labor required to obtain the necessary data, Com-
mittee 4.1 of TASO Panel 4 has proposed the following 
method for obtaining the points for plotting [20]. 
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Draw on the map of the area about the transmitter a 
series of concentric circles ranging in radius from five 
to ten miles less than the expected Principal City con-
tour to slightly beyond the expected Rural contour. 
There should not be less than three or more than five 
such circles, and their radii should be chosen in 10- to 
15-mile steps. Divide the area about the transmitter 
into eight 45° sectors. This plan is shown for a typical 
VHF station in Fig. 6. The total number of data points 
should be equal to about 80 times the number of circles, 
but distributed approximately as the square roots of the 
radii of the various circles. Note on Fig. 6 that these 
radii and circles constitute the center lines of cells such 
as the one cross-hatched in the figure. A cell can now be 
defined as a locality with definite boundaries. The com-
putations proceed on a cell basis. 

DATA POINTS,SOME 104 

ON THIS CIRCLE 

TYPICAL CELL 
231 .11 

CELL CENTER TO 
WHICH MEDIAN 
FIELD AND STAN-
DARD DEVIATIONS 
ARE ASCRIBED 

0 MILES 

OVERLAP REGION FOR COMPUTATION 

INTERFERING TRANSMITTER 

Fig. 6—The cell layout about a tranismitter. 

Up to this point, it has not been made clear whether 
the field strength data at the points on the circles are 
to be computed or measured. The plan was drawn for 
field measurements, but with some modifications to line 
up the data points along radials, computation could be 
used conveniently. The median field is then determined 
for each cell and the median value ascribed to the cen-
ter point of the cell. The standard deviation is also det-
remitted for the cell and ascribed to its center. The pro-
cedure as described is intended to apply particularly for 
the service field. However, with a little care, similar but 
intersecting circles could be drawn about nearby inter-
fering transmitters as shown in Fig. 6 and the interfer-
ing fields computed (or measured) for the overlapping, 
interfering cells. If, however, the interfering transmit-
ter is remote enough to be in the tropospheric trans-
mission range, resort may be had to the tropospheric 
propagation curves provided to Committee 4.2 of 

TASO Panel 4 by The Central Propagation Laboratory 
of the Bureau of Standards at Boulder, Colorado [21]. 
From this procedure there would result a full set of 

desired and interfering field values ascribed to the cen-
ter of each cell about the desired transmitter. Sets of 
interference ratios could then be computed at each cell 
center. However, these interference ratios would gen-
erally not be exactly the desired ones for the limiting 
isoservice contours. This is because of the coarseness of 
the cell structure. The desired points for the various in-
terference ratios can then be located along each 45° 
radial by linear interpolation from the values at the 
adjacent cell centers. The particular limiting isoservice 
contours associated with various interference ratios can 
then be sketched. 

VI. SELECTION OF "CRITICAL NUMBERS" 
FOR LIMIT CONTOURS 

It is believed that valuable information can be gained 
from the observations of TASO Panel 3 that would be 
useful in the selection of "critical numbers" for speci-
fying the limiting isoservice contours. Panel 3 observed 
[17] that as one recedes from the transmitter through 
the service area, the quality of the receiver plant tends 
to improve in such a manner that the received picture 
quality is substantially constant out to the point at 
which it becomes economically prohibitive to make 
further itnprovements. One of the curves prepared from 
the Panel 3 data is reproduced here as Fig. 7. Examina-
tion of this curve and the others in Reference [ 17] 
shows a substantially constant level of picture quality, 
with only the expected statistical spread, out to the 
point at which the curve appears to break downward. 
This is the point at which further receiver plant im-
provement becomes uneconomical. It would seem logi-

cal, therefore, to select a single level of picture quality 
for the first two grades of service. The evidence from the 
findings of Panel 3 indicate that public reaction would 
place the limit at 21 or 3. 

It is interesting, also, to examine the data that define 
the break downward in the level of picture quality vs 
distance curves. As Panel 3 has pointed out in its report 
(TASO Rept., p. 221), this break appears to come, for 
the lower VHF, at the point at which the field strength 
for the desired signal drops to 40-45 dbu. For the upper 
VHF the figure appears to be 50-55 dbu. These figures 
appear worthy of consideration in the setting of limits 
of service for cases in which the limit is expected to be 
set by receiver noise. 

For the outer or Rural Grade of service, one is operat-
ing on the declining portion of the curve. From Fig. 8, 
taken from page 208 of the report of Panel 3, it is evi-
dent that the density of points falls off with decreasing 
level of picture quality at a value of about 4.5, though 
the drop in density is not sharp. Examination of the 
Panel 3 curves (TASO Report, pp. 208-215) shows that 
for the low VHF the corresponding field strength to 
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be about 25 dbu. At the high VHF it is about 30 dbu 
and for the UHF about 50 dbu. These figures probably 
chiefly represent reception limited by receiver noise, as 
the observations were made in the daytime when tele-
vision interference tends to be at a minimum; hence, 
they would be of interest in selecting the critical num-
ber to define the outer limiting contour for desired sig-
nal strength. 

CONCLUDING REMARKS 

Though TASO has contributed extensively to the 
available body of data on television service and to the 
orderly understanding of the mechanisms of allocation, 
there remain points on which continued elucidation and 
improvement are needed. Some of these are listed here 
to stimulate further attention. 

1) It has been pointed out that temporal biases exist 
in the recommended method of taking data and 
in the two proposed formulas for field prediction. 
Some worthwhile correction could probably be 
made to new field strength data obtained by the 

method of Committee 4.1 if note were taken of 
the time of day and year for each measurement 
and if generalized correction curves were worked 
out to show how much the field at various times 
of day and year can be expected to vary from the 
all-time mean. It is possible, also, that correction 
factors could be worked out for the field compu-
tation methods of LaGrone and Head, since they 
are based on Panel 4 data. 

2) The use of interference field data from the curves 
of Committee 4.2 in computing interference ratios 
introduces another minor source of error because 
the data were taken too well. In general, the re-
ceiving sites were selected to be quite free of local 
clutter of the type encountered in most television 
reception locations. No doubt degradation factors 
can be worked out for frequency, possibly for 
topographical roughness and for forestation. It 
should be borne in mind, also, that these are all-
day, all-year medians and their use with un-
corrected daytime, seasonal field data introduces 
some error. 

3) The "road-bias" problem remains unresolved. 
Either the median or F'(70, 90) field strength 
value computed for a cell really represents the 
probability of achieving the specified field or bet-
ter in road measurements, and not necessarily in 
randomly located receiver plants of the speci-
fied quality. Some satisfaction might be gained by 
examining the data on the level of picture quality 
vs field strength compiled by Panel 3 (TASO 
Rept. [6], pp. 208-215). That Panel found, how-
ever, that detailed correlations between roadside 
measurements and adjacent home observations 
could not be made. Furthermore, the tendency 
for the receiver plant improvement to compen-
sate for field strength degradation would mask 
any correlation, since grades of receiver plants 
were not reported. Additional study needs to be 
given to this matter. 

4) It is recognized that, in general, limits of areas of 
service will be somewhat distorted circles about 

the transmitter. Since each limit is actually a se-
lected isoservice contour, this means that the di-
rection of maximum gradient or rate of change of 
service is perpendicular to this contour, and, 
hence, is chiefly radial in direction. Accordingly, 
to be able to set the limit contours most accu-
rately, one needs to have the greater knowledge 
about the radial, rather than the circumferential, 
field variation. Presently, however, items of data 
are planned to be three times as dense circumfer-
entially as radially. Further, for UHF stations, as 
presently proposed, there could be as few as three 
data circles about the transmitter to set three 
service limit contours. This comment points up 
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the need for some further study of means for im-
proving radial detail, even at the expense of cir-
cumferential if necessary. Study is suggested in 
the following three areas: a) a Type- II method of 
field prediction having radial variations respon-
sive to terrain; b) the laying out of the cell struc-
ture about the transmitter so as to improve radial 
detail; c) the development of a procedure for 
taking proof-of-performance field data yielding 
greater radial detail. 

5) The evaluation of the effect of local clutter near 
the receiver antenna site has been recognized as 
needing serious attention. Some definite progress 
on the effect of forestation has been made, but 
the work needs extension, and it should be pointed 
out that little is yet understood about the effects 
of such obstructions as power lines and adjacent 
buildings. 

It is believed that the work of TASO has provided a 
consistent over-all approach to the technical problems 
of allocation and station assignment. The salient fea-
tures of this approach are outlined in the following: 

1) The first consistent set of human reaction curves 
was evolved. These relate picture quality to sig-
nal degradation resulting from each of the impor-

tant forms of interference such that meaningful 
correlations can now be drawn among the effects 
of the various forms of interference. Thus, it is 
now possible to state, for example, the level of 
lower adjacent channel interfering signal that is 
equivalent to a stated level of co-channel inter-
fering signal. This is essential in drawing isoserv-
ice contours. 

2) Sets of television service field data taken from ex-
tensive field measurement made in a consistent 
manner for the entire television spectrum and for 
the various forms of terrain throughout the 
United States were compiled. These data have 
served, and may continue to serve, as the basis of 
new empirical procedures for predicting service 
fields. 

3) Two partially empirical procedures of service field 
predictions, applicable in all parts of the country, 
were developed and recommended for further 
study. 

4) The pertinent characteristics of television receiver 
plants in production in 1958, from which typical 
receiver plant specifications may be drawn for al-
location purposes, were analyzed and tabulated. 

5) Transmitter plant characteristics and costs suit-
able for use in determining the economic feasibil-
ity of various allocation plans were compiled. 

6) A philosophy of, and procedures for, the specifica-
tion of service, the prediction of performance and 
the portrayal of coverage were set forth. 

Through the deliberation of TASO, there have been 
evolved a broader interpretation of the location proba-
bility method of specifying service and a simplified 
form of this method. The latter reduces the labor of 
calculation with no significant reduction in the mean-
ingfulness of the results. 
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CORRECTION 

Britton Chance, author of " Electron Transfer in Bio-
logical Systems," which appeared on pages 1821-1840 
of the November, 1959, issue of PROCEEDINGS, has re-
quested another and more satisfactory reproduction of 

Fig. 31 (p. 1838), which appears below. 
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Fig. 31—High-speed printer record of the kinetics of ten intermediates in metabolic control systems 
of Figs. 29 and 30. The identification of the chemicals is given in Table II. The identification 
of the time scale at the bottom of the graph, the normalization of the concentrations for the 
variables and the key to the crossing over of the traces at the top of the graph, are explained 
in the text ( DC-4). ( Data obtained with Univac 1, with the aid of the University of Pennsyl-
vania, Computer Center.) 
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Part 1-INTRODUCTION 

Chapter 1-General 

1.1 Object ir 1 HIS standard replaces IRE Standard 48 IRE 
22. Sl, "Standards on Television: Methods of 
Testing Television Receivers, 1948." 

At a later date, a standard for color television re-
ceivers will be introduced. Reference will be made in 
that standard to many portions of the present stand-
ard which are applicable to color television receivers 
as well as to monochrome receivers. 

1.2 Scope 

This standard describes procedures for measurement 
of the performance characteristics of the picture and 
sound sections of television receivers. Where specific 
test conditions are stated, these apply to home broad-
cast receivers designed to receive transmissions in ac-
cordance with the specifications of the United States 
Federal Communications Commission.' Where other 
conditions apply, appropriate modifications must be 
made.' 
Emphasis is placed on over-all receiver performance. 

Internal characteristics such as the gains and band-
widths of individual stages are not generally consid-
ered. 

1.3 Standard Test Frequencies 

The range of standard test frequencies includes all of 
the allocated television channels. The present televi-
sion channel allocations, where A includes frequencies 
from 470+6(C-14) to 470+6(C-13), and 

P = 471.25 + 6(C-14) 

S = 475.75 6(C-14), 

are as follows: 

Channel 
No. 

Channel 
Allocation 

11W 

Picture Carrier 
Frequency 

mc 

Sound Carrier 
Frequency 
mc 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

14 
15 

• 
82 
83 

54- 60 
60- 66 
66- 72 
76- 82 
82- 88 
174-180 
180-186 
186-192 
192-198 
198-204 
204-210 
210-216 

470-476 
476-482 

A 

• 
878-884 
884-890 

55.25 
61.25 
67.25 
77.25 
83.25 
175.25 
181.25 
187.25 
193.25 
199.25 
205.25 
211.25 

59.75 
65.75 
71.75 
81.75 
87.75 
179.75 
185.75 
191.75 
197.75 
203.75 
209.75 
215.75 

471.25 475.75 
477.25 481.75 

• 
879.25 
885.25 

• 
883.75 
889.75 

When measurements are not performed on all VHF 
channels, they should be made on Channels 4 and 10. 
The picture and sound carriers of these two channels 
are referred to as the VHF standard test frequencies. 

Receivers which cover the entire UHF range should 
be measured on Channels 18, 48 and 79. The picture 
and sound carriers of these three channels are referred 
to as the UHF standard test frequencies. 

1.4 Standard Test Input Levels 

Input signal levels may be expressed in either of two 
ways: 

a) In terms of available power (Section 1.4.1), in 
which case the input is preferably expressed in decibels 
below one watt. 

b) In terms of input voltage, in which case the input 
is frequently expressed in microvolts or in decibels 
below one volt and the intended source resistance is 
stated. 
When a standard composite picture signal is used, 

input level refers to the value during the synchronizing 
pulse interval. Where a picture carrier with sine-wave 
modulation is used, the input level is the value of the 
carrier in the absence of modulation. 

Normally, two signal generators will be used so as to 
to supply both the sound and picture carriers. Unless 
otherwise specified, the outputs of these generators will 
be maintained equal. 

1.4.1 Available Power. The available power is the 
power delivered by a generator to a matched load. It is 
equal to E2/(4R), where E is the rms open-circuit volt-
age of the generator and R is the internal resistance of 
the generator (including the dummy-antenna resist-
ance). It is preferably expressed in decibels below 1 watt. 
The signal generator may be calibrated in terms of the 
available signal power and used on that basis, even 
though not matched exactly by the load impedance. If a 
signal generator is to be used with various values of 
dummy-antenna resistance, it should be calibrated in 

terms of the open-circuit voltage and the available 
power should be calculated from the above formula. 
When reference is made to values of power input, it is 
understood that the available power is meant. 

1.4.2 Input Voltage. Input level in terms of voltage 
refers to the open-circuit voltage of a generator with an 
internal resistance, including the dummy-antenna re-
sistance (Section 1.7), equal to the nominal input re-
sistance of the receiver. By this definition, when the 
receiver input impedance is a resistance equal to the 
nominal input resistance, the input voltage (open-cir-
cuit voltage) is twice the voltage appearing across the 
antenna terminals of the receiver. 

' Rules and regulations of the Federal Communications Commis-
sion, pt. 3, Sec. 3.682. 

2 A related IEC Standard, "Recommended Methods of Measure-
ment on Receivers for Television Broadcast Transmissions," is pub-
lished by the International Electrotechnical Commission, 39, rue 
de Malagnou, Geneva, Switzerland. 
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Since the input impedance of television receivers 
built in the United States has been standardized at a 
value of 300 ohms, it has become common practice to 
express the input in microvolts, or in decibels below 
one volt. However, voltage measurements made on re-
ceivers designed for a different input impedance will 
not be directly comparable to those made on receivers 
designed for the standard 300-ohm impedance unless 
correction is made for the difference in input impedance. 

1.4.3 Values of Standard Test Input Levels. Standard 
input levels are specified in Table I. Corresponding to 
these values of available power, which are independent 
of the receiver input impedance, are shown the approxi-
mate equivalent values of open-circuit voltage for the 
standard impedance level of 300 ohms. 

TABLE I 

Available Power, 
db below 1 watt 

Approximate Equivalent Input Voltage 
for R=300 Ohms 

microvolts db below 1 volt 

131 
121 
111 
101 
91 
81 
71 
61 
51 

10 
32 
100 
320 
1000 
3200 

10,000 
32,000 
100,000 

100 
90 
80 
70 
60 
50 
40 
30 
20 

1.4.4 Standard Mean-Signal Input Power. The stand-
ard mean-signal input power is 81 db below 1 watt, cor-
responding to 3200 µv at 300 ohms. 

1.5 Standard Picture Test Modulation 

1.5.1 Sine Wave. The standard test modulation for 
sine-wave modulated signals shall be 30 per cent 
amplitude modulation at 400 cps. 

1.5.2 White-Pattern Modulation. The standard test 
modulation envelope for white-pattern modulation 

shall be an RF signal modulated by the waveform 
standardized by the Federal Communications Com-
mission and shown in Fig. 1.5.2 with the picture por-
tion of the signal constant at 15 per cent of the carrier 
level during the synchronizing peaks. 

1.5.3 Gray-Pattern Modulation. The standard test 
modulation envelope for gray-pattern modulation shall 
be an RF signal modulated by the synchronizing wave-
form of Fig. 1.5.2 with the picture portion of the signal 
constant at 40 per cent of the carrier level during the 
synchronizing peaks. 

1.5.4 Test-Pattern Modulation. The standard for test-
pattern modulation shall be an RF signal modulated 
by the EIA (Electronic Industries Association) test 
pattern (Fig. 1.5.4) with the white peaks at 15 per cent 
of the carrier level during the synchronizing peaks. 

1.6 Standard Sound Test Modulation 

Standard test modulation of the sound carrier is fre-
quency modulation at 400 cps with a deviation of 7.5 

kc; this is 30 per cent of the maximum system devia-
tion of 25 kc. 
The standard transmitter pre-emphasis provided by 

a time constant of 75 µsec is normally not employed in 
fidelity testing of the sound channel. Instead, the cor-
responding standard de-emphasis characteristic, shown 
in Fig. 1.6, is applied as a compensating correction to 
the amplitude-vs-frequency response. This procedure is 
described in Section 10.2.2. 

1.7 Standard Dummy Antenna 

The standard dummy antenna presents a balanced, 
resistive, 300-ohm source impedance to the antenna 
terminals of the television receiver. Signal generators 
that do not have these properties must be provided 
with an external network which may consist of resis-
tors or of a balun. 
The resistors used should have negligible reactive 

components, and in the case of two or more generators, 
the resistance networks should be located at the signal 
generators with a 300-ohm balanced line to the re-
ceiver. Most of the networks used with two or more 
signal generators require a correction factor for deter-
mining the open-circuit voltage from the generator 
voltage. 

If a balun is used in place of a resistance network, its 
voltage transformation and impedance characteristics 
must be known with respect to frequency. If either of 
these characteristics is not reasonably flat, an iterative 
resistance attenuator network may be used to minimize 
departures from uniform transmission or termination. 

The effect of reversing the connections to the re-
ceiver antenna terminals and reversing the power-line 
connections of either the signal generator or the re-
ceiver or both should be noted. A change in the re-
ceiver output is an indication of unbalance in the 
dummy-antenna system; however, no change in re-
ceiver output does not necessarily indicate a balanced 
dummy-antenna system. 
When more than one signal generator is used, a com-

parison should be made of the relative receiver output 
as each signal generator is tuned in turn to the same 
frequency, to obtain the appropriate correction. 
The following paragraphs describe several examples 

of dummy-antenna configurations. In many instances, 
balun transformers can be used advantageously, par-
ticularly where it is desirable to effect impedance 
matching with a minimum power loss, or when the re-
ceiver has little unbalanced signal rejection. 

1.7.1 Single Balanced Signal Generator. The network 
consists of two resistors of equal value, one connected 
in series with each terminal of the signal generator and 
of such value that the total output impedance, includ-

ing the signal generator, is 300 ohms. 
1.7.2 Single Unbalanced Signal Generator. The net-

work consists of two resistors, a 150-ohm resistor con-
nected in series with the "ground" terminal of the sig-
nal generator and a resistor (equal to 150 ohms minus 
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the generator output impedance) in series with the out-
put terminal of the signal generator. 

1.7.3 Two Signal Generators. Separate picture and 
sound signal generators may be connected as shown in 
Fig. 1.7.3. The open-circuit voltages obtained from the 
connections of Fig. 1.7.3(a) and 1.7.3(c) are one-half the 
generator open-circuit voltages. 

Fig. 1.7.3(c) illustrates a special case in which signal 
generators with 300-ohm output impedance are em-
ployed. The dummy-antenna network provides an im-
pedance match to the signal generator outputs as well 
as the required source impedance to the receiver 

1.7.4 Three Signal Generators. For certain measure-
ments, a third signal generator may be required. The 

DUMMY ANTENNA 

it ) 
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20 

two connections shown in Fig. 1.7.4 provide an open-
circuit voltage that is one-third the generator open-
circuit voltage. 

Fig. 1.7.4(b) illustrates a special case in which signal 
generators with 300-ohm output impedance are em-
ployed and the dummy-antenna network provides an 
impedance match to the generator output. 

1.8 Standard Picture Test Output 

The standard picture test output as delivered by the 
receiver to the controlled element of the picture tube 
shall have an amplitude of 20 volts between blanking 
level and white, as determined by a cathode-ray oscil-
loscope when using the standard white-pattern modu-
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Fig. 1.6—Standard de-emphasis curve. 

(c) 

Fig. 1.7.3—Dummy-antenna connections for two signal generators. 
(a) Two signal generators in parallel. (b) Two signal generators in 
series. (c) Two 300-ohm signal generators in parallel. 
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lation (Section 1.5.2). When using symmetrical sine-
wave modulation (Section 1.5.1), the standard output 
shall be 20 volts peak-to-peak. These outputs are 
equivalent for a receiver having a linear relationship 
between input and output over the amplitudes in-
volved, as shown in Fig. 1.8. If the particular receiver 
being measured has been designed to operate with a pic-
ture device whose operating voltage requirements are 
so different from the conventional picture tube as to 
make the above value of 20 volts unsuitable, a value 
should be chosen to be approximately one-half of the 
normal maximum input voltage for the particular pic-

ture device being used. The value so chosen should be 
included in the data. 

130%t 

100% --

75% 

15% 

0% 

60% 

WHITE LEVEL 

80% 

ENVELOPE (HALF) OF OUTPUT 
OF STANDARD PICTURE SIGNAL 

GENERATOR WITH STANDARD 
WHITE-PATTERN MODULATION 

130% 

100% 

70% 

TIME 

ENVELOPE (HALF) OF OUTPUT 

OF ALTERNATIVE PICTURE 
SIGNAL GENERATOR WITH 30% 
AMPLITUDE MODULATION 

Fig. 1.8—Equivalence of output from standard white-pattern modu-
lation and alternate 30 per cent amplitude modulation. 

1.9 Standard Sound Test Output 

1.9.1 Standard Test Output. For receivers capable of 
delivering at least 1 watt at 10 per cent distortion (Sec-
tion 10.3), the standard test output is an audio-fre-
quency power of 0.5 watt delivered to a standard 
dummy load. For receivers capable of delivering 0.1 

watt but less than 1 watt at 10 per cent distortion, the 
standard test output is 0.05 watt of audio-frequency 
power delivered to a standard dummy load. When this 
latter value is used, it should be specified. 

1.9.2 Standard Dummy Load. Output measurements 
of the sound section of a television receiver are made in 
terms of the power delivered to a standard dummy load 
substituted for the loudspeaker, except in special cases 
where other terminations are specified. The standard 
dummy load is a pure resistance whose value is equal 
to the absolute value of the 400-cps impedance of the 
loudspeaker. Where an output transformer is con-
nected between the receiver and the loudspeaker, the 
output transformer is treated as part of the receiver. 

1.10 Standard Test Conditions 

1.10.1 General. It is assumed that the following stand-
ard test conditions are in effect during all tests unless 
noted otherwise. 

1.10.2 Power Supply. Receiver measurements are 
made at the supply voltage for which the receiver is 
designed. Mean values of voltage and frequency are ar-
bitrarily selected, such as 117 volts and 60 cps for ac 
operated receivers. Certain receiver characteristics may 
be desired at other than standard supply voltages and 
frequencies, or over a range of operating values. Tests 
should be made to check whether the receiver operates 
satisfactorily over the range of operating voltage and 
frequency likely to be encountered in service. 

1.10.3 Ambient Temperature and Humidity. The 
ambient temperature should be between 20° and 
35° C, and the relative humidity should be below 90 

per cent. 
1.10.4 Electron Devices. The electron tubes or other 

devices used should have standard rated values of those 
characteristics which significantly affect the perform-
ance of the receiver. 

1.10.5 Television Receiver Adjustments. 
1.10.5.1 General. All control settings not otherwise 

specified should be adjusted for normal reception. The 
synchronizing controls are adjusted for proper syn-
chronization and best interlace. The contrast control is 
adjusted for maximum focused luminance (Section 
3.9), unless otherwise stated, and the brightness con-
trol is set so that the line structure just disappears in 
the darkest portion of the gray scale. The scanning 
linearity, the scanning amplitude, and the focus ad-
justments are optimized. 

1.10.5.2 Tuning adjustments. The receiver is nor-
mally tuned so that the local oscillator operates at the 
correct frequency, corresponding to the selected chan-
nel. This adjustment can be made by measuring either 
the local oscillator frequency or the picture carrier in-
termediate frequency (nominally 45.75 mc) with a 
frequency meter. 
When measuring peak picture and peak sound sensi-

tivity, the receiver is tuned as described for these tests 
(Sections 4.3 and 8.4). 

Chapter 2—Requirements and Characteristics 
of Test Apparatus 

2.1 Standard Picture Signal Generator 

The standard picture signal generator should provide 
a signal with the following characteristics: 

a) The generator should be capable of modulation 
by the waveform of Fig. 1.5.2 to produce a modulated 
signal whose characteristics are in accordance with the 
Rules and Regulations of the Federal Communications 
Commission.' 

b) The amplitude-vs-frequency characteristic should 
display less than 0.5-db response difference for any two 
modulating frequencies in the range from 30 cps to 
4.5 mc. The time-delay errors should be negligible 
within this frequency band. Ideally a vestigial-sideband 
filter is required; however, most receiver tests can be 
made without this filter (Section 6.2.2). 



1960 IRE Standards on Television 1131 

c) The output voltage should be adjustable to any 
value over the range between 1 and at least 200,000 µv. 
Higher outputs up to 2 volts are desirable. The output-
level indicator should measure the output during syn-
chronizing peaks. 

d) Incidental phase modulation of the carrier should 
not exceed 10 degrees swing at full video modulation at 
any carrier frequency. 

e) Extraneous frequency modulation (hum) of the 
carrier should be negligible with respect to the char-
acteristic under observation, especially when the gen-
erator is to be used in connection with the sound signal 
generator (Section 2.3) for tests on the sound channel. 

2.2 Alternative Picture Signal Generator 

Although the complete performance testing of the 
picture section cannot be accomplished without the use 
of a standard picture signal generator and a pattern 
generator, as described in Sections 2.1 and 2.4, many 
tests can be made with a standard signal generator pro-
ducing a sine-wave 30 per cent amplitude-modulated 
signal. Furthermore, certain of the standard tests can 
be facilitated by the use of this type of signal generator. 
This generator should have a frequency range extend-
ing from below the intermediate frequency up to the 
highest television channel plus twice the intermediate 
frequency of the receiver under test, should be capable 
of amplitude modulation at 400 cps, and should have a 

variable output voltage up to at least 200,000 F.iv and 
preferably 2 volts. 

Extraneous frequency modulation of the carrier 
should be negligible with respect to the characteristic 
under observation, especially when the generator is to 
be used in connection with the sound signal generator 
(Section 2.3) for tests on the sound channel. The car-
rier frequency stability should be consistent with the 
requirement of Section 2.3(d). 

2.3 Sound Signal Generator 

The sound signal generator should have the following 
characteristics: 

a) The output should be calibrated from 1 to 200,000 
pv with a constant source impedance. 

b) It should be capable of frequency modulation at 
rates of 30 to 15,000 cps to a deviation of at least 25 kc 
and preferably to 50 kc with negligible distortion, and 
negligible incidental amplitude modulation. 

c) Amplitude and frequency modulation at power-
line frequencies should be negligibly small. 

d) The carrier frequency should be sufficiently 
stable to maintain an accuracy of + 5 kc in the 4.5-mc 
difference frequency between the sound and picture 
carriers. 

2.4 Pattern Generator 

This equipment, which supplies a modulating signal 
to the picture signal generator, must contain means for 
generating a composite signal which will contain not 

only those picture elements which comprise a test pat-
tern, but also correctly timed blanking and synchroniz-
ing pulses. The characteristics of the standard syn-
chronizing waveforms are given in Fig. 1.5.2. 
The pattern generator must be provided with the 

necessary controls and monitoring means to assure the 
correct levels of the various components of the com-
posite picture signal. It must be free of hum, noise, and 
other extraneous components. 

In addition to the standard synchronizing-signal 
waveforms, the pattern generator should be capable 
of providing the following composite picture test pat-
terns: 

a) The white-pattern modulation of Section 1.5.2. 
b) Gray-pattern modulation of Section 1.5.3. 

c) Sine-wave modulation for frequencies of 100 kc 
to 4.5 mc. 

d) Square-wave modulation of variable repetition 
rate capable of being synchronized with the sweep fre-
quencies. 

e) Staircase patterns arranged to appear as vertical 
stripes and to be movable over the entire picture. 

f) The monoscope type of test pattern (Fig. 1.5.4). 
g) A cross-hatch pattern in which the video compo-

nent consists of two sets of synchronized narrow rec-
tangular pulses at time intervals equal respectively to 
not more than -fig of the vertical and horizontal scan-
ning intervals. These pulses produce a cross-hatch pat-
tern of stationary vertical and horizontal lines. 

2.5 Wide-Band Cathode-Ray Oscilloscope 

A calibrated wide-band oscilloscope is required for 
testing the performance of the picture circuits of a tele-
vision receiver. Its phase and amplitude response must 
be such as to avoid significant distortion of any wave-
form of interest; the major requirements are that the 
deflection sensitivity difference between any two fre-
quencies from 30 cps to 4.5 mc should be less than 
0.5 db and that the time-delay error be negligible. 
The input impedance should be high enough so that 

the performance of the circuits to which the oscilloscope 
is connected is not affected by the resistance or capaci-
tance of the oscilloscope input circuits. 

2.6 Audio-Output and Distortion-Measuring Devices 

Apparatus for the measurement of audio output and 
distortion is the same as that required for the testing of 

frequency-modulation receivers. The output meter 
should measure true rms values. 

2.7 Measurement of Luminance 

The photometer used in all luminance measurements 
should be capable of operating over a small area of the 
image. An instrument having an acceptance angle of 1 

3 See Section 3 of IRE Standards, 47 IRE 17. SI, "Standards of 
Radio Receivers: Methods of Testing Frequency-Modulation Broad-
cast Receivers, 1947." 
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degree operated at a distance from the image equal to 
four times the picture height is suitable. The instru-
ment should preferably be of the objective type and 
should simulate the color response of the average human 

eye. If the instrument is of the subjective matching 
type, a calibrated filter should be fitted to secure opti-

mum color match. 
Since ambient lighting is variable, the effect of this 

should be assessed separately. Ambient lighting in-

cludes reflections of the television picture from sur-
rounding objects, and a check should be made with the 
receiver operating at maximum brightness to verify 
that the luminance of the light reflected from any ob-
ject does not exceed 0.2 foot-lambert. 
When subjective methods are used, sufficient time 

should elapse before measurements are taken in order 
to condition the eye to the low level of ambient illumi-
nation. Unless otherwise stated, all luminance meas-
urements should be taken at the center of the relevant 
area in a direction parallel to the optical axis of the pic-

ture screen. 

2.8 Shielded Enclosure 

A shielded enclosure is required for some television 
receiver measurements in order to attenuate external 
signals that might otherwise affect the measurements. 

Part II—PICTURE SECTION OF RECEIVER 

Chapter 3—Picture Quality 

3.1 General Considerations 

Picture quality depends on characteristics which in-

clude size, resolution, contrast range, transfer charac-
teristic, geometric distortion, interlace, luminance, and 
focus. These may be measured or evaluated by viewing 
the image of suitably designed test charts. One test 
chart recommended for this purpose is shown in Fig. 
1.5.4 and is described in Standard RS- 170 of the Elec-
tronic Industries Association. Other useful charts are 
described under the applicable sections of this standard. 
The pattern generator (Section 2.4) makes use of a 

camera or scanner focused on the chart, or a mono-
scope containing a copy of the chart. The modulation 
level of the picture signal generator is set with the 
whitest portion of the gray scale of the chart at refer-
ence white level ( 15 per cent) and the darkest portion 
of the gray scale at reference black level ( Fig. 1.5.2). 
The receiver is tuned in accordance with Section 

1.10.5.2 with standard mean-signal input, and the con-
trols are adjusted as in Section 1.10.5.1. 

3.2 Picture Size 

3.2.1 Definition. The picture size is described by four 
projected quantities: Picture diagonal, maximum pic-
ture height, maximum picture width and picture area. 
Linear dimensions are specified in inches and area in 

square inches. 

3.2.2 Method of Measurement. The projected dimen-
sions are determined by means of a sliding gauge or 
other suitable device. Another method consists of pho-
tographing the picture area from a point situated on 
the optical axis of the area at a distance equal to at 
least five times the maximum picture height. From this 
photograph, the projected dimensions, as well as the 
picture area, are determined. 

3.3 Curvature of Picture Screen 

3.3.1 Definition. The curvature of the picture screen 
is defined by the ratio between the picture depth and 
the maximum picture height. The picture depth is de-
fined as the distance between two geometrical planes, 
both perpendicular to the optical axis, one going 
through the image point nearest to the observer and 
the other going through the most distant image points 
of the picture area. 

3.3.2 Method of Measurement. The picture depth is 
measured with the aid of a traveling microscope or 
other suitable means. 

3.4 Geometric Distortion 

In the television transmitter, the coordinates of the 
picture elements are translated into time differences in 
the television signal. In the receiver the reverse proc-
ess must take place in order to obtain undistorted repro-
duction. Any deviation from the desired linear relation-
ship between timing and position due to the receiver is 
defined as geometric distortion. 

Geometric distortion is measured by using an electrical 
time pattern generator [Section 2.4(g)] in which the 
video information consists of two sets of synchronized 
pulses, at equidistant time intervals, representing a 
cross-hatch pattern of horizontal and vertical lines. De-
tailed procedures for measuring geometric distortion 
are given in IRE Standards, 54 IRE 23. S1. 4 

3.5 Nonlinearity 

3.5.1 Definition. Scanning nonlinearity is defined in 
terms of the pattern of horizontal and vertical lines 
produced by the cross-hatch pattern generator [Sec-
tion 2.4(g)]. The horizontal nonlinearity is the departure 
of the spacing between any two adjacent vertical lines 
from the mean spacing between the lines expressed as 
a percentage of the mean spacing between the lines. 
Vertical nonlinearity is defined similarly. Both hori-
zontal and vertical nonlinearities are measured along 
projected horizontal and vertical lines through the cen-
ter of the picture area. 

3.5.2 Method of Measurement. A cross-hatch pattern 

generator is used [Section 2.4(g)]. To determine the non-
linearity, a photograph of the reproduced pattern may 
be taken as in Section 3.2. Alternatively, a traveling 

4 "IRE Standards on Television: Methods of Measurement of 
Aspect Ratio and Geometric Distortion," Paoc. IRE, vol. 42, pp. 
1098-1103; July, 1954. 
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a 

4 

microscope or other suitable means may be used to 
measure the distance between adjacent intersection 

points of the projected pattern. 
3.5.3 Presentation of Data. The nonlinearity is plotted 

on a linear time scale as abscissa and a linear percentage 
scale as ordinate. The equal time intervals correspond-
ing to the divisions of the picture area as transmitted 
are marked on the abscissa. 
The difference between the mean distance and the 

distance between adjacent points is plotted as a per-
centage of the mean distance, at the center of each 
time interval. Graphs are plotted for both vertical and 
horizontal nonlinearity. 

Short-time nonlinearity of scanning, such as results 
from yoke ringing, may not appear. To measure such 
deviations a more closely spaced pattern is necessary. 

3.6 Raster Distortion 

3.6.1 Definition. Raster distortion is the deviation 
from a true rectangle of the largest completely visible 
contour of approximately the correct aspect ratio 
formed by the test pattern. 

3.6.2 Method of Measurement. An electrically gen-
erated cross-hatch test pattern [Section 2.4(g)] is used. 
A photograph of the reproduced pattern may be taken 

under the same conditions as specified in Section 3.2. 
On this photograph, or a similar projection of the re-

produced pattern on a plane perpendicular to the opti-
cal axis, the distorted reproduction of the contour of the 
largest completely visible rectangle formed by the test 
pattern and having approximately the correct aspect 
ratio is traced (Fig. 3.6.2). This contour is normally an 
adequate description of raster distortion. 

If one form of distortion predominates, it may be 
measured in accordance with the following methods. 
Fig. 3.6.2 represents a generalized contour. The corner 
points A, B, C and D are marked, and the auxiliary 
lines AB, BC, CD, DA, KF and HE are then drawn so 
that AE=EB, BF= FC, CH = HD, DK = K,4. 
The greatest distance between the line AB and the 

contour section between A and B lying outside the 
quadrangle ABCD is called a2. 

The distance between AB and the point of the con-
tour section lying farthest away from AB inside the 
quadrangle ABCD is called al. The distances eh, 1)2, 

c2, d1 and d2 are similarly defined. 
The following distortion percentages are specified: 

Horizontal Trapezoid Distortion 

AD — BC 
TH =  100 per cent 

AD + BC 

and 

Vertical Trapezoid Distortion 

Tv = 
AB — DC 
  100 per cent. 
AB ± DC 

(a) 

02 

A  E 

FA 

o   
Os 

C 

e 

de 

(b) 

Fig. 3.6.2—Raster distortion measurements. (a) Pincushion 
distortion. (b) Barrel distortion. 

If the contour sections AB as well as DC lie com-
pletely outside the quadrangle ABCD, the 

Horizontal Barrel Distortion 

a2 b2 
BH = 2 AD + BC 100 per cent. 

If the contour sections AB as well as DC lie com-
pletely within the quadrangle ABCD, the 

Horizontal Pinchushion Distortion 

CH 
± b1 

= 2  100 per cent. 
AD ± BC 

Similarly, the 

Vertical Barrel Distortion 
d2 

Bv — 2  100 per cent 
AB ± CD 

and the 

Vertical Pincushion Distortion 

By = 2   100 per cent. 
AB ± CD 

Parallelogram Distortion is expressed by the angle in 
degrees. 

Ripple Distortion of the contour is present when the 
raster contour sections AB, CD, BC, D.4 show undula-
tions. The peak-to-peak value of such undulations may 
be expressed as a percentage of raster height or width. 
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3.7 Influence of Hum on Geometric Distortion and 
Brightness 

Geometric distortion and brightness irregularities 
may occur as a result of power-supply voltages and 
power-supply magnetic and electric fields. These ef-
fects can be distinguished by operating the receiver 
from a supply having a frequency differing slightly 
(e.g., 1 cps) from the field frequency. Alternatively, if 
the receiver uses a power supply to which the picture 
synchronizing-signal generator is locked, the necessary 
relative phase changes may be obtained by rotating a 
suitable manual phase shifter in the lock-in circuit of 
the synchronizing-signal generator through 360 degrees. 
With respect to geometric distortion, the excursion of 

the points in the picture which have the greatest verti-
cal and horizontal movements are noted. The picture 
center should be offset (and the background brightness 
increased) so that the raster edges can be observed. 
This enables a determination of the degree of raster mo-
tion and synchronizing timing variation. 

Brightness variations normally appear as moving 
horizontal bands. The receiver contrast and brightness 
controls may be adjusted to produce a gray background 
to facilitate observation of the shading. 
The faults observed in this section are described to-

gether with the conditions of measurement. 

3.8 Luminance 

For a specified set of conditions, the maximum lumi-
nance of a television picture may be limited by factors 
which include deterioration of focus, geometric or size 
distortion, inadequate video drive, and the relative 
area of the picture at the peak white level. Flicker, 
which is generally not a limiting factor, is not consid-
ered here. See Section 2.7 for method of measurement. 

3.9 Maximum Focused Luminance 

3.9.1 Definition. This is the maximum luminance at 
which the focus is sufficient to resolve the line structure. 

3.9.2 Method of Measurement. Apply to the receiver 
the standard test-chart modulated signal (Fig. 1.5.4) at 
mean-signal input level. Increase the luminance level 
to obtain the maximum luminance at which the focus 
is still sufficiently good to show line structure in maxi-
mum luminance areas near the center of the raster, 
with the focus control optimized. 

3.9.3 Presentation of Data. The luminance is ex-
pressed in foot-lamberts, together with a description of 
the uniformity of focus over the raster. 

3.10 Maximum Usable Luminance 

The maximum usable luminance is measured with 
the same setup used to measure maximum focused 
luminance (Section 3.9.2). The luminance level is in-
creased until significant degradation of the picture oc-
curs for reasons other than defocusing. This luminance 
value is recorded as the maximum usable luminance to-
gether with a statement of the limiting condition. 

3.11 Contrast 

3.11.1 Introduction. Contrast is the ratio of the lumi-
nance of a peak white area of the picture screen to the 
luminance of a black area of the picture screen. Con-
trast may be limited by halation effects in the display 
device, by ambient illumination, or by severe non-
linearity in the luminance transfer characteristic. The 
first two are considered in this section and the third in 
Section 3.14. 

3.11.2 Halation-Limited Contrast. The degree to 
which contrast is limited by halation effects is influ-
enced by the following factors: 

a) The relative size of black and white areas. In gen-
eral, contrast decreases as a greater portion of the 
screen is excited by electrons. See Fig. 3.11.2(a). 

b) The relative distance between points at which 
contrasting luminances are measured. In general, the 
contrast decreases as the distance between the measure-
ment points decreases. See Fig. 3.11.2(b). 

c) The presence of high luminance areas at the cor-
ners or edges of the picture. Scattering of electrons 
from the neck or sides of the picture tube may limit 
contrast. See Fig. 3.11.2(c). 

3.11.2.1 Method of measurement of halation-limited 
contrast. Halation-limited and electron-scattering con-
trast are measured using the test charts shown in Fig. 
3.11.2. The picture-tube beam current must be cut off 
in the black (shaded) areas of the picture. The white 
areas of the picture are at maximum focused lumi-
nance. The ambient illumination should be negligible. 

a) Halation-limited large area contrast (al) is meas-
ured with the test chart shown in Fig. 3.11.2(a): 

= 
21.2 

± L3 

b) Halation-limited detail contrast (ad) is measured 
with the test chart of Fig. 3.11.2(b): 

ad = 
L ± L3 ± L4 ± 

4L1 

c) Electron-scattering-limited large area contrast 
(a,) is measured with the test chart of Fig. 3.11.2(c): 

A + L3 + L4 ± 
a, = 

4L1 

3.11.3 Contrast Limited by Ambient Illumination. 
With ambient illumination the luminance values of the 
black and white areas of the picture are increased by an 
equal amount, thus reducing the contrast. If, without 
ambient illumination, the luminance of a black area is 
Lb and the luminance of a white area is L„„ the large 
area contrast is 

Lw 
= — • 
Lb 

With ambient illumination, an amount L. is added to 

«. 
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(b) 

(c) 

Fig. 3.11.2—(a) Test pattern for measurement of halation-limited 
large-area contrast. (b) Test pattern for measurement of halation-
limited detail contrast. (c) Test chart for measurement of elec-
tron-scattering-limited large-area contrast. 

Lb and L. L, is the luminance due to the ambient light 
reflected by the picture screen. If p is the reflection 
coefficient of the picture screen (Section 3.11.4) and 
Lo is the luminance caused by the ambient illumination 
with p = 1, then 

L, = pLo. 

Thus the contrast with ambient illumination (ai) be-
comes 

a; = 

L, Lt.+ pLo 

Lb ± L, Lb ± PLO 

3.11.4 Reflection Characteristic of the Picture Screen. 
3.11.4.1 Definitions. The reflection characteristic 

of the picture screen is the luminance value in the direc-
tion of the optical axis as a function of the angle of inci-
dence of the ambient illumination relative to the lumi-
nance value of an ideally diffuse surface with the same 
ambient illumination, the receiver being switched off. 

3.11.4.2 Method of measurement. The front of the 
receiver is illuminated by a source of light equivalent 
to Standard Illuminant C. A magnesium carbonate 
block is placed on the optical axis in contact with and 
in front of the optical surface nearest to the viewer. 
The luminance values of the magnesium carbonate 

block and the face of the receiver adjacent to the car-
bonate block are measured. The measurement is re-
peated as the angle of incidence of the light is varied. 

3.11.4.3 Presentation of data. The results are ex-
pressed as the ratio between the luminance of the face 
of the receiver and that of the magnesium carbonate 
block corrected for its known reflectance. This ratio is 
plotted as a function of the angle of incidence. 

3.12 Resolution and Focus 

3.12.1 Definition. The vertical and the horizontal 
resolution is expressed as the maximum number of 
lines which can be resolved in the vertical and the hori-
zontal directions as read from the resolution wedges 
on a reproduction of the standard test chart, Fig. 1.5.4. 

3.12.2 Method of Measurement. The receiver is set up 
as in Section 3.1 with standard test-chart modulation. 
The focus should be adjusted in such a manner that the 
best over-all compromise is obtained. The nominal reso-
lution is read at the point along the converging lines 
beyond which each individual line cannot be recognized 
with certainty. The resolution is recorded in the center 
and in the four corners of the picture. The highlight 
luminance should be specified. 

3.13 Electrical Fidelity 

The electrical fidelity is measured in Chapter 6, which 
describes measurement of the high-frequency step re-
sponse (Section 6.4) and the line and field-rate step re-
sponses (Section 6.5). These data should be supple-
mented by a description of the test-chart reproduction, 
with the receiver adjusted as in Section 3.1. Ringing, 
overshoot, smear, and line or field shading should be de-
scribed qualitatively. 

3.14 Luminance Transfer Characteristic 

3.14.1 Definition. The luminance transfer character-
istic represents the relationship between the luminance 
and the corresponding picture modulation percentage. 

3.14.2 Method of Measurement. A television signal at 
standard mean-signal level, modulated with the stair-
case pattern of Section 2.4(e) consisting of vertical bars 
equally distributed through the gray scale, is applied 
to the receiver terminals. The dimensions of the gray 
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scale pattern should be approximately one-fourth of the 
respective picture dimensions. The modulation is ad-
justed so that the lightest bar corresponds to 15 per 
cent of the carrier level during the synchronizing peaks 
and the darkest bar to black level. Black level is defined 
as 70 per cent of peak-synchronizing amplitude for this 
test only. The contrast and brightness controls of the 
receiver are adjusted so that the scanning lines just dis-
appear in the darkest bar and the lightest bar is at max-
imum focused luminance (Section 3.9). The luminance 
of each bar is measured with the gray scale pattern cen-
tered in the picture. The measurements should be re-
peated with the gray scale at the sides and corners of 
the picture and may also be repeated with higher or 
lower background brightness. 

3.14.3 Presentation of Data. The luminance of each 
bar is plotted against the modulation level expressed as 
a percentage of the blanking level to peak white ampli-
tude. 8.3 per cent on the abscissa corresponds to black 
level ( 70 per cent of the peak-synchronizing amplitude) 
and 100 per cent corresponds to reference white level 
(15 per cent of the peak-synchronizing amplitude). 
Logarithmic scales are used. See Fig. 3.14.3 for typical 
data. 
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Fig. 3.14.3—Luminance transfer characteristic. 

3.15 Interlace 

The quality of the interlace is described by the ratio 
of the distances between one scanning line and the two 
lines adjacent to it which belong to the interlaced field, 
each expressed as a percentage of the distance between 
two consecutive lines in a single field ( Fig. 3.15). A test 
should be made to determine whether the interlace is 
affected by the vertical hold control, the type of pic-
ture modulation, or other control settings, and the re-
sults noted in the data. 

3.16 Effect of Vertical Synchronizing Pulse on Hori-
zontal Synchronization 

Rotation of the horizontal hold control may produce 
a relative displacement of the upper part of the picture. 
This effect is described by noting the deformation of a 
vertical line, as described by 81 and 82 in Fig. 3.16, as 
the horizontal hold control is rotated through the pull-
in range. The resulting displacements are expressed as 
a percentage of the picture dimensions: 

61 82 
X 100 and — X 100. 

Ii 

Field A { ri.ld B v,:"..-^— *- :::1".j. 

 i.  

O. 40% 

Fig. 3.15- Quality of interlace. 
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Fig. 3.16—Pulling on vertical synchronizing pulses. 

3.17 Effects of Picture Information on Synchronization 

Picture information in the form of large area black-to-
white transitions frequently has adverse effects on syn-
chronization. These effects may be measured by the use 
of a test chart as shown in Fig. 3.17(a). The receiver is 
adjusted as in Section 1.10.5. The resulting displace-
ments [ Fig. 3.17(b)J are expressed as a percentage of 
the picture width: 

d 
Pulling on picture content = — X 100. 

If no displacements result, the synchronizing-signal 
amplitude is reduced until measurable displacements 
occur. The data must include a statement of the reduc-
tion in synchronizing signal used. 
Other test charts than the one shown in Fig. 3.17(a) 

may be used to advantage. For example, the polarity 
of Fig. 3.17(a) may be reversed, or the relative black 
and white areas varied. Due to the subjective nature 
of these data, the results are best reported as a side-by-
side comparison, rather than as absolute data. 
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(a) 

(b) 

Fig. 3.17—Effects of picture on synchronization. 
(a) Test chart. (b) Typical results. 

3.18 Subjective Examination of Picture Quality 

Degradations of picture quality which are not de-
scribed by the tests specified in this standard may be de-
tected by subjectively examining the picture over a 
wide range of operating conditions. Particular emphasis 
should be given to the effect of variations in the set-
tings of the receiver controls. 
The following types of degradation should be looked 

for: 
a) Luminance irregularities due to extraneous sig-

nals at the picture device control electrode, scanning 
velocity variation, or fold-over. 

b) Interference generated internally such as extra-
neous oscillations in the deflection system (Barkhausen 
or other retarding field oscillations), shock excitation 
of incidental resonant circuits by sudden start or cessa-
tion of deflection currents, or crosstalk of sound into 
the picture. 

c) Unstable synchronization, characterized as jump-
ing, jittering, rolling, etc. 
The above conditions can frequently be described 

best by a photograph of the phenomenon. When this is 
not possible, a subjective description of the extent, di-
rection, size, shape, frequency and seriousness of the 
fault should be given. 

Chapter 4—Sensitivity, Picture 

4.1 Picture Sensitivity 

The sensitivity of the picture channel may be limited 
either by the available gain or by internal (thermal-
agitation) noise originating principally in the tuner. 

The "nominal sensitivity" and the "peak sensitivity" 
describe the extent to which the receiver performance is 
limited by the available gain. The "noise factor" is a 
measure of the internal receiver noise. 
The nominal sensitivity (Section 4.2) is a measure 

of the receiver gain when the receiver is tuned normally 
to produce the nominal picture carrier intermediate fre-
quency. 
The peak sensitivity (Section 4.3) is a measure of the 

receiver gain when the receiver is retuned so that it has 
maximum gain at the picture carrier frequency. The 
sound channel performance and the adjacent-channel 
selectivity under this retuned condition are dependent 
upon the required amount of retuning of the local oscil-
lator and the amount of shift in the IF amplifier selec-
tivity as a function of AGC voltage. 

In actual use, the receiver may be tuned to achieve 
a compromise between picture sensitivity, sound sensi-
tivity and adjacent-channel rejection, depending on lo-
cal conditions. This yields an effective value of receiver 
sensitivity which depends upon how closely the nomi-
nal sensitivity approaches the peak sensitivity. 

In addition to gain and internal receiver noise, the 
effective receiver sensitivity is influenced by other char-
acteristics such as weak-signal IF selectivity, transient 
response, gamma, contrast, luminance, screen per-
sistence, clipping levels, and synchronizing performance. 

4.2 Nominal Picture Sensitivity 

4.2.1 Definition. The nominal picture sensitivity is 
the lowest input signal which results in standard pic-
ture test output when the receiver is tuned to produce 
the nominal picture intermediate frequency (Section 
1.10.5.2). 

4.2.2 Method of Measurement. The picture signal gen-
erator is connected to the receiver as described in Sec-
tion 1.7. Standard white-pattern modulation (Section 
1.5.2) is used. The receiver is tuned to produce the 
nominal intermediate frequency (Section 1.10.5.2) and 
the receiver controls are adjusted for maximum sensi-
tivity. 
The input signal is increased until the standard pic-

ture test output (Section 1.8) is obtained. This value is 
the nominal picture sensitivity. 

If the video output is obscured by noise, sufficient fil-
tering should be added so that the blanking level and 
peak white are delineated. 
Where a television signal generator is not available, 

a 30 per cent sine-wave modulated signal (Section 
1.5.1) can be used. This alternative procedure requires 
that the normal AGC voltage which would be produced 
by standard white-pattern modulation be simulated. A 
low-pass filter is used to reject thermal noise, and the 
input level is adjusted to produce standard test output. 

4.2.3 Presentation of Data. The sensitivity is meas-
ured on the channels of interest and the results ex-
pressed in microvolts or in decibels below 1 volt. 

4.3 Peak Picture Sensitivity 

4.3.1 Definition. The peak picture sensitivity is the 
lowest input signal which results in standard picture 
test output when the receiver is tuned for maximum 
picture output. 
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4.3.2 Method of Measurement. The procedure is the 
same as in Section 4.2.2 except that the receiver is de-
tuned the minimum amount required to produce peak 
output in the vicinity of the normal tuning position; if 
the output continues to increase as the receiver is de-
tuned from the normal setting (as defined in Section 
1.10.5.2), the peak sensitivity is measured with the re-
ceiver tuned so that the intermediate frequency pro-
duced is 1.5 mc lower than the nominal value. 

4.3.3 Sound Sensitivity. The peak sound sensitivity, 
as described in Chapter 8, is measured for the same re-
ceiver tuning used in measuring the peak picture sensi-
tivity. 

4.4 Noise-Limited Sensitivity—Noise Factor 

4.4.1 Introduction. Provided a receiver has sufficient 
gain, its usable sensitivity is primarily limited by its 
noise factor.' The noise factor is a significant and repro-
ducible measure of the noise performance of the input 
portion of the receiver, as compared with that of an 
ideal noise-free receiver. Other factors influence the 
noise-limited sensitivity as described in Section 4.1. 

4.4.2 Definition of " Noise Factor (Noise Figure), Aver-
age. Of a linear system, the ratio of ( 1) the total noise 
power delivered by the system into its output termi-
nation when the noise temperature of its input termi-
nation is standard (290°K) at all frequencies, to ( 2) the 
portion thereof engendered by the input termination. 
For heterodyne systems, portion ( 2) includes only that 
noise from the input termination which appears in the 
output via the principal frequency transformation of 
the system and does not include spurious contributions 
such as those from image-frequency transformations."' 

4.4.3 Method of Measurement. A random noise gen-
erator, which usually consists of a temperature-limited 
thermionic diode, is employed as a calibrated source of 
random noise. This noise generator is matched to the 
nominal 300-ohm input impedance of the receiver. 

In order to compare the receiver noise with that of 
an ideal receiver, the receiver detector is linearized by 
injecting an auxiliary unmodulated signal at either the 
signal or the intermediate frequency. The noise factor 
is then determined by noting the amount of noise which 
must be added by the noise generator to produce a 
3-db increase in the noise measured at the detector out-
put. 
The detailed measurement procedure is given below: 
a) The test equipment is connected to the receiver. 
b) The receiver is tuned as described in Section 4.3 

for measuring peak picture sensitivity. 
c) The AGC voltage applied to the first amplifier in 

the receiver is replaced by a fixed bias equal to that 
existing at the amplifier when the input is connected to 
a standard dummy antenna, with no applied signal. An 

6 This definition is from 57 IRE 7. S2 "Standards on Electron 
Tubes: Definitions of Terms, 1957," vol. 45, pp. 983-1010; July, 1957. 

6 53 IRE 7. SI "Standards on Electron Devices: Methods of Meas-
uring Noise," PROC. IRE, vol. 41, p. 896; July, 1953. 

adjustable bias source is connected to replace the AGC 
voltages on the later IF amplifier stages. The AGC 
voltages normally developed in the receiver should be 
rendered completely ineffective. 

d) The waveform at the output of the video detec-
tor is examined with an oscilloscope to establish that 
only noise is present (no hum or other signals). If it is 
necessary to disable the vertical or horizontal sweep 
circuits to eliminate interference, the power supply 
should be loaded so that operating conditions of the 
rest of the receiver are normal. 

e) A high-impedance video voltmeter is connected 
across the video-detector output to measure the noise 
output. If an averaging type of meter is used, precau-
tion should be taken that it does not overload on the 
upper part of the scale because of the high ratio of 
peak-to-rms value of the noise voltage. The technique 
outlined in the following steps must be carefully fol-
lowed so that the noise peaks are not clipped in the re-
ceiver itself. To observe whether nonlinearity is pres-
ent, the video-detector output should be monitored on 
the oscilloscope throughout the test. 

Care should be taken that no regeneration is intro-
duced as a result of connecting the video voltmeter and 
the oscilloscope to the output of the detector. 

f) An unmodulated carrier at either signal or IF fre-
quency is coupled loosely into the receiver. The signal 
is tuned to the picture carrier frequency (normally the 
center of the band for this measurement) and its ampli-
tude is increased to the point that just produces maxi-
mum output reading on the video voltmeter. This 
amplitude is the amount required to linearize the de-
tector. The reading on the video voltmeter is then ob-
served. 

g) The noise generator is then turned on and its out-
put increased until the noise output meter reading in-
creases 3 db above that of step f). The noise factor is 
then read from the calibrated noise generator scale. If 
the noise factor for a 3-db increase in receiver noise out-
put is not indicated directly on the instrument, or if 
the noise factor of the receiver is beyond the range of 
the instrument, making it impossible to increase the 
noise output by 3 db, then the following formula for 
the noise factor is applied: 

20/Rn 
NF (in db) = 10 login  

M — 1 

where 

/=dc current through the noise diode, 
R„= noise generator source resistance, 
/1/=relative increase in receiver noise output power. 

h) The effect of spurious responses, principally the 
image response, is usually negligible in television re-
ceivers, provided the image rejection is greater than 
6 db. 

i) The noise factor should be measured as a function 
of input signal level or alternative means should be 
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used to establish that the noise factor for maximum sen-
sitivity conditions is indicative of the signal-to-noise 
ratio at higher signal levels. For example, if shorting 
the AGC bias applied to the tuner improves the signal-

. to-noise ratio, this indicates that the noise factor is 
poorer at the higher signal levels. 

4.4.4 Presentation of Data. The noise factor, for each 
channel measured, is given in decibels. A statement of 
whether the signal-to-noise ratio is degraded by the 
AGC voltage is included [see Section 4.4.3 (i)]. 

4.5 AGC Characteristic and Figure of Merit 

4.5.1 Definition. 
4.5.1.1 AGC characteristic. The AGC characteris-

tic describes the dependence of the picture output and 
the sound output levels on the input signal. 

4.5.1.2 AGC figure of merit. The picture AGC figure 
of merit is the number of decibels reduction of the in-
put signal, below 100,000 my, required to reduce the 
picture output voltage by 10 db. The sound AGC figure 
of merit is defined in the same manner. 

4.5.2 Method of Measurement. The picture and sound 
signal generators are connected to the receiver as de-
scribed in Section 1.7. Standard white-pattern picture 
modulation (Section 1.5.2) is used. The sound carrier is 
modulated 30 per cent at 400 cps. The picture-to-sound 
carrier ratio is unity. 
The receiver is tuned to produce the nominal inter-

mediate frequency (Section 1.10.5.2), and the contrast 
• and volume controls adjusted for standard test output 

with an input signal of 100,000 µv. The input signal is 
then varied from 10 1.4v to 2 volts (if available), with-

. out altering the controls, and the picture and sound out-
puts measured as a function of the input level. The 
Measurement is repeated with the controls adjusted for 
standard test output with input signals of 10,000 and 
1000 1.tv, as in Fig. 4.5.3.1. 

If the video output is obscured by noise, sufficient 
filtering should be added so that the blanking level and 
peak white are delineated. 

If the receiver has a " local-distance" sensitivity switch, 
its position should be noted. If the sensitivity or con-
trast controls significantly influence the operation of the 
AGC circuit, the measurement should be repeated for 
appropriate settings of the controls. 

4.5.3 Presentation of Data. 
4.5.3.1 AGC characteristics. This is plotted as in 

Fig. 4.5.3.1 for picture and, sound outputs. 
4.5.3.2 AGC figure of merit. This is noted as in 

Fig. 4.5.3.1 for both the picture anà sound outputs. 

4.6 Maximum Usable Input Signal 

4.6.1 Definition. The maximum usable input signal is 
the highest level of input signal for which the receiver 
gives acceptable performance under specified condi-
tions. 

4.6.2 Method of Measurement. The same test condi-
tions are used as in Section 4.5.2. 
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Fig. 4.5.3.1—AGC characteristics for the picture 
and sound channels. 

1) The input level is gradually increased and the re-
ceiver controls and switches are adjusted to maintain 
optimum performance. The highest input signal level 
for which the performance remains acceptable is noted. 

2) The measurement is repeated to find the highest 
input signal level which will just cause the receiver to 
operate abnormally (e.g., "lock-out" by AGC blocking) 
when the channel selector is switched, or when the re-
ceiver power is turned on with the input signal applied. 

4.6.3 Presentation of Data. The lowest of the values 
determined in the preceding three tests is recorded 
with a description of the effect which causes impaired 
performance. 

4.7 AGC Speed 

4.7.1 Definition. Amplitude modulation of the com-
posite input signal (airplane flutter) produces ampli-
tude modulation at the picture tube to a degree which 
depends upon the characteristics of the AGC circuit. 
The AGC speed is described by a plot of the residual 
amplitude modulation at the picture tube against the 
frequency of the amplitude modulation, the per cent 
modulation of the input signal being maintained at 30 
per cent. The AGC speed figure of merit is the frequency 
at which the per cent modulation of the signal at the 
picture tube is reduced from 30 per cent to 10 per cent. 

4.7.2 Method of Measurement. The picture signal gen-
erator is connected to the receiver through an auxiliary 
RF amplifier, the gain of which can be varied by the ap-
plication of a sine wave. The percentage modulation is 
maintained at 30 per cent, while the frequency of modu-
lation is varied from a few cps to several hundred cps. 
Standard white-pattern modulation (Section 1.5.2) is 
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used. The receiver is tuned to produce the nominal in-
termediate frequency (Section 1.10.5) and the receiver 
controls are adjusted for standard test output. 
The detector output is observed on an oscilloscope. 

At each frequency of modulation, the percentage ampli-
tude modulation at the detector output is recorded. 
The test is performed at an input level of 32001.tv and 

100,000 1.tv. If the reduction in amplitude modulation 
percentage is observed to depend significantly on the 
contrast or AGC controls, the tests are repeated with 
representative settings of these controls. 

4.7.3 Presentation of Data. The amplitude modula-
tion at the picture tube input is plotted against the fre-
quency of the modulation. The AGC speed figure of 
merit is noted on the curve. 

Chapter 5—Interference, Picture 

5.1 Introduction 

Interfering signals which affect the picture may be 
generated externally or may be generated by the re-
ceiver itself. These undesired signals may enter the 
receiver through the antenna, the power line, and in 
some cases, may be picked up directly by the circuit 
components. 
The receiver selectivity characteristics (Section 5.2) 

indicate the susceptibility of the receiver to undesired 
signals whose principal path includes the antenna. 

Internally generated interference (Section 5.3) can 
best be measured by observation of the reproduced pic-
ture under conditions of controlled input signals. 

Separate tests are included for compatibility with 
color signals (Section 5.4) and the effects of impulse-
noise interference (Section 5.5). 

5.2 Selectivity Characteristics 

5.2.1 Combined Radio- Frequency and Intermediate-
Frequency Selectivity Characteristic. 

5.2.1.1. Definition. The combined radio-frequency 
and intermediate-frequency selectivity characteristic is 
a measure of the relative gain vs frequency from an-
tenna to video detector. 

5.2.1.2 Method of measurement. It is desirable to 
take data under various conditions of receiver gain in 
order to show possible effects of regeneration and cir-
cuit detuning. Since the automatic gain-control circuits 
are disabled for this measurement, the desired receiver 
gain conditions are selected initially and the corre-
sponding RF and I F gain-control voltages are measured. 
The following conditions of receiver gain are suggested: 

a) Gain at nominal sensitivity level (Section 4.2.1). 
b) Gain with input signal 20 db above nominal sen-

sitivity level. 
c) Gain at standard mean-signal level. 
The procedure described in Section 4.2.2 is followed 

and the RF and IF gain-control voltages are measured 
and recorded for the picture carrier input levels re-
ferred to in a), b), and c) above. 
The picture carrier modulation is then changed to 

30 per cent 400-cps modulation. The gain-control cir-
cuits are disabled and RF and IF biases, as determined 
in the previous measurement at the nominal sensitivity 
level, are provided from an external source such as a 
battery. The contrast control remains at its maximum 
setting for the remainder of the measurements. 
The signal generator, with just enough output to give 

a readable indication at the picture tube, is varied in 
frequency over the pass band and set at the trap fre-
quency of highest attenuation. At this frequency, the 
signal generator output is adjusted to give a selected 
reference level at the picture tube. This reference level 
should be as high as possible without encountering over-
load. 
The output indicating device may be an oscillo-

scope or a voltmeter. A 400-cps band-pass filter will pre-
vent thermal noise or hum from affecting the readings. 
The signal generator frequency is then varied over 

the pass band of the receiver and data are taken at 
enough points to define the selectivity characteristic. 
At each frequency of measurement, the input level is ad-
justed to give the previously selected reference output 
at the picture tube and this input level is recorded. 

This procedure is repeated for the receiver gain con-
ditions of b) and c) above with the gain-control biases 
adjusted to the appropriate values. The same reference 
output level is used for the three sets of measurements. 
When making the measurements at reduced receiver 
gain, it may not be possible to obtain data at the trap 
frequencies due to overload of the RF or IF circuits. 

Because the selectivity is normally measured at an 
abnormally low detector level to prevent overload, it 
is desirable to make an additional test to determine 
whether the response in the pass band changes signifi-
cantly with detector level. 
The selectivity characteristic should be measured on 

at least one of the standard VHF and one of the stand-
ard UHF test channels (Section 1.3). 

5.2.1.3 Presentation of data. The combined radio-
frequency and intermediate-frequency selectivity char-
acteristic of the receiver is plotted as in Fig. 5.2.1.3. 
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Fig. 5.2.1.3—Typical RF-IF selectivity characteristic. 
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5.2.2 Intermediate- Frequency Selectivity Characteristic. 
5.2.2.1 Definition. The intermediate-frequency se-

lectivity characteristic is a measure of the selectivity of 
the receiver circuits from the converter input to the 
video detector. 

5.2.2.2 Method of measurement. The procedure of 
Section 5.2.1.2 is repeated with the signal generator 
tuned to the intermediate-frequency range and con-
nected to the converter input instead of to the antenna. 
Measurements are made for the same receiver gain con-
ditions as in Section 5.2.1.2 and the same reference out-
put level is used. 

Precautions must be taken to prevent feedback as a 
result of the signal generator connection. 

5.2.2.3 Presentation of data. The intermediate-fre-
quency selectivity is plotted as in Fig. 5.2.1.3 with the 
appropriate change in the frequency scale. 

5.2.3 Rejection of Predictable Off- Channel Signals. 
5.2.3.1 Introduction. A television receiver, tuned 

properly to a desired channel, is subject to interference 
from a number of specific signals having predictable 
frequencies. Interference from these signals occurs often 
enough to warrant individual measurements of the abil-
ity of the receiver to reject these specific frequencies. 
The following measurements are usually made: 

1) Lower-Adjacent-Channel Sound-Carrier Rejec-
tion Ratio 

2) Upper-Adjacent-Channel Picture-Carrier Rejec-
tion Ratio 

3) Accompanying-Sound-Carrier Rejection Ratio 
4) Intermediate-Frequency Rejection Ratio 
5) Image Rejection Ratio. 
The rejection ratios are ratios of the over-all gain of 

the receiver at the desired picture carrier frequency to 
that at the interfering signal frequency of interest. 

5.2.3.2 Method of measurement. The test conditions 
for these measurements are the same as those described 
in Section 5.2.1.2 except that here the relative gain of 
the receiver is measured at the picture carrier frequency 
and at the interfering signal frequency of interest only 
(as enumerated in Section 5.2.3.1). 

In the case of intermediate-frequency and image re-
jection ratios, the measurements of gain are made at 
the frequencies within the intermediate- and image-fre-
quency ranges which produce the greatest receiver out-
put. 
The intermediate-frequency rejection ratio is usually 

made for both balanced and unbalanced signal input 
conditions as follows: 

Balanced Input. The signal generator is connected to 
the receiver through the standard dummy antenna (Sec-
tion 1.7). 

Unbalanced Input. The intermediate-frequency signal 
is applied unbalanced to the receiver antenna terminals 
as shown in Fig. 5.2.3.2. However, the desired picture 
carrier signal is applied balanced through the standard 
dummy antenna. The unbalanced input voltage is the 
voltage across the resistor at the output of the resistive 
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Fig. 5.2.3.2—Connections for unbalanced intermediate-frequency 
interference ratio measurement. 

pad. When making the unbalanced connection, one 
should connect the generator ground terminal to a re-
ceiver ground terminal which is as near as possible to 
the antenna connections to the tuner. 
These rejection ratio measurements are normally 

made at the receiver gain setting corresponding to 
nominal sensitivity level. 
The measurements should be made on at least one of 

the standard VHF and one of the standard UHF test 
frequencies. 

5.2.3.3 Presentation of data. The ratio of the input 
signal level at the interfering frequency of interest to 
that at the desired picture carrier frequency is expressed 
in decibels. 

5.2.4 Spurious Responses. 
5.2.4.1 Introduction. In addition to the interfering 

signals described in Section 5.2.3, there are other fre-
quencies at which interfering responses may occur. Spur-
ious responses can be caused if external signals or one 
of their harmonics in combination with the receiver 
local-oscillator frequency or one of its harmonics pro-
duce an interfering signal in the intermediate-frequency 
pass band. Spurious responses may also be caused by 
cross modulation. 

Because of the extreme frequency range involved, it 
is generally impractical to test for all possible spurious 
responses. The test described in Section 5.2.4.2 specifies 
a limited frequency range which is adequate to cover 
most of the possibilities likely to be encountered. 

In general, the interfering signals existing at the 
lower end of the frequency range specified in Section 
5.2.4.2 will appear as unbalanced signals at the receiver 
input terminals, while those at the higher end appear as 
balanced signals. Because the balanced or unbalanced 
signal condition is a function of many unpredictable 
factors, the test specifies that measurements be made 
for both conditions. 

5.2.4.2 Method of measurement. For this test a signal 

source capable of supplying a harmonic-free interfering 
signal output from 10 lav to at least 2.0 volts is required. 
This source should cover the frequency range of 0.5 to 
1000 mc. To fulfill these requirements, more than one 
generator may be necessary, and low-pass filters may 
be required to attenuate harmonics. 
The interfering signal generator and the picture and 

sound signal generator are applied to the receiver in 
balanced connection through the dummy antenna de-
scribed in Section 1.7.3. The resolution chart is applied 
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as modulation to the picture signal generator, standard 
sound modulation is applied to the sound generator, 
and the interfering signal generator is amplitude-modu-
lated 30 per cent at 1000 cycles. The picture and sound 
signal generators are adjusted for an input approxi-
mately 10 db above the nominal sensitivity input (Sec-
tion 4.2), the receiver is adjusted for normal operation, 
and the interfering signal generator is set at maximum 
output. 
The frequency of the interfering signal is varied over 

the range from 0.5 to 1000 mc while the picture is under 
observation. Any interference to either picture or sound 
should be noted together with the frequency at which it 
occurs. If any interference is noted, the interfering sig-
nal level at that frequency is reduced until the interfer-
ence is just perceptible and this signal level is noted. 
The test should be repeated with the picture and 

sound signal input 10 db below the maximum usable in-
put level (Section 4.6). 
These tests should be repeated with the interfering 

signal applied in the unbalanced connection, as shown 
in Fig. 5.2.4.2. 
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Fig. 5.2.4.2—Generator connections for unbalanced-input 
spurious-response measurement. 

5.2.4.3 Presentation of data. The ratio between the 
interfering and desired signals in decibels is tabulated 
where the interference for the condition is just percepti-
ble. The frequency of the interfering signal, the channel 
to which the receiver is tuned, the level of the desired 
signal, and the type of interference are noted. 

5.3 Internally Generated Interference 

5.3.1 Radio- Frequency and Intermediate- Frequency 
Harmonic Interference. 

5.3.1.1 Definition. 1) In a television receiver tuned 
to accept an RF signal which is a harmonic of the inter-
mediate frequency, the harmonics generated by the IF 
amplifier may be of sufficient amplitude to be reampli-
fied by the tuner and mixed with the desired RF signal. 
A beatnote having a frequency equal to the difference 
between the desired RF carrier and the IF harmonic is 
produced. If this beat frequency lies within the receiver 
video pass band, it can be observed on the picture tube 
screen. This is intermediate-frequency harmonic inter-

ference, sometimes referred to as "tweets," and is usu-
ally more troublesome with weak input signals. 

2) Picture interference may also be caused by har-
monics of the desired input signal mixing with har-
monics of the local oscillator and producing signals that 
fall within the intermediate-frequency pass band of the 
receiver. This interference is more likely to appear with 
strong input signals. 

5.3.1.2 Method of measurement. The picture and 
sound carrier generators are connected through the 
standard dummy antenna to the receiver. The picture 
modulation consists of standard white-pattern modula-
tion and the sound generator is unmodulated. The re-
ceiver is adjusted for normal operation. 

Observations are made on an oscilloscope connected 
to the picture tube input. The signal input levels are 
varied from 10 1.4.v to the maximum usable signal input 
level (Section 4.6), and the input level and receiver tun-
ing for the most objectionable interference within the 
usable (neglecting the tweet) picture range are noted. At 
this level, the peak-to-peak beat output during the pic-
ture interval and the blanking level to peak white ampli-
tude are measured. 

5.3.1.3 Presentation of data. The peak-to-peak beat 
output is expressed as a percentage of the blanking level 
to peak white output and recorded with the input signal 
level for the channels of interest. Where a subjective 
evaluation is necessary, a description of the percepti-
bility of the beat and the effect of receiver tuning should 
be included with the pertinent test conditions. 

5.3.2 Sound into Picture 
5.3.2.1 Definition. This type of interference is a re-

sult of either the coupling of the sound modulation or 
4.5-mc intercarrier signal from the sound channel cir-
cuitry to the video circuitry, or intermodulation be-
tween sound and picture carriers in the RF or IF cir-

cuits. The result is an undesired pattern on the picture 
tube screen. 

5.3.2.2 Method of measurement. The sound and pic-
ture signal generators, at standard mean-signal input, 
are connected to the input of the receiver (Section 1.7.3). 
The receiver is tuned and adjusted for normal operation 
(Section 1.10.5). White-pattern modulation (Section 
1.5.2) is applied to the picture carrier generator and 100-
cps modulation is applied to the sound carrier generator 
at maximum system deviation. The receiver volume 
control is adjusted for standard test output (Section 
1.9). The speaker should be electrically connected to 
the receiver and in its normal position with respect to 
the receiver chassis. The signal source must be free of 
cross modulation between picture and sound signals. 
The sound-to-picture carrier ratio is then increased 

from unity, maintaining the picture carrier constant, 
until 100-cps bars are just perceptible on the picture 
tube screen and the corresponding value of sound-to-
picture carrier ratio is recorded. 
The test should be repeated with sound modulation 

removed, and the sound-to-picture carrier ratio in-
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10 

,or 

creased until the effect of the sound carrier becomes vis-
ible in the form of a fine-grain 4.5-mc beat pattern. The 
corresponding sound-to-picture carrier ratio is recorded. 
The preceding tests should be repeated at maximum 

usable input signal to detect cross- modulation effects. 
With unity sound-to-picture carrier ratio at standard 

mean-signal level, the volume control is advanced until 
interference is again observed. The power output at 
which this occurs is noted. 

5.3.2.3 Presentation of data. The sound-to-picture 
carrier ratio in decibels which results in just perceptible 
interference, together with the picture carrier level, is 
tabulated for the tests described in Section 5.3.2.2. The 
sound power output corresponding to just perceptible 
interference is also noted. 

5.3.3 Interference from Horizontal Deflection Circuits. 
5.3.3.1 Introduction. This interference is usually 

caused by bursts of RF energy generated in the hori-
zontal deflection system and coupled into the signal cir-
cuits at either the incoming signal frequency or inter-
mediate frequency. The visual effects usually consist of 
a vertical bar in the picture or horizontal synchroniza-
tion instability, or both. The interference may appear 
on one or more channels and is usually more severe at 
weak signal input levels. 

5.3.3.2 Method of measurement. The receiver is 
tuned to a channel where the interference is noted. The 
appropriate picture carrier signal with white-pattern 
modulation (Section 1.5.2) is connected to the receiver 
through the dummy antenna, and the receiver is tuned 
normally. The transmission line to the tuner should be 
in its normal position for this measurement since the re-
sults are affected by the location (and the balance) of the 

input system. 
The level of the picture carrier signal is then gradually 

increased until the interference is no longer perceptible. 
This signal level is recorded. The test should be repeated 
for all channels where the interference is noted. 

5.4 Compatibility with Color Signal 

5.4.1 Introduction. The purpose of this test is to de-
termine subjectively whether the monochrome receiver 
under test is capable of receiving a color signal without 
producing undesirable beatnote patterns in the picture. 

5.4.2 Method of Measurement. For this test a labora-
tory-generated color signal is required. The picture and 
sound carrier signals at standard mean-signal level are 
connected to the receiver. Standard sound test modula-
tion is applied to the sound carrier and the picture car-
rier is modulated with video information corresponding 
to a color bar pattern. It is desirable to have full-purity 
(or "saturated") color bars corresponding to each of the 
primary colors as well as the complementary colors, and 
in addition one white bar. The white bar is transmitted 
as a peak white signal at full intensity, and the color 
bars are transmitted at 75 per cent of their maximum 
possible amplitude in order to avoid over-modulation 
effects on certain colors. These levels are chosen as repre-

sentative of the most severe conditions ordinarily found 
in natural scenes. 
With the receiver controls adjusted for normal opera-

tion, the picture is observed in each of the bar areas for 
the presence of spurious patterns resulting from the 
3.58-mc chrominance signal, or a 920-kc beatnote be-
tween the chrominance signal and the sound carrier. Ef-
fects of variations in the tuning should also be noted. 
The test should be repeated with the sound carrier 

level maintained at twice the picture carrier level. A 
check should be made to determine whether the results 
vary significantly with signal level. 

5.4.3 Presentation of Data. The presence of a 3.58-mc 
or a 920-kc beat should be recorded, together with the 
corresponding input signal conditions. The effect of 
variations in the receiver tuning control should also be 
noted. 

5.5 Impulse Noise Interference Susceptibility 

At present no instrument is available which closely 
simulates the interference generated by automobile igni-
tion systems, vibrators, shavers, and similar sparking 
devices. Lacking such equipment, receiver performance 
under impulse-noise conditions is usually evaluated by 
making comparative performance tests using an actual 
noise source coupled to the receiver input. 
The receiver under test and the comparison receiver 

are placed in a shielded room and connected through a 
dummy-antenna network so as to receive equal signals. 
The noise source is mounted outside the shielded room 
and coupled to the single cable which feeds both receiv-
ers. 
The receivers are adjusted for normal operation using 

standard test-pattern picture modulation and standard 
sound modulation. Initial tests are made at a level 10 db 
above nominal sensitivity level. 
The susceptibility of the receiver is tested by observ-

ing the performance as the interference input level is in-
creased. Observations should be made for the following 
defects: 

a) Disturbance of the luminance during and immedi-
ately after the interfering pulses. Note should be made 
of whether the interference is predominantly black or 
white, the duration of the interference, the presence of 
blocking, and AGC disturbance. 

b) Disturbance of the horizontal synchronization. 
c) Disturbance of the vertical synchronization. 
d) Disturbance of the sound output. 
The relative performance of the receiver under test 

with respect to the comparison receiver is described. 
The observations are repeated at various input signal 
levels and with various types of noise sources. 

Chapter 6—Electrical Fidelity, Picture 

6.1 Introduction 

The electrical fidelity is the over-all response of the re-
ceiver to the electrical variations which make up the sig-
nal present at the picture tube input. This involves two 
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broad characteristics: 
One is the ability of the receiver circuits, as the scan-

ning spot travels horizontally, to reproduce a transition 
representing an abrupt change from black to white (or 
vice versa) and to resolve fine horizontal detail. This 
ability is dependent on the amplitude and phase re-
sponse of the receiver to frequencies above 100 kc. In 
a monochrome receiver the phase response need not be 
measured directly since adequate information may be 
obtained from measurement of the amplitude response 

(Section 6.3) and the step response (Section 6.4). 
The other characteristic is the ability to reproduce 

the electrical variations which correspond to the shad-
ing in the picture. This involves the response to fre-

quencies down to the field repetition rate. The informa-
tion may be obtained by observing the low-frequency 
square-wave response (Section 6.5) at both the field 
rate and the line rate. 

6.2 General Measuring Techniques 

6.2.1 Picture Signal Generator. The signal source for 
measuring the electrical fidelity must have sufficiently 
low distortion so as not to interfere with the receiver 
measurements. In addition to the test modulation, the 
picture carrier should be provided with composite sync 
modulation. This is desirable so that the AGC, sync, 
and dc restorer circuits function normally. If com-
posite sync modulation is not used, these circuits 
should be biased in such a way that the normal picture 
signal response is not distorted. For additional require-
ments of the picture signal generator, refer to Section 
2.1. 

6.2.2 Vestigial-Sideband Filter. To exactly simulate 
the television broadcast transmission characteristic re-
quires the use of a vestigial-sideband filter. However, 
most receivers have sufficient selectivity so that this rel-
atively complex filter can normally be omitted with 
negligible distortion of the amplitude response and the 
step response. 

6.2.3 Standard Envelope-Delay Predistortion Network. 
To simulate television broadcast transmissions, a stand-
ard envelope-delay predistortion network ( Fig. 6.2.3) is 
inserted ahead of the modulation input of the picture 
signal generator. (This network is designed to compen-
sate for the high-frequency phase distortion introduced 
by the relatively sharp cutoff in the picture IF ampli-
fier of color receivers.) 
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Fig. 6.2.3—Response of the standard transmitter envelope-delay 
predistortion network. 

6.2.4 Receiver Input Connections. The output of the 
picture signal generator is supplied to the receiver as 
described in Section 1.7. 

6.2.5 Selection of RF Channel. The measurements are 
normally made on a single channel having a relatively 
flat RF response. 

6.2.6 Receiver Tuning. The receiver must be care-
fully tuned. If the tuning differs from that in Section 
1.10.5.2, the tuning criterion should be described in the 
data. 

6.2.7 Signal Input Level. The standard mean-signal 
input level is used. 

6.2.8 Picture Signal Generator Modulation. The pic-
ture signal generator modulation is specifically de-
scribed for each of the three measurements in Sections 
6.3.2, 6.4.2, and 6.5.2. 

6.2.9 Test Output Level. The nominal test output 
level is the standard picture test output (Section 1.8). 
However, other levels may be used where the modula-
tion percentage or the contrast control has a significant 
effect on the response. 

6.2.10 Adjustment of Receiver Controls. The receiver 
controls are adjusted for normal operation. In each of 
the measurements the effect of the contrast control on 
the response should be observed and, where significant, 
measurements should be repeated for representative 
settings of this control. The brightness control should 
be adjusted for normal operation for each of these con-
trast control settings so that picture tube overload will 
not distort the response. Where overload occurs in the 
video amplifier, it may be necessary to reduce the per-
centage of the picture signal modulation. Deviations 
from the specified measuring conditions should be in-
cluded in the data. 

6.2.11 Oscilloscope Connection. The response at the 
input of the picture tube is observed using a wide-band 
oscilloscope (Section 2.5). A probe having negligibly 
small input capacitance may be used; alternatively, the 
picture tube may be disconnected and its capacitance 
replaced by that of the oscilloscope in such a way as not 
to alter the original response. 

6.3 Amplitude Response 

6.3.1 Definition. The amplitude response is the sine-
wave modulation-frequency response characteristic at 
the picture tube input as a function of the modulation 
frequency. 

6.3.2 _Method of Measurement. The picture signal gen-
erator is modulated with a composite sync signal and a 
sine-wave picture signal as shown in Fig. 6.3.2. The 
sine-wave modulation frequency is varied between 100 
kc and 4.5 mc while maintaining the modulation con-
stant at the level where the peaks of the sine waves cor-
respond to 15 per cent and 70 per cent of the synchro-
nizing signal peaks. A video sweep generator may be 
used for this modulation. 
The receiver contrast control is adjusted for stand-

ard picture test output at the input of the picture tube 
for the lowest modulation frequency ( 100 kc). Where 
contrast control settings have a significant effect on the 
response, the response should be measured at several 
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Fig. 6.3.2—Sine-wave picture signal used for measuring the ampli-
tude response. (a) Picture-tube signal. (b) Modulated RF picture 
signal. 

representative settings, observing the precautions of 
Section 6.2.10. 
The amplitude response may be dependent on the 

percentage modulation of the sine-wave picture signal. 
If the response is observed to change significantly as the 
percentage modulation is reduced, the measurement 
should be repeated with the modulation of the sine-
wave envelope reduced by 6 db. 

6.3.3 Presentation of Data. The amplitude of the sine 
wave at the input to the picture tube is plotted as a 
function of the modulation frequency as shown in Fig. 
6.3.3. 

6.4 Step Response 

6.4.1 Definition. The step response is the waveform 
measured at the picture tube input when the picture 
modulation is a rectangular pulse having sufficient 
duration for steady-state to be reached. 

6.4.2 Method of Measurement. The standard picture 
signal generator is modulated with a rectangular pulse 
and composite sync [Fig. 6.4.2(a)]. The rectangular 
pulse is synchronized to the line scanning frequency and 
phased so as to produce a black vertical bar. The step 
response is described by the waveform at the picture 
tube input corresponding to the black-to-white and 
white-to-black transitions. This contains the desired in-
formation on rise time, overshoot, ringing, smear, etc., 
as defined by Fig. 6.4.2(b). (This differs considerably 
from a typical receiver response.) 
The step response may be dependent on the percent-

age modulation. If the response is observed to change 
significantly as the percentage modulation is reduced, 
the measurement should be repeated with the modula-
tion reduced by 6 db. 
When the contrast control is observed to have a sig-

nificant effect on the step response, the measurement 
should be repeated for representative settings of the 
contrast control. 
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Fig. 6.3.3—Over-all receiver amplitude response. 
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Fig. 6.4.2—(a) Rectangular pulse modulation for step-response meas-
urement. (b) Nomenclature for specification of high-frequency 
square wave ( response shown is that of ideal band-pass filter 
with rectangular cutoff). 

6.5 Low- Frequency Square- Wave Response 

6.5.1 Definition. The low-frequency square-wave re-
sponse is the waveform produced at the picture tube in-
put, at the field rate and the line rate, when the input 
signal modulation corresponds to a pattern the lower 
half of which is black and the upper half white. 

6.5.2 Method of Measurement. The picture signal 
generator is modulated with white at 15 per cent and 
black at 70 per cent of the peak of sync. The waveform 
at the picture tube input and the level shift are observed 
as in Fig. 6.5.2. 

Frequently measurement of the low-frequency 
square-wave response is complicated by the presence of 
other low-frequency voltage components at both the 
grid and cathode of the picture tube, including blank-
ing components. In such instances, the resultant output 
waveforms must be determined with due consideration 
for these components. 
Hum voltages associated with the power supply may 

lead to errors in the measurements. These can be identi-
fied by operating the receiver from a supply which is 
asynchronous with the field frequency. 

6.5.3 Presentation of Data. The low-frequency square-
wave responses, including the white-level shift, are 
shown as in Fig. 6.5.2(a) for the vertical rate, and 
Fig. 6.5.2(b) for the horizontal rate. Significant power 
supply hum components should be noted. 
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Fig. 6.5.2—(a) White-picture level shift during the field period, 
and (b) same but during the line period. 

6.6 Electrical Transfer Characteristic 

The•electrical transfer characteristic may be plotted 
following a procedure similar to that described in Sec-
tion 3.14 for measuring the luminance transfer charac-
teristic. 

Chapter 7—Stability 

7.1 Stability of Local Oscillator 

7.1.1 Introduction. These tests are designed to show 
variations in the frequency of the local oscillator of a 
television receiver resulting from receiver warm-up and 
changes in line voltage and signal input level. 

7.1.2 Warm-up Drift. 
7.1.2.1 Introduction. The local-oscillator frequency 

usually varies with time for a period following receiver 
turn-on because of slight changes in component values 
and tube characteristics with rising temperatures. 
Ideally, this test is made under controlled humidity 
conditions and a statement of the existing humidity is 
included with the test data. 

7.1.2.2 Method of measurement. Local-oscillator 
frequency drift can be measured by measuring the vari-
ation of the intermediate frequency produced in the re-
ceiver when receiving a stable RF signal. If a suitable 
frequency counter is available, the intermediate fre-
quency is measured directly at the output of the IF 
amplifier. 

Lacking a frequency counter, the measurement may 
be made by injecting a signal into the IF amplifier from 
a stable signal generator covering the intermediate-
frequency range. The beatnote produced is monitored 
at the picture tube and measurements are made by read-
ing the signal generator frequency required to maintain 
zero-beat output. 
The RF picture signal is applied at standard mean-

signal input on one of the standard test frequencies. 
The receiver is turned on and the fine tuning control 

is quickly adjusted to place the produced IF signal at 
the nominal picture intermediate frequency of the re-
ceiver. In taking the succeeding measurements of local-
oscillator drift with time, the fine tuning control is left 
untouched. 

Frequency readings should be started at one minute 
after turning on the receiver and continued at suitable 
intervals until the frequency is stabilized. 
The test should be repeated for all channels of inter-

est, always allowing sufficient time for the receiver to 
cool off completely. 

7.1.2.3 Presentation of data. Curves of local-oscilla-
tor frequency drift with time are plotted as in Fig. 
7.1.2.3. 
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Fig. 7.1.2.3—Local-oscillator warm-up frequency drift characteristic. 

7.1.3 Drift with Line- Voltage Variation. 
7.1.3.1 Method of measurement. The procedure used 

to measure drift with line-voltage variation is similar 
to that described in Section 7.1.2.2. Before this test is 
begun, however, the receiver should have been in oper-
ation long enough to reach temperature stability as de-
termined in Section 7.1.2.2. The fine tuning control is 
adjusted to produce the nominal oscillator frequency at 
a line voltage of 117 volts. 
The deviation from nominal oscillator frequency is 

read as the line voltage is varied in 5-volt steps from 105 
to 130 volts. Allowance of approximately half a minute 
should be made after shifting the line voltage so that 
the cathode temperature stabilizes. 
The test should be repeated for all channels of inter-

est. 
7.1.3.2 Presentation of data. Curves of frequency 

drift vs line voltage are plotted as in Fig. 7.1.3.2. 
7.1.4 Drift with Variation in Signal Input Level. 

7.1.4.1 Introduction. Variations in signal input 
level may affect the oscillator frequency indirectly by 
way of the automatic-gain-control circuit. Because of 
the internal power-supply impedance, variations in 
AGC voltage may significantly change the dc voltage 
applied to the oscillator circuit. 

7.1.4.2 Method of measurement. The measurement 
procedure used is similar to that described in Section 
7.1.2.2 except that the receiver should have reached 
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Fig. 7.1.3.2—Local-oscillator frequency drift with 
line-voltage variation. 

ISO 

temperature stability before readings are taken. The 
fine tuning control is adjusted to produce the nominal 
oscillator frequency at a line voltage of 117 volts. 

Readings of deviations from nominal oscillator fre-
quency are made as the signal input level is varied 
from 10 Ay to 1 volt. 

7.1.4.3 Presentation of data. Curves of local oscil-
lator frequency drift vs signal input level are plotted 
as in Fig. 7.1.4.3. 

7.2 Stability of Deflection Synchronization 

7.2.1 Range of Hold Controls. 
7.2.1.1 Introduction. It is necessary in the case of 

automatic-frequency-controlled oscillators to differ-
entiate between pull-in range and hold-in range. Hold-
in range is the range of applied frequencies over which 
the oscillator will hold synchronism once it is synchro-
nized. Pull-in range is the range of applied frequencies 
over which the oscillator will pull into synchronism as 
the signal is initially applied. The hold-in range is 
greater than the pull-in range. Operation of scanning 
systems beyond the pull- in range but within the hold-
in range is normally not satisfactory, since any mo-
mentary interruption in the signal will cause the re-
ceiver to lose synchronism. Pull-in range is, therefore, 
the important factor. 

With vertical synchronizing circuits, which are 
usually triggered, the hold-in and pull-in ranges are 
substantially equal. 

7.2.1.2 Method of measurement. For pull-in range 
measurements, the picture carrier with white-pattern 
modulation (Section 1.5.2) is applied through the stand-
ard dummy antenna to the receiver. The receiver is 
tuned as described in Section 1.10.5.2. Measurements 
are made at nominal picture sensitivity level (Section 
4.2), standard mean-signal input level, and maximum 
usable signal level (Section 4.6). The contrast control 
is set for standard picture test output. 

7.2.1.2.1 Horizontal pull- in range. The horizontal 
hold control is used to throw the receiver out of hori-
zontal synchronism and then is slowly returned to the 
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Fig. 7.1.4.3—Local-oscillator frequency drift with 
signal-input level variation. 
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position where the picture just returns to synchroniza-
tion. The frequency of the scanning oscillator, just be-
fore pull- in occurs, is measured. This measurement is 
made with the hold control moving in from both sides 
of center frequency, and the difference of these two fre-
quencies is the horizontal pull-in range. 

7.2.1.2.2 Vertical pull-in range. The vertical hold 
control is used to throw the receiver out of vertical syn-
chronism, and then returned slowly to the position 
where the picture just returns to synchronization. The 
synchronizing voltage is then removed from the verti-
cal oscillator, permitting it to free-run, and the fre-
quency of the vertical oscillator is measured. The meas-
urement should be repeated for the other setting of 
the hold control where synchronization just takes hold. 
When removing the synchronizing voltage care must 
be taken that the frequency-determining circuits of the 
oscillator are not affected. 

7.2.1.3 Presentation of data. The frequency differ-
ence between the two extremities of the pull-in range is 
tabulated for the horizontal and vertical pull-in meas-
urements together with the signal input level at which 
the measurement is made. 

7.2.2 Scanning Oscillator Stability. 
7.2.2.1 Introduction. These stability tests are de-

signed to show variations in the frequencies of the hori-
zontal and vertical scanning oscillators resulting from 
receiver warm-up and variations in line voltage. 

7.2.2.2 Warm-up drift. 
7.2.2.2.1 Method of measurement. For these 

measurements the synchronizing channel of the receiver 
is suitably disabled so as to allow the scanning oscilla-
tors to run free. An RF input signal is not required for 
this test but care should be taken that any stray input 
signals do not change during the measurement. 

Frequency measurements of the horizontal and verti-
cal scanning frequencies are made by means of a fre-
quency counter. Alternatively, oscilloscope Lissajous 
patterns using a calibrated audio-frequency generator 
and loosely coupled signals from the horizontal and 
vertical scanning circuits can be used. These measure-
ments are made for the same time interval described 
in Section 7.1.2.2. 



1148 PROCEEDINGS OF THE IRE June 

7.2.2.2.2 Presentation of data. The horizontal 
and vertical scanning oscillator warm-up drifts are 
plotted as in Fig. 7.1.2.3 with the appropriate changes 
of the frequency scale. 

7.2.2.3 Drift with line-voltage variation. 
7.2.2.3.1 Method of measurement. The procedure 

used to measure scanning oscillator drift with line-
voltage variation is similar to that described in Section 
7.2.2.2.1 except that the frequency readings are taken 
as a function of line voltage. The line voltage is varied 
in 5-volt steps from 105 to 130 volts. 

Before this test is begun, the receiver should have 
reached temperature stability as determined in the 
measurement of Section 7.2.2.2.1. 

7.2.2.3.2 Presentation of data. The horizontal 
and vertical scanning oscillator frequency drifts are 
plotted as in Fig. 7.1.3.2 with appropriate changes of 
the frequency scale. 

7.2.3 Static Phase Accuracy of A FC Loop. 
7.2.3.1 Definition. The static phase accuracy is a 

measure of the change in relative phase between input 
and output of the AFC loop which accompanies a 
change in either input frequency or local-oscillator fre-
quency. 

7.2.3.2 Method of measurement. To measure the 
static phase accuracy, a picture signal generator, modu-
lated with the resolution chart and having an output 
amplitude equal to standard mean-signal input level, is 
applied through the dummy antenna (Section 1.7) to 
the receiver. The receiver is tuned according to Section 
1.10.5. The contrast control is adjusted for standard 
test output. 
The horizontal hold control is moved first clockwise 

and then counterclockwise to the extremes of the pull-
in range as defined in Section 7.2.1. The location of a 
fixed point of the test pattern is observed on the pic-
ture-tube screen and the horizontal displacement of this 
point is measured as the horizontal hold control is 
moved through the pull-in range. The static phase ac-
curacy in degrees per cycle per second is given by 

Observation Point Displacement (inches) X360 (degrees) 

1.15X Trace Width (inches) 

X Pull-InFrequency Range (cps) 

The factor 1.15 in this equation allows for a retrace 
time of 13 per cent. Trace width refers to the length of 
horizontal travel of the forward trace of the electron 
beam. If the scanning width is so great that the picture 
tube is overscanned, the trace width should include 
that portion of the trace which lies beyond the edge of 
the picture tube. 

7.2.4 Phase Step Response of AFC Loop. 
7.2.4.1 Definition. This test is a measure of the re-

sponse of the horizontal AFC loop system to a step of 
input phase. This response is indicative of the system's 
ability to integrate the incoming synchronizing informa-
tion over a given period of time. Systems with the same 

• 

step response will, in general, show comparable per-
formance under the influence of random noise. 

7.2.4.2 Method of measurement. Method 1: The 
horizontal synchronizing signal is phase-modulated at 
the sync generator with a 30-cps square wave synchro-
nized with the sync generator. The receiver is synchro-
nized both horizontally and vertically and is adjusted 
for best linearity. The horizontal hold control is set at 
the center of its pull-in range. A stationary video pulse 
is transmitted during each horizontal line so that a 
vertical white line appears in the center of the picture 
tube screen when the phase modulation is removed 
from the synchronizing signal. With the phase modula-
tion applied, the white line traces the positive and nega-
tive step response of the AFC loop on alternate fields 
as a stationary pattern on the picture tube screen. In 
this display the vertical axis is the time axis and the 
horizontal axis displays the output phase amplitude. A 
special signal generator has been developed for this 
test and is described by Gruen.' In this method, the 
synchronizing signal, but not the video pulse, is phase-
modulated. To insure linear operation of the AFC loop, 
the phase-modulation amplitude should not exceed 
± 30 degrees. 
A typical step response is shown in Fig. 7.2.4.2. Rep-

(b) 

Fig. 7.2.4.2—Typical phase step response of horizontal AFC loop. 

7 W. J. Gruen, "Test generator for horizontal AFC scanning 
system," IRE TRANS. ON BROADCAST AND TELEVISION RECEIVERS, 
vol. PGBTR-5, pp. 36-43; January, 1954. 



1960 IRE Standards on Television 1149 

-• resentative ranges of values of overshoot are 15-25 per 
cent, and of rise time from the start of the transient to 
the first crossover (point A to point B) are 2-4 msec. 
The start of the transient should be smooth as shown 
in the figure; an abrupt change at this point is indica-
tive of direct sync getting into the horizontal oscillator. 
Method 2: If the composite sync generator of the pic-

ture-signal generating equipment is accessible, a 30-
cps square wave may be introduced into the reactance 
tube of the sync generator to obtain the desired phase 
modulation. (The sync generator's 31.5-kc oscillator 
should operate as a locked oscillator controlled by a 
fixed frequency.) With this method, both the video and 
sync signals are phase- modulated. 

7.2.4.3 Presentation of data. The results of this 
measurement consist of photographs of, or plots de-
rived from, the picture-tube screen and will be of the 
form of Fig. 7.2.4.2. 

7.2.5 Interference Affecting Synchronization. Receiv-
ers are tested for vulnerability to impulse-noise inter-
ference as described in Section 5.5. 

It is possible for picture or sound information to af-
fect the synchronization. This is checked by subjecting 
the receiver to a wide range of operating conditions, 
including operation at minimum and maximum con-
trast, high brightness, high sound output, etc. 
Any impairment of synchronization is reported along 

with a description of the test conditions. 

• 

Part III—SOUND SECTION OF THE RECEIVER 

Chapter 8—Sensitivity 

8.1 General 

This section includes procedures for the measurement 
of the over-all performance of the sound channel. Re-
ceivers employing a separate sound IF channel have 
not been produced for some years and therefore are not 
considered. 

In all tests, it is assumed that the input signal con-
sists of both the picture and sound signals, and that the 
ratio of the sound-to-picture carrier is unity, unless 
otherwise specified. The difference frequency between 
the carriers must be maintained accurately at 4.5 mc 
+5 kc. 

All measurements described are on the basis of an 
over-all test. However, particularly in making design 
rather than performance measurements, it is frequently 
advantageous to check the 4.5-mc intercarrier sound 
channel by breaking into the receiver at the video de-
tector output with a 4.5-mc signal. Adequate isolation 
is required in this case to prevent loading and regenera-
tive effects. 

8.2 Sound Sensitivity 

The sensitivity of the sound channel is measured 
under the same conditions as the nominal picture sensi-
tivity (Section 4.2) and the peak picture sensitivity 
(Section 4.3). The corresponding sensitivities for the 

sound channels are termed the nominal sound sensitiv-
ity and the peak sound sensitivity, respectively. 

8.3 Nominal Sound Sensitivity 

8.3.1 Definition. This is the lowest input signal re-
quired to produce standard sound test output when the 
receiver is tuned to produce the nominal intermediate 
frequency. 

8.3.2 Method of Measurement. The receiver under 
test is connected to the sound and picture signal gen-
erators through the standard 300-ohm dummy antenna 
(Section 1.7.3) and tuned as described in Section 
1.10.5.2 to produce the nominal intermediate frequency. 
Unity ratio is maintained between sound and picture 
carriers. The sound signal generator is frequency modu-
lated 30 per cent (7.5-kc deviation) at a 400-cps rate. 
The picture-signal generator is modulated with stand-
ard white-pattern modulation (Section 1.5.2), and the 
receiver controls are adjusted as in measuring the pic-
ture sensitivity (Section 4.2). The volume control is at 
maximum and the tone control is set for maximum 
400-cps response. The signal generator outputs are ad-
justed to obtain standard sound test output (Section 
1.9) across the dummy load. The output meter should 
be connected across the load through a 400-cps band-
pass filter to reject the random noise output ( Fig. 
8.3.2). 
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Fig. 8.3.2—Block diagram of equipment for testing the over-all 
performance of the sound section of a television receiver 

8.4 Peak Sound Sensitivity 

8.4.1 Definition. This is the lowest input signal re-
quired to produce standard sound test output when the 
receiver is tuned as in measuring peak picture sensi-
tivity (Section 4.3). 
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8.4.2 Method of Measurement. The procedure is the 
same as Section 8.3.2 except for the receiver tuning. 

8.5 Quieting Sensitivity 

8.5.1 Definition. The quieting sensitivity is the low-
est input signal required to reduce the noise output to 
a value which is 30 db below the output obtained when 
standard test modulation (Section 1.6) is applied to the 

sound carrier. 
8.5.2 Method of Measurement. The procedure is simi-

lar to that for measuring nominal sound sensitivity 
(Section 8.3) except that the volume control is adjusted 
to maintain standard sound test output (Section 1.9) 

and the tone controls are adjusted to provide a flat over-
all response (allowing for normal transmitter pre-
emphasis). The standard sound test modulation is then 
switched on and off, while the input signal is reduced 
until a value is reached at which a 30-db difference in 
indicated output is noted between the modulated and 
unmodulated conditions. This value of input signal is 
the quieting sensitivity. 

8.6 Signal-to-Noise Ratio 

To supplement the quieting sensitivity (Section 8.5), 
it is desirable to measure the signal-to-noise ratio as a 
function of input signal. The picture and sound signal 
generators are connected to the receiver as described in 
Section 1.7. White-pattern modulation (Section 1.5.2) 
is used for the picture and 400-cps 30 per cent modula-
tion for the sound. The receiver controls are adjusted 
for normal operation. At each input level the sound out-
put is observed with the volume control set for stand-
ard output and the tone controls adjusted as in Section 
8.5.2. A 400-cps band-pass filter should be used to re-
ject noise ( Fig. 8.3.2). The modulation is then switched 
off, the filter removed from the circuit, and the noise 
output measured. The signal-to-noise ratio is expressed 
in decibels and plotted as a function of the input signal 
(Fig. 8.6). Hum, deflection voltage pickup, and video 
interference should not be included in this noise meas-
urement; these are separately evaluated (Section 10.4). 

8.7 AGC Characteristic 

Refer to Section 4.5. 

8.8 Limiting Characteristic 

8.8.1 Introduction. The limiting characteristic shows 
the variation in the sound output as the sound carrier 
amplitude is varied, the picture carrier amplitude be-
ing maintained constant. The degree of limiting affects 
the variation in sound output with receiver tuning. It 
also affects the suppression of amplitude modulation 
and interference (Section 9.2), although this suppres-
sion is accomplished by other than static limiting in 
many receivers. 

8.8.2 Method of Measurement. The limiting charac-
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Fig. 8.6—Signal-to-noise ratio. 
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teristic is measured by connecting the picture and sound 
signal generators as in Section 1.7, using standard mean-
signal input level. Standard gray-pattern modulation is 
used (Section 1.5.3). The sound carrier is 30 per cent 
modulated at 400 cps, and the volume control is set for 
standard output at the maximum point on the output 
characteristic. The sound carrier amplitude is varied 
below and above the nominal 1:1 sound-to-picture 
carrier ratio and the sound output is plotted against 
the sound-to-picture carrier ratio. 

Chapter 9—Interference, Sound Section 

9.1 Selectivity and Spurious Responses 

The over-all selectivity curve (Section 5.2.1) provides 
a measure of the susceptibility of the sound channel to 
interference from adjacent-channel signals and other 
undesired signals. For example, the susceptibility to 
adjacent-channel picture carrier interference is usually 
determined by the selectivity for a signal 1.5 mc above 
the desired sound carrier frequency. 
The test procedure used to check spurious responses 

in the picture channel is applicable to the sound channel 
as described in Section 5.2.4. 
The sound IF circuits which are tuned to the 4.5-mc 

intercarrier frequency are sufficiently selective with 
conventional design so that measurement of their selec-
tivity is not normally required. 

9.2 A mplitude- Modulation Suppression Ratio 

9.2.1 Introduction. The AM suppression ratio is a 
measure of the ability of the sound channel to reject 
undesirable amplitude modulation of the sound carrier. 
This amplitude modulation can occur, for example, as 
a result of cross-modulation of the sound carrier with 
the modulated picture carrier. 
Two methods are described for measuring the sup-

pression of amplitude modulation: 1) the meter method 
(Section 9.2.2) and 2) the oscilloscope method (Sec-
tion 9.2.3). The meter method has the advantage of be-
ing more sensitive and providing a more quantitative 
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measure of amplitude-modulation suppression for re-
ceivers which have a high degree of suppression. The 
oscilloscope method, although less sensitive, frequently 
provides useful design information not directly obtain-
able from the meter method. 

9.2.2 Meter Method. The picture and sound signal 
generators are connected to the receiver as described in 
Section 1.7. Standard white-pattern modulation (Sec-
tion 1.5.2) is used for the picture carrier. The receiver 
controls are adjusted for normal operation with the gen-
erators set at standard mean-signal input level. 
The sound carrier is simultaneously frequency- and 

amplitude-modulated. The sound carrier is 30 per cent 
frequency-modulated at between 50 and 70 cps and 30 
per cent amplitude-modulated at 400 cps. A 400-cps 
high-pass filter is used to measure the output resulting 
from the amplitude modulation. This choice of AM 
and FM frequencies has the advantages that harmonic 
distortion of the FM output and incidental undesired 
frequency modulation of either the picture or sound car-

riers at power-supply frequency are rejected by the 
high-pass filter. 
The sound signal generator must have negligible inci-

dental frequency modulation when it is amplitude-mod-
ulated. The picture signal generator must also satisfy 
this requirement. Unless the equipment is known to 
have negligible incidental frequency modulation, an ex-
ternal amplitude modulator, adequately isolated, should 
be used. 
The output resulting from the 30 per cent frequency 

modulation is measured with the amplitude modulation 
removed. The 30 per cent amplitude modulation is then 
simultaneously applied to the sound carrier and the 
400-cps high-pass filter is used to measure the output 
resulting from the amplitude modulation. The ratio of 
the two outputs, corrected for the filter attenuation, and 
expressed in decibels, is the AM suppression ratio. 

The measurement is normally made on one channel 
for various input signal levels. Repetition of the meas-
urement for higher percentages of amplitude modula-
tion and at other amplitude-modulation frequencies 
provides useful data. 
To eliminate the effect of noise, it is frequently de-

sirable to carry out the measurement at mean-signal 
level with unity sound picture carrier ratio, and to re-
peat the measurement with the sound carrier amplitude 
as the parameter. Alternatively, the measurement can 
be made at the 4.5-mc intercarrier beat frequency (Sec-
tion 8.1). 

9.2.3 Oscilloscope Method. 1 n the oscilloscope method, 
the procedure is similar to that for the meter method. 
However, the sound output is connected to the vertical 
plates of an oscilloscope, while the AF generator which 
frequency-modulates the sound carrier is connected to 
the horizontal plates so as to produce the display shown 
in Fig. 9.2.3. Correction for phase shift may be required 
to close the pattern. 

Output 

Frequency 

Fig. 9.2.3—Display of amplitude-modulation-suppression 
ratio on the oscilloscope. 

The formulas shown below define an unbalanced sup 
pression ratio, a balanced suppression ratio and a maxi-
mum suppression ratio: 

Unbalanced suppression ratio = R„ = 2 

Balanced suppression ratio = Rb — 2 

Maximum suppression ratio = Rm = 

C 

A — B! 

A + B 

The expressions for R„ and Rb are applicable only when 
the pattern is as shown in Fig. 9.2.3. When the cross-
over point is outside the displayed pattern, the expres-
sions for R„ and Rb become: 

I?„ = 2 

Rb = 2 

A ± B 

A — B 

The procedure described n connection with the meter 
method is applicable to the oscilloscope method. 
Although 30 per cent frequency modulation is used 

in measuring these suppression ratios, as in the meter 
method, it is desirable to increase the frequency modu-
lation to at least 100 per cent in order to view the com-
plete discriminator characteristic. 

Chapter 10—Fidelity, Sound Section 

10.1 Electric and Acoustic Fidelity 

This chapter describes methods for measuring the 
electric fidelity, including the amplitude-vs-frequency 
response, harmonic distortion, and power output of the 
audio signal delivered to the dummy load which re-
places the speaker. The acoustic fidelity is measured by 
applying the same signal generator and receiver pro-

cedures, with the speaker in the completely assembled 
cabinet replacing the artificial load. Acoustic measur-

ing procedures are described in other IRE standards. 
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10.2 Amplitude-vs- Frequency Response 

10.2.1 Definition. The amplitude-vs-frequency re-
sponse shows the manner in which the electrical output 
delivered to the dummy load reproduces the modulat-
ing audio signal. It takes into account all characteris-

tics of the receiver except those of the loudspeaker. 
10.2.2 Method of Measurement. The picture and sound 

signal generators are connected to the receiver which is 
adjusted for normal operation as in Section 1.10.5. 
Mean-signal input level and 30 per cent sound modula-
tion are used. The receiver volume control is adjusted 
so that the point of maximum response in the audio 
frequency range gives standard sound test output. The 
output is observed while the modulation frequency is 
varied continuously from 30 to 15,000 cps. 

If the receiver has one or more tone controls, the re-
sponse is plotted for the adjustment which gives the 
maximum bass and treble compensation. The tests 
should be repeated for minimum and mean settings of 

the tone controls. 
If the response changes substantially with the volume 

control setting, this test should be repeated at selected 

power levels. 
Since no pre-emphasis is employed in the sound sig-

nal generator, the measured power output values should 
be corrected by adding the values corresponding to the 
standard receiver de-emphasis curve, which has the ab-
solute values shown in Fig. 1.6. 
The presence of overload at any point should be 

noted. 
10.2.3 Presentation of Data. The results are plotted 

with the frequency as the abscissa on a logarithmic 
scale and the power output in decibels as the ordinate 
on a linear scale. The 400-cps output is taken as the 
0-db reference level and the corresponding absolute 
power is noted on the graph. 

10.3 Harmonic Distortion 

10.3.1 General. The over-all harmonic distortion in 
the electrical output is measured for a wide variety of 
signal and operating conditions. From these measure-
ments it is possible to determine the part of the receiver 
which is responsible for the distortion. 

Nonlinear distortion in the signal generating and 
measuring equipment must be negligible. 

10.3.2 Definition. The harmonic distortion is deter-
mined by the percentage of the rms value of the har-
monics in the output when a pure sinusoidal modulat-
ing signal is used, the formula being 

'VE22 E32 E42 + • • • 
K —   X 100 per cent. 

yEi2 E22 E22 E42 . . . 

El is the fundamental-frequency voltage and E2, E3, 
Ea, etc. are the voltage values of the individual har-
monics present across the dummy load. 
Hum, deflection, and video components are not in-

cluded in harmonic distortion. 

A distortion analyzer will read the rms value of the 
total distortion, while a wave analyzer is required if the 
individual harmonics are of interest. 

10.3.3 Method of Measurement. The picture and sound 
signal generators are connected to the receiver as de-
scribed in Section 1.7. Standard gray-pattern modula-
tion is used. Unless otherwise specified, standard mean-
signal input level is used and the controls are adjusted 
for normal operation. If interference from either the 
power supply, video, or deflection system is encoun-
tered, suitable precautions are taken so that the har-
monic distortion measurement is not affected. A wave 
analyzer may be used to measure the individual har-
monics. 
The distortion is measured with the following char-

acteristics as the principal parameters: 
10.3.3.1 Distortion vs power output. The modula-

tion is fixed at 30 per cent, the modulation frequency 
at 400 cps, and the harmonic distortion is plotted as the 
output is varied by means of the volume control. 
The power output for 10 per cent harmonic distortion 

and the maximum power output without regard to dis-
tortion are individually noted. 
The residual power output is the output corresponding 

to minimum setting of the volume control. 
10.3.3.2 Distortion vs percentage modulation. The 

modulation frequency is fixed at 400 cps and the output 
is maintained at standard test output by adjustment 
of the volume control (where possible). The harmonic 
distortion is plotted as the modulation is varied from 
10 per cent to 200 per cent. 
The procedure is repeated with the output held at a 

level 10 db below standard test output so that output-
stage distortion is minimized. 

10.3.3.3 Distortion vs modulation frequency. The 
modulation is fixed at 30 per cent and the output is 
maintained at standard test output. The modulation 
frequency is varied and the harmonic distortion is meas-
ured. 
The preceding measurements are supplemented where 

necessary by measurements which show the effect of 
power output, tone control setting, input signal level, 
and sound-to-picture carrier ratio. In particular, the 
presence of distortion due to stray coupling at low vol-
ume should be noted. 

10.4 Power Supply (Hum), Deflection, and Video Inter-
ference 

10.4.1 Introduction. The tests in this section are de-
signed to detect interference in the sound output which 
may arise from causes such as inadequate power supply 
filtering (hum), coupling to the deflection circuits, and 
coupling to the video circuits (buzz). 
The nuisance value of this interference depends upon 

its waveform as well as its rms value and the acoustic 
frequency response of the receiver. 

10.4.2 Method of Measurement. The picture and 
sound signal generators are connected to the receiver as 



1960 IRE Standards on Television 1153 

described in Section 1.7. Except where otherwise speci-
fied, standard white-pattern picture modulation and 30 
per cent 400-cps sound modulation are used, and the 

receiver controls are adjusted for normal operation. The 
sound output delivered to the dummy load is observed 
with both a meter and an oscilloscope. 

10.4.2.1 Interference output—volume control at 
standard test output setting. The volume control is set at 
the position which produces standard test output and 
the sound modulation is switched off. The amplitude 
and waveform of the interference output is noted for 
the worst setting of the tone controls. 

The receiver contrast control and the depth of pic-
ture modulation are increased and the conditions result-
ing in interference are noted. 

10.4.2.2 Interference output—volume control at mini-
mum setting. The volume control is set at minimum. 
The sound modulation is switched off and the interfer-
ence output is noted. 

10.4.2.3 Hum modulation. With the sound modu-
lation on and standard test output, the waveform or 
spectrum of the sound output is observed to detect the 
presence of intermodulation, including power supply, 
hum, deflection, or video components. 

10.4.3 Presentation of Data. The amplitude, wave-
form, and source of the interference should be specified 
and the conditions of measurement. 

These interference measurements in particular should 
be supplemented by listening tests to evaluate qualita-
tively the interference under normal operation. 

Chapter 11—Radiated and Conducted Emissions 

11.1 General Considerations 

Television receivers which cause interference to other 
receivers and services generally have been found to pro-
duce it in either of two ways: at higher frequencies by 
waves radiated from the chassis, transmission line and 
antenna; and at lower frequencies by waves conducted 
over the power line. 

11.2 Radiated Interference 

The method of measurement is given in IRE Stand-
ards 51 IRE 17. S1.8 The results are stated in micro-
volts per meter at a distance of 100 feet, at each fre-
quency. 

11.3 Conducted Interference 

The method of measurement is given in IRE Stand-
ards 54 IRE 17. S1,9 in the supplement to these stand-

"IRE Standards on Radio Receivers: Open Field Method of 
Measurement of Spurious Radiation from Frequency Modulation and 
Television Broadcast Receivers, 1951," PROC. IRE, vol. 39, pp. 803-
806; July, 1951. 

9 " IRE Standards on Receivers: Methods of Measurement of In-
terference Output of Television Receivers in the Range of 300 to 
10,000 kc, 1954," vol. 42, pp. 1363-1367; September, 1954. 

ards 58 IRE 27. SU° and in IRE Standards 56 IRE 
27. 51." The results are stated in microvolts, at each 
measurement frequency, across the standard power-
line impedance network. 

Chapter 12—Miscellaneous 

12.1 Receiver Input Impedance 

12.1.1 Introduction. Although the magnitude and 
phase angle of the complex impedance at the input 
terminals of the receiver can be measured, it is usually 
of more interest to know either the voltage standing 
wave ratio, VSWR, produced in the transmission line, 
or the absolute value of the reflection coefficient, p, 
which are related as follows: 

I 
VSWR = 1+ p 1 

1 — 1 p 1 

When the imput impedance varies across the channel, 
the VSWR for frequencies in the region of the picture 
carrier is of primary interest. The input impedance is 
often a function of signal level. 

12.1.2 Definitions. The voltage standing wave ratio 
is the ratio of the maximum to the minimum voltage 

that appears at points along the transmission line. The 
reflection coefficient is the complex ratio of the voltage 
of the reflected wave to the voltage of the incident 
wave. 

12.1.3 Method of Measurement. A long transmission 
line of the specified characteristic impedance is con-
nected to the input terminals of the receiver, which is 
switched on and tuned to the appropriate channel. The 
AGC voltage applied to the first amplifier in the re-

ceiver should be stabilized at the value corresponding 
to a weak applied signal. A signal generator is connected 
to the other end of the transmission line. The generator 
applies an unmodulated radio-frequency signal of con-
stant voltage (open-circuit) and variable frequency to 
this end of the transmission line. The strength of the 
signal at this end is measured with a detector. The com-
bination of the signal generator and the detector must 
terminate the transmission line accurately with its char-
acteristic impedance [see Fig. 12.1(a)]. The signal 
strength is plotted as a function of the input signal fre-
quency, first with the receiver end of the transmission 
line short-circuited and secondly with the receiver end 
of the transmission line connected to the antenna input 
terminals of the receiver. From these two curves, the 
VSWR is derived, using the relation 

V2 ± VI  
VSWR = 

V2 — Vi 

I° "Supplement to ' IRE Standards on Receivers: Methods of 
Measurement of Interference Output of Television Receivers in the 
Range of 300 to 10,000 kc, 1954,' " vol. 46, pp. 1418-1420; July, 1958. 

" "IRE Standards on Methods of Measurement of the Conducted 
Interference Output of Broadcast and Television Receivers in the 
Range of 300 Kc to 25 Mc, 1956," vol. 44, pp. 1040-1043; August, 
1956. 
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Fig. 12.1—(a) Circuit arrangement for measurement of voltage-stand-
ing-wave ratio. (b) Detected signal with receiver end of the trans-
mission line short-circuited. (c) Detected signal with transmission 
line terminated with the receiver input terminals. 

The transmission line must be long enough so that a 
sufficient number of undulations is recorded within a 
frequency range corresponding to the pass band of the 
receiver. The frequency separation between adjacent 
minima is 

f = —, 
21  

where 

v = velocity of propagation of the transmission line, 
and 

/ = length of the transmission line, 

when the far end of the transmission line is short-cir-
cuited. The attenuation of the transmission line must 
be low enough so that the undulations are of sufficient 
amplitude when the far end of the transmission line is 
short-circuited. 
By using a sweep signal generator the detected signal 

can be displayed on an oscilloscope. If the detector is 
not linear, a calibration of the indication is necessary. 
The applied signal should not be so large that the input 
portion of the receiver is overloaded. The tests should 
be repeated with the AGC voltage fixed at values cor-
responding to higher input levels. 

12.1.4 Presentation of Data. The VSWR is stated for 
each channel and input level measured. When the 
VSWR varies across the channel, the stated value 
should be for frequencies in the region of the picture 

carrier. 

12.2 Change in Band-Pass by Antenna Mismatch 

12.2.1 Definition. The change in band-pass by an-
tenna mismatch is defined as the change in selectivity 
produced by a 4-to-1 change in the dummy-antenna 
impedance from the matched value, when the trans-
mission line between the dummy antenna and the re-
ceiver is varied in electrical length over a range of one-
half wavelength, keeping the amplitude of the response 
at the picture carrier frequency constant. This meas-
urement is designed to simulate results which are ob-
tained with conventional antennas which cause mis-
tuning and loading of the receiver input circuits. 

12.2.2 Method of Measurement. The equipment is ar-
ranged to measure the selectivity as in Section 5.2.1, 
or a sweep oscillator and oscilloscope display may be 
used, with markers at the picture carrier frequency and 

at 3 mc higher. Provision is made to change the dummy-
antenna impedance to either one-fourth or four times 
the standard value (300 ohms). The AGC voltage 
should be stabilized at the value corresponding to the 
signal level being used. Using the standard dummy an-
tenna, the response at the picture carrier frequency is 
set to standard test output, and the response at other 
frequencies of interest measured. The standard dummy 
antenna is then replaced by the mismatched dummy an-
tenna, and the signal input adjusted to give the same 
response at the picture carrier frequency. The response 
at the other frequencies is again measured. The trans-
mission line between the dummy antenna and the re-
ceiver is replaced by one having an electrical length of 
one-eighth wavelength greater, and the process re-
peated. Several lengths of transmission line, up to one-
half wavelength greater electrical length than the origi-
nal, are substituted. 
The tests should be repeated for applied signals of 

different levels. 
12.2.3 Presentation of Data. The maximum change in 

response at each frequency of interest is given in deci-
bels. The change in response at the frequency corre-
sponding to 3-mc video modulation, and at the sound 
carrier frequency, should be included. 
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Correspondence  

Operation of an Esaki Diode 

Microwave Amplifier* 

.\ microwave amplifier using a germani-
um Esaki diode has been operated at 4.5 
kmc with the following results: 

Maximum stable gain =23 db; 
Voltage gain — bandwidth product = 2.75 X 10,1; 

(23-db gain at a bandwidth of 20 mc) 
Effective source noise temperature = 1 200°K ; 

(noise figure = 7 db) 
Saturation power output = 1 X10 -, watt. 

The diode peak current was 1.1 ma and the 
peak-to-valley ratio was 2.5. 

The amplifier is shown schematically in 
Fig. 1. It consists of a single port cavity A, 
containing the Esaki diode B, which is 
coupled via an iris to a short section of a 
waveguide beyond cutoff C, separating it 
from the main propagating waveguide D. 
The incident input signal and the reflected 
(and amplified) output signal are separated 
by a low-loss circulator. 

As with all regenerative amplifiers, suf-
ficient loading must be provided to prevent 
oscillation from taking place. This was 
achieved by a dielectric plug, E, which, 
when completely inserted into the cutoff 
section, enables the latter to propagate. The 
depth of insertion is thus used to vary the 
external coupling of the cavity.' 

It can be shown that, for high gain, the 
voltage gain-bandwidth product is given by 

Qd 
1 — 

—3‘f T Q'RC 
(1) 

where Qd/G is the ratio of the power dissi-
pated inside the cavity to that generated 
by the negative resistance of the diode. R and 
c are, respectively, the negative resistance 
and the capacitance of the diode. G is the 
power gain while f is the separation in 
cycles/second between the half-power points 
The constancy of NiC.If was checked at 
G=23 db and G=17 db. Since Qd/Q, in our 
experiment was UO.5, the measured result, 
N/V,Af= 2.75X 108, represents approximately 
one half of the asymptotic value attainable 
according to ( 1) in the limit of strong over-
coupling, Q,»Qd. 

The effective source noise temperature 
7'12 is given by the relation 

(VG ± 1)2 
T, — — 

G 

.[T ( QQ)eIoR 
(QQ:)] 

(2) 

where 

T„ is the cavity ambient temperature; 

Q„.„ external "Q" 

Q, — unloaded "Q" 

* Received by the IRE, February 16, 1960. 
This scheme was first used by J. P. Gordon in a 

paramagnetic resonance experiment. 
is related to the noise figure F by the relation 

T. 
F = 1 --• 

290 

Fig. 1—A schematic view of the Esaki diode amplifier. 
(The symbols are explained in the text.) 

is the ratio of the power lost in the 
cavity to that delivered to the external 
load; 

Q,„„/Qd is the ratio of the power generated by 
the diode to that supplied to the load; 

/0 is the dc bias current; 
e is the electronic charge; 
k is Boltzmann constant; and 

—R is the negative resistance of the diode. 

The measured noise temperature of 
1200°K was approximately twice as high as 
that expected from (2) in the limit of strong 
coupling where Q„.«Q„. This difference is 
due to the operation of the cavity near the 
condition of critical coupling. An increase in 
coupling was prevented by the amount of 
parasitic losses inside the cavity, which 
placed a limit on the maximum loading at 
which high gain could be obtained. Substan-
tially lower noise temperatures are to be ex-
pected from diodes with better peak-to-
valley current ratios (where lower values of 
/oR can be attained), and from diodes with 
smaller series resistance. There is also the 
possibility of intrinsically lower /oR prod-
ucts with other semiconductors. 

The authors wish to express their grati-
tude to E. Dickten who fabricated and 
mounted the diode used in the experiment. 

A. YARIV 
J. S. COOK 

P. E. BUTZIEN 
Bell Telephone Labs. 
Murray Hill, N. J. 

Voltage Tuning in Tunnel Diode 

Oscillators* 

During some recent experimental work 
ou microwave tunnel diode oscillators, volt-
age tuning ranges of up to 12 per cent have 
been obtained by varying the operating 
bias of the oscillator. Power output was ap-
proximately — 30 dbm. 

Fig. 1 shows a curve of frequency vs 
voltage obtained with an oscillator using an 
Esaki diode, manufactured by Sony Corpo-
ration, Japan. The diode was mounted at one 
end of a low impedance coaxial line, as shown 
in Fig. 2, and the other end of the line was 
terminated in a matched load, across which 
the operating voltage was applied. 

* Received by the IRE, February 29, 1960. 
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diode oscillator. 
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Fig. 2—Tunnel diode oscillator (output was 
taken from a probe at the diode end). 

The dependence of frequency on the op-
erating potential in a voltage-controlled 
negative resistance oscillator is a well-known 
phenomenon. The mechanism is particu-
larly clearly explained by Edson.' As the 
diode has a nominal maximum negative re-
sistance of 25 ohms, and the impedance of 
the coaxial line is 20 ohms, there is quite a 
wide band near the resonant frequency of the 
diode package where the diode can oscillate. 

By varying the operating voltage, the 
effective negative resistance of the diode at 
which the oscillation will reach a steady 
state may be varied, and thus the frequency 
will change. The relative amplitude and 
phase of the harmonics generated will also 
vary with supply voltage, and, as shown by 
Edson, this also affects the oscillation fre-
quency. The nonlinearity of frequency vs 
voltage is thought to be due to resonances at 
the harmonic frequencies. 

By adding a quarter wave re-entrant cav-
ity in the center conductor of the coaxial 
line, the impedance at the oscillating fre-
quency can be raised, resulting in more 
power output (approximately — 15 dbm) but 
a voltage tuning range of only about 20 me 
at 1500 mc or 1.3 per cent. Both oscillators 
could be tuned mechanically over a 30 per 
cent bandwidth with little change in output. 

J. K. PULVER 
Radio and Electrical 
Engineering Division 

National Research Council 
Ottawa, Ontario, Canada 

W. A. Edson, *Vacuum Tube Oscillators," John 
Wiley and Sons, Inc., New York, N. Y.; 1953. 
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A Technique for Cascading Tunnel-

Diode Amplifiers* 

The tunnel diode can often be used as 
the active element in a conventional ampli-
fier stage. It is at times desirable to cascade 
such amplifiers. Since the tunnel diode is a 
two-terminal device it does not supply the 
isolation of either the vacuum tube or the 
transistor. Thus, special techniques must be 
used when cascading tunnel-diode ampli-
fiers. Such a technique is presented here. For 
convenience, voltage amplification will be 
discussed although a similar discussion could 
be applied to current amplification or power 
amplification. 

Let us consider the simple tunnel-diode 
amplifier shown in Fig. 1. We shall assume 
that L1 and L2 are such that they act as 
open circuits at all frequencies of interest, 
while C is such that it acts as a short circuit 
at all frequencies of interest. The elements 
LI, L2, and C are used to supply direct bias. 
The equivalent circuit for the tunnel diode 
can be represented simply by a negative 
resistance over a wide range of frequencies. 
This will be done here. The equivalent cir-
cuit for this amplifier is shown in Fig. 2. The 
voltage gain of this circuit is given by 

E2 R 
K — =  

El R— r 
(1) 

Note that K can be made as large as desired 
by choosing —r so that R—r is sufficiently 
small. However, stability requirements usu-
ally limit the maximum value of K. If the 

(a) 

- r - r 

TDI 

Fig. 1—A simple tunnel-diode amplifier. 

-r 

E 

Fig. 2—The equivalent circuit for the simple 
tunnel-diode amplifier of Fig. I. 

(a) 

—r 

¡Ea 

(b) 

Fig. 3—(a) A tunnel-diode amplifier that can be 
cascaded; (b) its equivalent circuit. 

-r - r 

(b) 

Fig. 4—(a) A typical cascaded tunnel-diode amplifier; (b) its equivalent circuit. 

* Received by the IRE, February 15, 1960. 

maximum allowable gain per stage is less 
than the required over-all gain, then several 
amplifier stages must be cascaded. As it 
stands, this amplifier does not lend itself 
well to cascading. However, the addition of 
a second tunnel diode, which does not 
change the voltage gain, results in an am-
plifier that can be easily cascaded. Such an 
amplifier and its equivalent circuit are shown 
in Figs. 3(a) and 3(b), respectively. Note 
that the negative resistance of TDI may be 
different from that of TD2. It is assumed 
that there are tunnel diodes with the re-
quired negative resistances. If this is not 
the case, then the required negative resist-
ance can be obtained by combining a tunnel 
diode with a positive resistance. The voltage 
gain of this circuit is the same as that of 
Fig. 1 and is given by ( 1). However, the 
input resistance of the circuit of Fig. 1 is 
R— r, while the input resistance of the cir-
cuit of Fig. 2 is given by 

/21. = —rI(R — 
R — r — 

(2) 

Now let us choose —r2 so that R,,,=R. 
Then solving (2) for —r1, we obtain 

R(R — r) 
— — • 

—r 
(3) 

The input resistance of this circuit is now 
equal to the load resistance, thus this circuit 
may be used as the "load resistance" of a 
similar circuit. When several of such stages 
are cascaded the voltage gain of each will 
be K=R/(R—r). The over-all gain will, of 
course, be the product of the individual 
stage gains. For instance, a typical circuit 
is shown in Fig. 4(a). The over-all voltage 
gain of this circuit is KiK3, where ICI 
=R/(2R—r) is the gain of the first stage. 
Note that it has been assumed that the 
internal resistance of the signal source is 
not zero but is equal to the load resistor R. 
The equivalent circuit for this amplifier is 
shown in Fig. 4(b). Pertinent voltages and 
resistances are indicated in this equivalent 
circuit. The resistances are "viewed" in the 
direction shown by the arrow. 

The previous discussion considered the 
cascading of amplifier stages. Actually, the 
circuit of Fig. 4 may be viewed as a trans-
mission line connecting the input generator 
to the output load. In this rase, the trans-
mission line is made up of negative resistance 
elements and, hence, produces a gain rather 
than a loss. Note that with some minor 
modification this "transmission line" can 
start and end with shunt rather than series 
elements. 

If impedances are placed in series with 
the series tunnel diodes (TD2) and imped-
ances are placed in shunt with the shunt 
tunnel diodes (TD2), then the gain of the 
amplifier can be made frequency dependent. 
This must be done with care to insure that 
the amplifier will be stable. 

P. M. CHIRLIAN 
Dept. of Electrical Engineering 

New York University 
New York, N. Y. 
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Negative L and C in Solid-State 
Masers* 

When a material exhibiting quantum-
mechanical resonance absorption is caused 
to be emissive by producing an inverted pop-
ulation distribution—which is necessary for 
maser operation—the impedance behavior 
of the material changes in two ways: not 
only does the resistive component become 
negative to provide gain, but the depend-
ence of the reactive component on frequency 
reverses sign. This second property can be 
used to obtain gain and bandwidth per-
formance that exceeds the limitations im-
posed by conventional network analysis. 
For amplifier design calculations, it is con-
venient to represent this fact by an equiva-
lent circuit. For example, the permeability 
of a crystal in the neighborhood of a sharp 
electron paramagnetic resonance (for a 
Lorentz-shaped line) is of the form 

A en nx" 
= ea 0 (1 — (1 ) 

1 ± T2 AW 

where xmn." is the peak value of the absorp-
tive component of complex susceptibility, 
and T2 is the reciprocal linewidth. This rela-
tion may be represented by the equivalent 
circuit shown in Fig. 1 with G=1 
Attox..,.."coo), and jB = (jT2..1(0/(moxr,...x"wo). 
When the population is inverted, the per-
meability becomes 

( AfloiX"  

= Ago 1 + 
1 +1T2Aue 

for which the corresponding circuit becomes 
that shown in Fig. 2, in which all symbols 
are taken as positive. For a Gaussian-shaped 
line, the expressions are an approximation 
that is only valid in the center of the line, 
but the general conclusions are true. 

This result is obtained by solving the 
equation of motion for the system in ques-
tion,' and it can be readily observed experi-
mentally. When the crystal is incorporated 
in a cavity resonator, an appropriate circuit 
suggested is that shown in Fig. 3. When the 
negative terms in this circuit are large com-
pared with the positive terms (a situation 
that represents a strong paramagnetic reso-
nance and a large filling factor), the circuit 
shown in Fig. 4 is suggested. The normal 
C" and L" are used to compensate for the 
negative L and C of the electron-spin reso-
nance, to achieve increased bandwidth. The 
circuit of Fig. 4 represents two cascaded 
cavities with an inverted paramagnetic 
crystal in the second. In order to achieve 
significant improvement, L' must be small. 
The criterion suggested by stored-energy 
implications is 

LG <—C 
— G 

(2) 

* Received by the IRE. March 2. 1960. This work 
was supported in part by the U. S. Army (Signal 
Corps), the U. S. Air Force (Office of Scientific Re-
search, Air Research and Development Command), 
and the U. S. Navy (Office of Naval Research). 

1 F. Bloch, "Nuclear induction," Phys. Rev., vol. 
70, pp. 460-474 (see sec. III); October 1 and 15, 1946; 
R. Karplus and J. Schwinger, "Saturation in micro-
wave spectroscopy," Phys. Rev., vol. 73, pp. 1020-
1026 (see eq. 23); May I, 1948. 

o  

C, 

Fig. 2. 

Fig. 3. 

+c" +Ci 

Fig. 4. 

and this has been verified by direct calcula-
tion. 

If a filling factor of 1 is obtained in the 
active cavity, (2) reduces to 

Acdo 
xmn." > 1, or xmn." > — (3) 

woT2COO 

where ¡Iwo is the full width of the paramag-
netic-resonance line. This condition is just 
about met for "pink" ruby at 9 kmc and at 
4.2°K, for which, under typical experi-
mental conditions, x"--,-"0.01, and ,Ciwo/coo 
se 0.005. Cavity losses, which are usually 
small under these conditions, were ignored 
in our analysis. A maser in which these phe-
nomena are utilized has been constructed by 
Goodwin and Moss., 

The gain-bandwidth theory of Fano' can 
be extended to the negative L and C situa-
tion. In the high-gain limit, with a single 
maser crystal, it gives 

1 f in wad. = àwo 
Ir 

(4) 

where the integral is over the amplifier band-
width, and 91/2 is the voltage gain of the 
cavity maser as a function of frequency. 

Increasing the spin concentration aug-
ments the effect by increasing x", as long 
as the linewidth Awo does not increase also. 
Raising the operating frequency augments 
the effect for a given sample by increasing 
both x" and coo/Acon. Lowering the tempera-
ture, of course, also helps. 

2 F. E. Goodwin and G. E. Moss, Hughes Aircraft 
Co., Research Labs., Culver City. Calif.. private com-
munication; November 12, 1959. 

R. M. Fano, "Theoretical limitations on the 
broadband matching of arbitrary impedances," J. 
Franklin Inst., vol. 249. pp. 57-84; January, 1950; 
vol. 249, pp. 139-154; February, 1950. 

The presence of the negative L and C 
terms does not materially change the per-
formance of a typical traveling-wave maser 
because the circuit is too broad-band to 
introduce sufficient compensating reactance. 

Incidentally, these negative L and C 
properties do not appear in parametric am-
plifiers. The broad-banding procedures dis-
cussed by Seidel and Herrmann, 4 for ex-
ample, are of a more conventional type. 

R. L. KYHL 
Dept. of Electrical Engineering and 
Research Laboratory of Electronics 

Mass. Inst. Tech. 
Cambridge, Mass. 

1 H. Seidel and G. F. Herrmann, "Circuit aspects 
of parametric amplifiers," 1959 IRE WESCON CON-
VENTION RECORD, Part 2, pp. 83-91. 

Parametric Oscillatory and Rotary 
Motion* 

The semiconductor parametric amplifier 
belongs to a more general class of devices, 
in which one or more parameters in the un-
derlying integro-differential equation are 
periodic time functions. In principle, the re-
actance variation may equally well be ac-
complished by ferromagnetic means, so that 
the inductance becomes a periodic function. 
The conditions for oscillations are 

di dL 1 
L di— + + + — f idt = 0, (1) 

dt 

dv dC  C — + v— + Gv + 1—  f vdt = O. (2) 
dt dt 

Here (2) is the better-known equation, per-
taining to a variable-capacitance amplifier 
with OA = 1. The second term identifies the 
opportunity of amplification, offered with 
C varied at twice signal frequency. The ca-
pacitance variation frequency is the pump 
frequency, at which the capacitance is re-
duced on every half-cycle of the signal volt-
age wave, thus giving off energy to the rest 
of the system. This is the way the stimulance 
is injected, which in an amplifier almost, but 
not quite, takes care of the dissipation. 

The writer has undertaken to investigate 
parametric devices with mechanical rather 
than electrical input signal.' Variable in-
ductance devices at low frequency proved to 
offer the easiest approach, and several 
mechanical oscillators with equal pump and 
signal frequencies were successfully con-
structed. Thus, "the world's simplest servo-
system" emerged, with the model adjusted 
for OA Gl. With the aid of the second term 
in ( 1), i /di, a small mechanical displace-
ment x was turned into a larger mechanical 
one, associated with much more power, and 
it is only logical to expect that a similar 
servosystem can be designed in accordance 

* Received by the IRE, March I, 1960. 
1 H. P. Knauss and P. R. Zilsel, "Magnetically 

maintained pendulum," Amer. J. Phys., vol. 19, pp. 
318-320; May, 1951. 
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with (2). Thus a narrow-frequency-range 
oscillating reed, telephone, or loudspeaker 
design may be based on either equation, not 
to mention other devices of this general na-
ture with or without supporting active ele-
ments, such as switching transistors. 

With the aid of a Mathieu-Hill type of 
equation solution, it can be shown that the 
term i dL/dt yields a double-valued force 
function, the explanation for the easily 
demonstrated fact that sustained oscilla-
tions are obtained. To show that nonlinear-
ity is not essential, an additional small-signal 
model was built without iron, and proved 
to oscillate. Since in the solution of the 
equation, the double-valued force function 
is independent of the sign of the displace-
ment x, the association of the stimulance 
part of the force function with —x is by no 
means unique; it could just as well be +x. 
To prove this theoretical point, predicting 
rotational motion, the "electronics motor" in 
Fig. 1 was constructed, and true enough it 
rotated. The favored speed of the model is 
about 200 rpm. The effect can be enhanced 
if a switching transistor amplifier of time 
constant T and with Zi»Zer is attached, for 
example, as indicated by the dotted lines. 
The transistor amplifier is not essential to 
the operation, nor is the capacitor CI. This 
capacitor was introduced because it made 
the circuit approach resonance conditions, 
and thus accept a heavier current. It yields 

the frequency 1/2TVLICI, or which is lower 
than the lines frequency. Thus the slope 
di/do o is negative, so that the stimulance part 
of the force function pertaining to i dL/dt is 
aided by the force function due to di/dw, in 
which co=27rf, with the particular value 
f=60 designating lines frequency. 

Fig. 1—Principle of the parametric motor. The rotor 
spins around in either direction, although there are 
no contacts, no rotor winding, no magnets, no 
rotational field, and no synchronous speed. 

HARRY E. STOCKMAN 
Dept. of Elec. Engrg. 

Merrimack College 
North Andover, Mass. 

A Transverse-Field Traveling-

Wave Tube' 

Recently there has been an urgent inter-
est in traveling-wave parametric amplifiers 
which utilize an electron beam as the reac-
tive element. One such amplifier which has 
achieved very-low-noise performance has 

* Received by the IRE. March 7,1960. 

been described by Adler et al.1 The amplifier 
uses the fast electron cyclotron wave as the 
signal and idler modes and a traveling high-
frequency electric quadrupole field as the 
pump mode. In the Adler Tube the pump 
frequency is set equal to twice the cyclotron 
frequency of the electrons and the phase 
velocity of the pump wave is infinite. 

There is also a related class of beam-type 
parametric amplifiers in which the pump 
mode is at an arbitrarily low frequency in-
cluding dc and the pump phase velocity is 
finite including zero. The idler mode is a 
slow cyclotron wave. These amplifiers are 
not characterized by extremely low-noise 
performance, but have other interesting 
properties as has been shown by Gordon et 
01.2 It is the purpose of this paper to present 
preliminary experimental results on an am-
plifier using a static spatially-varying elec-
tric quadrupole field to achieve amplification 
of the fast cyclotron wave. 

The interaction in the static quadrupole 
field can be understood by reference to Fig. 
in which an electron in the phase appropri-
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Fig. I—The energy-gain mechanism. 

ate to energy gain is shown. The drifting 
electron gains rotational energy as it loses 
drift energy; the quadrupole fields merely 
serving to deflect the electron. No energy 
is transferred from the quadrupole fields to 
the beam. It can be seen, also, that the syn-
chronism condition requires that 2‘..k 
=2Tv/L, ük being the cyclotron frequency, 
y the drift velocity and L the periodic spac-
ing of the quadrupole fields. Thus, the drift-
ing electrons experience an apparent pump 
field of frequency 

As in the Adler device, an exponential 
growth of the orbit occurs which, coupled 
with a phase focusing induced by the quad-
rupole fields, leads to a net increase in the 
kinetic power of the fast cyclotron wave. 
Since no power is supplied by the pump 
fields and the drift velocity of the beam is 
decreased, it follows that the idler wave is a 
slow wave. Hence the zero pump frequency 
amplifier also may be compared to the con-
ventional traveling-wave tube in which the 
corresponding "fast" wave is the electro-
magnetic wave carried by the slow-wave cir-
cuit while the "idler" wave is the slow space-
charge wave. 

R. Adler, G. Hrbek, and G. Wade. "The quadru-
pole amplifier, a low-noise parametric device," PROC. 
IRE, vol. 47, pp. 1713-1723; October, 1959. 

2 E. I. Gordon, S. J. Buchsbaum, and J. Feinstein. 
"A Transverse Field Amplifier Employing Cyclotron 
Resonance Interaction." paper presented at the Sev-
enteenth Conference on Electron Tube Research, 
Mexico City. Mex.; June. 1959. 

The gain in the quadrupole fields is given 
by 

G=20 log cosh g V„, (db) (I) 

in which V, is the dc voltage applied to the 
quadrupole plates and g is a geometrical 
factor proportional to the number of quad-
rupole sections. Fig. 2 shows the observed 
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Fig. 2—Gain as a function of quadrupole. 

gain minus the insertion loss as a function 
of the quadrupole voltage with the beam at 
the synchronous voltage. The solid line is 
the curve predicted by (n in which the value 
of the constant g has been adjusted. The 
value of the constant is 30 per cent higher 
than the value calculated from knowledge 
of the quadrupole geometry. The experi-
mental points depart considerably from the 
predicted curve for gains above 8 db. At this 
point, interception on the quadrupole be-
gins. This results from a defect in the elec-
tron gun which introduces up to twenty 
volts of rotational energy onto the beam 
and is not inherent in the device. The deficit 
in gain is a result of the interception and the 
departure from the synchronous condition 
resulting from the decrease in beam voltage 
of those electrons with large rotational en-
ergy. The beam voltage and current are 800 
volts and 2 ma, respectively. The quad-
rupole structure has a periodicity of 0.25 cm 
with an inner diameter of 0.20 cm and has 
10 periods. The couplers are ridged wave-
guide cavities with a center-band frequency 
of 3.25 kmc and a bandwidth of 2 per cent. 
A major advantage of the device is the 

fact that after the fast-wave energy is 
stripped from the beam in the output 
coupler, the remaining excitation on the 
beam is the slow idler wave. Thus, the spent 
electrons are monoenergetic and can be col-
lected at close-to-cathode potential. As a 
result, the efficiency of the device can be 
very high. 

No noise measurements have been made 
as yet, and although the device is not ex-
pected to have the extreme low-noise per-
formance of the high-frequency-pumped 
amplifier, there is every reason to believe 
that it will compete with the more conven-
tional traveling wave tubes in this respect. 

E. I. GORDON 
Bell Telephone Labs., Inc. 

Murray Hill, N. J. 
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WWV and WWVH Standard Fre-
quency and Time Transmissions* 

The frequencies of the National Bureau 
of Standards radio stations WWV and 
WWVH are kept in agreement with respect 
to each other and have been maintained as 
constant as possible with respect to an im-
proved United States Frequency Standard 
(USES) since December 1, 1957. 

The nominal broadcast frequencies 
should, for the purpose of highly accurate 
scientific measurements, or of establishing 
high uniformity among frequencies, or for 
removing unavoidable variations in the 
broadcast frequencies, be corrected to the 
value of the USES, as indicated in the table 
below. 

WWV FREQUENCY WITH RESPECT TO 
U. S. FREQUENCY STANDARD 

1960 
March 
1600 UT 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
261 
27 
28 
24 
30 
31 

Parts in 10101 

-146 
-146 
-146 
-146 
-146 
-145 
-145 
-145 
-145 
-145 
-145 
-144 
-144 
-144 
-144 
-144 
-144 
-145 
-144 
-144 
-144 
-144 
-144 
-144 
-144 
-144 
-147 
-147 
-147 
-146 
-146 

A minus sign indicates that the broadcast fre-
quency was low. 

* On March 26 the frequency was decreased 
3X10-0. 

The characteristics of the USFS, and its 
relation to time scales such as ET and (7-1'2, 
have been described in a previous issue,' to 
which the reader is referred for a complete 
discussion. 

The WWV and WWVH time signals are 
also kept in agreement with each other. Also 
they are locked to the nominal frequency of 
the transmissions and consequently may de-
part continuously from UT2. Corrections 
are determined and published by the U. S. 
Naval Observatory. The broadcast signals 
are maintained in close agreement with UT2 
by properly offsetting the broadcast fre-
quency from the USFS at the beginning of 
each year when necessary. This new system 
was commenced on January 1, 1960. The 
last time adjustment was a retardation ad-
justment of 0.02 s on December 16, 1959. 

NATIONAL BUREAU OF STANDARDS 
Boulder, Colo. 

• Received by the IRE. April 25. 1960. 
I "United States National Standards of Time and 

Frequency." PROC. IRE, vol. 48, pp. 105-106; Janu-
ary, 1960. 

Correction to "On the Regenerative 
Pulse Generator"* 

Viktor Met, author of the above Corre-
spondence, which appeared on pages 363-
364 of the March, 1960, issue of PROCEED-
INGS, has advised the Editor that the draw-
ings of Figs. 2 and 3 were preliminaries, and 
should have been replaced with ones sub-
mitted at a later date. The revised figures are 
reproduced herewith. 

O STABLE 
• UNSTABLE 

Fig. 2—Graphical sol ition of the nonlinea differ-
ence equation for a fifth-order nonlinearity. 

Pz 

I PM 

Fig. 3—Step- function, repre senting the general 
steady state solution. 

* Received by the IRE. March 17. 1960. 

Anomalous Reverse Current in 
Varactor Diodes* 

While working on parametric amplifiers 
and harmonic generators using Varactor 
diodes, an interesting phenomenon was 
noticed concerning the direction of average 
diode current flow when a high-frequency 
pump source was applied. An appreciable 
reverse current was measured for dc bias 
voltages very much closer to forward con-
duction than to reverse breakdown. Meas-
urements show that the instantaneous diode 
voltage is not even required to reach the dc 
breakdown value, and that this abnormal 
breakdown occurs only when the voltage 
during the positive-going half cycle is suffi-
ciently large to swing into the forward con-
duction region. A plausible explanation of 
this phenomenon is that the large number of 

* Received by the IRE, October 26, 1959. This 
work was supported under Air Force Contract 
AF30(602)-1854. 

minority carriers injected during the for-
ward half cycle are multiplied through col-
lision ionization on the reverse half cycle, 
yielding a net negative current.' This occurs 
only at high frequencies because the voltage 
can swing negative before an appreciable 
number of injected carriers are lost through 
recombination or diffusion to the junction. 

At X band, the effect is quite pronounced 
with a Bell Laboratories type Si 43 Varactor 
whose reverse characteristic is "hard" (less 
than 1-pa reverse current flows until break-
down occurs at — 10.5 volts). An applied X 
band signal causes a reverse current of 20 pa 
at only — 0.5 volt bias, although the diode 
characteristic is such that forward current 
of several microamperes occurs at +0.6 
volt. For a slightly more positive value 
of bias, the current passes through zero 
and becomes positive. The de bias at which 
the transition from forward to reverse 
current occurs was plotted as a function of 
frequency (Fig. 1). Since the ac drive varied 
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Fig. 1—Trend of effect vs frequency. 

SA 

over the frequency range, this curve should 
be regarded only as illustrating a trend. The 
anomalous effect is seen to be most pro-
nounced for the highest frequencies and 
disappears below about 60 mc for the above 
diode. This frequency region agrees with 
the minority carrier lifetime of 0.05 µsec' 
for these diodes. Since the effect was small 
or negligible below several hundred mega-
cycles, a direct observation of diode wave-
forms could not be made. 

Suggested by A. Uhlir, Jr., in a conversation held 
at Airborne Instruments Lab. 

"Crystal Rectifiers," Bell Telephone Labs., 
Ninth Interim Tech. Rep., Signal Corps Contract 
DA-36-039-sc-5589: October 15. 1956. 
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There are at least two explanations 
which may describe the above phenomena. 
One explanation requires that the ac signal 
be large enough to swing into both forward 
conduction and dc breakdown. Rectification 
about the forward characteristic should be 
poor because of minority carrier storage, and 
thus breakdown current should counterbal-
ance the forward current at bias levels 
closer to forward conduction. This effect 
would be aided by the asymmetry of the 
waveform of voltage across the diode, which 
is peaked in the negative direction because of 
the shape of the C-V curve. 

The second explanation is that the volt-
age does not reach the de breakdown value, 
but at high frequencies some new mecha-
nism occurs causing reverse current to flow 
at a voltage less than the normal dc break-
down voltage. To determine which explana-
tion is correct, we have measured the voltage 
across the diode under conditions when the 
anomalous behavior was observed. This was 
done by two methods. The first method in-
volved determining the amplitude of the 
various frequency components of the voltage 
across the diode by the use of a slotted line 
and reconstructing the waveform under the 
most pessimistic assumptions about phase. 
If the relative phases were such that all the 
peaks added in the negative direction, the 
maximum reverse voltage would only be 6.6 
volts. This is considerably less than the 
value of 10.5 volts at which dc breakdown 
OCCUTS. 

At this point, we must mention the dif-
ference between the voltage we measure at 
the diode terminals and that which exists at 
the junction. The diode lead inductance is 
resonant with the junction capacitance 
from 3 to 4 kmc depending on the bias. The 
fundamental frequency was made low 
enough (470 mc) so that even at the third 
harmonic the parasitic elements introduce a 
negligible discrepancy. 

For a second independent measurement 
to determine whether the diode voltage 
reaches dc breakdown, a high-frequency 
peak reading voltmeter (HP410B) was 
mounted in 50-ohm line directly in front of 
the diode and its coaxial mount. The meter 
response was flat to the fourth harmonic of 
the 185-mc signal used here. By reversing 
the diode and bias polarities with respect to 
the meter, both forward and reverse peaks 
were measured. They were + 1.4 volts and 
—7.3 volts respectively. Again we see that 
the reverse peak does not reach the break-
down level. 

Additional enlightenment as to the 
nature of the reverse conduction process re-
sults from a plot of average diode current vs 
bias for a fixed value of ac drive. (See Fig. 2.) 
The curve shown is for 370 mc. Similar re-
sults were found at other frequencies. The 
current is seen to be continuous through 
zero, indicating both forward and reverse 
current even at small bias levels. After 
switching from negative to positive it re-
turns to zero for a range of bias values mid-
way between the forward and reverse por-
tions of the dc characteristic. This indicates 
that the voltage swing is too small to enter 
either conduction region when biased mid-
way. Therefore, the negative current at 
small bias levels is not due to a large signal 

entering dc breakdown, but seems to de-
pend upon forward current being drawn 
during part of the cycle. A further increase 
in bias results in breakdown current at 
—5.8 volts, indicating an ac amplitude of 
4.7 volts. When this is added to the bias 
(2.8v) for the first crossover through zero, 
negative current is seen to be generated 
when the instantaneous voltage reaches 
—7.5 volts. 

• . 1,0 rét 

—41  

Fig. 2—Average diode current vs de bias with ac 
drive (Si-43 No. 33). 

The dashed portion of the curve denotes 
an unstable region, the operating point 
flipping from one extreme to the other. 
When biased in this region, a relaxation os-
cillation existed between these points at 
about 1 cps. 

It should be noted that the circuits used 
have no structures tuned near the operating 
frequency, so that the variation of current 
with bias is not due to resonance effects in-
volving the diode capacitance. The bias lead 
was suitably bypassed to ac. 

Following the high-frequency experi-
ments with the BTL Varactor diodes, the 
phenomenon was reproduced at low frequen-
cies ( 15 mc) with a Hoffman 1N138 diode 
for which the lifetime was measured as 
about 1 asec. The ratio of lifetime to RF 
period is seen to be of the same order of mag-
nitude as in the high-frequency experiment. 
In addition, the breakdown mechanism is 
known to be of the avalanche type since this 
diode also exhibits the random pulse phe-
nomenon described by McKay.' An oscillo-
scope verifies that the voltage is not required 
to reach dc breakdown, although the differ-
ence is not as great as in the high frequency 
case. A curve of average current vs diode 
bias similar to that of Fig. 2 was obtained, 
where the crossover through zero occurs at 
about —9 volts bias and the dc breakdown 
voltage is — 27 volts. 

It seems reasonable to conclude then 

K. G. McKay, "Avalanche breakdown in sili-
con." Phys. Rev., vol. 94, pp. 877-884; May, 1954. 

that at RF periods which are short com-
pared with the minority carrier lifetime, the 
carriers injected during the forward half 
cycle are multiplied through collision ioniza-
tion on the reverse half cycle, resulting in a 
net reverse current. From the three high-
frequency experiments presented, the maxi-
mum reverse voltage for anomalous current 
is about 7 volts. McKay has plotted the 
multiplication factor M vs V/ Vb for a lin-
early graded silicon junction diode, where 
Vb is the breakdown voltage. For Vb= 10.5, 
V/ Vb =0.7, and the multiplication factor is 
about 2. Although this is not too much 
multiplication, the injected carriers repre-
sent a large increase in minority carrier 
density over the steady state level (of the 
order of 10"). As a result, even a multiplica-
tion of two may yield considerable reverse 
current. 

Conclusions have not yet been reached 
concerning the magnitude of the effects of 
this phenomenon on parametric amplifiers 
and harmonic generators, but it would seem 
to limit the voltage swing short of forward 
conduction under the penalty of an addi-
tional loss mechanism and some additional 
noise (even though the net dc current were 
zero, noise generated on the forward and 
reverse half cycles would degrade the noise 
figure of an amplifier). Operation in the 
nonconductive region between breakdown 
and forward conduction woukl avoid this 
effect, but considerable nonlinearity is prob-
ably lost by not driving into the forward 
region. 

The author wishes to thank J. C. Greene, 
Dr. B. Salzberg and E. W. Sard for helpful 
discussions and suggestions. 

K. SIEGEL 
Airborne Instruments Lab. 

Melville, N. Y. 

Relativity and the Scientific 

Method* 

The recent PROCEEDINGS article by 
J. R. Pierce' has triggered considerable ad-
verse comment' on Einstein's Theory of 
Relativity. In the maze of detail which was 
discussed, one very important principle was 
all but forgotten, i.e., the operation of the 
scientific method. 

The objective of physical science is to 
provide a theoretical basis for interpretation 
of the observed behavior of nature. Observa-
tions are thus the final and conclusive ar-
biter of the "correctness" of any physical 
theory. It follows that a theory may never 
be "proved," since it is impossible to per-
form all experiments. Conversely, if such 
proof were possible, there would be no more 

* Received by the I RE, October 22,1959. 
J. R. Pierce, " Relativity and space travel," 

PROC. IRE, vol. 47, pp. 1053-1061; June, 1959. 
2 H. L. Armstrong. "Comment on relativity and 

space travel," PROC. IRE, vol. 47, p. 1778; October, 
1959. 
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need for the theory itself since the purpose 
of any theory is to predict the outcome of 
new experiments. The success of a theory 
may thus be judged by the manner in which 
it fulfills this objective. In contrast, only 
one physical observation is required to dis-
prove a theory. If it can be shown that a 
prediction of the theory is in clear contradic-
tion to the behavior of nature as observed by 
a well-performed experiment, the theory 
must be discarded. 

If we are to retain our present concepts 
of the scientific method, we should treat the 
Theory of Relativity as any other theory. 
No amount of belief or disbelief and no 
lengthy emotional expression of philosophy 
will substitute for a careful analysis of the 
observed physical facts in relation to the 
predictions of the theory. To date, a great 
number of results predicted by the Theory 
of Relativity have been experimentally veri-
fied. No case of clear contradiction has yet 
been found. Whether the theory in its pres-
ent form will continue to enjoy such re-
markable success indefinitely is not the sub-
ject under discussion here. Few scientists to-
day would be willing to attest to the infalli-
bility of any theory. However, until now 
the Theory of Relativity has stood the test 
of many critical experiments which any 
potential critic would do well to ponder, and 
until such an experiment demonstrates a 
clear contradiction, the critic should content 
himself with devising new experiments. 

Irrespective of the eventual outcome of 
experimental work, the Theory of Relativity 
will remain the remarkable contribution of a 
remarkable man and a monument to the 
ability of the scientific method to bring un-
derstanding to an area where there was 
none. 

C. A. MEAD 
Calif. Inst. of Tech. 

Pasadena, Calif. 

A Simple General Equation for 
Attenuation* 

The familiar equations for the attenua-
tion of various kinds of transmission inedia 
all involve two basic kinds of dependencies. 
One is the intrinsic electrical properties of 
the conductors and dielectric; the other is 
the geometric configuration and scale of the 
cross section. It may not be generally ap-
preciated that the attenuation of most of 
the media in which the waves are guided by 
conductors can be expressed by a single sim-
ple equation in which the two kinds of de-
pendencies just mentioned are represented 
by separate and distinct coefficients. Once 
the equation is written, its coefficients may 
be readily evaluated by comparison with 
the usual equations for those cases for which 
the wave equations have been solved, or by 

• correlation with experimental data. We be-

* Received by the IRE, October 30, 1959. 

lieve this concept of a general equation is 
interesting, and that the equation itself is of 
considerable engineering usefulness. 

One of the writers, Szekely, has pro-
duced a mathematical proof, using per-
turbation techniques, that the equation pre-
sented is indeed general and applies to all 
transmission systems having conducting 
surfaces parallel to an axis of a general or-
thogonal curvilinear coordinate system, 
along which the waves are propagating and 
in which the wave equations are separable. 
The proof will not be given here. It is based, 
however, on the assumption of good con-
ductors and good dielectric materials. The 
equation applies, for example, to the attenu-
ation per unit length of wire pairs, of coaxial 
conductors, of all transmission modes of 
waveguides of any shape of cross section, of 
strip lines, etc. It even applies to such struc-
tures as conical horns if the attenuation is 
expressed in nepers or decibels per unit 
length, per unit solid angle. 

The attenuation per unit length of any 
transmission medium in the class just de-
fined is given by 

fc 2 

M )]+ïa 
a — 

where: 

4/ — (L)2 
f 

(I) 

D=constant depending only on the in-
trinsic properties of the dielectric, 

M = constant depending only on the in-
trinsic properties of the dielectric 
and of the conducting material, 

A, B =constants depending on the con-
figuration (but not the scale) of the 
cross section, and on the trans-
mission mode, 

a =a selected linear dimension of the 
cross section specifying its size or 
scale, all other dimensions having 
fixed ratios to a, 

f = transmitted frequency, and 

f. =cutoff frequency of the particular 
transmission mode on the given 
medium. 

The constant D accounts for that part of 
the attenuation that is due to dissipation in 
the dielectric. In many cases where the di-
electric is air or some other gas, this may be 
neglected. The remainder of this equation, 
representing the attenuation due to dissipa-
tion in the conductors, can be written in a 
normalized form: 

31,/"Fif [A B 
al  

a„,•&12 — • (2) 
iLv 

afl 

where ft =af,.. 
A plot of (at• • a") vs (af) gives one curve 

that is applicable to any scale of cross sec-
tion, for a given medium of given shape of 

cross section and a given mode of transmis-
sion. 

To apply ( I) to a particular case, it is 
necessary to know the values of M, D, A, B 
and ft. Since M and D depend only on the 
conducting and dielectric materials, they 
can be determined once for all transmission 
media employing particular materials, say 
copper and air. Their values are given by 

D = — 
2 

wet,. . 
• 

(3) 

(4) 

In these, 

= s,/pie = intrinsic impedance of the 
dielectric, where µ and e are the ab-
solute permeability and dielectric 
constant of the dielectric, 

= permeability of the conducting ma-
terial, 

=conductivity of the dielectric, and 

cr•= conductivity of the conducting ma-
terial. 

For a vacuum and substantially for 
gases, /7 = 1207r = 377 ohms. For dielectrics 
having a different dielectric constant than 
that of a vacuum, /I =377/N/Z, where er is 
the relative dielectric constant. 

It shall be noted that at frequencies well 
above cutoff, the portion of the attenuation 
constant caused by a lossy dielectric is very 
nearly a frequency independent constant, 
(aDD = Ina); this is true for any geometric 
configuration, scale of cross section, or mode 
of transmission, provided that the conduct-
ance of the dielectric is constant and small. 
(In some dielectrics such as paper in paper-
insulated telephone cables, a appears to be a 
function of frequency.) 

If rationalized MKS units are used, the 
attenuation given by ( 1) will be in terms of 
nepers per meter. Obviously, the attenua-
tion may be converted to other units by 
multiplying M and D by suitable factors. 
Table I gives some values of M for copper 
conductors (a„, = 58 X108 mhos per meter) 
and air dielectric, corrected for several com-
binations of units. 

TABLE I 

VALUES OF M FOR COPPER CONDUCTORS 
AND GAS DIELECTRIC 

a f in cps. f in KMC/sec. 

Nepers 
/meter 

db/meter 
db/ft 
db/mile 

cm 
cm 
inches 
inches 

69.1 X10-, 
600 X10-, 
72.1 X10-, 
0.38 X10-, 

2.19 X10 -1 
19 X10 -, 

2.28 X10-1 
12 

The constants A, B, and fl are obtainable 
from the equations given in the literature 
for most cases of interest. For cases not yet 
explored mathematically, their determina-
tion requires the application of electromag-
netic wave theory, a process often difficult 
and too lengthy to discuss here. However, 
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TABLE II 

VALUES or CONSTANIS D EFFNDENT ON CONFIGURATION AND M ODE 

MEDIUM 
CUTOFF 

MODE 
f 1 = Ofc Xi = Xcia 

A B 

PAIR OF WIRES 
— *p,i 

U U  
PRINCIPAL 

(NOTE I) 

0 
CX) 

i 
0 

II-(a/b)2 cosH -1 b/0 

COAXIAL CABLE 
PRINCIPAL 

NEXT HIGHER 

0 

V/I.95 

CO 

1.95 APPROX 

I + a/b 

0 LOGe a /b 

MIN = 3.59, WHEN a / b = 3.59 

— 

0 

— 

WAVEGUIDE -   
RECTANGULAR 

TE in 

TE mn 

TM mn 

(M 7 1 , n51) 

V 
2 

2 

2 

O 

b  

f712 + -9- e 
a b 2 

2 

I 0 
2 ( -- + -s--- ) - A 
Sm b S n 

Sm = 2 ; M#0, Sm  = I 

FOR Sn ) 

o 

V 0z 
-F./1"+ n2 — b2 

2 
.17124-112 a 

— — — — 

2 

b a 2 Sm Sn 
m 2 + —be n2  

— — — (NOTE: M=0 

m 2 .4- --sa 3 n2 SIMILARLY 
b 

b   

2 
V a 

—2 i m2÷ n2 —b 2 i ni2+ n2 ('2  b2 
2 a 2 
re ± n2 

b 2 

WAVEGUIDE - 
CIRCULAR 

a   

0 

T E mn V 1 27T in 2 
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as stated earlier, we have proved the exist-
ence of these constants for all cases in the 
previously defined class. The values of these 
constants for several common cases are 
given in Table 

It will be observed that ( 1) and (2) are 
analogous to the well-known equation, 

R GR. 

2R0 2 
(5) 

where R is the effective series ac resistance 
per unit length, G is the effective shunt con-
ductance per unit length, and R. is the real 
part of the characteristic impedance. Obvi-
ously D is dimensionally similar to GR./2; 

and since Mviis equal to the surface resist-
ance of the conductor divided by n, the first 
part of the equation is dimensionally similar 
to R/2Ro. 

The discussion above probably contains 
little that is new to those well versed in 
electromagnetic theory. However, we be-
lieve the engineering usefulness of the equa-
tion in the form given, plus the realization 
of its generality, justifies this communica-
tion. 

D. K. GANNETT 
ZOLTAN SZEKELY 

Bell Telephone Labs., Inc. 
Murray Hill, N. J. 

Some of these values were obtained from equa-
tions given in G. C. Southworth, 'Principles and Ap-

plications of Waveguide Transmission." D. Van 

Nostrand Co., New York. N. Y., pp. 94-95; 1950. 

General Properties of the Propaga-

tion Constant of a Nonreciprocal 

Iterated Circuit* 

Complementing an effort to introduce 
nonreciprocal loss into a microwave iterated 
circuit, a theoretical determination has been 
made of the behavior of the propagation 
constant of a general iterated circuit con-
taining nonreciprocal components. This cir-
cuit might find use in a traveling-wave tube 
or parametric amplifier. 

The model examined was an infinitely 
long chain of identical two-port networks, 
each specified by the matrix 

(Z) (
‘Z21 Z22) 

Zit Z12 

where zit, 0:721 since each network contains 
nonreciprocal components. Voltages (and 
currents) to the right and left of each net-
work are assumed to be related by the factor 
ele3 and the problem is to examine the 
nature of O. 

The voltages and currents of the system 
are related by 

Vra+1 = (Z) ( ) (1) 

where n refers to the nth network and 
e,H= V„+i/ V,=/„+1 //„. Eq. ( 1) may be ex-
panded and put into the form 

zne'e incie = Zll ± 22.2. (2) 

* Received by the IRE, October 19, 1959. 

Use is inade of the following definitions 

= e2(16-4), 
z'2 

= b + (angle of Z12), 

= 

x 

O +ix, 

1/2 Im + z2..!)  

= 1/2 
Re (za + zz2) 

r zul 

P,(x) = e0(r cos cis x sin 0), 

P„(x) = ee(r sin 0 - x cos 0). 

After a little algebra, (2) may be written 

cos (0 - b) cosh (x - ;,G) = P(x) 

sin (0 - b) sinh (x - %e) = P.(x). (4) 

Finally, conservation of energy requires that 

r ≥ 1/21 1 + e2(1) k 0. (5) 

Although all quantities are basically a 
function of frequency, it will be convenient 
to consider x as an independent variable and 
r as a parameter. Although specific values 
of x and r do not determine the other quan-
tities uniquely, they do determine upper 
and lower bounds on the other quantities. 
The cases of r =0 and r >0 will now be 
treated. 

1) r=0 (lossless case). From (5), 0 = 0, 
P(x)=x, and P.(x) = 0, so that (4) becomes 

cos (0 - b) cosh x = x 

sin (0 - b) sinh x = O. 

(3) 

(6) 
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Eq. (6) has the simultaneous solution 

cos (0 — b) = 
— 1 < x < 1, 

x = 0 

— b = 
I xl ≥ 1. 

cosh x = (- 1)"x) 

x and 0—b are plotted vs x as the solid curves 
in Figs. 1 and 2 where it is understood that 

I 

Fig. 2. 

e= O. The structure has a pass band from 
—1 <x < 1. Within this range, the loss param-
eter x is zero and the phase parameter 
varies from mr-Fb to (m +1)T-I-b. For x 
above 1 and below — 1, the loss parameter is 
high and the phase parameter is mx-1-b. 
The significant difference between the non-
reciprocal and reciprocal cases is that in the 
latter x is an even function of 0, i.e., b=0. 
In the former case, this is no longer true. 
At 0 = 27rm, x is not 1 but cos b. Thus, for a 
nonreciprocal circuit, the propagation con-
stants of the space harmonics will depend on 
the direction of propagation. A plot of x vs 0 
would look like Fig. 1 except that the curve 
shown in Fig. I would be shifted to the left 
or right of the ordinate by an amount b. If b 
is not a constant but a function of x, the 
situation is further complicated. 

2) r > 0 (lossy case). For r>0, (5) indi-
cates that it is only possible to determine 
yfr and e to within a band of values whose 
upper and lower limits may be calculated. 
Thus, for specific values of r and x, P,. and 
P. may be determined to within a band 
whose upper and lower limits may be cal-
culated. Nevertheless, from this informa-
tion, it is possible to predict the general be-
havior of the loss and phase parameters. 
Typical plots of these parameters vs x are 
shown as the dotted curves in Figs. 1 and 2. 

As an aid in determining these plots, we 
write (4) in the form 

sin2 (0 — b) = p2(x) tan' (0 — b) — P.2(x), 

sinh2 (x — te) 

= P,2(x) tanh2 (x — 11,) P,,2(X) (7) 

and note the intersection of the left and 
right hand sides of each equation as P. and 

P. are given their extreme values holding 
r fixed and varying x. 

The behavior of x and Olor r >0 is more 
or less an expected extension of the r= 0 case 
except that now the loss parameter depends 
on the direction of propagation since e 0. 
A plot of x vs x would be the plot of Fig. 2 
shifted to the left or right of the ordinate by 
an amount II,. If e is a function of x, the 
situation is further complicated. 

Two points of practical importance 
should be noted about an iterated nonre-
ciprocal circuit used as a traveling-wave 
tube circuit. First, in a traveling- wave tube, 
0=OL where L is the periodic length. In or-
der to get interaction with the electron beam 
over a maximum of the pass band (from 
x = — 1 to + 1), at midband (frequency cor-
responding to x = 0) 0 must be approximately 
equal to the plasma slow-wave propagation 
constant and 0 =10. For the reciprocal case, 
9,..0 is very close to an odd multiple of w/2 so 
that L is determined. In the nonreciprocal 
case, 0,_o= (odd multiple of /112)+1) and 
theoretically may be any angle. Thus, L is 
not restricted and may be chosen so as to 
optimize some parameter such as interaction 
impedance. 

Secondly, it can be true that the addi-
tion of loss broadens the band of circuit-
wave interaction with the electron beam 
(see Fig. 1, dotted curves). However, the 
attendant forward-wave loss negates the de-
sirability of doing this. However, in a non-
reciprocal circuit, it is theoretically possible 
to introduce ik in such a way that the for-
ward loss is small. At the same time, the 
backward loss increases, which is usually a 
desirable circuit property. 

The author wishes to acknowledge the 
valuable aid of S. Sensiper of Hughes Air-
craft Co. who suggested the problem and 
who provided subsequent stimulating dis-
cussions. 

R. N. CARLILE 
Dept of Elec. Engrg. 

University of California 
Berkeley, Calif. 

Formerly at Hughes Aircraft Co. 
Culver City, Calif. 

Parametric Amplifier Antenna* 

A number of circuit configurations have 
been reported' for employing voltage vari-
able capacitors as the active element in a 
parametric amplifier. One form, described 
by Harris' and others, utilizes a coaxial dis-
tributed structure to provide, at the same 
time, appropriate resonant conditions for 
both the signal and the so-called idler fre-
quency components. In this mode of opera-
tion the input signal and the output are at 
the same frequency f,. The pumping energy 
source may be at 2f,, 4f„ • • • etc., while the 
idler will have a corresponding value of fi, 

* Received by the IRE. October 29, 1959. The 
work described has been carried out under the 
sponsorship of the Electronics Research Directorate, 
Air Force Cambridge Res. Center. 

A. Uhlir, Jr., "The potential of semiconductor 
diodes in high frequency communications," PROC. 
IRE, vol. 46, pp. 1099-1115; June, 1958. 
B. Salzberg and W . E. Sard, "A low-noise wide-

band reactance amplifier," PROC. IRE. vol. 46, p. 
1303; June, 1958. 

F. S. Harris, "The parametric amplifier." CQ, 
vol. 14, November, 1958. 

P2 

Fig. 1—Cross-sectiona view of parametric 
amplifier antenna or "parant." 

3f. • • • . A number of advantages can be 
derived by realizing this circuit in a bal-
anced form and incorporating the resulting 
structure inside of a half wave dipole as 
shown in Fig. 1. The amplifier consists of 
the outer cylinder of length L which serves 
as an antenna, and an inner coaxial con-
ductor, diameter D', supported at the center 
by an RF connector and low loss dielectric 
spacers as shown. Each end of the center 
conductor is connected to the corresponding 
end of the antenna through parametric 
diodes (HPA 2800) at C and C'. The antenna 
is split at the mid-point to provide dc isola-
tion for the diode bias paths. A thin dielec-
tric layer between the dipole sections and 
the central supporting sleeve serves as an 
RF bypass path for antenna currents. The 
pumping signal is applied to both diodes in 
phase through the inner conductor at P. 
With the center conductor at dc ground, 
either through the generator or a suitable 
transmission line stub, diode bias voltages 
are applied at B+ and B—. In operation 
the interior coaxial region serves as a reso-
nant storage volume for both the signal and 
idler components. The output is taken at 
P2 from loop S through a suitable network 
which passesh while rejectingfi. 

Fig. 2 shows the inner construction of a 
unit designed for use at 220 mc. Fig. 3 is the 
assembled antenna-amplifier dipole. It is 
necessary that the physical length of the 
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antenna cylinder be adjusted for the desired 
center operating frequency while at the 
same time the coaxial system is resonant at 
f, and an odd multiple of f.. Since the free 
resonant length of an antenna is significantly 
less than X/2 the interior system would ap-
pear to have less than its requisite electrical 
length. It has been found, however, that 
with the antenna units investigated to date 
an adjustment of fringing and diode capaci-
tance has been sufficient to achieve the simul-
taneous resonance conditions without the 
use of an internal dielectric septum. An-
tenna-amplifier gain, relative to a passive 
dipole of the same length and diameter and 
measured as a function of frequency, is 
shown in Fig. 4. 

In addition to the advantage of a poten-
tially low noise figure such as is common to 
reactive parametric amplifiers, this arrange-
ment provides a low impedance output at a 
coaxial connection in the neutral plane of 
the antenna. Complications in construction 
arising from the use of a split outer con-
ductor can be avoided by separating the 
inner conductor into two sections at the 

Fig. 2—Antenna center conductor showing output 
loop and coaxial connectors. 

Fig. 3—Assembled antenna amplifier dipole. 

Fg. 4—Antenna amplifier gain relative to passive 
dipole having the same length and diameter. 
Pumping source frequency and dc bias adjusted 
at each point for maximum gain. 

center and applying the pumping and bias 
voltages through a twin coaxial connector 
instead of the type N as used in this version. 

ALBERT D. FROST 
Antenna Systems Lab. 
Dept. of Elec. Engrg. 

University of New Hampshire 
Durham, N. H. 

Superdirectivity* 

Kock' in his interesting paper on "Re-
lated Experiments with Sound Waves and 
Electromagnetic Waves" credits Schel-
kunoff2 with the first discussion of superdi-
rectivity in aerial arrays. Though Dr. Schel-
kunoff's paper is of basic importance in this 
field, investigation of the phenomenon 
commenced much earlier. The first demon-
stration of the possibility of superdirectivity 
that we know of was published in 1922 by 
C. W. Oseen.3 Reference to four other papers 
prior to that of Schelkunoff was given by us 
in a previous paper.' In the bibliography ap-
pended to that paper, we listed all the work 
on superdirectivity then known to us; the 
quite impressive total of twenty-eight items 
resulted. In view of the continued interest in 
this subject it may be of value to bring this 
listing up to date, as attempted in the 
bibliography below. For the Goward refer-
ence [ 11 we are indebted to Mr. J. D. Lawson 
of the Atomic Energy Research Establish-
ment at Harwell. 

A. BLocii, 
R. G. MEDHURST, 

S. D. Poot. 
Research Laboratories, 

The General Electric Co., Ltd. 
Wembley, England. 

Author's Comment:5 

I feel that Oseete discussed the possibil-
ity of superdirectivity, whereas Schelkunoff2 
and Franz [281 demonstrated a feasible 
method of approach to its realization. 
Schelkunoff U. S. Pat. No. 2,286,839 on this 
subject was applied for on December 20, 
1939; it was issued on June 16, 1942. I am 
indebted to Dr. Franz for the receipt of re-
prints of two papers of his [28, 30] which 
appeared during the war and which I failed 
to reference. The second [301 refers to still 
another author on superdirectivity: A. Fra-
din, J. O. A. Ph., Leningrad, Russia, vol. 9, 
p. 1161; 1939. 

WINSTON E. KOCK 
Research Laboratories Div. 

Bendix Aviation Corp. 
Detroit, Mich. 

* Received by the IRE, November 4,1959. 
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Parallel Field Excitation* 

AT-cut circular quartz plates or lenses 
are used for the control of precision oscil-
lators in the range of 500 to 2500 kc. 

The major requirements are: high Q, 
freedom of unwanted responses, and a good 
frequency-temperature behaviour. 

As the inductance of these crystals is 
low, it is necessary to reduce by all means 
the resistance of the crystals in order to ob-
tain high Q values. Good crystals, however, 
have a very low resistance of about one to 
five ohms. This complicates the design of 
the oscillator from the point of view of im-
pedance matching. 

As a result of recent work performed at the 
Paris Observatory, as well as at Oscillo-
quartz Dept. of Ebauches S.A. at Neuchatel, 
Switzerland, the electric parameters of the 
crystals were altered by application of an 
electric field parallel to the major surfaces of 
the crystal; this is instead of having it nor-
mal to the surfaces, as it is usually done for 
the excitation of thickness-shear vibrations. 

There are two main points to consider 
when the parallel field method is applied:1 

1) Inductance and resistance are rising, 
but the former rises quicker than the 
latter; thus the Q value increases. 

2) The resistance of unwanted responses 
is highly increased, especially that of 
unwanted face shear modes. 

For one-mc fundamental-mode plated 
lenses of about 27-mm diameter, Q values 
between 6 and 8.10° have been obtained. 
For 0.5-mc fundamental-mode plated lenses 
of about 38-mm diameter, the Q is approxi-
mately 8 to 10.10°. For both types, the re-
sistance has values between 45 and 80 ohms, 
and the inductance is approximately 50 
times higher than the inductance of crystals 
excited by a field normal to the surfaces. 

Much higher Q's are obtained with non-
plated crystals excited by the parallel field. 
Depending upon the choice of the geometry 
of the electrodes and of the air gap, the Q's 
of 0.5- and 1-mc lenses are approximately 
20 • 10°. 

All the measurements mentioned above 
have been made at room temperature. 

V. IANOUCHEYSKY 
Observatoire de Paris 

Paris, France 
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Theoretical Hysteresis Loops of 

Thin Magnetic Films* 

The theoretical static behavior of single 
domain thin magnetic films can be deter-
mined on the basis of a few hypotheses: 

* Received by the IRE, November 2, 1959. 

1) The magnetization vector has a con-
stant amplitude M.. 

2) It lies in the plane of the film. 
3) The total energy per unit volume of 

the film is 

E = K sin2 0 — HM„ cos (0 — 0) (1) 

The first term in ( 1) is the uniaxial aniso-
tropy energy, where K is the anisotropy 
constant and 0 the angle between the mag-
netization vector and the preferred direction 
of magnetization (easy direction). The sec-
ond term is the energy of magnetization in 
the applied field of amplitude H and of di-
rection 0. 

Magnetization curves obtained from ( 1) 
are analyzed as a function of 4) by Stoner and 
Wohlfarthl and for crossed fields by Smith. 2 
Chu and Singer3 give a graphical method, 
based on these energy considerations, for the 
determination of theoretical hysteresis loops. 
This communication gives a simple analyt-
ical method as well as a graphical construc-
tion more accurate and easier than the first 
method, which is sometimes difficult be-
cause of the flatness of the energy minimum. 
As is known, the magnetization assumes the 
direction in which the total energy E is a 
minimum. 

aE 02E 
— = 0; — > 0. (2) 
ae 002 

Two stable orientations exist for certain 
values of the field. By a continuous varia-
tion of the field vector, a jump occurs when 

E. C. Stoner and E. P. Wohlfarth, "A mechanism 
of magnetic hysteresis in heterogeneous alloys," Phil. 
Trans. Roy. Soc.. A, vol. 240, pp. 599-642; 1948. 

s D. O. Smith, "Static and dynamic behaviour of 
thin permalloy films," J. Appl. Phys.. vol. 29, pp. 264-
273; March, 1958. 

K. Chu and J. R. Singer, "Thin film magnetiza-
tion analysis," PROC. IRE. vol. 47, pp. 1237-1244; 
July, 1959. 
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the present minimum disappears; this case is 
realized when 
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An analytical expression for the theo-
retical hysteresis loop, given by ( 1) and (2), 
is easy to obtain. The easy and hard direc-
tions are called x and y. The projections 
H. and Hy of the field and the projections 
3/. and M, of the magnetization are con-
sidered. M. and My are related to the angle 
0 by 

M. = M. cos 0; M,, = M. sin 0. (4) 

Reduced variables can be introduced in 
order to get dimensionless equations: 

11.M, II,M. 
h. = ; hy = ---; 

2K 2K 

M. My 
= me = (5) 

Combination of ( 1), (2), (4) and (5) gives the 
system: 

m.2 ± my2 = 1 

h. 14, 

m. 
(6) 

The simplest way to compute hysteresis 
loops in the easy and hard directions, by 
means of these equations, is to consider tn5 
or m„ as the independent variable and hy or 
h5 as a parameter, and then to compute h5 
or hy. The four main cases are shown in 
Fig. 1(a) below, and Fig. 1(b), next page. The 
jumps in the first two curves occur when 
ah./am„ =0 which, combined with (6), gives 
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Fig. 1 (b) 

Fig. I —Magnetization projection rn,. and my. (a) As a function of the field h, in the easy direction and with the 
field hi, in the liard direction as parameter: (b) as a function of the field h1, in the hard direction and with 
the field h, in the easy direction as parameter. 
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Fig. 2—Critical curve and geometrical construction of the magnetization direction O. 

the relation 

h„2l3 = 1. (7) 

This equation represents the critical curve. 
The magnetization just before a jump is am, 1 

m, h.,"; m5 = (8) h„ — 1 

h, 

In the easy direction, the curves are revers-
ible when h,> 1. The initial susceptibility in 
the reduced curves is then 

h = 1.1 
Y 

m Y 

O. I 

In the hard direction, the curves are always 
reversible, and the initial susceptibility is 

am, 1 

ahu hm-o h. + 1 

An essential property of (6) is the linear 
dependence of h: and h, for a given value of 

m, or of the direction O of the magnetiza-
tion vector. Furthermore, it can be shown4 
that all the straight lines in the (h,, 115) plane 
are tangential to the critical curve (7). This 
property can be used for the graphical de-
termination of hysteresis loops under various 
conditions (Fig. 2), as first proposed by 
Slonczewski.5 The straight line going 
through the point (h,, 14) and tangential to 
the critical curve forms, with the x axis, an 
angle O equal to the angle formed by the 
magnetization vector with the easy direction. 

Experimental curves agree very well 
with the theoretical curves obtained under 
the simplified initial hypotheses, provided 
single domain structure and rotational 
processes only take place This is the case 
for the reversible curves shown in Fig. 3. 

by 

rtt, 

Fig. .3— Experimental M-11 loops ot a Ni Fe filin (it 
about 80-20 composition show rotational and re-
versible behavior at low frequency (500 cps). 

H. J. OGUEY 
Res. Lab., IBM Corp. 

Zurich, Switzerland 

P. Franklin, "Advanced Calculus," McGraw 
Ilill Book Co., Inc., New York, N. Y., p. 343: 1944. 

, .1. C. Slonczewski, "Theory of magnetic hysteresis 
in filins and its application to computers." IBM Rept. 
No. RM 003.111.224, October I. 195O (unpublished). 
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Narrow-Band Filtering of Random 

Signals* 

The misconception that the output of a 
narrow-band filter is more nearly Gaussian 
than some corresponding non-Gaussian 
random input appears to be widespread. The 
incorrectness of this concept is demonstrated 
by the following examples. 

First, consider the random process con-
sisting of the pure cissoids, 

x(t) = e"itn14 ), — co < I < co, 

where the frequency f is a random variable 
with arbitrarily given probability distribu-
tion, 

Pr{ f = F(X), — CO < X < 03 , 

and the random phase is uniformly dis-
tributed on the unit interval. The process 
thus defined' is stationary in the wide sense, 
with autocovariance easily seen to be 

cr(1,),-rw5= f (I) 
[Note that any (unit power) power spectrum 
may be thus realized.! If this process is ap-
plied as input to a filter with transfer func-
tion 

Y(271- jf) = 1 f' < f f", 

= 0 otherwise, (2) 

then the output, renormalized to unit power, 
has at any fixed time the form, 

A-1/2e2r18 with probability A, 

0 with probability 1 — A, 

where 3.= F(J")— F(f), and where O is a ran-
dom variable uniformly distributed on the 
unit interval. This distribution of the output 
does not approximate the (complex) unit 
normal distribution in any reasonable sense 
as f" —f' —>0. The analogous real process and 
filter also give rise to a non-Gaussian output 
distribution. 
A more striking example is provided by 

x(i) = n-./2 E e".1(f,"'"), — 00 < t < 00, (3) 
,-1 

where f,, Op, y -= 1, • • • , n are mutually inde-
pendent random frequencies and phases, 
respectively, each distributed as in the 
example above. The autocovariance of proc-
ess (3) is given by ( 1), as before. If n is large, 
then the distribution of x(t) of (3) at any 
fixed time will be nearly Gaussian, by the 
central limit theorem. If now f' and f" are 
chosen so that nA is moderately small (say 
nA <0.25) then the output of filter (2) will 
have at any fixed time the form (again, re-
normalized to unit power) 

0 with probability 1 — nA-F0((nA)2) 

(nA)-112e21"Je with probability nA4-0((nA)2) 

(other) with probability 0((nA)2), 

* Received by the IRE, October 22, 1959. 
J. L. Doob, "Stochastic Processes," John Wiley 

and Sons, Inc., New York, N. Y., p. 525; 1953. It is 
to be emphasized that each sample function of the 
process is a pure cissoid, of fixed frequency and phase, 
extending indefinitely in time. The random element 
is the choice of frequency and phase. 

with A and O as before. Thus a random signal 
whose distribution at any fixed time is nearly 
Gaussian is converted by narrow-band filter-
ing to one whose variables are much less 
Gaussian. 

It may be argued that the processes de-
scribed above are not ergodic and the author 
is willing to admit the possibility that nar-
row-band filtering of a non-Gaussian sta-
tionary (wide sense) process which is ergodic 
in the wide sense2 might give a process whose 
variables are individually more nearly 
Gaussian. However, the above examples in-
dicate that a proof will have to be more 
delicate than the heuristic arguments us-
ually given. (In these arguments, small cor-
relation is confused with small stochastic 
dependence.) 

S. P. LLOYD 
Bell Telephone Labs. 
Murray Hill, N. J. 

2 By this we mean a process whose sample func-
tion autocorrelations (time average) are equal to the 
process autocovariance (statistical average) with 
probability 1; the definition of Doob is different. See 
J. L. Doob, op. cit.. pp. 461-464, 493-497. 

Rapid Periodic Fading of Medium 

Wave Signals* 

The occurrence of a peculiar type of 
rapid fading, called "flutter phenomenon," in 
broadcast signals have been reported by 
Subba Rao and Somayajulu.' They ob-
served this type of fading regularly on the 
41-m and 61-m bands and occasionally on 
the 19-m band, but never on the medium 
wave band. Recently, Yeh and Villard2 re-
ported the occurrence of a more rapid fading 
of signals in the 41-m band propagating 
over long paths crossing the magnetic 
equator. 

Using a superheterodyne broadcast re-
ceiver, the AVC system of which was dis-
connected, and a recording millivoltmeter, 
it has been possible to record the same type 
of rapid fading of signals on the medium 
wave as well as short wave bands. A few 
typical records are reproduced here. The par-
ticulars of these records are as follows: 
Fig. 1(a) shows fading of transmission in the 
19-m band from Karachi, received at 1935 
hours Indian Standard Time ( 1ST) on March 
3, 1959. Fig. 1(b) shows the same in the 
61-m band from Madras, received at 1845 
hours 1ST the same day. Fig. 2(a) is a record 
of such fading of signals at 280.4-m re-
ceived from Delhi at 2027 hours 1ST, also 
the same day. Fig. 2(b) represents another 
such record of the 280.4-mc signals obtained 
at 1912 hours 1ST on March 16, 1959 and 

* Received by the IRE. October 22, 1959. 
N. S. Subba Rao and V. V. Somayajulu, "A 

peculiar type of rapid fading in radio reception," 
Nature, vol. 163, p. 442; March, 1949. 

2 K. C. Yeh and O. G. Villard. Jr., "A new type of 
fading observable on high-frequency radio transmis-
sions propagated over paths crossing the magnetic 
equator," PROC. IRE, vol. 46, pp. 1968-1970; Decem-
ber, 1958. 
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' 40 

... • 

Fig. 2(c) 

Fig. 2(c) shows a more rapid fading of the 
saine signals at 1850 hours 1ST on March 
12, 1959. On the time axis, four large di-
visions represent one minute. 

It may be noted that the rate of fading 
of the medium wave signals is of the same 
order as that of the short wave signals, 
namely, about 1.5 to 3 cps. No known mode 
of propagation can account for such a rate 
of fading at this wavelength. Further records 
are being made. 

The gift of a Varian type G-10 graphic 
recorder from the U. S. Government under 
the India Wheat Loan Educational Ex-
change Scheme is gratefully acknowledged. 

II ARIHAR MISRA 
Physics Department 
Ravenshaw College 

Cuttack 3, India 

Report on the AGU Study of the 

Metric System in the United States 

The American Geophysical Union's Spe-
cial Committee for the Study of the Metric 
System in the United States has noted the 
recent publication of our "Letter to the 
Editor" and its accompanying Question-
naire in the PROCEEDINGS.' 

\Ve wish to express our sincere apprecia-
tion for the courtesy of the IRE in present-
ing this matter to its readers. We wish also 
to thank your members who aided the Com-
mittee by a generous response of completed 
questionnaires. Many of the replies included 
letters containing helpful suggestions and 
offering financial assistance if requested. 

Those readers who have access to the 
September, 1959, Transactions of the Ameri-
can Geophysical Union will find there a full 
report of the Committee, together with an 
analysis of the replies to the Questionnaire 
received up to July. At this date, three 

* Received by the IRE, November I, 1959. 
1 F. W. Hough, tAGU Committee for the Study of 

the Metric System in the United States." PROC. IRE, 
vol. 47, p. 584: April, 1959. 

months later, 1080 have been analyzed. 
The scientific and engineering field was 
rather well covered by publication last 
spring of the Letter or Questionnaire, or 
both, in eight of the leading journals and 
magazines of the United States. Briefly, to 
the most significant question as to whether 
it would be desirable to replace the English 
System with the Metric as the "only official 
system" of weights and measures in the 
United States, ninety per cent have replied 
in the affirmative. The average suggested 
period of transition was about 22 years; 
this indicates agreement with the Commit-
tee on the necessity for a long transition 
period to avoid economic dislocation through 
education in the schools, through a normal 
retirement of presently active older person-
nel, and through the normal obsolescence of 
existing equipment. 

The Congress of the United States, for 
the first time in nearly thirty years, is faced 
with a decision on metric legislation, re-
cently introduced in both Houses. House 
Bill, HR7401, May, 1959, by Mr. Brooks of 
Louisiana, and Senate Bill, S2420, July, 
1959, by Mr. Neuberger, both call for a 
feasibility study of the problem by an ap-
propriate Government agency, with fund 
authorization. A third action of interest is 
the introduction in July, 1959, by Repre-
sentative Fulton, of House Concurrent Reso-
lution 364 which would place the Congress 
on record in favor of the Metric System. 

It is apparent that the United States 
must soon decide whether to change over 
gradually, during the next generation, to a 
far simpler and more logical system of 
weights and measures, or to continue to live 
in comparative isolation with the remaining 
ten per cent of the world's population not yet 
under the Metric System. 

FLOYD W. HOUGH 
Chairman, Committee for the 
Study of the Metric System 

in the United States, 
American Geophysical Union 

1515 Massachusetts Ave., N. \V. 
Washington 5, D. C. 

Noise Spectrum of Phase-Locked 
Oscillators* 

The fundamental parameter that best 
describes a phase-locked klystron is the 
noise spectrum of the oscillator in the phase-
locked condition.' Some time ago a program 
for studying the sources of noise in phase-
locked oscillators was established in the 
Microwave Spectroscopy Laboratory of the 
Research Laboratory of Electronics, Massa-
chusetts Institute of Technology. The fol-

* Received by the IRE, October 22. 1959. This 
work was supported in part by the U. S. Army (Signal 
Corps), the U. S. Air Force (Office of Scientific Re-
search, Air Research and Development Command), 
and the U. S. Navy (Office of Naval Research). 
t M. W. P. Strandberg, Letter to the Editor. 

Radiotek. i Elektron.. vol. 3, p. 1220; September, 1958. 

lowing remarks are a summary of the results 
of this project at its termination. 

Since the first demonstration2 of the sim-
ple utility of phase-locking klystron tech-
niques in the microwave region, there has 
been considerable concern about the purity 
and validity of the resulting spectrum. 
Sources of noise, either amplitude-modula-
tion noise or phase-modulation noise, can 
arise at many points in the servo-control 
loop. The importance of the various sources 
of noise is most convincingly demonstrated 
by experimental measurement. For this 
reason, a test facility consisting of two Fetch 
oscillators,3 at 1 mc and 5 mc, was built; 
active tube multipliers, nsultipling to 300 
mc and 700 mc, were constructed; and elec-
tronic phase-locking equipment for K-band 
and X-band klystrons was assembled or 
constructed. The final system is shown in 
the block diagram of Fig. 1. It consists essen-
tially of a silicon-diode harmonic generator, 
balanced mixer, 455-kc IF amplifier, phase 
demodulator, dc amplifier, and phase-cor-
recting network to the klystron repeller. 
Previous phase-stabilization circuits meas-
ured in this laboratory have indicated a carrier 
noise level of approximately 60 (lb/cps.' 
It was our intention to use the measurements 
for comparing the noise amplitude as a func-
tion of the multiplication ratio and as a 
function of the low-frequency crystal-refer-
ence oscillator frequency. 

Two klystrons were stabilized in this 
fashion and were beaten against each other 
in a superheterodyne receiver; the resulting 
beat note (arising from a small difference 
in the fundamental crystal-oscillator fre-
quencies) could be displayed on an oscillo-
scope and the carrier-to-noise ratio could be 
analyzed with a General Rattle harmonic 
distortion analyzer. 

Unfortunately, when the system reached 
satisfactory operating condition, it was 
found that even with a frequency multipli-
cation of 10,000 from a low-level Fetch crys-
tal oscillator the noise power per frequency 
interval was much too low to be measured 
on the distortion analyzer. The clarity of the 
beat note under these conditions can be seen 
from Fig. 2. The video bandwidth of the 
presentation system was 4 me, so that the 
photograph shows the total noise signal. 
Although no definite measurements are 
available, the noise level must be less than 
100 db below carrier per cps. 

\Ve conclude that with reasonably decent 
feedback electronics, the noise arising from 
the fundamental crystal oscillator or the 
multiplier chain is negligibly small, even 
with a frequency multiplication ratio of 
10,000. Stated another way, this means that 
there should be no difficulty in operating a 
phase stabilizer from a 10-mc crystal in the 
100-kmc frequency region, and so on. 

There is no doubt that the system as we 
have operated it is far from optimum. The 
IF frequency is low. This was governed by 
a desire to have it less than the fundamental 

2 M. Peter and M. W. P. Strandberg, "Pitase 
stabilization of microwave oscillators," PROC. IRE. 
vol. 43, pp. 869-873; July, 1955. 

F. P. Fetch and J. O. Israel. "A simple circuit 
for frequency standards employing overtone crys-
tals," PROC. IRE, vol. 43, pp. 596-603; May, 1955. 

M. W. P. Strandberg. "Phase stabilization of 
microwave oscillators," PROC. IRE, vol. 44. p. 696; 
May. 1956. 
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Fig. 1—Phase-locked stabilization of microwave frequencies. 

Fig. 2—Beat note of two phase-locked klystrons. 

crystal-oscillator frequency. Thus the sys-
tem was limited to a locking range of less 
than 0.5 mc; the hold in range, however, was 
approximately 104 mc. Even with this rela-
tively poor design, these experiments have 
removed any doubt about the feasibility of 
phase-locking techniques—in the face of the 
argument that in the process a catastrophic 
amount of noise will also be generated. There 
is no doubt that this noise limitation will be 
met as the multiplication ratio becomes 
greater. As far as we can foresee, a multipli-
cation ratio of 10,000 should be quite suffi-
cient for most purposes, and should still be 
adequately remote from the multiplication 
ratio that would yield a noisy spectrum in 
the stabilized klystron output. 

The over-all, long-time, relative phase 
stability of the two systems has not been 
studied because a study of the phase sta-
bility of the particular multipliers used 
would not be of general interest. The secular 
phase shift in the multiplier output can be 
reduced by limiting the number of multiplier 
stages and carefully controlling the input 
signal, temperature, operating potentials, 
and so forth. It would seem that a single-
stage multiplier would be ideal for this pur-
pose because it would minimize the amount 
of control that would have to be introduced 
to remove secular phase drifts from the 
multiplier chain. These secular drifts would 
only be evident if two klystrons were stabi-
lized through two multiplier chains to a single 
crystal reference source, and the relative 
phase of eat-h klystron with respect to the 
other determined. Few applications would 
have such stringent stability requirements. 
On the other hand, there are advantages in 
having a simple multiplier chain, simply 
from the point of view of convenience. 

Some investigation of single-stage multi-
pliers is being carried out in the Microwave 
Spectroscopy Laboratory, M.I.T. In par-
ticular, it has been pointed out by Sharp-

450 -AC 
AMPLIFIER 

REFERENCE 
OSCILLATOR 

less& that gallium arsenide shows no carrier 
storage effects for switching times of the 
order of 10-I° seconds. Gallium-arsenide 
crystals, kindly supplied by the Texas 
Instruments Company, are being investi-
gated under operating conditions in which 
they are driven hard by a 10-mc potential 
into the conduction region and into the 
Zener breakdown region. At 10 mc, with 
100-mw power at 10 mc into the crystal, 
we should be able to obtain 0.1 law of power 
at 10,000 inc. This would be more power 
than is needed to obtain satisfactory low-
noise phase-locking. 

The author would like to acknowledge 
the assistance of J. G. Ingersoll in carrying 
out the phase-locking experiments reported 
here. 

M. \V. P. STRANDBERG 
Dept. of Physics and Res. Lab. of Electronics 

Massachusetts Institute of Technology 
Cambridge, Mass. 

W. M. Sharpless, "1%h-frequency gallium 
arsenide point-contact rectifiers," Bell Sys. Tech. J.. 
vol. 38, pp. 259-269; January, 1959. 

Beam Focusing by RF Electric 

Fields* 

It is well known that the periodic elec-
trostatic fields can focus electron beams. 
One might suppose that the RF electric 
fields with a distribution similar to those 
fields can focus the beam. We studied the 
case of a strip beam passing through a 
parallel plane waveguide which carries Em 
mode, and obtained some general conclu-
sions. 

Assumptions used are: 1) small perturba-
tion, 2) the contribution of magnetic fields 
may be neglected, and 3) the term 
(dy/dz)dv/dt may be neglected. The second 
assumption is reasonable if uo«c and if the 
operating frequency is not near the cutoff 
points. Following the well-known procedure, 
one gets the path equation, eliminating t in 

* Received by the IRE, October 26,1959. 

Y 
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a 1 

beam edges 

line o' electric force 

Fig. 1—Electric field distribution between two 
parallel planes. 

the equation of motion.' The small pertur-
bation from y-=b is expressed by 

= qt cos (az — (5) + pi sin (az — (5), 

= —`e + 13, = 
Ho Ho 

(1) 

Substituting ( 1) in the path equation, one 
gets the condition of stability.2 

It is of interest that the beam can not be 
focused by forward traveling waves. The 
power required to focus the beam by back-
ward waves, PI, is given by 

= 8.02 X 105 b (watts/m) 

— r  
a 

(codw)2 
Fi(c0) 

1 — N/1 — (w/(0)2 

Fl(w) sin ( 

[i uo  N/1 —  

cj  Us7 -  

— (codc.))2 J• (2) 

The magnitude of perturbation ql/b is of the 

order of 3X10-2± N/ina. In the case of 
standing wave focusing, the necessary power 
P2 (one-directional) is 

IC/ Vrt8 
P2 = 1.01 X 108 (watts/m) 

a / 

F2(to) — 

F2(w) sin ( 

(0")2 { _ ( ,./)23122 
(3) 

1 — (1 211 — (co,/w)21 

q2/b is of the order of 0.4 X .V.ÍGR/ VD. 
P2 is larger than Pi because the forward 
traveling waves have defocusing action. As 
the magnitudes of Ft(w) and F2(w) are of 
the order of 1, PI and P2 are considerably 
large for reasonable /0(A /m) (see Fig. 2). 
It is noted that PI is proportional to 4, 

while P2 to 10/V 170. 
The explanation for defocusing action of 

forward traveling waves is as follows. The 
electric field of Eci mode is given by 

I P. K. Tien, "Focusing of a long cylindrical elec-
tron stream by means of periodic electrostatic fields," 
J. Ape Phys.. vol. 25, pp. 1281-1288; October, 1954. 

2 Report presented to the Meeting of the Profes-
sional Group on Microwave Tubes of the IEE, 
Japan; July, 1959. 
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Fig. 2—Power required to focus the beam. Solid lines: 
power for standing waves. Dotted lines: power for 
backward traveling waves. 

• = 0 sin kyy cos (od ± 0z), 

• T- km cos km y sin (cd ± /3z)• 

Putting 1=0, (4) becomes 

E, = 0 sin ki,y cos 11z, 

= — km cos kvy sin /3z. (5) 

The field distributions of both forward and 
backward traveling waves are identical and 
similar to periodic electrostatic fields. To 
clarify the action of those traveling wave 
fields, it is helpful to see those fields from a 
moving coordinate that is traveling with a 
velocity equal to the mean velocity u5 of 
electrons. Then (col ± 0z) is transformed into 
(cabio±0)z — (w/uo)z.. The field distribution 
on the moving coordinates is obtained by 
substituting co/uo -± 11 into et of (5) and shift-
ing the origin of coordinates. There are two 
cases: 1) c./uo±0 and 11 have the same sign 
or 2) they have the opposite sign. In the 
former case, the distribution is similar to 
periodic electrostatic fields. In the latter 
case, the phase relation between Em and 
is opposite to (5); electrons are axially de-
celerated when they experience outward 
force and accelerated when they experience 
inward force, which is contrary to the case 
of electrostatic lenses. In our Eoi mode, the 
backward wave corresponds to the former 
case and the forward wave to the latter. 
This means the forward wave has defocusing 
action. 

The phase relation between electric field 
components in slow wave circuit is the saine 
as (5). In general, one may conclude that 
backward traveling waves and forward 
traveling waves which are slower than elec-
trons can focus the beam, but forward 
traveling waves which are faster than elec-
trons cannot. 

(4) 

E. SUGATA 
M. TERADA 

K. URA 
Y. I KEBUCHI 

Dept. of Electronic Engrg. 
Osaka University 

Higashinoda, Miyakojima 
Osaka, Japan 

Determination of Sign of Power 
Flow in Electron Beam Waves* 

The question very often arises of whether 
a particular electron beam wave carries 
positive power or negative power This can 
be particularly perplexing in dealing with 
transverse waves, because, associated with 
every transverse wave in an axially flowing 
electron beam, there are axial wave motions. 
The total power carried by the wave is, 
therefore, a combination of axial and trans-
verse components, one of which may be posi-
tive and the other one negative. We propose 
here a method of determining the power flow 
for any wave, axial or transverse. 

The best way to set up a "pure" electron 
wave of phase velocity el, is to couple the 
beam loosely to a circuit capable of carrying 
a pure wave at the same phase velocity; un-
der this condition the circuit wave will 
slowly excite the beam wave. For typical 
electron beams, we need consider only quasi-
static fields, where the phase velocity is so 
low that the electric fields of the wave differ 
negligibly from the fields of some electro-
static configuration moving at velocity y1 
with respect to a stationary observer. If we 
imagine ourselves moving at velocity 7.1, we 
see purely static periodic fields. In such 
fields the radial velocity perturbations im-
parted (eventually) to the electrons must 
represent energy which is equal and opposite 
to the axial energy change experienced by 
the electrons. That is, as the electrons move 
through the static periodic fields and develop 
increasing radial velocities, they have the 
saine increase in radial energy as decrease in 
axial energy. If, therefore, a radial velocity 

is imparted to the electrons, an axial 
velocity change e, is likewise imparted, in 
such a way that the total change in the ac 
energy or power in the beam is zero. The 
beam in the coordinate system of the wave 
is moving to the left at velocity (ye, — ye), 
where yb is the beam velocity in the labora-
tory coordinates. The energy relationship is 

fYr2 1- (Vb -F 77)2 = (vb 3)2 (1) 

which reduces to 

D,2 2t(vb — = 0; 

for small signals, 

e," = 2e.„(ri — vi). (2) 

Now V, the axial velocity perturbation and 
l".,„ the transverse velocity, are invariant with 
respect to the transformation from the mov-
ing coordinates to the laboratory system. 
Consequently, in laboratory coordinates, the 
total ac energy of the electrons is propor-
tional to 

W ge (re I- tr) 2 --- 112 = Vr2 22e: (3) 

(for small signals) Substituting from ( 2) 
we obtain 

= = f.„2 . (4) 
—Vb VV1 — 

The "sign" of the ac power carried by the 
beam will be the sanie as the sign of W.,. The 
relative proportion of axial and transverse 

* Received by the IRE. November 12, 1959. 
The "negative power" concept was first intro-

duced by L. J. Chu. It is of great importance in gain 
and noise considerations. 

power can also be obtained from (4). The 
factor er2 is always positive so that the 
energy imparted to the electrons depends on 
the factor (14/1/1--yb). From this factor, one 
can readily show that the condition for the 
wave to carry negative power is 

t'a/y1 > 1. (5) 

The phase velocities of space charge 
waves and cyclotron waves are given by 

VI (meter charge) = 

2'1(03.01°)ml)) = 

where in general, w, and cr, have values de-
pending on the beam geometry, as is well 
known. From (5), the slow space charge 
wave and the "slow" cyclotron wave both 
have negative power flow. 

W. R. BEAM 
Rensselaer Polytech. Inst. 

Troy, N. Y. 

Response of a Square Aperture to a 

Thermal Point Source of Radiation* 

Antenna patterns are defined for point-
source continuous wave targets. In these 
days of radio astronomy and tho-mal ground 
mapping, however, it is of interest to show 
the effective antenna pattern against a black 
body point source. It is evident from the 
start that an increase in bandwidth will re-
ceive more power, but produce some pro-
gressive pattern change from the familiar 
cw pattern. 

Power radiated from a black body in the 
radio spectrum is given by the Rayleigh 
Jeans' approximation to Planks radiation 
formula.' 

dP 2rck T power  
(1) 

yi/X - X' unit area• unit wavelength 

where 
AT = projected area of source visible to 

antenna 
X -- wavelength of radiation 
k = Boltzmann's constant energy per de-

gree of temperature 
T =a bsolute temperature 
r = velocity of light 
An antenna is sensitive to only one 

polarization and thus call collect oniy half 
of this amount of power. 

dP T T watts 
= uuck — = 1.3 X 10-" (2) 

A rdX X' X' meter3 

with X expressed in meters, and T expressed 
in degrees Kelvin. 

An antenna removed from the source a 
distance p and having an effective aperture 

* Received by the IRE, November 9, 1959. 
I R. A. Smith, F. E. Jones, R. P. Chasmar, "The 

Detection and Measurement of Infrared Radiation," 
Oxford University Press, London, England. p. 27; 1957. 
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e 

Fig. 1 

of A, receives power, 

ArrckT r A, 
P =   — dX. (3) 

41rp2 xi X' 

The effective area, A,, is, in general, fre-
quency-sensitive and depends upon the an-
tenna design and target angle relative to the 
antenna. A square aperture uniformly il-
luminated would produce2 

A,(0X) = A[in 
erxa sin 0) 2 I 

( 7raX . — sin 

(4) 

• where the physica area A =a2. 
The reason for the selection of a square 

aperture is that this allows integration of ( 3) 
and just as ably demonstrates the effect as 
does a circular aperture which must be ma-
chine evaluated. Carrying this out, one finds 

Eq. ( 7) is shown in Fig. 1 (on the left) for 
Xi/X2= 0, 0.5, 0.9, 0.99 or, to say this another 
way, for an infinite, octave, ten per cent, one 
per cent bandwidth. With increasing band-
width the slightly increasing beamwidth and 
lowering of the sidelobe level should be noticed. 
Eventually, the lobes as such disappear. It 
is also of interest that for a given upper-fre-
quency limit, once an octave bandwidth has 
been achieved only about 12 per cent more 
power is available by extending this to zero 
low frequency limit. 

M. S. WHEELER 
Air Arm 

Westinghouse Electric Corp. 
Friendship Internatl. Airport 
Box 746, Baltimore 3, Md. 

A Dispersionless Dielectric Quarter 
Wave Plate in Circular Waveguide* 

Certain applications of circularly polar-
ized waves at microwave frequencies require 
that the axial ratio of the wave approach 
unity (0 db) as closely as possible and main-
tain this value over a broad band of fre-
quencies. Previous applications had per-
mitted the use of quarter wave plates which 
generated circularly polarized waves having 
an axial ratio of as much as 3 db. This note 
describes an improved dielectric quarter 
wave plate for circular waveguide which 
generates a circularly polarized wave with 
an axial ratio under 0.2 db over the 12 per 
cent frequency band from 8.5 to 9.6 kmc. 

It is well known that a circularly polar-
ized wave can be generated by loading a 
waveguide of circular or square cross section 
with a slab of dielectric material in such a 
manner that equal-amplitude orthogonal 
waves experience a 90° differential phase 

ArckTA[ lira ) 27ra sin — sin — —sine — sin ( 2272 sin (I) + 27ra sin 8] 
X2 X2 XI X1 

P — 
4p2¡ [27ra sin OP 

Notice that in the limit at 8-4) (target on 
the antenna axis) 

p = A7ckTA 1 i 1 1) 
• (6) 

4p2 3 ‘X13 

Using this asa normalization with X2-= OC, 
the relative power pattern may be written 

27ra sin e 
sin (27--1" sin e) 

X2 X2 

—1 (-1 3(222 sin BY 
6 X1 X2 

sin (Ina 2ra — sin e) — — sin e 
X1 X2 

1 /27ra ) 

sin e 

(7) 

2 S. Silver, "Microwave Antenna Theory and De-
sign," Radiation Laboratory Series. vol. 12, McGraw. 
Hill Book Co., Inc., New York, N. Y. 

(5) 

shift upon passing through the loaded sec-
tion of waveguide. The design of this type 
of a dispersionless differential phase shifter 
in square waveguide has yielded to rigorous 
analysis." On the other hand designs for use 

in circular waveguide have been arrived at 
largely on an empirical basis because of the 
difficulty in obtaining exact solutions for the 
circular waveguide case."' 

It is possible, however, to apply analyti-
cal techniques to the problem of dispersion-
less dielectric quarter wave plates if the 
parameters of desired differential phase 
shift, frequency limits and waveguide size 
are fixed and dominant mode propagation 
is assumed throughout. For these condi-
tions, the solution obtained is specific rather 
than general and a design must be calcu-
lated for each set of parameters of interest. 
The method evolves from a consideration of 
the expression of the differential phase shift 
.àrt) in a dielectric slab loaded waveguide 

ZW) = 27r1 — —1t) X (1) 

where X„ is the guide wavelength existing in 
the waveguide when the slab is parallel to 
the plane of the E vector, and X, is the guide 
wavelength produced when the slab is trans-
verse to the E vector. Using the definition 
for guide wavelength 

X 

—  

X 2 

4/e ( -3 

(1) may be rewritten 

211[ / X‘ 2 

— 4/et ( L ) 2 X, 

(2) 

(3) 

where e, and et are effective dielectric con-
stants required to satisfy (2) for measured 
values of X,, and X,. The effective dielectric 
constant will be smaller than the dielectric 
constant of the material employed since a 
waveguide partially filled with a dielectric 
material will have the same phase delay as a 
waveguide completely filled with a material 
of lower dielectric constant. 

The dispersion D in a differential phase 
shift device may be defined as 

D = — (4) 

where Agoi and .412 are the differential phase 
shifts occurring, respectively, at fi and 12, 
the frequency limits of interest. Assuming a 
given waveguide size and frequency band, 
and setting Ad), =90°, the expression for dis-
persion about 90° differential phase shift be-
comes 

D (Ven (X2/X,)2 — V et — (x.dx,)2 
—ne= - — 72 Ve,, (xiim2 ,/ et (x002)]• 

* Received by the IRE, October 19, 1959. 
1 W. P. Ayres, " Broadband Quarter Wave Plates." 

Electronic Defense Lab., Mountain View, Calif., Tech. 
Memo. No. EDL-M46; September 30, 1955. 

"Antenna Phenomena Research." Antenna Lab.. 
Dept. of Electrical Engrg., Res. Foundation, Ohio 
State University, Columbus, Final Engrg. Rept. No. 
594-7; November 1, 1955. 

H. S. Kirschbaum and S. Chen, "A Method of 
Producing Broadband Circular Polarization Employ-
ing an Anisotropie Dielectric," Antenna Lab., Dept. 
of Electrical Engrg., Res. Foundation, Ohio State 
University, Columbus, Engrg. Rept. No. 662-2; 
July 16, 1956. 

(5) 

Eqs. (3) and (5) were evaluated for the 
frequency band from 8500 to 9600 mc, as-
suming a 15/16-inch ID circular waveguide. 
In order to systematize the computation, 
e,, and et were chosen according to a regular 
progression of both the mean effective dielec-
tric constant e„, and the ratio of effective 
dielectric constants p where 

R. A. Brown and A. J. Simmons, "Dielectric 
Quarter Wave and Half Wave Plates In Circular 
Waveguide," Naval Res. Lab., Washington, D. C., 
Rept. No. 4218; November 10, 1953. 
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=- Vepei and 
Et. 

P — • 
Et 

(6) 

The results of the computations are shown 
in Figs. 1(a) and 1(b). For the conditions 
chosen, the differential phase shift turns out 
to be solely a function of p and the dispersion 
is dependent only upon the value of e».. 
These curves, applied to the experimental 
measurements of 6, and et for various thick-
nesses of both polystyrene and teflon, re-
sulted in plots of differential phase shift 
[Fig. 2(a)1 and dispersion [Fig. 2(b)1 as a 
function of dielectric slab thickness. Note 
that for the assumed case, minimum dis-
persion occurs in the region of high differ-
ential phase shift. 

n designing a dispersionless quarter 
wave plate on the basis of these curves, con-
sideration must, of course, be given to proper 
impedance matching. Only a stepped match-
ing structure was considered in order to 
calculate the dispersion and differential 
phase shift occurring in the matching sec-
tion. Using polystyrene of sufficient thick-
ness to give a positive dispersion (3/16 inch 
in this case), steps were calculated to yield 
a binomial impedance change in the plane of 
the slab. Because of the thinness of the 
slab, it was hoped and borne out by subse-
quent measurements that no special match-
ing measures would be required in the plane 
perpendicular to the slab. After calculating 
the differential phase shift introduced by the 
matching section, the length of the body of 
the quarter wave plate was computed to 
produce an over-all differential phase shift 
of 90°. Dispersion in the design was calcu-
lated to be about 1°. 

Model quarter wave plates were con-
structed accordi.Ig to the calculated di-

40 
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(a) 

^ 
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(b) 

Fig. 1—(a) Differential phase shift vs ratio of effec-
tive dielectric constants for 15/16-inch ID circular 
waveguide at 8.5 kmc. (b) Dispersion about 90° vs 
mean effective dielectric constant for 15/16-inch 
ID circular waveguide in the frequency range 8.5 
to 9.6 kmc. 

mensions using both polystyrene and 
Rexolite, a material whose dielectric con-
stant is the same as that of polystyrene. 
Axial ratios of between 0.2 and 0.3 db over 

a 

30 

— 
a E 

20 

-"" 
10 

CSE3S GIL 1.--.ECTRIC SLAB INCHES) 

(a) 

T • T T e 
THICKNESS OF DIELECTRIC SLAB INCHES] 

(h) 

Fig. 2—(a) Differential phase shift vs thickness of 
dielectric slab at 8.5 kmc. (b) Dispersion about 
90° vs thickness of dielectric slab. 
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Fig. 3—A dispersionless quarter wave plate showing 
dimensions in inches. Material is polystyrene. 
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Fig. 4—(a) VSWR vs frequency for E field parallel 
and perpendicular to dielectric slab. (b) Output 
axial ratio of quarter wave plate. 

the 12 per cent frequency band were ob-
tained. Subsequent measurements indicated 
that the differential phase shift was slightly 
in excess of the desired 90°. By shortening 
the body of the dielectric element 0.015 inch, 
the error in the differential phase shift was 
reduced and a quarter wave plate which 
generates a circularly polarized wave of less 
the 0.2-db axial ratio was obtained. This is 
within 2 per cent of perfect circular polari-
zation. The dimensions of the final model, 
designed to fit in 15/16-inch ID circular 
waveguide, are shown in Fig. 3, and the 
electrical performance characteristics of the 
unit are shown in Figs. 4(a) and 4(b). 

R. D. TOMPKINS 
Radar Division 

Naval Research Lab. 
Washington 25, D. C. 

Measuring the Mean Square Ampli-
tude of Fading Signals Using a 
Selected Quantile Output Device 
(SQUOD)* 

In many experiments it is necessary to 
measure the mean-square amplitude of a 
varying signal. The use of a square law de-
tector is obvious. However, if the mean am-
plitude varies over a wide range, a system of 
attenuators has to be used, which is a dis-
advantage in automatic equipment designed 
to measure the signal over long periods. 

The ideal receiver for measuring the 
amplitude of a signal which may vary over 
a wide range is one with a logarithmic char-
acteristic such as that described by Cham-
bers and Page.' The mean output from such a 
receiver does not, however, correspond to 
the root mean square signal. When the fad-
ing is completely random, for instance, the 
mean output is about 9 db in power below 
that corresponding to the rms signal. 

The purpose of this note is to draw at-
tention to the fact that, if the signal input 
to a nonlinear receiver consists of steady 
and random components as described by 
Rice,2 then the quantile of the output volt-
ages, chosen so that the receiver output is 
less than the quantile for 60 per cent of the 
time, is almost equal to the output corre-
sponding to the rins-signal input. This is 
shown in Fig. 1 where the error in decibels, 
by which the input signals corresponding to 
the various quantiles exceed the rins-signal 
input, is plotted against the ratio of the 
square of the amplitude of the random com-
ponent to the mean-square value of the sig-
nal, a measure of the depth of fading. It is 
seen that the quantile chosen leads to an 
error of less than 0.26 decibel, no matter 
what the depth of fading. 
A device called a "Selected Quantile Out-

put Device," or SQUOD, has been con-

* Received by the IRE. December 1, 1959. 
T. H. Chambers and I. H. Page, "The high-ac-

curacy logarithmic receiver," PROC. IRE, vol. 32, 
pp. 1307-1314; August, 1954. 

S. O. Rice, "Mathematical analysis of random 
noise," Bell Sys. Tech. J., vol. 23, pp. 282-332. July. 
1944; and vol. 24. pp. 46-156. January, 1945. 
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110 

structed for determining the required quan-
tile. The circuit, shown in Fig. 2, includes an 
amplitude comparator—the first ECC81— 
between the voltage input from the receiver 
and output to the recorder: The input volt-
age is a dc negative-going voltage varying 
from +20 to — 20 volts. The adaption of the 
circuit to positive-going voltages is obvious. 

The comparator operates a relay. With 
the relay closed or open, the condenser C (12 
mf) charges or discharges through the re-
sistance R, at uniform rates determined by 
the 15-volt or 22-volt batteries respectively, 
with R2 (approximately 300 9) providing a 
fine control. The electrometer tube 4066 is 
used in a circuit basically due to Farmer.° 
The grid current is about 1012 amp, allowing 
values of R up to about 10'° ohms. The volt-
age on the condenser C is thus transferred 
to the grid of the last half of the second 
ECC81, which acts as a cathode follower 
with a constant current load. As the battery 
voltages are fixed relative to the output volt-
age, the charging and discharging rates re-
main fixed. 

The 0A81 diode connected to the anode 
of the first ECC81 insures that, should the 
input voltage drop and the second half of the 
tube take all the current, the second anode 
cannot drop much below 85 volts and can-
not force its grid to draw current. 

The 4-mf condenser shunts the output of 
the electrometer tube and removes all rip-
ple caused by fluctuating emission of the 
filament. This capacative shunt path is 
taken via the condenser C, in order to mini-

701% 

•0% 

•• 

1.1[0.“ SOIMAt RAOCM CPAPONENT 

MEAN MM. SIGNAL 

1.0 

Fig. 1—The error in decibels by which the various 
quantile exceed the rms value, plotted against the 
ratio of the mean square value of the random com-
ponent to the mean square value of the signal 
when the selected quantile exceeds the signal for 
50,60, and 70 per cent of the time. 

Fig. 2—Circuit of the SQUOD. 

O F. T. Farmer, " Electrometer for measurement of 
voltages on small ionization chambers," Prot. Phys. 
Soc., vol. 54, pp. 435-438; September, 1942. 

mize phase lag in the control loop. As the 
electrometer tube has a gain of approxi-
mately one, the capacity seen in shunt with 
C from R is negligible. 

The device is sensitive to changes of in-
put voltages of 0.05 volt, and has a working 
range of about 60 volts. 

The SQUOD, in conjunction with the 
logarithmic receiver, is being used fo auto-
matic and accurate recording of the mean-
square amplitude of echoes reflected from 
the ionosphere, and may be of use in other 
applications in which quantities to be meas-
ured are subject to random fluctuations. 

The authors gratefully acknowledge the 
receipt of research grants from the Univer-
sity of New Zealand. 

A. E. ADAM 
J. D. WHITEHEAD 

Physics Department 
University of Otago 

Dunedin, New Zealand 

Observations on Angle Diversity* 

Recently several papers have appeared 
discussing the use of angle diversity' ,2 in a 
tropospheric scatter system. These papers 
suggest that, at the upper UHF and SHF 
bands, angle diversity is much more efficient 
than any other type of diversity. It is the 
purpose of this note to attempt to clarify 
the characteristics of angle diversity, and to 
point out that it is probably no better than 
simple space diversity from S/N points of 
view and that the total real estate required 
is also the same. Angle diversity, however, 
will provide greater bandwidth capability 
because the very narrow beams utilized will 
cut down multipath delays. 

To be specific, let us consider the analysis 
presented by Vogelman, et al.2 They suggest 
the use of a very large antenna with multiple 
feeds at the transmitting end to illuminate 
the entire effective scatter volume with non-
overlapping beams (measured by the 3 db 
points). By implication, each of the beams 
would illuminate only a fraction of that 
volume. Thus, if five feeds were used, each 
beam would illuminate approximately one-
fifth of the effective scatter volume. Let us 
pursue the implication of this a little further 
by considering two cases. In each case, the 
total power output at the transmitter is the 
same. In one case, the power is split among 
the several feeds in a large antenna. In the 
other case, all the power is put into one 
smaller antenna whose beam fills the same 
volume as all the beams of the larger an-
tenna do. Since the total power being fed in 
at the transmitting end is the same for both 
situations and the volume through which 
the power flows is also the same the power, 

* Received by the IRE, November 2,1959. 
1 R. Bolgiano, Jr.. N. H. Bryant. and W. E. 

Gordon. " Diversity Research in Scatter Communica-
tions with Emphasis on Angle Diversity," Contract 
AF 30(602)-1717, Final Rept.. pt. I; January, 1958. 

J. H. Vogelman. J. 1.. Ryerson, and M. H. 
Bickelhaupt. "Tropospheric scatter system using 
angle diversity," PROC. IRE, vol. 57, pp. 688-696; 
May, 1959. 

density flux through the scatter volume 
must be the same for both cases. It would 
appear, therefore, that in general it would 
be preferable to put all the power into one 
feed of a smaller antenna than to use a com-
plex arrangement of multiple feeds and mul-
tiple frequencies in a large antennas as has 
been suggested.2 One qualification must be 
added. If the required total power output 
is many times the power output capability 
of a single tube, then the paralleling of 
many tubes at the transmitter may also be-
come a difficult problem. However, to offset 
this difficulty, we have the following ad-
vantages: 1) paralleling several tubes is more 
efficient in terms of radiated power because 
the off-centering of the multiple feeds in-
volves a loss of probably 3 to 6 db per feed; 
2) the alignment of the larger beam asso-
ciated with the smaller antenna becomes 
simpler; and (3) much less bandwidth is 
required. 

Now let us consider the receiving end. 
If multiple feeds are placed in one large an-
tenna, angle diversity could be achieved. 
However, the same S/N statistics can be 
achieved by the more conventional means 
of spaced smaller antennas and, moreover, 
the total real estate required would be the 
same for both cases. To make this clear, con-
sider an antenna whose beamwidth just 
fills the effective scattering volume. In this 
discussion this antenna will be called the 
reference antenna. This antenna will realize 
its full free-space gain. Any larger antenna 
will suffer an antenna-to-medium coupling 
loss such that the received signal would be of 
comparable magnitude to the signal re-
ceived on the reference antenna. Thus an 
antenna which has five times the area of the 
reference antenna will "see" approximately 
one-fifth of the effective scatter volume. A 
corollary to this is that phase coherence of 
the incoming wave is not maintained over 
the dimensions of this larger antenna. As a 
matter of fact, the phase of the incoming 
wave is coherent over an area approximately 
one-fifth that of the antenna itself. This 
means that we can place five smaller an-
tennas, each the size of our reference an-
tenna, in a diversity system in the same 
area occupied by the larger antenna, and as 
already stated, each of these smaller an-
tennas will receive a signal of magnitude 
comparable to that received by the larger 
antenna. Thus, from this example we see 
that the one large antenna (five times the 
area of our reference antenna) which utilizes 
five different feeds arranged for diversity 
will give the same S/N statistics as five an-
tennas each the size of our reference an-
tenna. Also, the area occupied by either 
antenna system is the same. As mentioned 
at the beginning of this letter, the one ad-
vantage that a system utilizing a larger an-
tenna with multiple feeds has is greater 
bandwidth capability. However, to achieve 
this angle diversity for the purpose of in-
creasing bandwidth capability, one does not 
have to utilize multiple feeds and multiple 
frequencies in a large antenna at the trans-
mitting end. One smaller antenna whose 
beam just fills the effective scatter volume 
will suffice. 

HAROLD STARAS 

RCA Labs. 
Princeton, N. J. 
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Author's Comment' 

Mr. Staras in his communication "Ob-
servations on Angle Diversity" has assumed 
that the purpose of this type of diversity is 
to illuminate the entire scatter volume with 
a uniform power density flux. I would like to 
point out that this is not the case. The pur-
pose of angle diversity is to increase the re-
liability of tropospheric scatter communica-
tions. To this end, let me illustrate the ad-
vantages of angle diversity with numerical 
values rather than by pointing out flaws in 
Mr. Staras' letter. 

Using Mr. Staras' illustration, let us 
compare the following two cases: 

Case I. A 30-foot antenna with 4 units ar-
ranged for space diversity in the 
same geographic area as Case II; 
two antennas over two. Power per 
reflector is the same as power per 
feed in Case il. The frequency is 
10 kmc. 

Case II. A 60-foot antenna with 4 feeds in a 
row at 0° elevation. Power per feed 
is the same as power per reflector in 
Case I. The frequency is 10 kmc. 

The distance between transmitter and re-
ceiver is 300 miles; Realized Gain4 per an-
tenna pair (1 receive and 1 transmit) for 
Case I is 86 db; and Realized Gain per beam 
pair (I receive and 1 transmit) for Case ¡ lis 
89.2, 89.9, 89.9, and 89.2, respectively. Using 
50 per cent reliability for one path of Case I, 
identical transmitter power and receiver 
sensitivity, the reliabilities for the individual 
beams of Case Il are 75 per cent, 80 per cent, 
80 per cent and 75 per cent respectively.6 

With quadruple space diversity, Case I 
gives an over-all reliability of 88 per cent or 
120 errors per 1000, while 4 feed angle di-
versity gives in Case II an over-all reliability 
of 99.7 per cent or 3 errors per thousand. 

JOSEPH H. VOGELMAN 
Dynamic Electronics Div. 

Capehart Corp. 
Richmond Hill 18, N. Y. 

Received by the IRE. December 4, 1959. 
L. P. Veh, "Tropospheric Scatter System De-

sign," Westinghouse Electric Corp., Baltimore, Md., 
Tech. Rept. No. 5; October. 1957. See Fig. 4. 

Ibid.. Fig. 6. 

General N-Port Synthesis with 

Negative Resistors* 

This note gives an n-port synthesis for 
any nXn admittance I Y(p)], impedance 
[Z(p)], or scattering [S(p)], matrix, in 
which the matrix elements are general ra-
tional functions with real coefficients con-
taining zeros and poles of arbitrary multi-
plicity anywhere in the complex frequency 
(p) plane. It will be shown that the syn-
thesis can always be performed with passive 

• Received by the IRE, November 20, 1959. This 
work was done under Contract AF-18(600)-1505 
sponsored by the At my, Navy and Air Force., 

elements (R, L, C, gyrators, ideal trans-
formers) and negative resistors. This total 
group will here be defined as "physical 
elements." 

First consider the synthesis of Y(p). Ex-
press each element y.,(p)= 
where y„(°)(p) is a proper fraction and 
hence has no poles at co. Then Y(p) 
= EPkilk+Yo(P), where the A k are real 
constant matrices. Let us consider the syn-
thesis of one of the matrices pkAk. A k may 
be separated into its symmetric (A,,") and 
skew symmetric (Ak') parts, and each of 
these diagonalized by a real congruent trans-
formation. The symmetric part pkAk" goes 
into diag (p1., p4, • • • • • • , 0„) where 
the rank of A,." is r. The skew symmetric 
part, pk Ai', goes into 

diag • o Copk p-41 ' [Pk° — OPk1 o °»+1» 

where the rank of Ak' is m, an even num-
ber. Each 0, is a scalar zero. We have then 
merely to show the synthesis of the diagonal 
elements 

± Pk P [o pk 

and by appropriate transformers and paral-
lel interconnections' EpkA k may be synthe-
sized as an n-port. 

Fig. 1 shows how the admittance ele-
ment ± p2 is synthesized; and in conjunction 
with the negative impedance converter cir-
cuit of Fig. 2, it is clear that ±p2 only re-
quires passive elements and negative resis-
tors. Fig. 3 shows how the admittance ± p" 4' 
can be synthesized in terms of elements of 
lower degree. Hence, by induction any pk 
may be constructed of physical elements. 
Fig. 4 shows the realization of the admit-
tance matrix 

[ s) Pk —] Pk 

in terms of physical elements, where the ad-
mittance element ±pk, synthesized above, 
is used as a building block. 

The next step is to synthesize Yo(p), 
whose singularities are all in the finite p 
plane. Let cro be the positive real part of that 
pole of Yo(p) located farthest to the right of 
jw in the complex p plane. Then make the 
frequency transformation s = p— r, r>oo. 
The function Yo(s) is now analytic on jw and 
in the right half p plane, though it need not 
be passive (i.e., it need not possess a posi-
tive quadratic form for internally dissipated 
power). The synthesis of such a Y(s) has 
been given previously as a passive network 
some of whose ports are augmented by series-
connected negative resistors.' Each coil L 
in the network for Yo(s) is now replaced by 
the series combination of L and a negative 
resistor —Li-, and each condenser C by C in 
parallel with negative conductance — CT. 
This gives Yo(p) as a network with physical 
elements, and the parallel combination of 
Yo(P) with EpkA k completes the synthesis. 

H. J. Carlin, "The synthesis of non-reciprocal 
networks," Prot. Symp. on Modern Network Synthesis 
II, Polytechnic Institute of Brooklyn, Brooklyn, 
N. V., vol. 5, pp. I l-44; April, 1955. 
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It is clear that Z(p) may be synthesized by 
a dual process. 

Suppose now that S(p) is specified, and 
neither the Z(p) nor Y(p) representations 
corresponding to this S exists. Since S exists, 
the admittance matrix YA of an augmented 
network exists,2 corresponding to the net-
work for S(p) with a unit positive resistor 
added in series to each port. YA = 1(1 —.5). 
YA(p) is synthesized as described above to 
give the augmented network NA. To find N 
corresponding to S, we "de-augment" NA by 
adding — 1 ohm resistors to each port of NA 
No attempt has been made to minimize the 
number of elements, but the synthesis 
given proves the general theorem: 

Any nXn scattering matrix of rational 
real functions of p can be represented by a lin-
ear, time invariant, lumped n-port network 
containing only passive elements and negative 
resistors. 

The number of resistors can be reduced 
by the following technique. Consider Y(p) 
and suppose all boundary poles have been 
removed, so that Y(jw) is bounded. Simple 
poles on p =jw with positive residue matrices 
are removable as passive lossless networks, 
and higher-order boundary poles as well as 
simple boundary poles with non-positive 
residue matrices are synthesized by a simple 
modification of the technique given above 
in connection with Figs. 1-4. Write Y(p) 
= Yi(p)-1- Y2(p), where, by combining ap-
propriate terms of a partial fractions expan-

H. J. Carlin. "The scattering matrix in network 
theory," IRE TRANS. ON CIRCUIT THEORY, vol. CT-3, 
pp. 88-97; June, 1956. 
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sion, lit(P) has only left-half p-plane poles 
and Y2(P) has only right-half p-plane poles. 
Now Y(P) = ti(P)+n(p), where Yi(P) 
=G YI(P), 172(P) = —G Y2(p). G =ding 
(gi, g2, • • • , go) where the gk are all real, 
non-negative, and may be chosen equal to 
each other, with gk the maximum value re-
quired to make 2.1(p) and — r",(- p) positive 
real matrices. This can always be done with 
a real finite g, since Y( jw) is bounded, and 

Pi (p) and — Y2( - p) = G — 112( -p) are both 
analytic in the right half of the p plane.' The 
positive real matrix Pi (p) may always be 
synthesized as a passive network containing 
at most n resistors all positive. By a theorem 
of Youla,' if — 2(- p) is PR, then P2(P) may 
be synthesized as a network containing loss-
less elements plus at most n resistors, all 

negative. Combining 11- ,(p) and P2(p) in 
parallel gives Y(p). Utilizing duality, we 
may state the following general theorem. 

Any n X n immittance matrix of rational 
functions, which has no boundary (p=j01) 
poles other than those of simple order with 
non-negative residue matrices at these bound-
ary poles, may be synthesized as an n-port 
network containing only lossless elements and 
at most n-positive and n-negative resistors. 
A driving point impedance of the above 

type, for example, requires at most one posi-
tive resistor and one negative resistor. 

H. J. CARLIN 
Microwave Res. Inst. 

Polytechnic Inst. of Brooklyn 
Brooklyn, N. Y. 

2 Microwave Res. Inst., Polytechnic Institute of 
Brooklyn, Brooklyn, N. Y., M RI Quarterly Rept. No. 
16, R-452.16-59, pp. 55-56; April 15, 1959. Contra•ft 
No. AF- 18(600)-1505. 

A Signal Flow Graph Method for 
Determining Ladder Network 
Functions* 

An iterative method for determining kid-
der network functions was described by Kuo 
and Leichner,' with the suggestion that the 
signal flow method was not very convenient. 
For comparison, a signal flow solution is 
presented here. 

Using the same circuit as Kuo and Leich-
ner, a ladder with series impedances ZI(s) 
and Z3(s) and shunt admittances Y2(s) and 
Y4(s), and the same equations written in 
their simplest forms, 

172(s) = 

/2(S) = 1.4(S)V2(8), 

V«(S) = /2(5)Z3(S) V2(S), 

/1(S) = 1.2(S) V«(S) 12(5), 

VI (S) = /1 (S)ZI(S) Vq(S), 

(1) 

(2) 

(3) 

(4) 

(5) 

a signal flow graph may be drawn ( Fig. 1). 

* Received by the IRE. November 2, 1959. 
F. F. Kuo and G. II. Leichner, "An iterative 

method for determining ladder network functions," 
PROC. IRE. vol. 47, pp. 1783-1784; October, 1959. 

Vits) 
12c" Ise V.«) Ys I,at z,(.) t!(3) 

Fig. 1—A signal flow graph method for determining 
ladder network functions. 

There are no feedback paths, so the de-
terminant has a value of unity. The follow-
ing relations may then be written by inspec-
tion2 ( if it is rem( mbeed that any node may 
be treated as a sink). 

(s) 
= Yo(s)Z3(s)113(s)4(s) -F Yo(s)Z3(s) 

V2(S) 
174(S)Z1(S) Y2(S)Z1(S) ± 1, (6) 

11(s)  
— Y 4(s)Z3(s)Y 2(s) + Vi(s) Y2(s), ( 7) 

V2(s) 

11(s) 
— 174(s). 

Vs(s) 

From these, 

(8) 

Z,„(s) = Yi(s)//t(s) = (6) divided by (7); 

/2(S)//1(S) = (8) divided by (7); 

V2(S)/V1(S) = the reciprocal of (6); 

Z. 23(s) = Y2(s)//i(s) =- the reciprocal of (7). 

Thus, all the network functions may be 
obtained by inspection of one graph. 

The form of the result is slightly different 
from that given by Kuo and Leichner, and 
the relative convenience or shortness of the 
methods may depend on the particular 
problem, and on the types of immittance 
involved. 

G. H. BURCHILL 
Nova Scotia Tech. College 

Halifax, Nova Scotia 

S. J. Mason, "Feedback theory—further proper-
ties of signal flow graphs," PROC. IRE, vol. 44, pp. 
920-926, July, 1956. 

A Different Approach to the 
Approximation Problem* 

The response curves that are usually de-
sired in network theory cannot be exactly 

Z — 

Frnquency Rea, ivo to U. 

Fig. 1—Various "ideal" response curves. 

responses of curves A to D in Fig. 1, where 
coo is a nominal cutoff frequency. 

For curve A, the amplitude response is 
flat up to coo while the phase response is 
flat beyond coo. It is described by' 

Z — (1) 

For curve B, the amplitude response is 
flat up to coo and decreases at a 6 db/octave 
rate beyond wo. It is given by' 

Z — 
f ./"0 arc tan x 

exp  dx 

‘Ir Jo 

(2) 

For curve C, the phase response is linear 
up to coo and remains at —r/2 radians be-
yond wo. Here we have' 

Z —  • (3) 
s wo) 

4/1 -I- (—)' s exp — arc tan — 
coo wo 

For curve D, the phase response is linear 
up to coo, reaching — 7r/4 radians, and in-
creases to — 7r/2 radians beyond coo. Here, 

RN/ 

2 r 1 S () c• se 
4/ 1 (—) exp —(— arc tan L) -• arc tan — )] 

coo i_ 2 coo s s wo 

synthesized. A reasonable approximation to 
the desired response is therefore made and 
the corresponding network is synthesized. 
Where an infinite number of "reasonable 
approximations" exist, there are an infinite 
number of solutions to the problem. 

It is possible to follow a less arbitrary 
approach, based upon the fact that a phys-
ically realizable response curve can be ex-
pressed as an exact function of s, where 
s=jco. Consider the amplitude and phase 

* Received by the IRE. October 27, I959. This 
work was supported in part by the Office of Naval 
Research under Contract Nonr-839(05). 

(4) 

As an application of curves A and B, 
consider a numerical problem involving a 
Bode step transition.' The system is shown 
in Fig. 2. Unity transconductance amplifiers 
are assumed. Three of the interstage net-
works, Z RC, consist of a 1-farad capacitor in 
parallel with a 1-ohm resistor. The fourth 
network, Zs, is to be synthesized so as to 

S. Deutsch, "Synthesis of Infinite Zero-Pale 
Network Structures," Microwave Res. Inst., Poly-
technic Inst. of Brooklyn, N. Y., R-739-59; May, 
1939. 

S. Deutsch, "A General Class of Maximally- Feat 
Time Delay Response Ladders," Microwave Res. 
Inst., Polytechnic Inst. of Brooklyn, N. Y., R-773-59; 
September, 1959. 
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Fig. 2-The system assumed for the step transition of Fig. 3. 

Fig. 3—Amplitude and phase responses of the 
step transition transfer impedance. 

achieve a given system transfer impedance, 
ZTR. The various impedances are related by 
ZTR= ZRC3Z.S. Two restrictions are imposed 
on Zs: the first shunt element must be a 1-
farad capacitor, and Zs must approach I 
ohm as s approaches zero. 

The given amplitude and phase re-
sponses of ZTR are shown as the solid curves 
in Fig. 3. From ( 1) and (2), we can express 
ZTR analytically as 

4/1 A- ( 2 -)21 2 
0.5 0.5 

2 f ̂  arc tan x 
• [ exp (— 

7 0 X 

.[exp (-2 r '12 arc tan dx)1-4 . (5) 

Since Z RC = 1 /(S 1.), the Zs driving-point 
impedance is given by 

Zs = ZrR(s+ (6) 

When (5) and (6) are combined, the fol-
lowing series expansion is obtained: 

1 1.961 1.698 0.06414 
—=s+0.8197+ -1-
Zs s 52 .53 

1.674 5.706 3.960 2.820 
- --+ ---

54 58 56 .57 

3.388 22.93 10.27 40.41  
- -- - 58 + 56 5 10 5 11 

(7) 

0 4416 0 . 

0.1208 

13 6194 

O. ' 208 9 

o_6,,. f 

0 1208 

I 393 eh 

0 3166 

9 0.1831 I 
• 0.31668 

1 

Fig. 4—The shaping network approxi-
mation for Fig. 3. 
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Since (7) is an infinite series, it can be real-
ized only with an infinite number of ele-
ments. Fig. 4 shows the corresponding net-
work approximation with 20 elements. The 
dotted curves in Fig. 3 show the ZTE re-
sponses when the network of Fig. 4 is em-
ployed. One can approach the desired re-
sponse to any degree of accuracy by carrying 
(7) out to additional terms and synthesizing 
additional elements in the network of Fig. 4. 

SID OF:visa' 
Dept of Elec. Engrg. 
Microwave Res. Inst. 

Polytechnic Inst. of Brooklyn 
Brooklyn, N. Y. 

The Block Loaded Guide as a Slow 
Wave Structure* 

Fig. 1 shows a square cross-section wave 
guide cut into two U-shaped parts along the 
center line of two opposite walls, and loaded 
with small copper blocks and dielectric. The 
blocks rest on a bed of polyfoam and lie in a 
line along the center of the guide. They 
occupy a region which, in the TE 10 modes 
of the empty guide, would contain the maxi-
mum electric field. Thus, they constitute a 
capacitative load, which is still further in-
creased by the strips of dielectric filling the 
space between them and the guide wall. 
Individually, the blocks are resonators 
with fundamental frequencies below the 
cutoff frequency of the guide; together they 
form a coupled chain, and act as a slow wave 
circuit. 

The field configuration of the slow wave 
resembles that of the corresponding TE 10 
wave and is sketched in Fig. 2(13). The group 
velocity is controlled by the size of the gaps 
between blocks and side walls, by the nature 
of the dielectric, and by the spacing be 

* Received by the IRE. November 25, 1959. 

tween blocks. The first two factors together 
constitute a loading capacity, and slow the 
wave in much the same manner as dielectric 
loading alone. The block spacing determines 
coupling between resonators, and can he 
made to give any arbitrary degree of slowing 
at the cost of a narrower bandwidth. A third 
mode of propagation. sketched in Fig. 2(d), 
may be compared with the TM II mode of 
the empty guide, or with the mode of propa-
gation along a coaxial line. In contrast with 
the latter, it has a low frequency cutoff, de-
termined principally by the distance be-
tween blocks. The cutoff may be lowered by 
using a dielectric material to separate the 
blocks, or by placing smaller copper blocks 
between the large ones, as shown in Fig. 
1(b). Both of these are methods of increasing 
the block to block capacity. In the notation 
used here, I and II are the slow wave modes 
analogous to the TE 10 mode, and III is the 
mode analogous to the TMII mode. Only one 
of the slow modes ( I) was studied in the 
model. The other ( II) was not provided with 
any dielectric loading, and was heavily 
damped by the cut along the guide wall. 
The magnetic fields of t and II have a com-
ponent parallel to the length of the guide, 
and the field of III is mainly transverse. 

The dimensions of the test structure are 
shown in Fig. 1 and correspond to cutoff fre-
quencies in the empty guide of 9.5 kmc for 
the TE 10 mode and 13.4 kmc for the TM II 
mode. Three sizes of block were used—in the 
first two cases with a quartz dielectric, and 
in the last case with a stack of mica strips 
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TABLE I 

Block size 

0.210 inch X0.210 inch X0.360 inch 

0.210 inch X0.210 inch X0.470 inch 

0.210 inch X0.210 inch X0.560 inch 

Capacity gap Interblock Slowing 
spacing factor 

Mid-range 
frequency 

42 per cent 

25 per cent 

10 per cent 

0.210 inch 4.6 
0.420 inch 7.0 
0.630 inch 14 

0.210 inch 6.3 
0.420 inch 9.5 
0.630 inch 20 

0.210 inch 10 
0.420 inch 17 

5.5 kmc 

4.5 kmc 

3.0 kmc 

between the line of blocks and the side walls. 
Signals were coupled in and out by loops 
which could be rotated to make tests of the 
magnetic field direction. Loaded with n 
blocks, and lightly coupled to a power source 
and detector, the structure formed a multi-
ply resonant system with n mode I reso-
nances below the cutoff frequencies of the 
empty guide. In the ideal case, these give 
points on the dispersion curve of an infinite 
line:' in the model, there were unavoidable 
end effects, but tests performed, by adding a 
block at a time and repeating measurements, 
showed that five or six blocks gave a reason-
able approximation. Slowing factors (free 
space velocity÷group velocity) were esti-
mated by taking the gradient of the disper-
sion curve at its mid point, i.e., where the 
blocks form X sections, and where the slow-
ing factor has a stationary minimum value. 
In most tests, polyfoam spacers were used 
between neighboring blocks, but some 
tests were also made with quartz spacers 
and with the block and taon arrangement of 
Fig. 1(b). The principal effect of this change 
was to increase the block-to-block capacity 
and to bring mode Ill down into the mode-1 
range (where the two types of resonance 
could be distinguished by rotating the 
coupling loops). Mode I was hardly affected 
by altering the block-to-block capacity, 
although a small reduction in the slowing 
factor was noted with the Fig. 1(b) arrange-
ment, probably because of additional elec-
trostatic coupling between the resonating 
sections. 

Some slowing factors for different block 
sizes and spacings are shown in Table I, 
The mid-range frequencies vary slightly 
with interblock spacing, and the values 
given are only approximate. "Capacity 
gap" denotes twice the distance between a 
block face and the side wall, expressed as a 
percentage of the total wall-to-wall dis-
tance. Blocks were spaced from the side 
walls with quartz or mica, and from one an-
other with polyfoam. 

At many of the resonances, Q-values in 
excess of 1000, corresponding to a loss of 
under 4 db per meter at a slowing factor of 
20, were obtained. This low loss is probably 
explained by the absence of metal-to-metal 
joins in the structure. It should be possible 
to obtain larger slowing factors by substi-
tuting strips of A120a ceramic 10> or 
TiO2 ceramic (k---,80) for the quartz. 

In general, the block and dielectric 
loaded guide is distinguished by low loss, 
versatility of design, and ease of construc-

D. A. Watkins, "Topics in Electromagnetic 
Theory," John Wiley and Sons, Inc., New York, N. Y., 
pp. 9-10; 1958. 

tion; and it should be particularly appropri-
ate where strong coupling with the mag-
netic, rather than with the electric, field is 
required. It may be noted that, in the test 
model, the region of strong electric field was 
filled with material, but the region of strong 
magnetic field (altogether 4 of the volume) 
was free. As a traveling-wave maser struc-
ture it would have some special advantages. 
U'ith mode I as the signal and mode III as 
the pump, the two H fields would be mu-
tually perpendicular, and would overlap in 
the empty spaces above and below the 
block and dielectric strip. An external dc 
field applied at right angles to the length of 
the guide would be perpendicular to the 
signal field, and could have various orienta-
tions with respect to the pump. The char-
acteristics of modes I and III can be deter-
mined with a certain amount of mutual in-
dependence, and mode III can be set beyond 
the mode I range, so that no fraction of the 
signal is coupled into the incorrect mode. 
Capacitative loading slows the wave, with-
out a corresponding narrowing of the pass 
band. It reduces the cross section as well as 
the length of the structure, thus simplifying 
the problem of mounting in a strong mag-
netic field at low temperatures, and also 
making it possible to obtain a good filling 
factor, with economy in the amount of para-
magnetic material and in the pumping 
power needed to keep it continually acti-
vated. 

W. B. Mn« 
Bell Telephone Labs., Inc. 

Murray Hill, N. J. 

Reduction of Sidelobe Level and 
Beamwidth for Receiving Antennas* 

In the conventional application of the 
Dolph-Tchebycheff technique' an array of 

isotropie, in-phase radiators, spaced 
X/2 apart, yields an optimized relationship 
between the beamwidth and sidelobe level 
of the antenna pattern, provided the method 
of combining the signals from the individual 
elements is the usual simple one. The weight-
ing coefficient for each element is determined 
by the correspondence required between the 
antenna pattern TN(u) (where u = sin 0 and 
o is measured from broadside), and the 
Tchebycheff polynomial, TN(x), of degree N. 

* Received by the IRE. November 20, 1959. 
C. L. Dolph, "A current distribution for broad-

side arrays which optimizes the relationship between 
beam width and side lobe level," PROC. IRE, vol. 34. 
pp. 345-348; June, 1946. 

It will be shown that if a slightly more 
complicated system behind the antenna is 
used, then an antenna pattern correspond-
ing to T2N may be obtained on receive. Funda-
mentally, the method consists of utilizing 
the identity:2 

1 
—2  T2N(x) 

= (TN(x) —v1,2)(TN(x) — 7-§1 ). (1) 

Certain features of this new technique are 
similar to those used in a scheme' for im-
proving two-way patterns. 

Fig. 1 shows a schematic drawing for the 
case of a nineteen-element array. The term 
ei(u, 1) denotes the RF signal which results 
when signals are combined from the individ-
ual elements in the conventional Dolph-
Tchebycheff manner. In addition, the 
center element is tapped so as to yield two 
equal RF signals, ea and ea. The three chan-
nels are then combined as shown in Fig. 1. 
The complete expression for the voltage in 
each branch of the device is given in Table I. 

ISOTROPIC 
RADIATORS 

SOUARERS 

e10 

e„ 

Fig. 1—Diagram ithistrating new technique for re-
duction of sidelobe level and beamwidth for re-
ceiving antennas. 

TABLE I 
VOLTAGE IN EACH BRANCH OF ANTENNA 

SHOWN IN FIG. 1 

ei(u, t) = Tis(u) cos wi 

ez(u, 0 =(l/'1).-osid 

n(u,t) = (1 2) cos tut 

es(u, = 2T ,,(u) cos td 

eb(11. 1) = Tis(u) cos wi 

ee(u, ti = T,s(u) cos wt 

e7(u, t) es ± e = (Tis(u) ± I / +12) cos cal 

es(u , 1) = es - e = (7)s(u) - Il %12) cos cul 

es(u, = 47'152(g) cos, cut = 27.182(u)(cos 2w1 + 

eio(u, t) (Tni(u) + I / NP2)2 cos, toi = (1 /2)(Tis2(u) 

+ Ti.(u) + 1 /2)(cos I) 

en(u. l) = ( Tni(u) - I /./ 2), cos, at (I /2)(Tio,(u) 

- J:7? Tis(u) /2)(cos ± 1) 

en(u. 1) = eio + ci, - eg = (ne' - 1 /2)(cos 2tat + 1) 
= ( I,2)Tms cos 2w1 + ( I /2)T3s 

The output eie (u, t) thus corresponds to 
a Tchebycheff polynomial of degree 36. In 
principle either the time-varying or the di-
rect current component of en may be de-
tected. 

2 "Tables of Chebyschev Polynomials S,,(x) and 
C.(x)," NBS Appl. Math. Ser. 9. U. S. Govt. Printing 
Office, Washington. D. C.; December, 1952. 
a R. L. Mattingly, Bell Telephone Labs., Private 

Communication; July, 1959. 
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Characteristics of this antenna are com-
pared to those of several conventional arrays 
in Table II. Because of the lack of a unique 
basis for comparison of this new technique 
and the conventional Dolph-Tchebycheff 
technique, the cases below were computed. 
The results of the application of this new 
technique are listed in row one. 

TABLE II 
PATTERN CHARACTERISTICS 

Cale 
Signal No. of Full Sidelobe 

No' 
Combination 

Method 
Ele- 
ments 

Beam- 
width Level 

1 New technique 19 10.7° —19 db 
2 Conventional 19 12.0° —16 db 
3 Conventional 19 13.3° —19 db 
4 Conventional 19 10.7° —12.5 db 

If it is required that the new and conven-
tional techniques yield the same beatnwidth, 
then comparison of cases 1 and 4 shows that 
the new technique yields sidelobes which, 

theoretically, are better by 61 db. If the side-
lobe level is the primary consideration, then 

step in the cascade would make use of the 
identity: 

1 1 1 1 1 1 

T4N 2 = 4[( N/2 1 • [(TN + —) ( TN — ,7;) - 781 • (2) 

cases 1 and 3 show that the new technique 
yields a full beamwidth which is better by 
2.6°. The set of weighting coefficients for 
cases 1 and 2 are equal except for the center 
element. In this last comparison the new 
technique yields an improvement in full 
beamwidth of 1.3° and the sidelobe level is 
improved by 3 db. 

These improvements of the conven-
tional Dolph-Tchebycheff pattern are ef-
fected at the cost of decreasing the effective 
one-way range by about 25 per cent. In ap-
plications where power is abundant and high 
discrimination is desired, this new technique 
could be cascaded with still further improve-
ments in the pattern. For example, the next 

A new technique which improves the 
conventional Dolph-Tchebycheff antenna 
pattern has been presented. It has been 
shown that the beamwidth and the sidelobe 
level may be reduced at the cost of increas-
ing the complexity of the components behind 
the antenna and by allowing a decrease in 
the effective range. 

The new technique is applicable only for 
receiving antennas. The nonreciprocity is 
due to the use of nonlinear detectors as an 
integral part of the scheme. 

OLIVER R. PRICE 
Microwave Lab. 

Hughes Aircraft Co. 
Culver City, Calif. 
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degrees in physics in 1929, 1931, and 1933, 
respectively from Iowa State University, 
Ames. 

In 1933, he joined the engineering staff 
of Hygrade Sylvania Corporation, Em-
porium, Pa., to do physical research on 
radio tubes. In 1934, he began the establish-
ment of a physical research laboratory, and 
in 1935, the laboratory was expanded with 
principal emphasis on television tube re-

R. M. Bown.: 

search. In 1939, this laboratory was split into 
two parts and he continued as head of the 
Research Department; the other part subse-

quently became the 
Picture Tube Divi-
sion. In 1940, the Re-
search Department 
undertook funda-
mental research in 
electronics and spec-
troscopy. This work 
was continued until 
1941, when funda-
mental research was 
put aside in order 
that the activities of 
the staff might be de-

voted to war research. He was responsible 
for the establishment of the Physics Labora-
tory, Sylvania Electric Products Inc., Bay-
side, N. Y., and in 1944, became Manager of 
that laboratory. He has held several titles 
since that date, including that of Director 
of Engineering from 1951 to 1955, Director 
of Research from 1955-1958, and Vice-
President of the Sylvania Research Labora-
tories from 1958 to 1959. In 1960, these labo-
ratories became the General Tetephone & 
Electronics Laboratories Incorporated, a 
subsidiary of General Telephone & Elec-
tronics Corporation. Dr. Bowie is Vice-
President and General Manager of the Labo-
ratories at Bayside. 

He has made significant contributions to 
vacuum tube and television research, was 



1960 Contributors 1179 

chairman of Panel 19 of the National Tele-
vision Systems Committee and is chairman 
of Panel 5 on Analysis and Theory of TASO. 
He has recently been appointed by the 
Governor of the State of New York to serve 
on the Advisory Council for the Advance-
ment of Scientific Research and Develop-
ment in New York State. He is also on the 
Advisory Committee of the Long Island 
Graduate Studies and Research Center of 
the Polytechnic Institute of Brooklyn, 
Brooklyn, N. Y. 

Dr. Bowie is a Fellow of the American 
Physical Society and a member of Pi Mu 
Epsilon, Phi Lambda Upsilon, Phi Kappa 
Phi, Sigma Xi and Alpha Chi Sigma. 

Cyril M. Braum (A'30-VA'39-SM'55) 
was born in Sacred Heart, Minn., on March 
21, 1907. He received the B.E.E. degree from 

the University of 
Minnesota, Minne-
apolis, in 1929. 

From 1929 to 
1937, he worked in 
broadcast and police 
radio station engi-
neering, and in thea-
ter and broadcast 
station sound equip-
ment installation. He 
worked with the Fed-

C. M. BRAUM eral Communications 
Commission from 1937 

to 1953, in various capacities: as field engi-
neer in Chicago, Ill.; as broadcast engineer 
in Washington, D. C.; as chief of the FM 
Broadcast Division in Washington; and as 
chief of the Television Broadcast Division 
in Washington. At present, he is engineering 
consultant for the Joint Council on Educa-
tional Television, Washington. 

Mr. Braum is a member of the AIEE and 
the SMPTE. 

Charles E. Dean (A'29-M'36-SM'43-
F'60) was born in Central, S. C., on May 23, 
1898. He received the A.B. degree from Har-

vard University, 
Cambridge, Mass., in 
1921, and the M.A. 
degree in physics in 
1924 from Columbia 
University, New 
York, N. Y. During 
this period he also 
worked with the En-
gineering Depart-
ment of the Western 
Electric Company, 
the predecessor of 
Bell Telephone Lab-

oratories. He studied physics at The Johns 
Hopkins University, Baltimore, Md., from 
1924 to 1927, and received the Ph.D. degree. 

He then worked for two years at the 
headquarters of the American Telephone 
and Telegraph Company, New York, N. Y. 
From 1929 to the present, he has been work-

C. E. DEAN 

G. L. FREDENDALL 

ing with the staff of the Hazeltine Research 
Corporation, Little Neck, N. Y. His work 
has included various patent studies and writ-
ing or editorial activity. During World War 
I I he was responsible for the large volume 
of instruction books on equipment made by 
Hazeltine and numerous subcontractors. 
This work was recognized after the war by 
the award of a Certificate of Commendation 
from the U. S. Navy. From 1952 through 
1956 he played a large part in the writing 
and editing of the comprehensive engineer-
ing text, "Principles of Color Television," 
John Wiley and Sons, Inc., New York, N. Y. 
In 1958 and 1959 he took an active part in 
the Television Allocations Study Organiza-
tion, acting as chairman of Panel 6 on 
"Levels of Picture Quality." 

Dr. Dean is a Fellow of the AIEE and 
the Radio Club of America and a member of 
SMPTE. 

G. L. Fredendall (A'41-SM'46-F'55) 
was born at Kettle Falls, Wash., on Decem-
ber 20, 1909. He received the Ph.D. degree 

from the University 
of Wisconsin, Madi-
son, in 1936. From 
1931 to 1936, he 
taught electrical en-
gineering and mathe-
matics, and engaged 
in research work in 
mercury-arc phe-
nomena at the Uni-
versity of Wisconsin. 

Since 1936, he has 
been with the Radio 
Corporation of Amer-

ica, working on systems research. At present 
he is located at the RCA Laboratories, 
Princeton, N. J. 

Dr. Fredendall is a member of Eta 
Kappa Nu, Tau Beta Pi, and Sigma Xi. 

Howard T. Head (A'52-SM'53) was born 
on December 15, 1919, in Oklahoma City, 
Okla. He received the B.S. degree from 

the University of Ar-
kansas, Fayetteville, 
in 1941. 

Prior to World 
\Var II, he was a 
junior engineer with 
RCA Laboratories, 
Camden, N. J. Dur-
ing the war, he held 
various assignments 
as a commissioned 
officer with the Sig-
nal Corps Engineer-
i lig Laboratories. 

His last assignment was that of Chief of the 
Technical Staff of the Director of the Signal 
Corps Radar Laboratory, and he was retired 
from active service in 1945 with the rank of 
Major. 

Since the war, he has been with the con-
sulting engineering firm of A. D. Ring & 
Associates, Washington, D. C., in which he 
is now a partner. He was Chairman of TASO 

H. T. HEAD 

F. G. KEAR 

Committee 4.1 (Measurement of Television 
Service Fields) and Committee 5.4 (Theo-
retical Studies). 

Mr. Head is President of the Association 
of Federal Communications Consulting En-
gineers and a member of the MEE, the 
SMPTE, the AAAS, Sigma Pi Sigma, Pi 
Mu Epsilon, Phi Eta Sigma, Omicron Delta 
Kappa, and Phi Beta Kappa. 

W. L. Hughes (S'48-A'50-M'55) was born 
in Rapid City, S. D., on December 2, 1926, 
He received the B.S.E.E. degree from 

South Dakota School 
of Mines and Tech-
nology, Rapid City, 
in 1949, and the M.S. 
and Ph.D. degrees in 
electrical engineering 
from Iowa State Uni-
versity, Ames, in 
1950 and 1952, re-
spectively. 

He worked as a 
transmitter engineer 
for the Black Hills 
Broadcast Company 

of Rapid City, and was active in the engi-
neering development of the Iowa State Uni-
versity television station WOI-TV. He was 
an Aviation Radio Technician in the Navy 
during World \Var II. From 1952 until 1960, 
he taught in the Iowa State University 
Electrical Engineering Department and di-
rected research in color television systems 
and nonlinear circuits in Iowa State's Engi-
neering Experiment Station. In April 1960, 
he became Professor and Head of the School 
of Electrical Engineering at Oklahoma State 
University, Stillwater. 

He was active in TASO, being a member 
of Panels 3 and 6 and Chairman of Commit-
tee 3.3, which did most of the field work for 
Panel 3. He has been a member of the Ad-
ministrative Committee of the Professional 
Group on Broadcasting of the IRE for five 
years and has been Editor of the Group's 
TRANSACTIONS for two years. His consulting 
work has included the subjects of commu-
nity television systems, subscription tele-
vision systems, and aircraft collision prob-
lems. 

Dr. Hughes is a member of the AIEE, 
SMPTE, and ASEE. 

W. L. HUGHES 

Frank G. Kear (A'24-M'31-SM '43-
F'53) was born in Minersville, Pa., on Oc-
tober 18, 1903. He received the E.E. degree 

from Lehigh Univer-
sity, Bethlehem, Pa., 
in 1926, and the M.S. 
and D.Sc. degrees in 
electrical engineering 
in 1928 and 1933, re-
spectively, both from 
the Massachusetts 
institute of Technol-
ogy, Cambridge. 

He was associated 
with Dr. V. Bush in 
1926-1928 in the de-
velopment of the 
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A. H. LAGRONE 

S. W. KERSHNER 

product integraph and the differential ana-
lyzer. From 1928 to 1933, he was engaged as 
a physicist in the Aeronautical Radio Group 
at the National Bureau of Standards. For 
the next eight years he was Chief Engineer 
of the Washington Institute of Technology, 
in charge of development of radio aids to air 
navigation. Since 1941, he has been a senior 
partner in the consulting engineering firm of 
Kear and Kennedy, Washington, D. C. 
During World War II, he was head of the 
Radio Section, Electronics Division, Bureau 
of Aeronautics, U. S. Navy. 

Dr. Kear is a member of the SMPTE, the 
Association of Federal Communications 
Consulting Engineers, Eta Kappa Nu, Tau 
Beta Pi, Phi Beta Kappa, and Sigma Xi. 

Stephen W. Kershner (A'43-M'55) was 
born in Texas on February 8, 1918. He re-
ceived the B.S.E.E. degree from the Uni-

versity of Texas, 
Austin, in 1939. 

He was employed 
for two years by the 
Texas Pipe Line 
Company at Hous-
ton, and was com-
missioned in the 
Signal Corps, U. S. 
Army, in 1941. Dur-
ing World War II, 
he was engaged in 
engineering work on 
radar equipment in 

England and later at the Signal Corps En-
gineering Laboratories, Fort Monmouth, 
N. J. 

In 1945, he was released by the Army 
with the rank of Major, and since that time 
has been associated with the consulting firm 
of A. D. Ring & Associates, Washington, 
D. C. He has been a partner in the firm since 
January, 1953. 

Mr. Kershner is a member of the Ameri-
can Geophysical Union, the AIEE, Eta 
Kappa Nu, and is a registered professional 
engineer of the District of Columbia. 

Alfred H. LaGrone (M'48-SM'51) was 
born in Panola County, Tex., on September 
25, 1912. He received the B.S., M.S., and 

Ph.D. degrees, all 
from The University 
of Texas, Austin, and 
is a registered profes-
sional engineer. 

From 1938 to 
1942, he was a distri-
bution engineer with 
the San Antonio Pub-
lic Service Co., San 
Antonio, Tex. From 
1942 to 1946, he was 
on active duty with 
the U. S. Navy. In 

1946, he accepted the position of radio en-
gineer with the Electrical Engineering Re-
search Laboratory at The University of 
Texas. In 1954, Dr. LaGrone joined the fac-

K. MC1LWAIN 

D. C. LIVINGSTON 

ulty of The University of Texas and is now 
professor of electrical engineering. 

Dr. LaGrone is a member of Sigma Xi, 
Tau Beta Pi, and Eta Kappa Nu. 

Donald C. Livingston (S'51-A'52-M'52-
SM'53) was born in Chicago, Ill., on August 
13, 1921. Ile received the Ph.B. degree in 

physics at the Uni-
versity of Wisconsin, 
Madison, in 1943. 
From 1944 to 1946, 
he worked on the 
atomic bomb project 
at the Metallurgical 
Laboratory, Chicago, 
Ill., and at the Lo, 
Alamos Laboratory, 
New Mexico. He par-
ticipated in the Bi-
kini atomic bomb 
tests in 1946 as a 

member of the Los Alamos field group. 
He pursued graduate studies in physics 

at the Ohio State University, Columbus, 
from 1946 to 1952. In January, 1952, he 
joined the staff of the Sylvania Research 
Laboratories at 13ayside, N. Y. For the next 
two years, he worked on various problems 
relating to the analysis of color television 
systems and published several papers on that 
subject. In 1954, he initiated a project con-
cerned with the development of electro-
luminescent information display devices. He 
is currently cqncerned with computer system 
research. 

Mr. Livingston is a member of the Amer-
ican Physical Society and TASO. 

Knox Mcl lwain (A'31-M'40-SM'43-
F'48) was born in Philadelphia, Pa., in 1897. 
He received the B.S. degree from Princeton 

University, Prince-
ton, N. J. in 1918 
and the B.S.E.E. and 
E.E. degrees from 
the University of 
Pennsylvania, Phila-
delphia, in 1921 and 
1928, respectively. 

From 1924 to 
1941 he was a profes-
sor at the Moore 
School of Electrical 
Engineering, Univer-
sity of Pennsylvania. 

He was associated with the Hazeltine Elec-
tronic Corporation, from 1941 to 1957, as 
Chief Consulting Engineer. He was also 
previously associated with the Pennsylvania 
Bell Telephone Company. 

Since early 1956, he has been with the 
Burroughs Corp., Paoli, Pa. As Manager of 
the Special Products Division, he was re-
sponsible for, organized, and directed all 
engineering development and design projects 
in the fields of digital communications, 
weapons systems, air defense instrumenta-
tion, airborne control systems, telemetering, 
and automation. He was formerly assistant 
to the Vice President of Research and En-
gineering, where he was responsible at the 

staff level for all facets of the Corporation's 
contribution to the Air Force Interconti-
nental Ballistic Missile Program. He is pres-
ently manager of the Great Valley Labora-
tory, a major division of Burroughs Research 
Center, conducting the great bulk of the 
Corporation's military development effort. 

Mr. McIlwain is a member of Eta Kappa 
Nu, Phi Beta Kappa, Sigma Psi, and Tau 
Beta Pi. 

Ogden Prestholdt (S'37-A'41--M'45) was 
born in Minneapolis, Minn., on April 5, 
1917. He received the B.E.E. degree from 

the University of 
Minnesota,Minne-
apolis, in 1938. 

For the next year 
and a half he taught 
mathematics at the 
University of Minne-
sota while continuing 
his studies in the 
fields of physics and 
engineering. From 
1944 until the pres-
ent, he has been em-
ployed in the Engi-

neering Department of CBS, New York, 
N. Y. He is currently Manager, Radio-
Frequency Measurements and Analyses, 
with responsibility for field strength surveys, 
radio wave propagation studies, and antenna 
design and performance. He has had more 
than twenty years of experience in the field 
strength survey field, including pioneer 
work on the UHF in 1946. He was an active 
member of TASO Panels 4 and 5, and made 
substantial contributions to TASO through 
work on Committees 3.3, 4.1, 5.1, 5.2, 5.3, 
and 5.4. 

Mr. Prestholdt is a member of Eta 
Kappa Nu. 

O. PRESTHOLDT 

Philip L. Rice (M'52) was born in Wash-
ington, D. C. on December 25, 1922. He at-
tended Lawrence College, Appleton, \Vis., 

in 1941 and received 
the B.S. degree from 
the Principia College, 
Elsah, Ill., in 1948. 

During World 
War II, he was com-
missioned at the 
Yale University Air 
Force Communica-
tions School, and 
spent 18 months in 
Brazil setting up and 

P. L. RicE operating blind-land-
ing systems for air-

craft. 
In 1948 and 1949, he was employed by 

the firm of Raymond M. Wilmotte, Inc., in 
Washington, D. C. Since that time, he has 
been a staff member of the Central Radio 
Propagation Laboratory of the National 
Bureau of Standards. He is Chief of the 
Tropospheric Analysis Section of the Radio 
Propagation Engineering Division at Boul-
der, Colo. 

Mr. Rice is a member of the Institute of 
Mathematical Statistics and the Scientific 
Research Society of America. 
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W. O. SWINYARD 

William O. Swinyard (A'37-M'39-
SM'43-F'45) was born in Logan, Utah, on 
July 17, 1904. He received the Bachelor's 

degree in mathe-
matics and physics 
from Utah State Uni-
versity, Logan, in 
1927, and has done 
graduate work at Co-
lumbia University, 
New York, N. Y., 
and Northwestern 
University, Evans-
ton, Ill. 

In 1930, he joined 
the Hazeltine Corpo-
ration in Bayside, 

N. Y.; in 1937 he was transferred to Chicago, 
where he has been chief engineer of Hazel-
tine Research, Inc., since 1942 and vice-
president and director since 1958. He has 
published several articles in the field of 
electrical engineering. 

Mr. Swinyard is one of the founders of 
the National Electronics Conference, and 
served the NEC as president and chairman 
of the board. He is a Fellow of the Radio 
Club of America and the AAAS; a Pro-
fessional Member of Eta Kappa Nu; and 
past president of the Chicago Radio Engi-
neers Club. He is a registered professional 
engineer, and a member of the National So-
ciety of Professional Engineers and of the 
Illinois Society of Professional Engineers. 
He is Chairman of Panel 2 ( Receiving Equip-
ment) of TASO. 

Holmes W. Taylor (M'52-SM'59) was 
horn on October 25, 1925, in New York, 
N. Y. After serving in the U. S. Navy in 

World War II, he 

completed his courses 
at the Massachusetts 
Institute of Technol-
ogy, Cambridge, re-
ceiving the B.S.E.E. 
degree in 1948. 

From 1948 to 1950, 
he was employed in 
the Electronics Di-
vision of Sylvania 
Electric Products, 
Inc. In 1950, he 
joined Burroughs 

Corporation, where he has been involved 
in the project management of data process-

H. W. TAYLOR 

ing systems. He is currently on a staff 
assignment with the Great Valley Lab-
oratory of the Burroughs Research Center, 
Paoli, Pa. 

Mr. Taylorisa member of R ESA and the 
Association for Computing Machinery. 

Harold G. Towlson (A'39-SM'47) was 
born in Gouverneur, N. Y. in 1908. He re-
ceived the B.Sc. degree from Clarkson Col-

lege of Technology, 
Potsdam, N. Y. in 
1929 and the MEE. 
degree from Syracuse 
University, Syracuse, 
N. Y. in 1954. 

He joined the 
General Electric Com-
pany, Syracuse, N. Y. 
in 1929 in the Stu-
dent Engineering 
Program, and has 

H. G. TowLsox since worked for 
General Electric in 

various engineering and managerial capaci-
ties. These include assignments as Engineer 
in Charge of the South Schenectady Stations 
of General Electric, Project Engineer on 
High-Power AM Transmitters, and Man-
ager of Engineering of the Broadcast Trans-
mitter Section. Since 1957, he has been 
Manager-Engineering of the Technical 
Products Operation of Communications 
Products Department of the General Elec-
tric Company. 

Mr. Towlson is a member of TASO and 
the EIA atol is a Registered Professional 
Engineer in New York State. 

George R. Town (A'37-SM'44--F'50) was 
born in Poultney, Vt., on May 26, 
1905. He attended Rensselaer Polytechnic 

Institute, Troy, N. Y. 
where he received the 
E.E. degree in 1926, 
and the D. Eng. de-
gree in 1929. 

He was an engi-
neer in the research 
laboratory at Leeds 
and Northrup Com-
pany, Philadelphia, 
Pa., from 1929 until 
1933. He then taught 

G. R. Towx for three years at 
Rensselaer Polytech-

nic Institute. From 1936 until 1949, he was 
with the Stromberg-Carlson Company, 
Rochester, N. Y., where he was successively 
an engineer in the Research Laboratory, 
engineer in charge of the Television Labora-
tory, assistant director of Research, and 
manager of Engineering and Research. Dur-
ing this time he served actively on the first 
National Television System Committee and 
the Radio Technical Planning Board. In 
1949, he joined the staff of Iowa State Uni-
versity, Ames, as associate director of the 
Engineering Experiment Station and pro-
fessor of electrical engineering. For 20 
months in 1956 and 1957, he was on leave of 
absence and served in Washington as 
executive director of the Television Alloca-
tions Study Organization. Since March 1, 
1959, he has been dean of the College of 
Engineering at Iowa State University. 

Dr. Town is a Fellow of the AIEE and a 
member of the National Society of Profes-
sional Engineers, the American Society for 
Engineering Education, Sigma Xi, Tau 
Beta Pi, Eta Kappa Nu, and Phi Kappa Phi. 

John E. Young (A'37-SM'48) was born 
in West Chester, l'a., in 1906. He received 
the B.S.E.E. degree from the Drexel Insti-

tute of Technology, 
Philadelphia, Pa.. in 
1928. 

On graduating, he 
joined the General 
Electric Company, 
Syracuse, N. Y., in 
their training course 
for radio engineers 
and contributed to 
the design of the first 
"Super-power Broad-

J. E. YOUNG cast Transmitter," 
rated at 50 kw. He 

transferred to the Radio Corporation of 
America, Camden, N. J., in 1932 and partici-
pated in the design of the first transmitter 
job undertaken by the company. Since then, 
he has been concerned mainly with the de-
sign of broadcast transmitters and antennas, 
successively as a Design Engineer, Group 
Manager, and Section Manager. 

Mr. Young is a member of TASO and the 
EIA. 
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Report of the Secretary-1959 

To THE BOARD OF DIRECTORS 
THE INSTITUTE OF RADIO ENGINEERS, INC. 

Gentlemen: 

The Secretary's Report for the year 1959 
is transmitted herewith and indicates, again, 
continued expansion of the IRE in all of its 
activities. 

Net membership increased 11% to a 
total of 79,166. ( See Fig. 1, and Tables I and 
II.) Professional Group membership in-
creased 20% to a total of 87,027. Publica-
tions pages increased 18% and of these, 
TRANSACTIONS pages went up 44%. Four 
special issues of the PROCEEDINGS appeared 
during the year, making possible the publi-
cation of additional valuable papers on 
timely subjects. Sight must not be lost of 
the important accomplishments of the 
twenty-five Technical Committees which, 
assisted by 119 subcommittees and task 
groups, held 233 meetings and issued four 
new Standards, in addition to which repre-
sentation of IRE on 34 committees of the 
American Standards Association was pro-
vided for. IRE also sponsored three com-
mittees of this body. 

It should be noted that your Headquar-
ters' facilities have been foresightedly ex-
panded suitably to care for this growth and 
additional steps have been taken for meeting 
the expected additional activities yet to 
come. 

Respectfully submitted, 

Haraden Pratt 
Secretary 

January 31, 1960 

Fiscal 

A condensed summary of income and ex-
penses for 1959 is shown in Table III, and a 
balance sheet in Table IV (opposite). 

Editorial Department 

TREND OF MEMBERSHIP 1912 TO 1959 NUMBER OF 
MEMBERS 
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Fig. I 

TABLE I 

COMPARISON OF TOTAL MEMBERSHIP BY GRADES, 1957-1959 

Grade 
As of Dec. 31, 1959 As of Dec. 31, 1958 

Number % of Total 

As of Dec. 31, 1957 

Number % of Total Number % of Total 

The year 1959 saw the IRE publication Fellow 823 1 770 1.1 700 1.1 

program continue its rapid growth. During Senior M ember 9,463 12 8,536 12.0 7,685 11.9 
M ember 38,977 49 32,373 45.4 26,115 40.3 

the year the IRE published 131 issues total- Associate 13,165 17 14,721 20.6 16,827 25.9 

ing 17,968 pages, an 18% increase over 1958. Student 167,938 21 14,961 20.9 13,446 20.8 _ 
The increased publication output reflected TOTALS 79,166 71,361 64,773 

the stepped-up program of PROCEEDINGS 
special issues and the fact that the Profes-
sional Group TRANSACTIONS enjoyed the 
largest annual growth since their inception 
eight years ago. 

PROCEEDINGS OF THE IRE 

The year was highlighted by the ap-
pearance of four special issues: "The Nature 
of the Ionosphere-An IGY Objective" in 
February, "Government Research" in May, 
"Infrared Physics and Technology" in Sep-
tember, and " Bio-Medical Electronics" in 

TABLE I I 

FIVE-YEAR ANALYSIS OF MEMBERSHIP IN U. S. AND OTHER COUNTRIES 

1959 1958 1957 1956 1955 

TOTAL 
U. S. and Possessions 
Other Countries 
Per Cent Other Countries 

79,166 
73,044 
6,122 
7.7 

71,361 
65,786 
5,575 
7.8 

64,773 
59,961 
4,812 
7.4 

55,494 
51,551 
3,943 
7.1 

47,388 
43,977 
3,411 
7.2 
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TABLE Ill 

SUMMARY OF INCOME AND EXPENsE, 1959 

Income 
Advertising 
Member Dues and Convention 
Subscriptions 
Sales Items, Binders, Emblems. etc. 
Investment Income 
Miscellaneous Income 

TOTAL INCOME 

Expense 
PROCEEDINGS Editorial Pages 
Advertising Pages 
Directory 
Section Rebates 
Student Program 
Professional Group Expense 
Sales Items 
General Operations 
Convention Cost 

TOTAL EXPENSE 

Reserve for Future Operations—Gross 
Depreciat ion 

Reserve for Future Operations—Net 

$1,597,469 
1,527,984 

196,644 
167,176 
40,676 
1,559 

$ 540,922 
838,505 
277,172 
80,147 
137,658 
225,737 
71,221 

565,805 
434,266 

year In addition, approximately 24,000 free 
copies of the September issue were dis-
tributed to all non- IRE junior and senior 
electrical engineering students. 

IRE DIRECTORY 

A new photographic method for repro-
ducing listings from typed cards was adopted 

$3,531,508 for the membership listings in the 1960 IRE 
DIRECTORY, resulting in a substantial sav-
ings in cost. The DIRECTORY, which was 
published in November, contained 1312 
pages including covers, of which 570 were 
membership listings and information and 
742 were advertisements and listings of 
manufacturers and products. 

$3,171,433 

$ 360,075 
24,285 

$ 335,790 

TABLE IV 

BALANCE SHEET—DECEMBER 31, 1959 

Assets 
Cash and Accounts Receivable 
Inventory 

TOTAL CURRENT ASSETS 

Investments at Cost 
Buildings and Land at Cost 
Furniture and Fixtures at Cost 
Other Assets 

TOTAL 

TOTAL ASSETS 

Liabilities and Surplus 
Accounts Payable 

TOTAL CURRENT LIABILITIES 
Deferred Income 
Professional Group Funds on Deposit 

TOTAI. LIABILITIES 
Reserve for Depreciation 
Reserve for Publications 

TOTAL RESERVES 
Surplus Donated 
Surplus 

TOTAL SURPLUS 

TOTAL LIABILITIES AND SURPLUS 

1,022,280 

$ 718,317 
26,656 

$ 744,973 

1,830,027 
974,140 
251,519 
75.041 

3,131,627 

$3,876,600 

$ 96,371 

$ 96,371 

198,955 1,221,235 

$1,317,606 
100,939 
30,000 

595,287 
I,832,768 

130,939 

2,428,055 

$3,876,600 

November. The resulting increase in the 
number of PROCEEDINGS papers from 183 in 
1958 to 208 in 1959 was accompanied by an 
expansion of the Correspondence section 
from 180 letters to 209 letters. Consequently, 
the number of editorial pages reached an all-
time high of 2370 pages, as shown in Table 
V and Fig. 2 ( next page). 

The increase in special issues was largely 
responsible for the 25% increase in the num-
ber of papers reviewed for the PROCEEDINGS, 
363 papers totaling 2965 pages. Of these, 
38' ; were accepted, 34' ; were referred to 
the TRANSACTIONS for publication considera-
tion and 28% were rejected. Three IRE 
Standards and one Technical Committee 
Report also appeared during the year. 

TRANSACTIONS 

The health and vigor of the Professional 
Groups was unmistakably evidenced by a 
44(.; increase in TRANSACTIONS output dur-

ing 1959. As shown in Fig. 2 and Table VI, 
total pages increased from 5388 in 1958 to 
7778. The total number of papers and letters 
published, 1068, for the first time accounted 
for more than half the total IRE output 
(1875). 

IRE CONVENTION RECORDS 
The 1959 IRE NATIONAL CONVENTION 

RECORD, published in 10 parts, contained 
223 papers and 20 abstracts totaling 2116 
pages, while the 8-part IRE WESCON 
CONVENTION RECORD contained 107 papers 
and 12 abstracts totaling 1008 pages. In an 
important innovation, the IRE WESCON 
CONVENTION RECORD was published in time 
for distribution at WESCON. 

IRE STUDENT QUARTERLY 

Four issues, totaling 224 pages, were sent 
free to IRE Student members during the 

CONFERENCE PUBLICATIONS 

The Proceedings of the 1959 Western Joint 
Computer Conference, sponsored jointly by 
the IRE, AIEE and Association for Com-
puting Machinery, was published by the 
IRE Editorial Department. The issue con-
tained 364 pages including covers. 

NEW PUBLICATIONS 

1Vork on two new publications was got-
ten under way in 1959 for issuance during 
1960. The first was a five-year cumulative 
index to all IRE publications which came 
out during 1954-1958. The second was an 
IRE Dictionary of Electronic Terms, con-
taining all definitions of terms, graphical' 
symbols and abbreviations which have ap-
peared in IRE Standards over the past 15 
years. 

Technical Activities- 1959 

Technical Committees 

During 1959, 25 Technical Committees 
and their 119 subcommittees held 233 meet-
ings, of which 222 were held at IRE Head-
quarters and 11 throughout the nation. 

Three IRE Standards and one Technical 
Committee Report, having been approved 
by the Standards Committee and the Execu-
tive Committee, were published in the PRO-
CEEDINGS in 1959, and reprints are now 
available to the public. 

IRE is directly represented on 34 Com-
mittees of the American Standards Associa-
tion and sponsors three: The ASA Sectional 
Committee on Radio and Electronic Equip-
ment, C16; the ASA Sectional Committee 
on Sound Recording, Z57; and the ASA Sec-
tional Committee on Nuclear Instrumenta-
tion, N3. Two IRE Standards received ap-
proval of the American Standards Associa-
tion as American Standards in 1959, and 
are now available overseas through the In-
ternational Standards Organization. 

IRE Technical Committees participated 
in international standardization in 1959 by 
reviewing and preparing comments on docu-
ments for the United States National Com-
mittee of the International Electrotechnical 
Commission. 

Appointed IRE Delegates on Other Bodies 

The IRE appointed delegates to a num-
ber of other bodies for the one-year period— 
May 1, 1959, to April 30, 1960 (as listed on 
page 44A of the October, 1959 PROCEED-
INGS). 
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TABLE V 

VOLUME OF PROCEEDINGS PAGES 

1959 1958 1957 1956 

Editorial 
Advertising 

2370 2199 1868 1996 
2760 2169 2700 2800 

TOTAL 5130 4368 4568 4796 

Theory, Instrumentation, and Microwave 
Theory and Techniques cosponsored these 
meetings. The XIIIth General Assembly of 
URSI will be held on September 5 through 
15, 1960, at the University College of the 
University of London, London, England. 

During 1959, the Executive Committee 
of the U. S. Preparatory Committee of the 
International Radio Consultative Commit-

VOLUME OF TECHNICAL AND EDITORIAL MATTER 
PUBLISHED IN THE PROCEEDINGS AND THE TRANSACTIONS 

1913 to 1959 

Pages (42% 
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TABLE VI 

VOLUME OF TRANSACTIONS PAGES 

TRANSACTIONS 

PROCEEDINGS 

Fig. 2. 

1959 1958 1957 1956 

Groups Publishing 
No. of Issues 
No. of Pages 

27 26 24 23-
95 81 75 69' 

7778 5388 5372 5044 

The Annual Spring Meeting of the Inter-
national Scientific Radio Union (URSI) was 
held May 5, 6, and 7, 1959, in Washington, 
D. C. The Fall meeting was held October 19, 
20 and 21, 1959, in San Diego, Calif. The 
IRE Professional Groups on Antennas and 
Propagation, Circuit Theory, Information 

tee (CCIR) held five meetings. At these 
meetings, the representatives of the fourteen 
Study Groups summarized and reported on 
their activities. Numerous responses to the 
questions under review by the Study 
Groups have been received in IRE during 
1959. Lists of all material received from 
these organizations were distributed quar-
terly to the Chairmen of IRE Technical 
Committees and Professional Groups, as 
well as to The Joint Technical Advisory 
Committee. 

The CCIR IXth Plenary Assembly was 
held at the Biltmore Hotel, Los Angeles, 
April 2 to 30, 1959. At this Assembly the 
United States' proposals were formulated 

for the International Telecommunication 
Union ( ITU) conference which was held in 
Geneva beginning August 17, 1959, and 
ending December 18, 1959. 
A report entitled " Radio Transmission 

by Ionospheric and Tropospheric Scatter," 
by the Joint Technical Advisory Commit-
tee, was circulated to all delegates at the 
Geneva conference in connection with the 
proposals being considered to amend the 
radio, telegraph and telephone regulations 
and to determine frequency allocations dur-
ing the periods between international con-
ferences. 

The Joint Technical Advisory Committee 
(JTAC) 

The Joint Technical Advisory Commit-
tee held a total of ten meetings for the pe-
riod July 1, 1958, through June 30, 1959. 
The Eleventh Anniversary dinner was held 
in May, 1959. 

Volume XVI, the cumulative Annual 
Report of the JTAC Proceedings was pub-
lished in 1959. This included in Section 1— 
Official Correspondence between the Federal 
Communications Commission and The Joint 
Technical Advisory Committee ( IRE-EIA). 
Also included were items of correspondence 
pertinent to the activities of the JTAC. 
Section II of the Report contained the ap-
proved Minutes of Meetings of The Joint 
Technical Advisory Committee for the 
period July 1, 1958, through June 30, 1959. 

The JTAC Subcommittee 55.1 on the 
Study of Forward Scatter Propagation, and 
its two working groups on Ionospheric Scat-
ter Transmission, and Tropospheric Trans-
mission rendered a report on ' Radio Trans-
mission by Ionospheric and Tropospheric 
Scatter." This was forwarded in preprint 
form to all delegates attending the CCIR 
Plenary conferences. This report will be 
published in the January, 1960, issue of the 
PROCEEDINGS OF THE IRE. 

The International Electrotechnical Commis-
sion ( IEC) 

The International Electrotechnical Com-
mission Subcommittee 12-1 on Measure-
ments met in Ulm, Germany, from October 
3 to 9, 1959. IRE secured the services of a 
delegate to represent the United States, and 
the IRE Technical Committees prepared 
this delegate on all items to be discussed at 
this meeting. 

The annual meeting of the International 
Electrotechnical Commission was held in 
Madrid, Spain, June 30 to July 10, 1959. 
IRE did not actively participate in these 
meetings, since there were no meetings of 
IEC Technical Committee 12 on Radio 
Communication, or Technical Subcommit-
tee 12-1 on Measurements scheduled at this 
time. 
A list of all documents and material re-

ceived in the Office of the IRE Technical 
Secretary from the IEC was distributed to 
the Chairmen of all Professional Groups, 
Technical Committees and Subcommittees. 

Professional Group System 

General: There are currently 28 Professional 
Groups operating actively within the IRE. 

Approximately 65% of all IRE members 
have taken advantage of the Professional 
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Group System which now has a total mem-
bership of 87,027. Included are 5667 Student 
members of the IRE who have joined the 
Groups at the special Student member rate 
of $ 1.00 annually. Under the newly insti-
tuted Affiliate Plan, 421 scientists and medi-
cal doctors, whose major interests lie in 
fields other than electronics, have affiliated 
with a number of the Professional Groups. 

All of the Groups have levied publica-
tions fees and their members are receiving 
the pertinent Group TRANSACTIONS regu-
larly. In addition, a large number of com-
pany, university and public libraries have 
subscribed to the TRANSACTIONS of all the 
Groups. There is also a demand for indi-
vidual Group subscriptions and individual 
copies of the TRANSACTIONS from outside 
sources. 

Financial and editorial assistance were 
among the many sepvices rendered by Head-
quarters to the Groups during 1959. The 
Office of the Technical Secretary provided 
administrative services for Group opera-
tions, the planning of meetings, advance 
publicity and the recording and mailing for 
all activities, including 838 mailings to 
Group members during the year. 
Symposia: The procurement of papers and 
actual management of national symposia are 
entirely in the hands of the Professional 
Groups. Each of the Groups sponsored one 
or more technical meetings during this year, 
in addition to Technical Sessions at the IRE 
International Convention, the WESCON, 
The National Electronics Conference and 
other jointly sponsored meetings, for a total 
of 50 meetings of national import in 1959. 
Publications: During the year, 27 Groups 
published 95 TRANSACTIONS containing 7778 
pages. Since publication began in 1951, 487 
issues ( 33,870 pages) have appeared. Full 
details on Group TRANSACTIONS are included 
in the Report of the Editorial Department. 
Professional Group Chapters: 263 Profes-
sional Group Chapters have been organized 
by Group members in 58 IRE Sections. 
Chapter growth is continuing at a healthy 
rate. The Chapters are meeting regularly 
and sponsoring meetings in the fields of in-
terest of their associated Groups in the 
various Sections. 

Section Activities 

\Ve were glad to welcome five new Sec-
tions into the IRE during the past year. 
They are as follows: Benelux, Gainesville 
(formerly Subsection), India, Italy, and 
Orlando (formerly part of Central Florida 
Section). 

The total number of Sections is now 105. 
The Subsections of Sections now total 

27, the following being formed in 1959: 
Reading ( Philadelphia). 

The following Subsections were dis-
solved in 1959: Palo Alto ( San Francisco) 
and USAFIT ( Dayton). 
A growing major activity of many Sec-

tions and the larger Subsections in recent 
years is the publication of a local monthly 
Bulletin to fulfill the need for announcing to 
the Section members the increasing activities 
of the Section, including 1) Section meetings, 
2) Professional Group Chapter meetings, 
and 3) Information on the local and national 
level of interest to the Section member. 

Forty-eight of the Sections and Sub-
sections are now issuing monthly publica-
tions. 

Student Branches, 1959 

The number of Student Branches formed 
during 1959 was 15. The total number of 
Student Branches is now 183, 118 of which 
operate as joint I RE-Al EE Branches and 
15 as Student Associate Branches. 

Following is a list of the Student 
Branches formed during the year: Air Force 
Institute of Technology, University of 
Alaska, University of Bridgeport, Devry 
Technical Institute, Duke University, Uni-
versity of Idaho, LaSalle College, 1-niversity 
of Manitoba, Milwaukee School of Engi-
neering, Mohawk Valley Technical Insti-
tute, New Bedford Institute of Technology, 
Northrop Institute of Technology, Uni-
versity of Puerto Rico, Royal Military Col-
lege of Canada, San Jose State College ( re-
established), University of Tennessee (re-
established), and \Vest Virginia Institute of 
Technology. 

IRE International Convention 

The IRE Board of Directors, when dis-
cussing the IRE international activities in 
1959, approved a change in name of the an-
imal IRE Convention to " IRE Interna-
tional Convention and Radio Engineering 
Show." The 1959 Convention, held on March 
23-26 at the Waldorf-Astoria Hotel and 
New York Coliseum, offered a program of 
263 papers and 1200 exhibit units. A record 
total of 60,050 attended. This Convention 
continues to increase in importance each 
year and is internationally recognized as one 
of the largest conventions of its kind in the 
world. 

It is with deep regret that this office 
records the death of the following members 
of the IRE during the year 1959. 

Fellows 

Go'dui), Thomas E. (SM'52, F'52) 
Morlock, William J. (A'43, SM'46, F'57) 
Parker, Henry W. (SM'48, F'52) 
Quarles, Donald A. ( M'41, SM'43, F'54) 
Ridenour, Louis N., Jr. (SM'52, F'55) 
Van Der Pol, Balthasar ( M'20, F'29, L'55) 
Varian, Russell H. ( A'40, SM'51, F'52) 
Wheeler, Lynde P. ( F'28) 
Zenneck, Jonathan ( F'48, L'56) 

Senior Members 

Allen, Donald H. ( M'53, SM'54) 
Beasley, William A. (A'44, SM'49) 
Binns, John R. (A'26, SM'54) 
Brady, John B. (A'20, M'29, SM'43) 
Brown, James F. ( SM'50) 
Cater, John R. (S'41, A'44, M'52, SM'57) 
Crossley, Alfred (A'19, M'26, SM'43, L'57) 
Doane, John E. (A'41, M'44, SM'54) 
Ebers, J. James (S'46, A'48, SM'53) 
Friend, Halton H. (A'28, M'38. SM'43) 
Given, Frederick J. (SM'49) 
Guthrie, Frederick P. (A'16, M'28, SM'43, 

L'56) 
Heiser, Edwin S. (A'28, Sl\l'44) 
Hoyler, C. N. (A'35, SM'45) 
Jenssen, Matz (SM'55) 

Kaulback, Harold D. ( A'58, SN1'59) 
Kent, Roscoe ( A'48, M'50, SNI'50) 
Kesgen, Edward \V. ( A'49, NI'51, SNI'58) 
Lee, Emery H. I. (J'15, A'18. NI'23, SM'43) 
Lovejoy, Edwin \V. ( A'14, M'26, SM'43) 
Maggio, John B. ( NI'42. SNI'43) 
Morse, Elwood K. S\1'58 
Nathan, Reuben ( SNI'54) 
Peav, Lawrence \V., Jr. ( A'41, M'47, 
SM'55) 

Ruth, Edward A., III ( SM'52) 
Sands, William F. (A'41, SM'46) 
Stuckert, E. Morris ( A'30, SNI'47) 
Tarboux, Joseph G. (SM'54) 
Waldorf, S. K. ( A'41, SNI'45 ) 
Waller, Bennie F. ( SNI'56) 
\Vatson, Edward F. ( M'45, SNI'45) 
Webb, James S. ( A'17, SM'46, 1.'59) 
Weedfall, \V. W. ( A'44. SN1'58) 
Wesser, C. H. ( A'41, M'42, !•; 1'43) 

llembers 

Anders, Rus-ell I). f . V43, N1'55) 
Atwood, William ( S'58, M'59) 
Barr, Ely E. (5.57, M'58) 
Baruch, Sydney N. ( A'44, M'55) 
Baumbach, Earl 1. ( M'57) 
Berman, Arnold D. ( M'58) 
Buck, Dudley A. ( M'56) 
Burns, John A. X. ( M'58) 
Canfield, Herbert H. (S'52, A'54, M'58) 
Carlson, Harry A. ( A'56. M'57) 
Clanton, James D., Jr., ( S'52, A'53, M'58) 
Cox, Lemuel H. ( M'47) 
Croson, H. Lee ( M'58) 
Durham, LelandG. (S'45, A'50, M'55) 
Ellsworth, John L. (S'52, M'56) 
Frear, George C. (A'45, 1\1'55) 
Goldstein, William ( A'52, M'58) 
Gontermann, Adolf ( M'56) 
Green, Darrell B. (A'29. M'55) 
Grimmett, Leonard J. ( S'50, A'51, M'56) 
Gyllstrom, Nylan D. (S'56, M'59) 
Hamilton, Edwin E. (S'47, A'51, M'56) 
Henderson, J. Alvin ( A'50, M'58) 
Nilson, Edward A. ( M'57) 
Hylkema, Chester G. ( S'41, A'41, M'55) 
Johnson, Marian S. (A'46, M'55) 
Johnston, Edward L. (A'36, M'55) 
Kleinberger, Robert ( A'52, M'56) 
Maring, Keith T. ( M'54) 
Marriner, Alfred W. (A'29, M'55) 
Marsal, Paul A. ( A'46, M'46) 
Mathery, Lowell E. ( S'49, A'51, M'58) 
Meeker, Robert II. ( M'57) 
Morganstern, Richard I. ( S'53, M'56) 
Myers, Joseph R. ( i\l'57) 
Olson, Arthur J. ( M'55) 
Ossmann, Edward A. ( A'5, NI'55) 
Poarch, M. F. ( A'43, S'46, A'49, M'55) 
Powers, Stephen J. ( M'51) 
Rappaport, Maurice B. ( A'32, M'55) 
Reber, John H. (S'47, A'49, M'55) 
Robinson, Gordon D. (A'19, M'55, L'57) 
Rothe, Mervyn E., Jr. (S'52, A'54, M'59) 
Ruggi, Anthony G. (A'50, M'55) 
Shortley, \V. M. ( A'42, M'55) 
Sinclair, George \V. ( M'57) 
Stein, Sidney (S'56. M'57) 
Sutherlin, Robert F. ( A'51, 1\1'56) 
Tweet, Ben O., Jr. ( S'54, M'56) 
Van Every, Bliss ( A'46, M'58) 
Walsh, Dorothy (S'51, A'52, M'57) 
Welker, John J. (A'44, M'55) 
Whiston, Raleigh W. ( M'50) 
Whittier, R. J. E. ( M'54) 
Wright, Robert A. (S'54, M'56) 
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Voting A ssociates 

Coates, Archie L (A'35, VA'39) 
Packman, M. E. (A'I3, VA'39, L'5I) 
Ross, Kenneth B. (A'28, VA'39) 

Associates 

Allen, Harold A. (A'58) 
Bolman, John G. (A'57) 
Brown, Stanley F. (S'56, A'57) 
Field, Charles (A'57) 
Fitzgerald, Maurice W. (A'50) 
Fogarty, Leonard L. (S'52, A'54) 

Frankel, Samuel K. (A'56) 
Hinrichs, Clair A. (A'54) 
Kimes, Richard E. (S'49, A'51) 
Nelson, Donald A. ( A'44) 
Phelps, Boyd (A'2I) 
Pierson, George E. ( A'55) 
Powers, Meredith L. ( A'57) 
Sheets, George (A'55) 
Silvia, Everett R. ( S'53, A'55) 
Sonnenfield, Sigmund ( A'57) 
Spaeth, Charles A. ( A'56) 
Stewart, Edward A. (A'53) 
Sussman, Albert B. ( A'56) 

Stinson, Lawrence W. (A'29) 
Wetling, Thomas C., Jr., (A'58) 

Students 

Curti, Dino L. (S'56) 
Frederickson, Albert L. (S'58) 
Gardner, Jerry D. (S'58) 
Morgan, Edgar \V., Jr. (S'58) 
Rosenbaum, Stanley H. (S'58) 
Simmonds, Paul R. ( S'57) 
Tew, Loma O. ( S'57) 
Wakefield, Robert P. (S'58) 

Books  

Transistor Circuits, by K. W. Cattermole 
Published ( 1959) by the Macmillan Co., 60 Fifth 

Ave., N. Y. 11, N. Y. 399 pages +8 index pages +9 
bibliography pages +26 appendix pages +xi pages. 
Illus. 51 X81. $14.00. 

The preface states that "this book gives 
an introductory account of the principal 
functions and circuit arrangements in which 
transistors can be used . . . its ideal reader 
is primarily interested in some field of usage; 
he is familiar with thermionic valves and 
electric circuits in general, but need have no 
more physics and mathematics than is 
normally consequent on that knowledge." 

The first portion of the book ( Chapters 
1-4) discusses, in an elementary fashion, the 
properties of semiconductors, the manufac-
ture of semiconductor devices, and their 
electric circuit properties. Chapters 5-7 treat 
low-frequency amplifiers, including multi-
stage and power amplifiers, with consider-
able emphasis on feedback. Chapter 8 is de-
voted to high-frequency parameters and 
amplifiers with a comparatively detailed 
treatment of pertinent stability aspects. 
Tuned and wideband amplifiers are also dis-
cussed here, as well as feedback circuits at 
higher frequencies. Chapter 9 treats bias 
supplies and stabilization. 

Chapters 10-14 deal with nonlinear cir-
cuits. Chapter 10 discusses the properties of 
negative resistances with emphasis on point-
contact transistors. Chapters 11-13 cover 
large-signal transistor properties, bistable 
circuits, sinusoidal oscillators, pulse and 
other waveform generation, counting and 
timing circuits. Chapter 14 deals with tran-
sistor nonlinearities and their use in modula-
tors, detectors, converters, automatic gain 
control circuits, and also discusses the ac-
complishment of some of these circuit func-
tions by switching processes. 

Chapter 15 discusses the measurement of 
transistor properties. Chapter 16 is entitled 
"Fields of Application" and surveys the use 
of transistors and their limitations in sound 
reproduction, television, radio receivers, 
telephone and telegraph systems, computers, 
power supplies and measuring instruments. 
The various appendixes provide the reader 
with background in specialized topics, such 
as linear network analysis, transient re-

sponse of transistors, saturable magnetic 
materials, etc. 

This British book has several interesting 
features and certainly adds a new flavor to 
existing treatments on transistor circuits. 
The qualitative discussions are often in-
cisive and the circuit analyses generally 
thorough. Several topics, e.g., feedback, are 
treated with more emphasis than has been 
done in other books. 

In spite of its merits, this reviewer has 
reservations about the book. Its principal 
shortcoming is the lack of tie-in between 
physical properties on the one hand and cir-
cuit design on the other. For example, no 
attempt is made quantitatively to relate the 
frequency and bias dependence of transistor 
circuit properties to physical device parame-
ters. It is therefore not surprising that the 
discussions on high-frequency equivalent 
circuits and power amplifier properties 
should appear at times disjoint. Further 
shortcomings are: excessive emphasis on 
point-contact transistors, somewhat ponder-
ous mathematics which could be avoided by 
appropriate use of matrix algebra, inade-
quate number of tables which would enable 
the reader to use the book as a convenient 
reference, occasional misleading comments, 
some highly questionable conclusions based 
on the limitations of transistors available to 
the author at the time when the book was 
written, and absence of discussion on dc 
amplifiers. 

In conclusion, this reviewer believes that 
this book could well be used by the practic-
ing transistor circuit engineer as an addi-
tional reference volume. Its use as an intro-
duction to transistor circuits, by the student 
or by the engineer unfamiliar with the sub-
ject, appears less attractive. 

ARTHUR P. STERN 
General Electric Co. 

Syracuse, N. Y. 

Ferrites, by J. Smit and H. P. J. Wijn 

Published ( 1959) by John Wiley and Sons, Inc., 
440 W. Fourth Ave., N. Y. 16, N. Y. 347 pages +5 
index pages + 17 bibliography pages +xiv pages. Illus. 
6X9). $ 10.00. 

This is an excellent book dealing with the 
properties of magnetic oxides, such as fer-

rites and garnets. Those aspects of the 
theory of magnetism which are necessary for 
interpretation of the material properties are 
clearly described through the use of physical 
models and examples. Descriptions of nu-
merous measurement techniques are inter-
spersed throughout the text and tend to 
illustrate the significance of the properties 
being discussed. The organization and con-
tent of this book will make it very useful 
either as a text or a reference work. 

JOHN H. ROWEN 
Bell Telephone Labs. 

Whippany. N. J. 

The Birth of a New Physics, by I. Bernard 
Cohen 

Published ( 1960) by Doubleday and Company. 
Inc., 575 Madison Ave., N. Y. 22, N. V. 190 pages +5 
index pages +5 pages guide to further reading. 34 
figures. 41 X7I. Paperback. 5.95. 

This book is one of the Science Study 
Series, a series of paperbacks the primary 
purpose of which is to provide a survey of 
physics within the grasp of the young stu-
dent or the layman. 

This particular volume, written by one 
of America's outstanding science historians, 
takes the reader through one of the most 
important chapters in the history of science, 
the development of Newton's law of uni-
versal gravitation and the laws of motion. 
Through the lives of Copernicus, Galileo, 
Kepler, and Newton, can be seen the dy-
namic advance of science, from speculative 
ideas through careful observations and em-
pirical laws, to the crowning achievement of 
the synthesis by Newton. 

The book is interestingly written, with 
emphasis on the progression of ideas. It 
cannot help but give a greater depth of 
understanding of science to those young 
students who may not go on in science. To 
those of us who have become scientists, it 
should help to fill in a gap which most of us 
have in our education, namely, a too fre-
quent lack of knowledge of the basic history 
of science. 

C. W. CARNAHAN 
Varian Associates 
Palo Alto, Calif. 
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Crystals and Crystal Growing, by Alan 
Holden and Phylis Singer 

Published ( 1960) by Doubleday and Company. 
Inc., 575 Madison Ave., N. Y. 22, N. Y. 27$ pages + 14 
index pages +31 appendix pages. 137 figures. 41 X71. 
81.45 (paperback). 

This book in the Science Study Series— 
generally aimed at the high school level— 
has more than routine interest by the 
originality of its writing, the wealth of illus-
trations, and the person of its senior author, 
whose intuition has contributed several 
piezoelectric and ferroelectric crystals to the 
electronic art. The book starts out on an 
elementary level, but develops the impor-
tant concepts of both classical and X-ray 
crystallography soundly, including a simple 
explanation of piezoelectricity. The book 
will be read with profit by the engineer who 
has never been exposed to crystallography 
but uses single crystal materials today. It is 
most welcome to those who are approached 
by young people for help in science projects. 

HANS JAFFE 
Clevite Corp. 

Cleveland, Ohio 

Linear Circuit Analysis, by B. J. Ley, S. G. 
Lutz and C. F. Rehberg 

Published ( 1959) by McGraw-Hill Book Co., Inc.' 
330 W. 42 St.. N. Y. 36, N. Y. 560 pages +7 index 
pages +xvi pages. Illus. 61 X91. $ 12.50. 

This book is designed for "upper-class or 
first-year graduate students" as a text for "a 
course ill linear, lumped-constant circuit 
theory." Most of the book is concerned with 
the solution of the integro-differential equa-
tions which arise in linear circuit analysis. 
Fourier series and integrals are introduced, 
and in addition some basic concepts in linear 
graph theory are used to establish the proof 
of the number of independent Kirchhoff's 
equations. 

The book contains nine chapters, and 
opens with definitions of linear circuit ele-
ments, Kirchhoff's laws and network termi-
nology. In Chapter 2, the topological proofs 
of a number of independent KCL and KVL 
equations and the matrix formulation of 
node and mesh equations are presented. Ap-
parently the authors have made an effort to 
present linear graph theory in as easy a way 
as possible and the authors' aim seems to 
have been largely accomplished. However, 
it may be desirable to change some of the 
definitions. For instance, according to the 
definition of a node (page 10) a terminal 
which is common to two or more multi-
terminal elements, such as tubes and tran-
sistors, may not be a node without implying 
that their equivalent circuits consist only of 
two-terminal elements. 

Chapters 3 and 4 discuss the solutions of 
linear integro-differential equations with 
constant coefficients for steady-state and 
transient analysis of circuits respectively. 
The chapters include the superposition 
theorem, phasor diagrams, driving-point ad-
mittance functions in ternis of the node de-
terminant and its cofactors, the concept of 
poles and zeros, various numerical methods 
of finding zeros of polynomials, etc. Chapter 
5 contains the analogy between electrical 
and mechanical circuits. Chapters 6 and 7 
present the theory of Fourier series and in-
tegrals and their application to circuit 
analysis. In Chapter 8, the theory and ap-

plication of the Laplace transformation are 
discussed. Finally, in the last chapter, the 
concept of equivalent circuits and the use of 
Thevenin's and Norton's theorems and the 
reciprocity theorem are illustrated. 

The reviewer feels that 

1. Too many subsections with headings, 
and a number of "theorems" may not 
deserve the name; 

2. The illustrations are wordy and tedi-
ous, particularly in the discussion of 
the number of independent Kirch-
hoff's equations. 

The author's effort to "achieve logical com-
pleteness" in the contents of the book should 
be praised. However, some of the excess 
verbiage of the book may be eliminated if 
some more mathematical expressions are 
adopted. The book may prove useful to a 
student for the purpose of " first having an 
introductory treatment of the subject mat-
ter, to be followed later by a more advanced 
treatment which is not just a rehash of the 
earlier coverage but an extension of the sub-
ject matter that probes more deeply into it." 

W. H. Kou 
Columbia University 

New York. N. Y. 

Semiconductors, by R. A. Smith 

Published ( 1959) by Cambridge University Press, 
32 E. 57 St.. N. Y. 22, N. V. 481 pages + 12 index 
pages +1 appendix page +xvii pages. Illus. 61 X91. 
812.50. 

This book is one of a rather large number 
of semiconductor treatises which have ap-
peared within the last few years, one of 
which, the reader should be aware, was 
written by the present reviewer. The book 
by Smith is one of the best of these, and one 
of the most advanced. It deals primarily 
with the basic theory of solids, the conduc-
tion and other theory of semiconductors, 
and gives a long and critical survey of the 
research done all over the world on the 
properties of the important semiconductors. 
Semiconductor devices are sketchily treated, 
entirely in one chapter. 

The author, who is in charge of the solid 
state work at the Great Malvern laboratory 
of the Royal Radar Establishment in Great 
Britain, has covered very much the same 
ground as that covered by the reviewer's 
book, and by similar books by Spenke, 
Ehrenburg, and Hannay, with emphasis on 
the theoretical aspects. Of the 481 pages of 
text, 318 are taken up by the theoretical dis-
cussions before the entrance of 115 pages of 
discussions of the properties of semiconduc-
tors. Devices are covered in 48 pages at the 
conclusion of the book. 

Considering first the coverage of the 
book in the field of basic semiconductor 
physics, this reviewer considers the work the 
best such survey that he has seen. This 
judgment is from the point of view of the ad-
vanced student of the field, and of the re-
search worker. The book is very valuable in 
bringing up to date ( 1959) the latest work on 
band structure, transport theory, properties 
of silicon and germanium, and the properties 
of the compound semiconductors in which 
the author himself has made a first-class 
reputation. There is a short chapter on 
measurement techniques. 

Considered as a text, this book will serve 

admirably for a graduate course in semicon-
ductors, although the extent of the mathe-
matical treatments and the extent of the ex-
plicit use of quantum mechanical equations 
and relations will make it appear somewhat 
too sophisticated for undergraduates. Its 
primary value, it must be supposed, how-
ever, will be as a reference and text for re-
search workers already familiar with the 
field. 

Insofar as this reviewer has had the op-
portunity to examine the quality of the work 
in detail, the book is very well done. The 
style is clear and the text quite understand-
able. The discussions are heavily docu-
mented with references to the original work. 
This practice, while it detracts somewhat 
from the clarity of the work as a text, greatly 
aids the researcher in keeping up with the 
literature. 

Relatively few errors have been un-
covered for a work of this size. Surprisingly 
enough a casual reading has, however, indi-
cated the misspelling of fifteen or more au-
thors' names both in the text and in the 
index. 

In any work of this size covering a wide 
variety of topics exceptions can be taken to 
the emphasis given various topics, and to the 
evaluation of the work of others. On the 
whole, however, this book is an excellent one, 
which should take its place as one of the best 
of the advanced surveys of semiconductors. 

W. C. DUNLAP, JR. 
Raytheon Company 
Waltham 54, Mass. 

RECENT BOOKS 

Gaynor, Frank, Concise Dictionary of Sci-
ence. Philosophical Library, Inc., 15 E. 
40 St., N. Y. 16, N. Y. $10.00 

Harris, Lawson P., Hydromatic Channel 
Flows. John Wiley and Sons, Inc., 440 
Fourth Ave., N. Y. 16, N. Y. $2.75. Pre-
sents analyses for 3 flows of viscous incom-
pressible electrically conducting fluids in 
high-aspect-ratio rectangular channels 
subjected to transverse magnetic fields. 

Helvey, T. C., Moon Base—Technical and 
Psychological Aspects. John F. Rider 
Publisher, Inc., 116 W. 14 St., N. Y., 
N. Y. $1.95. Story of the technical and 
psychological factors surrounding the 
first U. S. team of human beings—two 
men and a woman—to be sent to the moon. 

Lurch, E. Norman, Fundamentals of Elec-
tronics. John Wiley and Sons, Inc., 440 
Fourth Ave., N. Y. 16, N. Y. $8.25. An 
introduction to the field written for non-
engineers and technicians. 

Mandl, Matthew, Fundamentals of Elec-
tronics. Prentice- Hall, Inc., 70 Fifth Ave., 
N. Y. 11, N. Y. $ 10.60. A comprehensive 
detailed coverage of elementary princi-
ples. Provides a clear, understandable ap-
proach to modern developments. 

Marton, L., Aduinces in Electronics and 
Electron Physics, Vol. I X. Academic Press, 
Inc., Ill Fifth Ave., N. Y. 3, N. Y. 
$9.00. 

Neeteson, P. A., Vacuum Valves in Pulse 
Techniques, 2nd edition. The Macmillan 
Co., 60 Fifth Ave., N. Y. 11, N. Y. $5.50. 
Several methods are developed analyzing 
networks containing vacuum tubes sub-
jected to large, suddenly applied signals, 
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the tube being treated as a nonlinear net-
work element. 

The Radio Amateur's Handbook. The Ameri-
can Radio Relay League, Inc., West 
Hartford, Conn. $3.50. Written with the 
needs of the practical amateur in mind, 
the treatment of radio communication 
problems is in terms of how-to-do-it 
rather than abstract discussion. 

Read, Oliver and Walter L. Welch, From 
Tin Foil to Stereo. Howard W. Sams and 

Co., Inc., the Bobbs-Merrill Co., Inc., 
Indianapolis 6, Inc. $9.95. An illustrated 
history of the phonograph. 

Parker, William Vann and James Clifton 
Eaves, Matrices. The Ronald Press Co., 
15 E. 26 St., N. Y. 10, N. Y. $7.50. Writ-
ten for introductory college courses on the 
theory of matrices. 

Williams, E. J., Regression Analysis. John 
Wiley and Sons, Inc., 440 Fourth Ave., 
N. Y. 16, N. Y. $7.50. Regression analysis 

is approached from both theoretical and 
applied viewpoints, emphasizing the prac-
tical problems of interpretation. 

Wrigley, Walter and John Hovorka, Fire 
Control Principles. McGraw-Hill Book 
Co., Inc., 330 W. 42 St., N. Y., N. Y. 
$10.00. Attempts to resolve the existing 
multiplicity of viewpoints in the litera-
ture by separating the fire control prob-
lem from its solution, and the principles 
from the actual systems. 

Scanning the Transactions  

International. The importance of communication between 
engineers in different parts of the world is becoming increas-
ingly evident. A growing number of international organiza-
tions are being formed in various technical fields to provide 
workers in different countries a greater opportunity for direct 
contact with one another. The IRE, with its recently renamed 
"International" Convention, its new constitutional provision 
for a Vice President residing elsewhere than in North America, 
and its Sections now operating on 5 continents, is itself an or-
ganization of rapidly growing international influence. In addi-
tion to society-type organizations like the IRE, however, 
there are a number of important federation-type organizations 
which have the very specific purpose of promoting scientific 
and technical progress on an international basis. One of the 
most recent of these is the International Federation of Auto-
matic Control ( IFAC). Founded in 1957, the IFAC is a federa-
tion of member organizations from 22 countries, each repre-
senting the technical societies interested in automatic control 
for the country it represents. The United States is represented 
in the IFAC by the American Automatic Control Council 
(AACC), and the IRE is represented in the AACC by the 
Professional Group on Automatic Control. The first major 
accomplishment of the IFAC is the holding of an international 
congress on automatic control in Moscow this year. IRE mem-
bers are certain to hear more and more about the IFAC and 
the AACC and the important work they are doing during the 
coming years. (H. Chestnut, "The International Federation 
of Automatic Control," IRE TRANS. ON AUTOMATIC CONTROL, 
January, 1960.) 

Parametric devices and masers have pretty much hogged 
the pages of technical journals and books during the past few 
years, resulting in a great many printed words on these two 
subjects. The volume of articles has reached a size where a 
bibliography would be a very useful, if not an indispensable, 
guide to the literature. One such bibliography has now been 
published which, because it is annotated, should be doubly 
valuable. Although restricted to books and periodical articles, 
it includes no less than 379 references. The bibliography re-
veals some interesting indications as to the role played by IRE 
publications in recording, and thus contributing to, the prog-
ress of these two important fields. Approximately one-
fourth of the existing literature on parametric devices is con-
tained in the pages of the PROCEEDINGS. When the TRANS-
ACTIONS and CONVENTION RECORDS are taken into account, 
it turns out that the IRE has published 40 per cent of the arti-
cles on parametric devices and 20 per cent of the literature on 
masers. ( E. Mount and B. Begg, " Parametric devices and 
masers: an annotated bibliography," IRE TRANS. ON MICRO-
WAVE THEORY AND TECHNIQUES, March, 1960.) 

Liquid helium is closely identified with the birth of the 
field of cryogenics. At normal atmospheric pressure, helium 
liquefies only when reduced to 4.2° K. The successful liquefi-
cation of helium has made it possible to cool other materials 
to temperatures within a few degrees of absolute zero, reveal-
ing new phenomena such as superconductivity and resulting 
in important device developments such as cryotrons and solid-
state masers. Although liquid helium is thus best known as a 
cooling agent for studying the low-temperature properties of 
other materials, it has some rather startling properties of its 
own that are worth noting. For example, it is a superfluid. 
It can flow through narrow channels that are impervious to 
any other liquid and most gases. Its viscosity is an order of 
magnitude smaller than that of any gas, so small that it can't 
be accurately measured. Liquid helium has the remarkable 
property of being able to creep up the side of its container in 
apparent defiance of gravity. This can be demonstrated by 
lowering an empty beaker part way into a bath of liquid 
helium. A thin film of helium will force its way up the outside 
of the beaker, over the top and down, siphoning more helium 
from the bath into the beaker until the level in the beaker is 
the same as that of the bath. Liquid helium is also the best 
conductor of heat known to man, conducting a pulse of heat 
in much the same way that the atmosphere transmits sound. 
In fact, the transport of heat through liquid helium is often 
called "second sound." (A. Juster and P. K. Shizume, "Cryo-
genics—a survey," IRE TRANS. ON COMPONENT PARTS, 
March, 1960.) 

More about polar blackouts. In recent years interest in the 
effects of auroral disturbances on communications has stead-
ily increased until the Argus tests released a transient that is 
not likely to die out until a body of theoretical and experi-
mental knowledge has accumulated to the point where the 
pertinent engineering questions have been answered. Adding 
to the existing data, trials of the Canadian Janet meteor-burst 
communication system were conducted in an auroral zone cir-
cuit during July, 1958 and from early December, 1958 until the 
middle of April, 1959. Tests performed in the vicinity of 40 
megacycles indicated the vulnerability of the system to polar 
blackout and to excessive error rates with rapidly fluctuating 
auroral signals. Experimental data on the major blackout in 
July, 1959 are included. These data were obtained by the in-
teresting technique of measuring the intensity of 30-megacycle 
cosmic noise emissions from the galaxy during a period when 
prominent solar flares were observed. The reduction in cos-
mic noise level which was measured after each solar flare pro-
vided data that are very useful in evaluating the increased ab-
sorption of VHF radio waves by the ionosphere during polar 
blackouts. (J. H. Crysdale, "Analysis of the Edmonton-Yel-
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lowknife Janet circuit," IRE TRANS. ON COMMUNICATIONS 
SYSTEMS, March, 1960.) 

Vector Algebra. Modern weapons and space control sys-
tems operate with inputs, outputs, and disturbances which 
may be characterized as vector quantities. These systems 
include devices such as coordinate converters, fire control, 
and guidance computers, gyroscopic instruments, and inertial 
navigation systems. One of the difficulties associated with 
three-dimensional problems is the physical visualization of 
the operation. This is especially true in dynamic problems 
where time as well as space is involved. Intuition and simple 
calculations often lead to the omission of important design 
factors related to inobvious dynamic coupling between system 

variables. To reduce these errors, a systematic vector notation 
may be used which breaks the continuum of motion into a 
series of static two-dimensional problems, in much the same 
way that the motion picture camera reduces continuum mo-
tion to a series of still pictures. This vector notation is devel-
oped and illustrated with several practical design problems 
in a three-part series of tutorial articles published by the 
Professional Group on Automatic Control. The first part of 
the article was published in May, 1959, and the second section 
discussing vector velocities has now appeared. ( A. S. Lange, 
"Automatic control of three-dimensional vector quantities-
Part 2," IRE TRANS. ON AUTOMATIC CONTROL, January, 
1960.) 

Abstracts of IRE Transactions  

The following issues of TRANSACTIONS have recently been published, and 
are now available from the Institute of Radio Engineers, Inc., 1 East 79th 
Street, New York 21, N. Y. at the following prices. The contents of each issue 

and, where available, abstracts of technical papers are given below. 

Sponsoring Group Publication Group 
Members 

IRE Non-
Members Members* 

Antennas and Propa-
gation 

Audio 
Automatic Computers 
Communications Sys-
tems 

Component Parts 
Electronic Computers 
Information Theory 
Microwave Theory and 
Techniques 

Space Electronics and 
Telemetry 

AP-8, No. 1 $2.40 $3 . 60 $7 . 20 
AU-8, No. 1 .70 1.05 2.10 
AC-5, No. 1 1.50 2.25 4.50 

CS-8, No. 1 1.85 2.80 5.55 
CP-7. No. 1 1 . 20 1 . 80 3. 60 
EC-8, No. 4 1.40 2.10 4.20 
IT-6, No. 1 1. 40 2.10 4.20 

MIT-8, No. 2 2.50 3.75 7.50 

SET-6, No. 1 1.70 2.55 5.10 

* Libraries and colleges may purchase copies at IRE Member rates. 

Antennas and Propagation 

VOL. AP-8, No. 1, JANUARY, 1960 
Back Scattering Cross Sections of Cylindri-

cal Wires on Finite Conductivity-E. S. 
Cassecly and J. Fainberg (p. 1) 

The back scattering cross sections of fine 
wires, taking the effect of finite conductivity 
into account, have been found. The variational 
procedure is used to find theoretical expressions 
for the cross section and it is concluded that 
the zeroth and the first-order solutions of Tai 
converge to one another with the addition of 
loss, in the region of first resonance. For fine 
copper, platinum and bismuth wires, experi-
mentally determined cross sections agree with 
the theoretical results calculated from the zero-
order solution to within 4 per cent in peak 
resonant values and 1.5 per cent in bandwidth. 

A Multipurpose Radar Target-J. W. Carr 
(p. 7) 

Consideration of methods of simulating a 
moving target by making a mechanically sta-
tionary target appear Ito an MTI (Moving 
Target Indicator)-equipped radarl to be mov-

ing resulted in the use of crystals as switching 
elements in a low-voltage low-energy battery-
powered device. Extending the use of these 
switching elements results in a target that is 
visible to any polarization. By applying these 
concepts to composite waveguide structures, a 
dual-band simulated target head was developed 
and field tested. 

On Uniform and Linearly Tapered Long 
Yagi Antennas-Dipak L. Sengupta (p. 11) 

Traveling-wave analysis of long Vagi an-
tennas is reviewed briefly. The method of de-
signing a Vagi antenna from this viewpoint is 
discussed and some experimental results are 
given in order to verify the analysis. A long 
Vagi antenna, when designed according to t he 
Hansen and Woodyard condition, has a side-
lobe ratio of 9.32 db in its radiation pattern. 
irrespective of the length of the antenna. It is 
shown that by varying the propagation con-
stant linearly along the length of the antenna, 
the sidelobe ratio can be improved considerably 
without sactificing much of the antenna gain. 
This linear variation of the propagation con-
stant may be obtained by slowly tapering the 
element lengths and/or element spacings along 

the length of the antenna. An approximate 
theory is developed for the linearly tapered 
long Vagi antenna and it is verified by actual 
measurements. A comparison between the radi-
ation patterns of the uniform and the tapered 
long Vagi antennas clearly shows the advan-
tage of tapering. 

Design of Circular Apertures for Narrow 
Bandwidth and Low Sidelobes-T. T. Taylor 
(P. 17) 

This article extends a method of antenna 
design described in an earlier article by the 
same author. A family of continuous circular 
aperture distributions is developed in such a 
way as to involve only two independent pa-
rameters, A, a quantity uniquely related to the 
design sidelobe level, and n, a number control-
ling the degree of uniformity of the sidelobes. 
An asymptotic approach to the condition of 
uniform sidelobes thus becomes possible. A 
companion article by Robert Hansen contains 
aperture distribution tables and examples. 

Tables of Taylor Distributions for Circular 
Apeiture Antennas-R. C. Hansen (p. 23) 

Tables of the circular aperture distributions 
described in the preceding paper by Taylor are 
given. Steps in the design process are illustrated 
by examples. 

High-Frequency Diffraction of Electromag-
netic Waves by a Circular Aperture in an Infi-
nite Plane Conducting Screen-S. R. Seshadri 
and T. T. Wu (p 27) 

The scattering of plane electromagnetic 
waves of wave number k by a circular aperture 
of radius a in an infinitely conducting plane 
screen of zero thickness and infinite extent is 
considered. In the limit of large ka and at nor-
mal incidence, the ratio of the transmission 
cross section to the geometrical optical value 
ra,, is found up to the order (ka) -'12. 

High-Frequency Diffraction of Plane Waves 
by an Infinite Slit for Grazing Incidence-
S. R. Seshadri and T. T. Wu (p. 37) 

The scattering of plane electromagnetic 
waves of wave number k by an infinite slit of 
width 2a formed by two perfectly conducting 
coplanar screens of zero thickness is consid-
ered. In the limit of large ka and at grazing 
incidence, the asymptotic series for the trans-
mission cross section per unit length of the slit 
is evaluated up to the order (ka)-1112. 

The Calculation of Reflector Antenna 
Polarized Radiation-Louis E. Raburn (p. 43) 

A partly analytical process is described for 
calculating the far-zone patterns of reflector 
antennas which may have nonlinear polariza-
tion. Wave polarization equations are given for 
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a focused but not necessarily symmetrical 
paraboloid. The process applies for any point-
source feed whose radiation characteristics, in-
cluding wave polarization, are known either by 
theory or measurements. 

Calculated and measured patterns are given 
for a fan-beam antenna whose reflector is 120 X 
high and 30 X wide. They agree well near the 
axis and agree qualitatively for off-axis angles 
of several beamwidths. The sources of errors 
are discussed. 

Maximum Angular Accuracy of Tracking a 
Radio Star by Lobe Comparison—Roger 
Manasse (p. 50) 
A general expression is derived for the 

maximum angular accuracy of tracking a radio 
star by lobe comparison (or monopulse). This 
angular accuracy depends on the input signal-
to-noise ratio, the wavelength, the time-band-
width product of signal integration, and the 
effective length of the antenna aperture The 
maximum angular accuracy can be obtained, 
approximately, by performing a simple corre-
lation of odd and even components of the an-
tenna output. Angular accuracy formulas for 
simple antenna dishes or for interferometers 
appear as special cases of the general result. 

The Appendix discusses the interferometer 
technique in more detail, and the angular ac-
curacy for the data processing technique used 
by M. Ryle is compared with that obtained 
from the optimum processing. 

Experimental Studies of Meteor Echoes at 
200 mc—J. T.. Heritage. el a/. (p. 57) 

The paper describes experimental results of 
bistatic studies of meteor echoes at 200 mc 
using a high power source and highly directive 
antennas. The transmission paths studied 
ranged from 940 to 1800 km in length and in-
cluded many off-great-circle paths. Diurnal 
burst rate curves are given for each path. 
Median duration of the VHF bursts is com-
pared with theory. For certain paths, duty cycle 
and Doppler shift data are given. At some 
sites signals were received from ionization 
aligned with the Earth's magnetic field. 

Scattering by an Infinite Array of Thin Di-
electric Sheets—Robert E. Collin (p. 62) 

By replacing each dielectric sheet in an in-
finite array of thin dielectric sheets by an infi-
nitely thin polatization current sheet, a solu-
tion for the scattering of plane waves by such 
an array is obtained The simplified periodic 
boundary value problem is rigorously solved by 
using bilateral Laplace transforms. Numerical 
results obtained compare favorably with those 
obtained by the Rayleigh-Ritz method. 

Reciprocity Theorems for Electromagnetic 
Fields Whose Time Dependence is Arbitrary— 
W. J. Welch (p. 68) 

Two reciprocity theorems are derived which 
are valid for fields whose sources may have 
arbitrary time dependence The first theorem 
involves the electromagnetic potentials, and the 
second is in terms of the electric and magnetic 
fields directly. In both case«, it is necessary to 
make use of the advanced as well as the re-
tarded solutions to Maxwell's equations. Some 
properties of the theorems are discussed, and, 
as an application, the second theorem is used to 
derive a variational expression for scattering of 
electromagnetic waves from a perfect con-
ductor. 

Frequency Scintillations of Satellite Signals 
Before and After the Argus Experiment—P. R. 
Arendt (p. 73) 

Satellite signals are effected by frequency 
scintillations in the same manner as radio star 
emissions. Therefore. the Doppler shift of such 
signals suffers fluctuations. These alterations 
are a function of the variations of the electron 
density distribution along the radio-ray path 
under observation. The number and the mag-
nitude of these scintillations are used to meas-
ure the roughness of the ionosphere (formation 
of a scintillation index). The paper deals with 

the alteration of the established scintillation 
index during a time interval in August and 
September, 1958, i.e., before, during, and after 
the well-known Argus experiments. The ob-
servations indicate that no long-living iono-
spheric inhomogeneities were produced within 
the zones of the ionosphere which could be 
checked from our ground station. 

Antenna Image Quality Evaluation—J. J. 
Myers Part I—By an Optical Simulation 
Method (p. 78) 

An optical simulation method was used to 
study the effect of aperture illumination on 
image quality for a high resolution antenna. It 
was determined that an illumination close to 
uniform yields the best image, as measured by 
the similarity of the image to the object when 
similarity was judged by a group of human ob-
servers. The techniques used are described, and 
the results of the evaluation of a typical class of 
illuminations are given. 

Part II—By a Medical Observer (p. 83) 
A digital computer was used as a mechanical 

observer to evaluate antenna image quality as 
a function of the aperture illumination for a 
high resolution antenna. An illumination close 
to uniform was found to yield an image that 
was best as measured by the ease with which 
the mechanical observer was able to analyze the 
images. A description of the logical design of 
the observer and the results of applying it to 
the analysis of a typical class of illuminations 
are given. 

Transmission-Line Missile Antennas— 
Ronald King, el al. (p. 88) 
A class of protruding rocket antennas of low 

silhouette is analyzed in terms of an approxi-
mately equivalent circuit that consists of a 
shunt-driven transmission line terminated in a 
reactor at each end. Expressions for the cur-
rents in the several parts of the circuit are used 
to determine the Poynting vector and from this 
the radiation resistance referred to the current 
in the generator. The reactance is obtained 
from transmission-line formulas. 

Radiation Pattern Synthesis with Sources 
Located on a Conical Surface—A. Ishimaru 
and G. Held (p. 91) 

This paper presents various methods of 
synthesizing sources placed on a conical surface 
to produce a prescribed radiation pattern. The 
sources considered are a series of electric 
dipoles placed in free space on the surface of 
the cone around a set of circumferences. These 
circumferences are equidistant from each other, 
and the dipoles are oriented in the circumfer-
ential direction with no circumferential vari-
ation in intensity and phase. 
A successive approximation method is em-

ployed to obtain the source function for those 
sources which are placed in a region where the 
circumferences measure approximately less 
than two wavelengths. For sources placed in 
the region where the circumference is less than 
approximately (4/3)r wavelengths, an expan-
sion formula of the product of the Bessel and 
exponential functions is employed. When the 
sources are located far from the cone tip, a 
method utilizing the maximum points of the 
Bessel function is used to compute the source 
function. In considering the bearnwidth and the 
sidelobe level, the Tchebycheff pattern with 
the tapering effect is employed. Numerical 
examples are given to illustrate the effective-
ness of the methods. 
A Slot with Variable Coupling and Its Ap-

plication to a Linear Array—Raymond Tang 
(P• 97) 

The importance of a waveguide linear array 
capable of producing many different radiation 
patterns has led to the development of a slot 
radiator with variable coupling. An array of 
such radiators can be used as a laboratory ap-
paratus for the evaluation of aperture distribu-
tions, or as a ground-pointing reconnaissance 
antenna operable at many different altitudes. 

The slot radiator consists of a longitudinal slot 
centered in the broad face of a rectangular 
waveguide. An adjustable iris excites the slot by 
introducing controlled asymmetry in the wave-
guide fields. The theory of operation and the 
characteristics of this variable coupling slot are 
presented. These characteristics are shown in 
curves usable for design purposes. A detailed 
discussion is given of the technique used in de-
termining the range of conductances of this 
slot. The control of coupling available is dem-
onstrated by measured radiation patterns on a 
I2-element array in which the conductance 
values are varied to obtain sidelobe ratios from 
10 to 34 db. The method used in obtaining the 
aperture distributions for these radiation pat-
terns is also presented. 

Communication (p. 102) 
Contributors (p. 123) 
Announcement of IRE-IIRSI Joint Spring 

Meeting (p. 126) 
Annual Index, 1959 (follows p. 126) 

Audio 

VOL. AU-8, No. 1, 

J AN UARY/ FEBRUARY, 1960 

The Editor's Corner—Marvin Camrax 
(p. 1) 

PGA News—J. R. Macdonald (p. 2) 
Calibration and Rating of Microphones— 

William B. Snow (p. 5) 
Calibration of a microphone consists of 

measuring its response to some known charac-
teristic of a sound field under specified condi-
tions. Usually the open circuit voltage for a 
one-microbar sound pressure is determined. 
Calibrations in an anechoic chamber give plane 
wave response, while those in a reverberant 
room give the response to sound arriving from 
all directions—at random incidence. Tech-
niques have been developed for measuring re-
sponse with considerable efficiency. Calibra-
tions can be made with pure tones or with wide-
band signals such as noise or warbled tones. 
Complete calibration includes measurements of 
directivity and impedance as well as linearity 
of response. From the calibrations it is possible 
to calculate ratings which give quick and rela-
tively fair comparisons between microphones. 
The RETMA Rating is particularly effective 
for the commercial types with impedance be-
low 200,000 ohms. For small crystal and con-
denser microphones a statement of the noise 
threshold is more indicative of true perform-
ance capability. Although complete specifica-
tion of microphone performance requires con-
siderable information, the ratings dispel the 
main ambiguities in response figures arising 
from differences in impedance, circuits and test 
sound pressures. 

Stereophonic Projection Console—B. B. 
Bauer and G. W. Sioles (p. 13) 
A system is described for home stereophonic 

reproduction from a single cabinet by 
reflection of sound from the room boundaries. 
The effect is emphasized by using loudspeak-
ers which maintain a uniform cardioid direc-
tional pattern over the useful frequency range. 
The directional properties are obtained with 
acoustic phase-shift networks. 
A Transistorized Stereo Preamplifier and 

Tone Control Magnetic Cartridges—Alexander 
B. Bereskin (p. 17) 

RIAA equalization with ±4 db bass con-
trol and ± 8 db treble control have been 
achieved, along with negligible hum, noise and 
distortion, in a transistorized stereo preampli-
fier developed for use with magnetic cartridges. 
Simple circuit modifications adapt this pre-
amplifier for use with most magnetic cartridges. 

Bandwidth Compression by Means of 
Vocoders—Frank H. Slaymaker (p. 20) 



1960 Abstracts of IRE Transactions 1191 

Speech information may be transmitted 
over a bandwidth one tenth of that required 
for the original speech if attention is directed 
toward reproducing the envelope of the power 
density spectrum rather than the waveform it-

• self. Pitch information can be transmitted inde-
pendently of the spectrum information and the 
two sets of signals combined at the receiving 
end to resynthesize the original speech sounds. 
In the vocoder the power spectrum is analyzed 
and synthesized by means of band-pass filters. 
The energy for the voiced sounds is obtained 
from an oscillator called a buzz source, and for 
the fricative consonants the energy is obtained 
from a white noise source. 

Design and Use of RC Parallel-T Networks 
—Gifford White (p. 26) 

The RC parallel-T network with a trans-
mission null at fo is described and the sym-
metrical lattice approach to its analysis is out-
lined, following a notation of Guillemin. The 
selection of design parameters for various 
principal applications, with relevant references 
to published work, is given. 

The common applications requiring a re-
sponse curve symmetrical about f, such as the 
single-frequency notch filter, the ac derivative 
network and the frequency discriminator are 
treated. In this class falls the feedback ampli-
fier with a very narrow notch. 

The use of the parallel-T as a low pass or 
a high pass is covered briefly, and it is shown 
how a net of more complexity can be derived to 
give an improvement in response. Using the 
symmetrical lattice equations, typical exam-
ples are worked out. The resulting networks 
are usually three T nets in parallel, or a triple-
T. A simple feedback amplifier for obtaining a 
response equal to an ,n-derived LC filter is de-
scribed as a further solution to the problem. 

Typical feedback amplifier circuits giving 
either one-pole or two-pole response are pre-
sented. The detailed analysis of a two-pole RC 
feedback net is given, followed by practical de-
sign equations and experimental response data. 

The engineering problem of component se-
lection for network stability is discussed, since 
this is a major consideration in designing satis-
factory circuits. Frequently, stability is the 
only problem not readily solved by the poten-
tial user. Temperature compensation tech-
niques are given, together with typical experi-
mental data on temperature errors. 

Correspondence (p. 34) 

Contributors (p. 35) 

Automatic Control 

Vol.. AC-5, No. 1, JANUARY, 1960 
Foundations of Control—the Editor (p. 1) 
The Issue in Brief (p. 2) 

The International Federation of Automatic 
Control—Harold Chestnut ( p. 3) 

The initials IFAC, standing for the Inter-
national Federation of Automatic Control, are 
appearing more and more in the control systems 
literature these days. It is appropriate that 
readers of these TRANSACTIONS be more fully 
aware of this organization in which they par-
ticipate through the IRE's membership in the 
American Automatic Control Council. What 
are IFAC's purposes, who are its members, 
how does it operate, what has it accomplished? 
Now, after two years of existence for IFAC, 
these data are better known and have more sig-
nificance. 

Dynamic Programming and Adaptive 
Processes: Mathematical Foundation— R. 
Bellinan and R. Kalaba (p 5) 

In many engineering, economic, biological 
and statistical control processes, a decision 
making device is called upon to perform under 

various conditions of uncertainty regarding 
underlying physical processes. These condi-
tions range from complete knowledge to total 
ignorance. As the process unfolds, additional 
information may become available to the con-
trolling element, which then has the possibility 
of "learning" to improve its performance based 
upon experience; i.e., the controlling element 
may adapt itself to its environment. 

On a grand scale, situations of this type 
occur in the development of physical theories 
through the mutual interplay of experimenta-
tion and theory; on a smaller scale they occur 
in connection with the design of learning 
servomechanisms and adaptive filters. 

The central purpose of this paper is to lay 
a foundation for the mathematical treatment 
of broad classes of such adaptive processes. This 
is accomplished through use of the concepts of 
dynamic programming. 

Subsequent papers will be devoted to spe-
cific applications in different fields and various 
theoretical extensions. 

The Properties and Methods for Computa-
tion of Exponentially-Mapped-Past Statistical 
Variables—Joseph Otterman (p. 11) 

The exponentially-mapped-past (emp) sta-
tistical variables represent an approach to the 
statistical analysis of a process when the inter-
est is focused on the recent behavior of the 
process. An exponential weighting function 
decreasing into the past, in the case of con-
tinuously observed processes, and a geometric 
ratio, in the case of discrete data, are utilized. 
This approach is the simplest from the point 
of view of ease of computation, and at the same 
time it possesses the advantage of some simple 
theoretical relationships, which are discussed. 
Analog computer circuits and digital com-
puter flow diagrams which serve to compute 
the exponentially-mapped-past statistical vari-
ables are presented. 

Generalized Weighting Function and Re-
stricted Stability of a Linear Pulse-Modulated 
Error Feedback System—William A. Janos 
(p. 18) 

A generalized weighting function is obtained 
for a linear feedback system with a pulse-
modulated error signal. This is expressed in the 
form of a matrix operator acting on an input 
vector, the components of which are the first 
R-1 derivatives of the input, where R is the 
order of the unmodulated closed-loop system. 
In addition, since the system operator takes 
the form of a finite dimensional matrix, it has 
been possible to make and realize more 
stringent conditions on the transient stability; 
namely, a preassigned bounded output after a 
preassigned time. 

Although the solution has been obtained 
generally for nonuniform pulsing, the latter 
stability investigation has been made only for 
the uniform case. 

Optimization Based on a Square-Error 
Criterion with an Arbitrary Weighting Function 
—G. J. Murphy and N. T. Bold ( p. 24) 

Several important criteria for the perform-
ance of communication systems and control 
systems are reviewed, and a new criterion (the 
mean-weighted-square-error criterion) is then 
introduced. This is shown to be a special form 
of a very general criterion proposed earlier, but 
to have special significance in that it is a gen-
eralization of the familiar mean-square-error 
criterion. 

The minimization of the mean-weighted-
square error is treated in detail, and a solution 
for the optimum physically realizable fre-
quency function of the system is given. 

Multiple-Rate Sampled-Data Systems— 
Lester A. Gimpelson (p. 30) 

The characterization of multiple-rate sam-
pled-data systems by the ordinary z-transform 
of single-rate systems is shown. Single-rate 
sampling, or impulse modulation, of continu-

ous signals is performed by an impulse modu-
lator, M; the sampled, or "starred," function 
is described by the z-transform. In an analogous 
manner, a submultiple-rate modulator is intro-
duced; its presence in a branch allows the 
passage of every nth pulse, or a train of pulses 
at a submultiple rate; the nomenclature of 
single-rate systems is continued through the 
performance of submultiple-rate "starring" of 
discrete signals and discrete filters. Table I per-
mits starred expressions to be rewritten as 
functions of the -transform in closed form. 
Techniques are shown for the reduction of dis-
crete, and mixed continuous and discrete sys-
tems via flow graphs, so that, after the modu-
lators are removed from the feedback loops, the 
analysis may proceed by standard methods. 
Representation of single- and submultiple-
rate modulation in the s- and e-planes is used to 
demonstrate that submultiple-rate modulation 
of discrete signals is analogous to the impulse 
modulation of continuous signals. 

Automatic Control of Three-Dimensional 
Vector Quantities—Part 2—A. S. Lange 

(P. 38) 
In Part 1 of this paper a vector algebra was 

developed using a three-element column matrix 
to represent the vector, and a three-by-three 
matrix to represent a vector transformation 
operator. Problems in spherical trigonometry 
were analyzed with the use of a position vector, 
and the design of automatic computers to solve 
such problems was considered. In Part 2, the 
angular velocity vector is introduced for the 
purpose of analyzing and designing geometric 
stabilization systems. 

Root Locus Properties and Sensitivity Re-
lation in Control Systems—Hanoch Ur (p. 57) 

The differential properties of root loci 
including pole sensitivity, angle of slope, and 
curvatuve at ordinary and iriegular points are 
investigated in a unified manner. A relation 
between the sensitivity function and pole sensi-
tivity is established. The sensitivity is shown to 
determine variations in the transfer function 
due to large (not only infinitesimal) variations 
in K. Additional properties of loci which are 
developed include loci of a variable pole posi-
tion and the existence of asymptotes for open-
loop transfer functions with no poles or zeros 
at infinity. 

The locus is treated as a transformation of 
a line (the real axis) in the K plane to the s 
plane, and properties of analytic functions are 
used to simplify calculations and results. It is 
shown that the properties obtained can be ex-
tended to the general root locus of a nonreal K. 

Time Lag Systems—A Bibliography— 
N. H. Choksy (p. 66) 

In a recent tissue of IRE TRANSACTIONS 
ON At,romyric CONTROL, Weiss has given an 
excellent annotated bibliography on the sub-
ject ni transporation lag. He was kind enough 
to refer to a previous bibliography which ap-
peared in this author's thesis (his reference 
number [Cli 51). Since the latter is not gener-
ally available, the bibliography therein is given 
Itere. The items which have already appeared 
in Weiss' listing have been omitted; items which 
have appeared since the thesis was written 
have been included. 

While most of the items here were found 
by library searches, acknowledgment must be 
made to Bellman's bibliographies as a source. 

If there are items which have not been men-
tioned either here or in Weiss' paper, the 
author of the present paper would appreciate 
being informed about it by either a complete 
reference or a copy of the paper (or paper) in 
question. 

A short introduction on the mathematical 
characterization of time lag systenis is given 
before the bibliography. 

Correspondence (p. 71) 
Contributors (p. 73) 
PGAC News (p. 75) 
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Communications Systems 

VOL. CS-8, No. 1, MARCH, 1960 

Frontispiece and Guest Editorial—J. E. 
Schlaiker (p. 1) 

Inverse Ionosphere—George D. Huhn (p. 3) 
The distortion introduced into a long-range 

communication system by unpredictable multi-
path conditions of the ionosphere is described 
in this paper. A device to eliminate this particu-
lar form of distortion is then described, using a 
sensing technique, a logical matrix, and a signal 
restoration network. Since both the multipath 
model of the ionosphere and the restoration 
network are linear, the principles ot suserposi-
tion apply to the cascaded combination so that 
the described technique is generally applicable 
to all waveforms. Specific restoration networks 
are described for several typical ionosphere 
multipath conditions. The effects of white 
noise upon the correction network and the 
signal are noted. The inverse instrumentation 
can be placed in the system either as a restora-
tion network at the receiver or as a pre-dis-
torting network at the transmitter. 

Pain-Loss Measuring Techniques and 
Equipment—J. Polyzou and M. Sassier (p. 9) 

The planning of tropospheric scatter com-
munication systems requires precise and re-
liable knowledge of the path loss. This paper 
describes the techniques and equipment used 
to evaluate proposed installations. The equip-
ment operates in the frequency range of 875 to 
940 or 1650 to 1950 mc with output powers of 
10 or 100 watts. A logarithmic recording system 
is used which makes possible a dynamic signal 
recording range of 50 to 100 db. Automatic 
frequency control is employed to achieve a 
300-cps 3-db bandwidth with moderate oscil-
lator stabilities. 

Optimum Antenna Height for Ionospheric 
Scatter Communication—R. G. Merrill (p. 14) 

Radiation patterns of elevated antennas 
over spherical earth for scatter propagation in 
the lower ionosphere incorporating refraction, 
parallax, spherical divergence, tropospheric 
defocusing, and near-horizon diffraction have 
been used to compute the height gain function 
resulting from raising and lowering symmetric 
transmitting and receiving antennas for a fixed 
path length. This height gain function shows 
that a broad range of lower antenna heights 
has a gain over that antenna height computed 
with the same model which places the maxi-
mum of the first lobe at the path midpoint. The 
maximum of this function is defined as the 
optimum antenna height. 

Results from a Three-Hop Tropsopheric 
Scatter Link in Norway with Parallel Opera-
tions on 900 mc and 2200 mc—H. N. Knudtzon 
and P. E. Gundmanson (p. 20) 

A three-hop troposcatter system in Norway 
with simultaneous operation at 900 mc and 
2200 mc is described briefly. From measure-
ments on a 360-km hop in the period October 
1957 to June 1958, it is concluded that I) the 
monthly amplitude distributions are approxi-
mately Gaussian, and the 1-minute amplitude 
distributions are approximately of the Rayleigh 
type. 2) the signals are generally considerably 
stronger (differences up to the order of 10 db) in 
summer than in winter, 3) the monthly median 
strength of the 900-mc signals is generally 0-2 
db stronger than that of the 2200-mc signals, 
4) the foreground conditions may be critical, 
5) the I-minute fade duration distributions are 
approximately log-normal, 6) there are indica-
tions that the normalized 1-minute fade dura-
tion distributions are about equal for 900 mc 
and 2200 mc, 7) considerable reductions in 
telegraph error rate are effected by increasing 
orders of diversity reception, 8) the telegraph 
error rates are equal for 900-mc and 2200-mc 
signals of equal median strengths, 9) frequency-
modulated telegraph multiplex equipment is 

slightly superior to two-tone telegraph multi-
plex equipment, when adjusted to equal load-
ings, 10) antenna radiation diagrams depend 
critially on local surroundings, such as woods. 

Performance of a 640-Mile, 24-Channel 
UHF-SSB Experimental Communication Sys-
tem—Burt E. Nichols (p. 26) 

A mock-up Communication system has 
been installed between Westford, Massachu-
setts, and Winston-Salem, North Carolina, 
providing a 640-mile path as a test circuit to 
measure performance of a 24-channel UHF-
SSB system. The equipment is described, the 
theoretical performance of the system is given, 
and the performance of the system as to voice 
quality and signal-to-noise ratio in a telephone 
channel and simu ated teletype error count is 
shown. 

Analysis of the Performance of the Edmon-
ton-Yellowknife Janet Circuit—J. H. Crysdale 

(p. 33) 
Trials of the Canadian Janet B system were 

carried out on an auroral zone circuit during 
July, 1958, and from early in December, 1958, 
until the middle of April, 1959. The July, 1958 
trials, which were performed at frequencies in 
the vicinity of 40 mc, revealed the vulnera-
bility of the system to polar blackout at these 
frequencies and to excessive error rates with 
rapidly fluctuating auroral signals. The objec-
tive of the trials carried out between December, 
1958, and April, 1959, was the accumulation of 
long-term statistical data. The test message and 
operational procedures were designed to permit 
detailed analysis with an IBM 650 computer. 
Some preliminary results are included in this 
paper. Because of the basic importance of the 
polar blackout problem, pertinent experimental 
data concerning the major blackout of July, 
1959, are presented and discussed. 

Data Transmission Tests on Tropospheric 
Beyond-the-Horizon Radio System—F. E. 
Willson and W. A. Runge (p. 40) 

This paper presents the results of data 
transmission tests made on both single-link and 
multi-link tropospheric beyond-the-horizon 
radio systems. Tests were made at 750 or 1300 
bits per second employing both double side-
band AM and FM methods of data modula-
tion. In the single-link tests the data perform-
ance was determined for various transmission 
parameters such as median channel noise, 
peak channel noise, radio received carrier level, 
and order of diversity. 

Data were satisfactorily transmitted on a 
2400-mile circuit consisting of nine different 
beyond-the-horizon paths and six line-of-sight 
paths. The FM-type data modulation was 
notably superior to the AM type. 

A Frequency Stepping Scheme for Over-
coming the Disastrous Effects of Multipath 
Distortion on High Frequency FSK Com-
munication Circuits—Arthur R. Schmidt (p. 
44) 

By changing frequency a small amount after 
transmission of each signaling element in FSK 
transmission, it is possible to avoid the mutual 
interference of the main and multipath propa-
gated signal in a high-frequency communica-
tions system. Thus, it is practical to employ 
four-channel time division multiplex systems 
under multipath conditions that would other-
wise render them useless. 

This paper describes an experimental sys-
tem that was produced by modifying conven-
tional FS keyers and employing standard com-
munications receivers in conjunction with 
appropriate frequency stepping means and 
selective filters. Operational performance data 
on experimental circuits will be discussed. 

Transmitter Power Control in Two-Way 
Communications System—G. S. Axelby and 
E. F. Osborne (p. 48) 

A typical scatter communications loop con-
sists of two sites, each having transmitters and 
receivers operating simultaneously over a two-

way microwave loop. In tropospheric scatter 
systems, disturbances in the microwave paths 
produce dynamic fading of RF signal levels at 
the receivers. To achieve high system reli-
ability the current practice is to continuously 
transmit high power, adequate to maintain RF 
reception during the presence of severe fading. 
This wastes power and creates serious radio 
interference during favorable propagation 
periods. 

Feedback control is applied to high relia-
bility systems to vary the transmitted power 
as a function of the fading and consequently 
1) to reduce operating cost by conserving trans-
mitted power, and 2) to reduce interference to 
other radio networks in the area. 

Other secondary advantages, including re-
duction of the dynamic range of received signal 
strength (which will ease receiver AGC and 
RF amplifier design), will be aprnirent to the 
reader. In order to maintain high system re-
liability, the automatic control at each site is 
simultaneous, continuous, and effective for non-
reciprocal as well as for reciprocal fading. The 
system has been referred to as Controlled Car-
rier Communications. 

The Sum of Log-Normal Probability Dis-
tributions in Scatter Transmission Systems— 
Lawrence F. Fenton (p. 57) 

The long-term fluctuation of transmission 
loss in scatter propagation systems has been 
found to have a logarithmic-normal distribu-
tion. In other words, the scatter loss in decibels 
has Gaussian statistical distribution. There-
fore, in many important communication sys-
tems (e.g., FM), the noise power of a radio 
jump, or hop, has log-normal statistical distri-
bution. In a multihop system, the noise power 
of each hop contributes to the total noise. The 
resulting noise of the system is therefore the 
statistical sum of the individual noise distri-
butions. 

In multihop scatter systems and others, 
such as multichannel speech-transmission sys-
tems, the sum of several log-normal distribu-
tions is needed. No exact so ution to this prob-
lem is known. The discussion presents an ap-
proximate solution which is satisfactory in most 
practical cases. For tactical multihop scatter 
systems, a further approximation is proposed, 
which reduces significantly the necessary com-
putation. An example of the computation is 
given. 

Intermodulation Distortion and Efficiency 
Analysis of Multicarrier Repeaters—F. As-
sadourian ( p. 68) 

Under suitable conditions a common RF 
repeater may be used to amplify a number of 
modulated carriers. The basic limitations are 
efficiency and intermodulation distortion intro-
duced within the frequency band of any modu-
lated carrier wave by the other modulated 
carrier waves. Any repeater contains a high-
power tube for which the output-input charac-
teristic has nonlinearities that introduce a cer-
tain amount of intermodulation distortion. 
Over the useful range of input levels one usually 
finds that high efficiency and large distortion 
occur at high levels and low efficiency and low 
distortion at low levels. The range of acceptable 
distortion is determined by the intended appli-
cation and in turn determines an efficiency 
range. This paper will obtain relationships be-
tween distortion or efficiency and input power 
for a third-degree nonlinearity. Although simi-
lar problems have frequently been treated pre-
viously in the literature, it is felt that the pres-
ent approach offers a fresh point of view. 

The following assumptions will be made in 
the present analysis. It is assumed that the 
repeater has a bandwidth which accommodates 
the combined bandwidths of the modulated 
carriers but is small compared to any frequency 
within it. For this case the only intermodula-
tion components in the output are of odd order. 
It is also assumed that the unmodulated car-
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riers are equally spaced within the repeater 
pass band and have equal levels. Such a spacing 
should yield pessimistic distortion predictions 
since it is well known that they can be im-
proved by resorting to suitable unequal spac-
ing. For equal carrier spacing and a large nutn-
her of channels it turns out that intermodula-
don distortion is essentially independent of 
carrier spacing and the exact size of the narrow 
repeater bandwidth. Another assumption is 
that the frequency transfer characteristic of 
the repeater is flat in amplitude and linear in 
phase over its pass band. 

The following basic procedure in the dis-
tortion and efficiency analysis of a repeater is 
set up for any kind of power tube in the re-
peater. The repeater output-input characteris-
tic is assumed to be known in terms of power 
levels at any frequency within the repeater pass 
band. This power characteristic is then con-
verted into an equivalent voltage characteristic 
in terms of output and input peak voltages 
and finally into an equivalent "instantaneous" 
voltage characteristic which is used for multi-
carrier inputs. The input modulated carriers. 
which may be PCM-FM, for example, are re-
placed by two extreme cases. In one case they 
are replaced by unmodulated single-sideband 
tones of the same total power as the modulated 
carriers. In the second case they are replaced 
by flat Gaussian noise of the same total power. 
Distortion results for the actual case of modu-
lated carriers should be between the corre-
sponding results for the two extreme cases. It 
is apparent that the present approach does not 
depend on a particular type of carrier modula-
tion. 

The above type of analysis is made with 
either "envelope" or "instantaneous" voltage 
characteristics which can be approximated by 
odd-order cubic expressions and can be ex'• 
tended to cover higher odd-order approxima-
tions. Intermodulat ion distortion and efficiency 
predictions are then made in terms of the co-
efficients of the approximating cubic. The 
analysis is later applied to a klystron power 
amplifier. The results are plotted in the form 
of signal to intermodulation power and effi-
ciency curves vs a " bunching parameter" X 
and against each other. These results show that , 
for the case of a multicarrier input, an output 
signal-to-distortion ratio of around 25 db cor-
responds to a practical efficiency of around 6 
per cent. 

Constant-Ratio Code and Automatic-RQ on 
Transoceanic HF Radio Services—John B. 
Moore (p. 72) 

Historical development of present-day com-
mercial teleprinter services is briefly tabulated 
according to dates of significant advances. The 
7-unit form of basic constant-ratio code is 
given, and its advantages explained; indicative 
values of improvement are tabulated. A general 
description of the Automatic-RQ method and 
system, rather than specific designs, is given. 
Commercial application and growth in the 
international services is illustrated by that of 
TEX (Overseas Teleprinter Exchange) service. 
Improvement in error probability and relia-
bility by use of 7-unit ARQ on such services 
is given in terms of character-transposition 
probability, net channel speed in words per 
minute, and practical operating experience. 

Contributors (p. 76) 

Component Parts 

Vol_ CP-7, No. 1, Um« u, 1960 

Information for Authors (p. 1) 
Who's Who in PGCP (p. 2) 
Thin Ferromagnetic Films—A. C. Moore 

(P. 3) 

This article gives an account of the work at 
the Royal Radar Establishment (RRE), 
Malvern, England, on the preparation and 
properties of thin ferromagnetic films. The work 
provides the prospect of a computer store in 
which a million bits would occupy less than an 
18-inch cube, and which would possess a switch-
ing time faster than 20 metsec. The store 
would be cheap and easily constructed. 

New Impregnation for Paper Capacitors— 
Lorant Borsody (p. 15) 

The possibility was examined of improving 
paper capacitors by the applications of new 
types of impregnants. The tests proved that the 
paper capacitors impregnated with the various 
new impregnants can be improved to such an 
extent that they are as good as plastic film 
condensers in stability, heat resistance, and 
temperature coefficients. In addition, paper ca-
pacitors are far smaller than plastic film di-
electric capacitors. 

The research work undertaken showed that 
one way to develop the capacitors lies in re-
search into impregnants, especially heat-resist-
ing casting resins. 

Cyrogenics—A Survey—A. Juster and 
P. K. Shizume (p. 26) 

This paper outlines the history of man's in-
vestigations in the field of low-temperature 
physics. The properties and uses of liquid 
helium are given, and some of the phenomena 
which occur at temperatures near absolute zero 
are noted. Techniques of low-temperature ex-
perimentation are described and some of the 
applications of superconducting materials dis-
cussed. 

Contributors (p. 34) 

Electronic Computers 

Vol_ EC-8, No. 4, DECEMBER, 1959 

The Chairman's Column—Richard O. 
Endres (p. 431) 

Transistor Pulse Circuits for 160-MC 
Clock Rates—W. J. Giguere, et a/. (p. 432) 

This paper consists of two parts. Parts 1, 
by Giguere and Jamison, discusses transistor 
circuits capable of regenerating 6.25-meisec, 
pulses at a 160-inc bit rate. Part II, by Noll, 
discusses techniques for multiplexing 16 digital 
signals with a 10-me clock rate into a single 
signal with a 160-mc clock rate. 

Two methods of performing the regenera-
tion function are presented. One method con-
sists of de level restoration for recognition of 
the signal and constant current coincident cir-
cuitry for the reconstruction of the pulses. The 
second method consists of operating on changes 
in the signal for pulse recognition and the use 
of a bistable circuit for pulse reconstruction. 
Timing in the second case is obtained by a 
constant current coincidence gate. 

Parallel-to-serial multiplexing techniques 
have been developed to combine sixteen paral-
lel 10-mc clock-rate signals into a 160-mc clock-
rate pulse train. The sixteen synchronous sig-
nals are applied to sixteen AND gates along 
with a 10-mc narrow gate pulse. The space 
separations of the resulting regenerated and 
timed AND gate output pulses is converted to 
time separation with only a small amount of 
signal loss. This is done by injecting the pulses 
at sixteen equally separated points on a broad-
band delay line. Methods have been developed 
to reduce spurious responses resulting from 
multiple reflections on the delay line. 

The current mode transistor AND gates 
are suitable for AND/OR functions for indi-
vidual 4-mosec logic. The multiplexer may also 
be used as a piece of test equipment to generate 
repetitive I6-bit binary words with a 10-me 
frame rate. 

A Note on the Number of Internal Variable 

Assignments for Sequential Switching Circuits 
—E. J. McCluskey, Jr. and S. H. Unger (p. 439) 

An important step in the synthesis of se-
quential switching circuits is the assignment of 
binary variable states to represent internal 
states of the circuit. A formula is derived here 
which indicates the number of different as-
signments which can be made for flow tables 
having a given number of rows. There are only 
three essentially different assignments possible 
for a four-row table, and there are 140 for a 
five-row table. 

Synthesis of Minimal-State Machines— 
Seymour Ginsburg (p. 441) 

A technique is presented which yields a 
minimal-state machine satisfying a given set of 
behavioral specifications. The machine is con-
structed in the same manner as ltas commonly 
been done in the past in synthesizing a "primi-
tive flow table." This contribution consists, not 
in describing a new method of synthesizing 
machines, but in showing that a particular in-
stance of an established methods yields a mini-
mal-state machine. It is shown that the basic 
synthesis technique may be slightly modified 
so as to be applicable to obtaining a minimal-
state machine which has the stability condi-
tions desired when working with unclocked 
circuits. 

Arithmetic Operations for Digital Compu-
ters Using a Modified Reflected Binary Code— 
Flarold M. Lucal (p. 449) 

The reflected binary or Gray code has been 
used chiefly in analog-to-digital conversion 
devices because its code sequences, represent-
ing any two consecutive integral numbers, 
differ in only one digit. This paper presents a 
method for performing the arithmetic opera-
tions of addition, subtraction, multiplication, 
and division ttsing a modified reflected binary 
code. 

The modification for integral numbers is 
essentially the addition of an even parity check 
bit to the Gray code representation. This facili-
tates both the arithmetic operations and the 
detection of errors—in the arithmetic process 
as well as in transmission. 

An adder using this code requires circuitry 
which is more complex than that of a conven-
tional binary adder by a factor of about two or 
three. However, the adder can be used also for 
subtraction with little additional circuitry and 
without complementation. In applications 
where reliability requirements justify the extra 
circuitry needed for arithmetic error detection, 
the modified reflected binary code may com-
pare favorably with the conventional binary. 

Magnetic Fields of Square-Loop Thin Films 
of Oblate Spheroidal Geometry—II. Chang 
and A. G. Milnes (p. 458) 

Thin films of Ni-Fe alloy may be prepared 
to be anisotropic and exhibit square-loop 
M-H characteristics. In films that are single-
domained with flux changes involving only ro-
tation of intrinsic magnetization controlled by 
cross-magnetization fields, very fast switching 
action can be obtained for storage and logic 
functions. 

Problems ot coupling to the flux changes and 
interaction in an array of such films require 
study of the magnetic-field distribution. In the 
treatment given, a circular, single-domain. 

thin film is represented by a very flat oblate 
spheroid. The field distribution outside the 
spheroid is found by assuming that the mag-
netic properties are characterized by an in-
trinsic magnetization M, constant in magni-
tude, but varies in direction depending on field 
and energy considerations. 

Calculation of the field distribution is given 
for a typical film with diameter to thickness 
ratio of 10,. From the regions over which field 
changes are most significant, conclusions are 
drawn as to the proper size of sensing loops and 
spacing to avoid interaction during switching 
in film arrays. 
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Electrodeposited Twistor and Bit Wire 
Components—S. J. Schwartz and J. S. Sallo 
(p. 465) 

Electrodeposition of ferromagnetic materi-
als on wire is a suitable way of producing mag-
netic storage elements. One form of this ele-
ment, when placed under suitable torsional 
strain (i.e., as a twistor), has magnetic proper-
ties suitable for memory application. Through 
research into the electrodeposition process, a 
new device has been developed which requires 
no external stressing. This device has been 
designated as the "bit wire." The materials 
possess the desirable temperature stability 
usually associated with ferromagnetic metals 
and exhibit a high signal-to-noise ratio. 

Both linear selection and coincident current 
memory arrays have been constructed with bit 
wire and plated twistors. The switching charac-
teristics and drive requirements are similar for 
both materials. The significant difference lies in 
the fabricating technique, since the bit wire 
requires no stressing. Both devices are pack-
aged, since undesired strains can change their 
properties. This problem has been minimized 
by plating the bit wire material on semirigid 
wire or tubing. The tubular structure offers 
other advantages, since additional sense, drive, 
or inhibit wiring may be threaded through the 
tube. 

Nondestructive Readout of Metallic-Tape 
Computer Cores—L. M. Lambert (p. 470) 

The subject of this investigation is nonde-
structive readout of metallic-tape memory 
cores by the application of a magnetomotive 
force spatially in quadrature to the direction 
of remanent flux. A simple method of fabrica-
tion is proposed and empirical data for the de-
sign of the nondestructive read systems is ob-
tained. 

The use of nondestructive readout is not 
limited to digital computer circuits and no at-
tempt has been made to use this method in any 
particular application; an experimental shift 
register was built, however, to test the method 
in a practical application. The nature of the 
system permits high-speed low-current-level 
operation in either digital or analog applica-
tions. 

Diode-Steered Magnetic-Core Memory— 
A. Melmed and R. Shevlin (p. 474) 

This paper describes techniques which take 
advantage of word arrangement to make pos-
sible large, high-speed magnetic-core memories 
at moderate cost. Economy is obtained by 
means of a two-coordinate selection system 
using diffused junction rectifiers as steering 
diodes. By taking advantage of the relatively 
slow recovery time of these rectifiers, auto-
matic rewrite selection is obtained in a similar 
sense to that provided by a biased switch core. 
The familiar " inhibit" line is eliminated, re-
ducing the memory array to a two-wire con-
figuration. And finally, the customary core 
array geometry is rearranged to facilitate 
winding the digit wire as a balanced twisted-
pair transmission line so as to eliminate the 
effect of post-write disturb. 

The Design of a Large Electrostatic Mem-
ory—M. Graham, et a/. ( p. 479) 
A large, high-speed random-access memory 

for the Brookhaven " Merlin" digital computer 
is described. This system employs barrier grid 
electrostatic storage tubes in a novel configura-
tion yielding improved reliability. Basic design 
considerations are presented together with a 
description of circuitry and performance. 

Systematic Scaling for Digital Differential 
Analyzers—Arthur Gill ( p. 486) 

The usefulness of large-capacity digital 
differential analyzers (DDA's) is severely 
hampered by the complexity of the scaling 
process. The scales needed for programming a 
DDA have to be compatible with the so-called 
"equilibrium," "topological," and "boundary" 
constraints, imposed by the construction of the 

analyzer and the nature of the problem at hand. 
Simultaneous trial-and-error satisfaction of all 
these constraints, to achieve optimal range and 
accuracy of computation, is practically im-
possible for any problem involving more than a 
few integrators. The paper shows how the scal-
ing constraints can be organized in a matrix 
form, and how optimal scales can be produced 
in a systematic manner. The proposed scheme, 
which can be programmed for automatic exe-
cution, is adaptable for DDA's operating in 
conjunction with general-purpose digital com-
puters. 

Russian Visit to U. S. Computers—E. M. 
Zaitzeff and M. M. Astrahan (p. 489) 

In April and May, 1959 an exchange of 
visits by computer experts took place between 
the U. S. and the U.S.S.R. This article will de-
scribe the series of negotiations which led up to 
this exchange and will also describe the visit of 
the Russian delegation t6 America. The visit 
of the U. S. delegation to Russia will be re-
ported separately in a joint article edited by 
Willis Ware that will appear in the March, 
1960 issue of IRE TRANSACTIONS ON ELEC-
TRONIC COMPUTERS. 
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Frontispiece—L. A. Zadeh (p. 2) 
Editorial—L. A. Zadeh (p. 3) 
Optimum System Theory Using a General 

Bayes Criterion—V. S. Pugachev (p. 4) 
An extention of the general method of ob-

taining an optimum system developed by the 
author is given to include the case of non-
linear dependence of the observed function on 
signal parameters. The method affords effec-
tive determining of optimum systems designed 
for the detection and reproduction of signals in 
the presence of noise using various practically 
adequate criteria. 

Quantizing for Minimum Distortion—Joel 
Max (p. 7) 

This paper discusses the problem of the 
minimization of the distortion of a signal by a 
quantizer when the number of output levels of 
the quantizer is fixed. The distortion is defined 
as the expected value of some function of the 
error between the input and the output of the 
quantizer. Equations are derived for the pa-
rameters of a quantizer with minimum dis-
tortion. The equations are not soluble without 
recourse to numerical methods, so an algorithm 
is developed to simplify their numerical solu-
tion. The case of an input signal with normally 
distributed amplitude and an expected squared 
error distortion measure is explicitly computed 
and values of the optimum quantizer parame-
ters are tabulated. The optimization of a 
quantizer subject to the restriction that both 
input and output levels be equally spaced is 
also treated, and appropriate parameters are 
tabulated for the same case as above. 
A Note on P-nary Adjacent-Error-Correct-

ing Codes—Bernard Elspas (p. 13) 
Binary group codes described by Abramson 

permit the correction of all single errors and all 
double errors in adjacent digits, with the use of 
significantly fewer check digits than codes 
capable of correcting all double-bit errors. 

This note considers the generalization of 
Abramson's codes to the p-nary case, where a 
symbol alphabet consisting of the digits 0, 

1, • • • , p—i is used for transmission, p being 
a prime number. Examples of such p-nary codes 
are given, as well as necessary conditions for 
their existence. These codes bear the same rela-
tion to the p-nary Golay codes as Abramson's 
codes do to the familiar Hamming codes. 

Some as yet unanswered questions are 
raised, and suggestions for further possible 
generalizations are given. 

Codes for the Correction of " Clustered" 
Errors—Siegfried H. Reiger ( p. 16) 
A method is described which permits the 

systematic construction of codes capable of 
error-free transmission, provided errors occur in 
"clusters" of limited duration. The method is 
valid for error clusters of any prescribed dura-
tion. The codes are relatively easy to imple-
ment and decoding operations are straight-
forward. Specific examples are given and ap-
plications to teletype transmission are dis-
cussed. 

A Class of Codes for Signaling on a Noisy 
Continuous Channel—John L. Kelly, Jr. (p. 22) 
A class of codes for continuous channels is 

described. These are block codes in which the 
code words can be computed from a much 
smaller set of generators. It is shown that codes 
of this type exist which will yield arbitrarily 
small error rates at any signaling rate below 
channel capacity. In fact, if the generators are 
chosen at random, it is shown that the expected 
error rate obeys a bound established by Shan-
non for general random codes. 
A Bibliography of Information Theory 

(Communication Theory—Cybernetics) Third 
Supplement—F. Louis H. M. Stompers (p. 25) 

Correspondence (p. 51) 
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Microwave Theory and 
Techniques 

MTT-8, No. 2, MARCH, 1960 
Editorial—Harold M. Barlow (p. 131) 
Broad-band Coaxial Choked Coupling 

Design—Howard M. King (p. 132) 
Equations and curves are presented to pre-

dict the frequency bandwidth of coaxial 
choke couplings in terms of the choke pa-
rameters. Choke couplings discussed are those 
applicable to rotary joints and de isolation 
units. 
A Study of Multielement Transmission 

Lines—Hiroshi Kogo (p. 136) 
Although many papers have been published 

on the subject of multielement transmission 
lines, the application to practical problems 
seems rather inconvenient. The author pro-
poses a solution to the general equations which 
relate the voltage difference between the lines 
and the mesh current. Under particular condi-
tions, it is shown that only a single type of 
propagating mode exists. In this case, the 
solution has been obtained by the so called 
"decomposition method." i.e., assuming several 
virtual two element transmission lines in lieu 
of the existing multielement transmission line. 
The problem has been solved by means of the 
resolved superposed virtual lines taking into 
account the existing boundary condition. 

Measurement of Relative Phase Shift at 
Microwave Frequencies—G. A. Finnila, et a/. 
(p. 143) 
A method is described for measering the 

relative phase shift of microwave devices, such 
as traveling-wave tubes, which utilizes the 
serrodyne technique to transfer the measure-
ments into the audio-frequency range. The 
method is used to measure the phase shift 
incidental to the variation of the dc potentials 
applied to the several electrodes of a 2- to 4-
kmc traveling-wave tube. This method is par-
ticularly useful in coaxial systems, where ac-
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curately calibrated phase shifters ( and attenu-
ators without phase shift) are not available. 

Resonant Modes in Waveguide Windows— 
M. P. Forrer and E. T. Jaynes (p. 147) 

Analysis and experimental verification of a 
class of resonant fields, called ghost-modes, 
occurring in waveguide dielectric windows, are 
presented. Numerical solutions for a simple 
geometry are given through universal curves. 
Knowledge about ghost-modes has importance 
to designers of high-power windows. It also 
leads to a measuring technique for dielectric 
constants through a frequency measurement. 

• Temperature Compensation of Coaxial 
Cavities—J. R. Cogdell, el al. (p. 151) 

This paper describes a technique for tem-
perature compensation of coaxial cavities by 
controlling the capacitance between the end of 
the center conductor and an end plate across 
the outer conductor. A formula is derived for 
this capacitance which is verified experi-
mentally. Supplemental design data are also 
obtained experimentally. 
A Graphical Method for Measuring Dielec-

tric Constants at Microwave Frequencies— 
Charles B. Sharpe ( p. 155) 

This paper describes a graphical method for 
measuring the real and imaginary parts of the 
dielectric constant 5/50 -=?—je" of materials at 
microwave frequencies. The method is based on 
the network approach to dielectric measure-
ments proposed by Oliner and Altschuler in 
which the dielectric sample fills a section of 
transmission line or waveguide. In contrast to 
their method, the network representing the di-
electric sample is analyzed in terms of the 
bilinear transformation 

al' b 
ad — bc = 4. 

cr s 

The analysis proceeds from the geometric prop-
erties of the image circle in the I' plane ob-
tained by terminating the output line in a cali-
brated sliding short. 

The technique described retains the de-
sirable features of the network approach but 
avoids the necessity of measuring both scatter-
ing coefficients. As a result the procedure is 
more direct and, in the case of the TEM con-
figuration, leads to an entirely graphical solu-
tion in which the complex dielectric constant 
can be read from a Smith chart overlay. 

Wide-Band Strip-Line Magic-T—E. M. T. 
Jones (p. 160) 

This paper presents theoretical performance 
calculations of a novel form of wide-band strip-
line Magic-T that uses two dual strip-line band-
pass filters. When all four ports are terminated 
in the same impedance, the VSWR at each port 
is less than 1.47 over a 2:1 frequency band, 
while the isolation between opposite ports-is 
greater than 20 db over this frequency band. 
A General Theorem on an Optimum 

Stepped Impedance Transformer—Henry T. 
Riblet (p. 169) 

With the assistance of a mathematical 
theorem demonstrated by Eaton in a com-
panion paper, it is shown rigorously, in the limit 
of small impedance transformation, that the 
familiar binomial impedance transformer, con-
sisting of equal quarter-wave steps, is the 
shortest, monotonic, maximally-flat, stepped, 
transmission-line transformer having steps com-
mensurate in length with the midband guide-
wavelength, and coincident zeros at the mid-
band frequency. 

It is shown how this theorem places very 
severe limitations on any effort to improve on 
the performance of a quarter-wave transformer 
by increasing the number of its impedance 
steps without a corresponding increase in its 
length. 

Minimal Positive Polynomials—James E. 
Eaton (p. 171) 
A proof is given of a purely mathematical 

theorem on the polynomial of lowest degree 
with positive coefficients having a prescribed 
root of unity as a multiple root. 

H. J. Riblet has conjectured the theorem 
below. In the preceding paper, he applies his 
theorem to optimum impedance transformer 
design. 

Complementarity in the Study of Trans-
mission Lines—G. Owyang and R. King (p. 
172) 

The principle of complementarity is ap-
plied to the slot transmission line. The proper-
ties of a dual circuit are investigated. The pairs 
of several possible duals for a given configura-
tion are correlated and new quantities are de-
fined for use with different types of circuits. A 
complete parallelism between the two-wire line 
and the two-slot line is established for the ideal 
cases and is extended by approximation to in-
clude the practical cases. 

Measurements were made with a two-slot 
transmission line and its associated probing 
system. The method of testing the line for 
balance is discussed. The transverse distribu-
tion of the longitudinal current and the at-
tenuation constant were measured. 

The analogy between the steady-state field 
in a conducting medium and the electrostatic 
field in a dielectric is investigated. The expres-
sions for the constants of a two-slot line are 
given in a form that permits a ready evaluation 
from experimental data obtained with the 
electrolytic tank. The measured results are 
compared with theoretical values. 

High Resolution Millimeter Wave Fabry-
Perot Interferometer—William Culshaw (p. 
182) 

The design and operation of a microwave 
Fabry-Perot interferometer at wavelengths 
around 6 mm is described. This uses reflectors 
which are simple, easy to make, and which are 
capable of scaling for operation at short wave-
lengths in the ultramicrowave region. With 
power reflection coefficients around 0.999, very 
sharp fringes and Q values around 100,000 were 
obtained on the interferometer. Effects of 
diffraction in the interferometer are considered, 
and wavelength measurements with this par-
ticular interferometer indicate that accuracies 
of 0.04 per cent are obtained without any dif-
fraction correction. Advantages of such an 
interferometer for ultramicrowaves are that the 
component parts are large compared with the 
wavelength, the effects of diffraction decrease 
with the wavelength, and the problem of main-
taining a high Q with a single mode of propa-
gation and a structure of adequate size is made 
much easier. Such an interferometer forms the 
cavity resonator for ultramicrowaves. It can 
thus be used for such conventional purposes as 
wavelength measurements, wavelength spec-
tral analysis, dielectric constant, and loss 
measurements, or as the cavity resonator for 
frequency stabilization, or as the cavity reso-
nator for a millimeter- or submillimeter-wave-
length maser. 

Boundary Conditions and Ohmic Losses in 
Conducting Wedges—Robin M. Chisholm 
(p. 189) 

The present work is concerned with the 
boundary conditions required to calculate the 
ohmic losses occurring in metallic wedges under 
the influence of electromagnetic waves which 
are sinusoidal in time. The validity of the sur-
face impedance condition used in calculating 
waveguide wall losses is examined carefully, 
and a "modified" surface impedance condition, 
which can be applied to wedge problems in 
which the perfectly conducting solution is 
known, is developed. A simple waveguide 
having a circular cross section, a sector of which 
is occupied by a metal wedge, is used as an 
example. The tangential magnetic field varia-
tions along the surface of the wedge are shown 
graphically, demonstrating, near the tip of the 
wedge, a large deviation from the tangential 

magnetic field of the perfectly conducting 
solution. 

On the Theory of the Ferrite Resonance 
Isolator—E. Schlomann (p. 199) 

The attenuation constants for both direc-
tions of propagation in a rectangular wave-
guide loaded with a small slab of ferrite are 
calculated by means of perturbation theory. 
The maximum attainable ratio of reverse to 
forward attenuation is found to be inversely 
proportional to the square of the bandwidth, 
with a constant of proportionality that is de-
pendent on the shape of the ferrite slab and the 
proximity of cutoff. The figure of merit is 
largest for the case of a thin ferrite slab magne-
tized perpendicular to the plane of the slab. It 
is shown that a significant increase in the figure 
of merit can be obtained by proper use of the 
anisotropy of grain-oriented materials or single 
crystals. 

Analysis of Microwave Measurement 
Techniques by Means of Signal Flow Graphs — 
J. K. Hunton (p. 206) 

Microwave measurement techniques can 
be analyzed more simply by using signal flow 
graphs instead of the customary scattering 
matrices to describe the microwave networks 
used in the measuring system. This is because 
the flow graphs of individual networks are 
simply joined together when the networks are 
cascaded and the solution for the system can 
be written down by inspection of the over-all 
flow graph by application of the nontouching 
loop rule. This paper reviews the method of 
setting up flow graphs of microwave networks 
and the rule for their solution. A single di-
rectional-coupler reflectometer system for 
measuring the reflection coefficient of a load 
is then analyzed by this method. The analysis 
shows how auxiliary tuners can be used to 
cancel residual error terms in the measure-
ment of the magnitude of the reflection coeffi-
cient at a particular frequency. The analysis 
also shows how an additional tuner can be used 
to measure the phase angle of the reflection 
coefficient. These reflectometer techniques are 
particularly useful in the measurement of very 
small reflections. 

Stepped Transformers for Partially Filled 
Transmission Lines—D. J. Sullivan and D. A. 
Parkes (p. 212) 

In recent years, partially-filled transmission 
lines have been used to improve the character-
istics of various ferrite and garnet devices. This 
paper presents a generalized outline for deter-
mining the approximate effective guide wave-
length and characteristic impedance of two 
types of (dielectric-loaded) partially-filled 
transmission line. The results are used to deter-
mine the geometries required for the design of 
optimum stepped transmission line trans-
formers. The stepped transitions are designed 
to yield a Tchebycheff-type response for any 
given bandwidth. The measured results for 
stepped transitions in partially filled coaxial 
line and partially filled double-ridge wave-
guide are presented. The data are found to ap-
proximate the theory closely. 

Parametric Diodes in a Maser Phase-
Locked Frequency Divider—M. L. Stitch, 
et al. (p. 218) 

The use of an ammonia-beam maser in a 
portable frequency standard requires a fre-
quency divider which can be transistorized. A 
divider which uses no microwave tubes and 
hence one that can be transistorized is de-
scribed. An ammonia-maser-controlled signal 
generator used to tune up the divider is also 
described. It is found that the use of a para-
metric diode frequency multiplier substan-
tially improves the lock-in performance of the 
divider. Some data are given for comparing the 
performance of the maser frequency divider 
with and without the parametric diode fre-
quency multiplier. 

Parametric Devices and Masers: An Anno-
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Astronomy for the Nonastronomer—Robert 
R. Newton (p. 1) 

Kinematical observations of the solar sys-
tem have attained an accuracy reached in few 
other areas of measurement. The adequate de-
scription of these observations requires an 
elaborate and accurate terminology. This paper 
defines and discusses most of the important 
terms, coordinate systems, and methods of 
time reckoning which are used by astronomers 
in describing the motion of the solar system No 
previous background in astronomy on the part 
of the reader is required. Warning is also given 
concerning ternis whose meanings look obvi-
ous, but which in fact do not mean what they 
seem to. 

Energy Spectra of FM System with Low 
Beta, High Deviation Ratio. and MF Which 
Approaches Carrier Frequency—Sheldon L. 
Simmons (p. 17) 

A technique was developed at the Naval 
Air Missile Test Center to determine energy 
spectra of an FM system which has a low 
Beta, a high deviation ratio, and a modulation 
frequency which approaches the carrier fre-
quency. This technique may be used for analy-
sis of any FM wave and yields theoretical re-
sults which conform closely to actual operating 
results. 

How Environment Affects Magnetic Re-
cording Tape—Clarence B. Stanley (p. 19) 

The increasing emphasis on higher and 
higher operating and/or storage temperatures 
for data acquisition apparatus requires a criti-
cal appraisal of the behavior of available mag-
netic recording tapes as their rated operating 
limits are approached or exceeded. 

Among the criteria that bear examination 
are the dimensional stability, strength and 
toughness of the substrate, and the chemical 

stability of the binder and the magnetic ma-
terial. 

Unexpected physical effects can be experi-
enced within the generally accepted "safe" 
environmental limits. Critical temperatures 
and observed effects are described. 

Threshold Improvement in an FM Sub-
carrier System— Benn D. Martin (p. 25) 

The paper is concerned with the causes and 
characteristics of threshold behavior in pulse-
averaging and phase-coherent ("phase-locked 
loop") FM subcarrier discriminators. An 
analytical discussion of the basic elements of 
each form of discriminator is first presented, 
leading to a comparison of the devices for 
input modulation indexes of one and five, in the 
presence of noise. For the first time in the 
literature, the effect of additional output 
filtering following the ideal phase-coherent 
loop is discussed. Finally, the requisite modu-
lation characteristics for an improved threshold 
in a phase-locked loop discriminator are pre-
sented, followed by a brief description of the 
approaches which may be taken in the design of 
such a system. 

The Astronautic Chart—Roy C. Spencer 
(p. 34) 

The Astronautic chart is a nomograph or 
alignment chart so arranged that a single 
straight line marks off values of the velocity, 
mass, mean distance, period, and acceleration 
of any two-body orbiting system. It is illus-
trated with numerous examples of orbits of 
planets about the sun, moons about their 
planets, and artificial earth satellites. 

All scales give correct values at the ex-
tremities of the minor diameter of the ellipti-
cal orbit. In the case of binary stars where the 
masses are comparable, the scales also give 
correct values of the total mass, total separa-
tion, relative velocity, and relative acceleration. 

A Versatile PAM/PDM Decommuntation 
Station—J. A. Adams and W. T. Johnson (P. 
38) 

The growing complexity of data-handling 
systems and the need for less complicated and 
smaller decommutation devices led to the de-
velopment of the PAM/PDM decommutation 
station shown in Fig. 1. The PAM/PDM data-
handling capability of this station is 100 chan-
nels and, for the system shown, the utilized 
panel space is 261 inches. 

The Navy's Portable Satellite Tracking 
Stations—F. M. Ashbrok and D. D. Stevenson 
(p. 41) 

The stations described recover Doppler fre-
quencies to an accuracy of one part in 10, and 
subcarrier oscillator frequencies to 15 kc band-

widths. Coherent phase detection and a track-
ing local oscillator to minimize required re-
ception bandwidth maximizes signal sensitiv-
ity. Station portability accommodates rapid 
changes of location as dictated by satellite 
projects and the flexibility of the receiving and 
recording equipment due to unitized construc-
tion permits inexpensive modifications to ac-
commodate present and future satellite pro-
grams. 

Ground Antenna for Space Communication 
System—K. W. Linnes, et a/. (p. 45) 

The accurate tracking and telemetering of 
space probes requires the use of very sensitive 
receiving equipment and large antennas. The 
TRAC ( E) system developed by the Jet Propul-
sion Laboratory utilizes an 85-foot-diameter, 
equatorially mounted, parabolic reflector. The 
antenna, similar to those used for radio as-
tronomy, is located near Goldstone Lake near 
Barstow, Calif. The mechanical and electrical 
characteristics of the antenna and its subsys-
tems are discussed, and its performance and 
the way it was used in tracking the lunar probe 
Pioneer IV are described. Limitations im-
posed on the space communication system by 
the ground antenna are discussed, and possible 
methods of improvement are listed. 

Problems in Space Exploration—Robert 
Jastrow ( p. 55) 

IRIG, Inter-Range Instrumentation Group 
—History, Functions and Status, 1959— 
Beuhring W. Pike (p. 59) 

The Inter-Range Instrumentation Group 
(IRIG) was established in 1952 by the com-
manders of the United States guided missile 
test ranges, principally for the purpose of fa-
cilitating the interchange of information on 
range instrumentation. Today, the IRIG con-
sists of a Steering Committee and ten Techni-
cal Working Groups. Among other activities, 
the 1RIG prepares and disseminates recom-
mended standards and other documents (such 
as glossaries of terms and catalogs of range 
instruments) to advance the range instrumen-
tation art. 

Telemetry Working Group of the Inter-
Range Instrumentation Group—Beuhring W. 
Pike (p. 61) 

One of the ten Technical Working Groups 
of the IRIG (Inter-Range Instrumentation 
Group, established by the commanders of the 
United States guided missile test range), is the 
Telemetry Working Group (TWG). Among 
other activities, the TWG has prepared several 
System Standards that have been published as 
IRIG Recommendations. 

Contributors (p. 65) 
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UDC NUMBERS 

Certain changes and extensions in UDC 
numbers, as published in PE Notes up to and 
including PE 666, will be introduced in this and 
subsequent issues. The main changes are• 

Artificial satellites: 
Semiconductor devices: 
Velocity-control tubes. 

klystrons, etc.: 
Quality of received sig-

nal. propagation con-
ditions, etc.: 

Color television: 

551.507.362.2 
621.382 

621.385.6 

621.391.8 
621.397.132 

(PE 657) 
(PE 657) 

(PE 634) 

(PE 651) 
(PE 650) 

The "Extensions and Corrections to the 
UDC," Ser. 3, No. 6, August, 1959, contains 
details of PE Notes 598-658. This and other 
UDC publications, including individual PE 
Notes, are obtainable from The International 
Federation for Documentation, Willem Wit sen-
plein 6, The Hague, Netherlands, or from The 
British Standards Institution, 2 Park Street, 
London, W.1., England. 

ACOUSTICS AND AUDIO FREQUENCIES 

534.23:621.396.677.3 1463 
Comparison between the Performances of a 

Time-Averaged Product Array and an Infra-

class Correlator—D. C. Fakley. (J. Acoust. 
Soc. Amer., vol. 31, pp. 1307-1314; October, 
1959.) A class I' array of the type discussed by 
Berman and Clay (336 of 1958) operating with 
four receiving elements, is shown to offer no 
advantage over an intraclass correlator in re-
spect of detection performance and resolving 
power. 

A list of organizations which have avail-
able English translations of Russian 
journals in the electronics and allied 
fields appears at the end of the Abstracts 
and References section. 

The Index to the Abstracts and References published in the PROC. IRE from 
February, 1959 through January, 1960 is published by the PROC. IRE, June, 1960, 
Part II. It is also published by Electronic Technology (incorporating Wireless 
Engineer and Electronic and Radio Engineer) and included in the April, 1960 is-
sue of that Journal. Included with the index is a selected list of journals scanned 
for abstracting with publishers' addresses. 

534.232 1464 
Mutual Radiation Impedance of Sources on 

a Sphere—C. H. Sherman. (J. Acoust. Soc. 
Amer., vol. 31, pp. 947-952; July, 1959.) Ex-
pressions for the mutual radiation impedance 
coefficient are derived in the cases of uniformly 
vibrating circular and rectangular acoustic 
sources on a rigid spherical baffle. 

534.26 1465 
Diffraction of a Plane Sound Wave by a 

Semi-infinite Thin Elastic Plate—G. L. Lamb, 
Jr. (J. Atone Soc. Amer., vol. 31, pp. 929-935; 
July, 1959.) The problem is formulated in 
terms of a) an integral equation, relating the 
discontinuity in pressure across the diffracting 
plate to its flexural displacement, and b) the 
usual fourth-order thin-plate differential equa-
tion governing the flexural motion of the plate 
when driven by the pressure discontinuity. 

534.522.1 1466 
The Effect of a Progressive Ultrasonic 

Wave on a Light Beam of Finite Width—K. L. 
Zankel. (Naturwi.s.s., vol. 46, pp. 105-106; 
February, 1959. In English.) Expressions are 
given for the application of refraction methods, 
such as that used by Breazeale et al. (3538 of 
1959), to the measurement of the pressure of 
a sinusoidal ultrasonic wave and that of a dis-
torted finite-amplitude wave. 

534.522.1 1467 
Effects of a Progressive Ultrasonic Wave on 

a Light Beam of Arbitrary Width—L. E. Har-
grove, K. L. Zankel, and E. Hiedemann. 
(J. Acoust. Soc. Amer., vol. 31, pp. 1366-1371; 
October, 1959.) Theoretical expressions ( 1466 
above) are developed and compared with ex-
perimental results. 

534.6:534.231 1468 
Random Sound Field in Reverberation 

Chambers—C. G. Balachandran. (J. Acoust. 
Soc. Amer., vol. 31, pp. 1319-1321; October, 
1959.) Results are given of an experiment to 
compare the efficiency of different diffusing 
devices in the production of a completely ran-
dom sound field. A rotating vane was found to 
be superior to other devices. A comparison of 
two test signals showed the superiority of ran-
dom noise over a warble tone. 

534.6: 534.84 1469 
Pulse Technique applied to Acoustical 

Testing—A. C. F. Cho and R. B. Watson. 
(J. Acoust. Soc. Amer., vol. 31, pp. 1322-1326; 
October, 1959.) Brief description of a system in 
which pulses of variable length and repetition 
rate are transmitted on spot frequencies be-
tween 1 and 12 kc. The received signal may be 

gated and delayed to allow separation of direct 
and reflected sound pulses. Results of extensive 
tests made with the equipment in a large lec-
ture hall are given. 

534.614-14 1470 
Transistorized Velocimeter for Measuring 

the Speed of Sound in the Sea—C. E. Tschiegg 
and E. E. Hays. (J. Acoust. Soc. Amer., vol. 31, 
pp. 1038-1039; July, 1959.) See 1296 of 1958 
(Greenspan and Tschiegg). 

534.75 1471 
Auditory Adaptation in Noise—H. N. 

Wright. (J. Acoust. Soc. Amer., vol. 31, pp. 
1004-1012; July, 1959.) The initial rate, extent 
and recovery from auditory adaptation were 
measured in both the presence and absence of 
noise in ten normal ears by the fixed-intensity 
method at 250, 1000 and 4000 cps. 

534.76 1472 
Some Measurements on the Effects of 

Interchannel Intensity and Time Differences in 
Two-Channel Sound Systems—D. M. Leakey. 
(J. Acoust. Soc. Amer.. vol. 31. pp. 977-986; 
July, 1959.) A theory is developed based on the 
assumption that the brain is sensitive to inter-
aural time difference and its variation with 
head movement. This is in reasonable agree-
ment with practical results. 

534.78 1473 
Effect of Sample Duration on the Articula-

tion of Sounds in Normal and Clipped Speech— 
R. Alunend and R. Fatellchand. (J. Acoust. 
Soc. Amer., vol. 31, pp. 1022-1029; July, 1959.) 
Whether or not vowels are clipped, their seg-
ment lengths can be considerably reduced with 
little effect on articulation. This does not hold 
for consonants, with the exception of un-
clipped semivowels. The high articulation of 
interrupted speech is discussed and some 
results are given. 

534.79 1474 
On the Validity of the Loudness Scale — 

S. S. Stevens. (J. Acoust. Soc. Amer., vol. 31, 
pp. 995-1003; July, 1959.) Objections to the 
sone scale are considered and it is shown how 
the form of the scale may be verified by cross-
modality matchings. 

534.84:061.3 1475 
International Convention on Architectural 

and Room Acoustics—(Hochfrequenz. and 
Elektrouk., vol. 67, pp. 97-168; January, 1959.) 
The text is given of 15 out of 40 papers pre-
sented at a convention held in Dresden, Sep-
tember 5-8, 1957. 
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534.844 1476 
Sabine Reverberation Equation and Sound 

Power Calculations—R. W. Young. (J. Acoust. 
Soc. Amer., vol. 31, pp. 912-921; July, 1959.) 
A review of sound power and decay formulas 
and an assessment of their practical use. The 
Sabine reverberation equation, given a certain 
interpretation, is found to be the most suitable 
for general engineering purposes. 

534.846 1477 
Acoustoelectronic Auditorium—H. F. Olson. 

(J. Acoust. Soc. Amer., vol. 31, pp. 872-879; 
July, 1959.) Description of the design of an 
auditorium and sound reinforcement appa-
ratus as an integrated system. 

534.88 1478 
Use of Pressure-Gradient Receivers in a 

Correlator Receiving System—M. J. Jacobson 
and R. J. Talham. (J. Acoust. Soc. Amer.. vol. 
31, pp. 1352-1362; October, 1959.) Theoretical 
analysis of a steerable correlator receiving sys-
tem containing two directional receivers. The 
computer signal-to-noise ratio at the output is 
compared with that of a system containing two 
omnidirectional receivers. 

534.88 1479 
Hydrophone Minor Lobes produced by 

Volume Scattering—T. G. Bell. (J. Acoust. 
Soc. Amer., vol. 31, pp. 1304-1307; October, 
1959.) A method is given for calculating ap-
proximately the minor-lobe response of a direc-
tional hydrophone due to volume scattering. 

534.88:534.232.089.6 1480 
Pressure Phone for Hydrophone Calibra-

tions—C. C. Sitas and R. J. Bobber (J. Acoust. 
Soc. Amer., vol. 31, pp. 1315-1318; October, 
1959.) A small closed system for the absolute 
calibration of a standard hydrophone at fre-
quencies up to 5 kc is described. 

621.395.623.7.001.4:534.76 1481 
Evaluation of a Stereophonic Loudspeaker 

by Multiple Microphone Arrays—R. W. 
Carlisle and A. Schwartz. (J. Acoust. Soc. 
Amer., vol. 31, pp. 1348-1351; October, 1959.) 
A system is described for measuring the effec-
tive frequency response of a stereophonic loud-
speaker arrangement in a live room. The 
method is shown to be superior to the anechoic-
chamber method at low frequencies. 

621.395.623.742 1482 
A Method of Mechanical Damping of Dy-

namic Loudspeakers by Porous Materials— 
L. Keibs. (Tech. Mitt. BRF, Berlin, vol. 3, pp. 
7-12; October, 1959.) Design theory regarding 
the damping of loudspeaker cones to eliminate 
self-resonances is given, and a method of meas-
urement of damping effects is outlined. 

621.395.625.3 1483 
Improving the Dynamic Range of Tape Re-

cording—L. H. Bedford. (Wireless World. vol. 
66, pp. 104-106; March, 1960.) Compensation 
for manual compression of the input signal 
using a pilot tone outside the AF range. 

621.395.625.3: 538.221 1484 
Particle Interaction in Magnetic Recording 

Tapes—Woodward and Dellatorre. (See 1723.) 

621.395.625.3:681.846.7 1485 
The Transport Mechanism of the Magnetic-

Tape Recorder for Reporters—O. W. Meier. 
(Tech. Mitt. BRF, Berlin, vol. 3, pp. 12-21; 
October, 1959.) Details are given of a battery-
operated portable tape recorder used by the 
East German broadcasting authorities. A com-
parative table is included of the mechanical 
specifications for nine types of portable re-
corder of European manufacture. 

621.395.625.3: 681.846.7 1486 
The Transistor Amplifier of the Magnetic-

Tape Recorder Type R20 for Reporting—A. 
Tolk. (Tech. Mitt. BRF, Berlin, vol. 3, pp. 21-
25; October, 1959.) Circuit and performance 
details of a battery-operated recorder are 
given. See 1485 above. 

621.315.212 1487 
Reflection Coefficient Curves of Compen-

sated Discontinuities on Coaxial Lines and the 
Determination of the Optimum Dimensions— 
A. Kraus. (J. Brit. IRE, vol. 20, pp. 137-152; 
February, 1960.) 

621.315.687.029.6+621.372.855 1488 
Microwave Terminations—G. Bostick. 

(Electronics, vol. 33, pp. 50-51; January 8, 
1960.) Characteristics and relative costs of the 
four major classes of coaxial-cable and wave-
guide terminations. 

621.372.2: 621.372.51 1489 
100:1 Bandwidth Balun Transformer— 

J. W. Duncan and V. P. Minerva. (Pacte. 
IRE, vol. 48, pp. 156-164; February, 1960.) 
The design theory is given for a balun made by 
cutting away the outside wall of a coaxial cable. 
The input reflection coefficient gives a Tcheby-
cheff response in the pass band. The measured 
voltage SWR did not exceed 1.25: I over a 50:1 
bandwidth and the dissipation loss was less 
than 0.1 db over most of the range. 

621.372.2.012.11 1490 
The Smith Chart: Part 3—Matching Trans-

mission Lines to Aerials and Uses of Stubs— 
R. A. Hickson. (Wireless World, vol. 66, pp. 
141-146; March, 1960.) Considers various 
matching elements with detailed examples. 
Parts 1 and 2: 749 of March. 

621.372.8 1491 
TM Waves in Submillimetric Region— 

C. A. Martin and A. E. Karbowiak. ( Pane. 
IRE, vol. 48, pp. 250-251; February, 1960.) 
Discussion of 13 of 1959 (Karbowiak) with 
author's comment. The attenuation character-
istics for certain modes of c rcular waveguide 
are shown to increase indefinitely with fre-
quency and not to follow an re, law as sug-
gested earlier. 

621.372.8: 621.385.63 1492 
A Class of Waveguide-Coupled Slow-Wave 

Structures—J. Feinstein and R. J. Collier. 
(IRE TRANS. ON ELECTRON DEVICES, vol. 
ED-6, pp. 9-17; January, 1959. Abstract, 
PROC. IRE, vol. 47, p. 611; April, 1959.) 

621.372.823:621.372.852.5 1493 
Round Waveguide with Double Lining— 

H. G. Unger. (Bell Sys. Tech. J., vol. 39, pp. 
161-167; January, 1960.) A mathematical 
analysis of the effects of thin base layers of low-
loss material at bends indicates a reduction of 
the TEN loss, and mode filtering. 

621.372.825 1494 
Surface Resistance of Corrugated Con-

ductors—T. Hosono. ( Paoc. IRE, vol. 48, P. 
247; February, 1960.) The average surface re-
sistance is shown to be more than that of a 
plain surface, indicating that losses may be 
less in plain circular waveguide than in those 
made from spaced disks. This reverses an 
earlier conclusion [see Proc. IEE, Part B. vol. 
106, supplement pp. 37-46 (Gent); 19591. 

621.372.85 1495 
Evanescent Modes in a Partially Filled 

Gyromagnetic Rectangular Waveguide—C. T. 
Tai. (J. Ape Phys., vol. 31, pp. 220-221; 
January, 1960.) A demonstration of the exist-
ence of these modes, based on the asymptotic 
form of the characteristic equation. 

621.396.67: 621.315.1:621.391.812.63.029.45 
1496 

A Very-Low-Frequency Antenna for In-
vestigating the Ionosphere with Horizontally 
Polarized Radio Waves—R. S. Macmillan, 
W. V. T. Rusch, and R. M. Golden. (J. Res. 
Nat. Bur. Stand., vol. 64D, pp. 27-35; Janu-
ary/February, 1960.) The radiation charac-
teristics of resonant horizontal X/2 dipoles llave 
been verified experimentally and the effects of 
ground conductivity investigated. The loading 
of an existing power transmission line to con-
vert a section of it into a dipole is described. 
See also 1672 of 1959 (Golden et al.). 

621.396.674.095(204) 1497 
Basic Experimental Studies of the Mag-

netic Field from Electromagnetic Sources 
Immersed in a Semi-infinite Conducting 
Medium—M. B. Kraichman. (J. Res. Nat. 
Bur. Stand., vol. 64D, pp. 21-25; January 
/February, 1960.) Measurements llave been 
made of the magnetic field in air due to dif-
ferent dipoles and loops energized at 296 kc 
and immersed in a tank containing a sodium 
chloride solution. 

621.396.677 1498 
Effect of Antenna Size on Gain, Band-

width, and Efficiency—R. F. Harrington. (J. 
Res. Nat. Bur. Stand., vol. 64D, pp. 1-12; 
January/February, 1960.) A theoretical analy-
sis in which both near-zone and far-zone direc-
tive gains are considered. The maximum gain 
for a wide-band antenna is approximately that 
of the uniformly illuminated aperture. Higher 
gain can only be obtained if the antenna is a 
narrow-band device. For large antennas the 
input impedance is highly frequency-sensitive 
and no significant gain over a uniformly illumi-
nated aperture is possible. 

621.396.677: 523.164 1499 
Resolving Power of Three Antenna Patterns 

Derived from the Same Aperture—A. E. 
Covington and G. A. Harvey. (Ganad. J. Phys., 
vol. 37, pp. 1216-1229; November, 1959.) An 
analysis is made of the problem of deducing the 
spatial distribution of RF energy in an astro-
nomical source which is smaller than the beam-
width of the antenna. The antenna pattern is 
represented by a series of Fourier oomponents, 
and the problem is then similar to those met in 
the design of filters. Particular cases studied 
are a) a pair of equally intense point sources, 
and b) a uniformly bright line. 

621.396.677.3:534.23 1500 
Comparison between the Perfo-mances of 

a Time-Averaged Product Array and an Intra-
class Correlator—Fakley. (See 1463.) 

621.396.677.7: 621.372.826 1501 
Surface-Wave Resonance Effect in a Re-

active Cylindrical Structure Excited by an 
Axial Line Source—A. L. Cullen. (J. Res. Nat. 
Bur. Stand., vol. 64D, pp. 13-19; January 
/February, 1960.) The existence of strong 
resonance phenomena has been established 
theoretically. In a particular example, only 
1.1 per cent of the power delivered to the line 
source is radiated in unwanted modes. The 
distance of the source froto the cylinder does 
not affect the result in a first-order approxi-
mation. 

621.396.677.73:621.391.812.62.029.64 1502 
Over-Sea Propagation of Microwaves and 

Anti-reflected-Wave Antenna—Kam a zu, Kato 
and Morita. (See 1754.) 

AUTOMATIC COMPUTERS 

681.142:061.3 1503 
Computers head for 1000-MC/s Operation 

—T. Maguire. (Electronics, vol. 33, pp. 55-59, 
January 29, 1960.) Report of recent develop-



1960 Abstracts and References 1199 

ments in phase-locked oscillators, tunnel 
diodes and cross-film cryotrons, based on pa-
pers presented at the Computer Conference, 
Boston, Mass. December 1-3, 1959. 

681.142: 537.312.62 1504 
Low-Temperature Storage Elements— 

E. H. Rhoderick. (J. Brit. IRE, vol. 20, pp. 
37-40; January, 1960.) Very high speeds and 
compactness are features of the Crowe cell in 
which a persistent current is set up around an 
aperture in a thin superconducting film. 

621.142: 621.374.3 1505 
Pulse-Height-to-Digital Signal Converter— 

W. W. Grannemann, C. D. Longerot, R. D. 
Jones, D. Endsley, T. Summers, T. Lom-
masson, A. Pope, and D. Smith. (Electronics, 
vol. 33, pp. 58-60; January 8, 1960.) A transis-
torized analog/digital converter provides 7-
digit binary outputs for an input of 0-2 volts 
at a maximum sampling rate of 13,000 pulses 
/sec. 

681.142: 621.374.5: 534-8 1506 
Supersonic Delay-Line Memory Device for 

Parametron Signal—S. Yamada and K. Kuri. 
(Rep. Elec. Commun. Lab., Japan, vol. 7, pp. 
167-169; May, 1959.) Results obtained with an 
experimental 0.5-mm-diameter brass-wire delay 
line are given. Suitable coupling circuits are 
shown. 

681.142:621.395.625.3 1507 
Factors Influencing the Applications of 

Magnetic Tape Recording to Digital Computers 
—D. P. Franklin. (J. Brit. IRE, vol. 20, pp. 
9-21; January, 1960.) 

681.142:621.395.625.3 1508 
A Magnetic-Disk, Random-Access Memory 

—A. C. Glover. (J. Brit. IRE, vol. 20, pp. 22-
24; January, 1960.) 5 X10, alphanumeric char-
acters can be stored with average access time 
0.5 second. 

681.142:621.395.625.3 1509 
Magnetic-Film File for Computer Storage— 

A. St. Johnston. (J. Brit. IRE, vol. 20, pp. 
25-30; January, 1960.) A 35-mm oxide-coated 
film store is described in which the pickup 
head is not in contact with the oxide. The 
high-quality backing medium gives complete 
freedom from drop-outs. 

681.142:621.395.625.3 1510 
High-Speed Digital Storage using Cylindri-

cal Magnetic Films—G. R. Hoffman, J. A. 
Turner, and T. Kilburn. (J. Brit. IRE, vol. 20, 
pp. 31-36; January, 1960.) Digital stores con-
sisting of closed magnetic circuits deposited on 
long glass tubes are described. 

681.142:621.395.625.3 1511 
A High-Density File Drum as a Computer 

Store—L. Knight and M. P. Circuit. (J. Brit. 
IRE, vol. 20, pp. 41-45; January, 1960.) A 
packing density of 1000 bits/inch has been ob-
tained using specially designed heads floating 
on an oil film which automatically maintains a 
head/track spacing of 0.002 inch. 

CIRCUITS AND CIRCUIT ELEMENTS 

621.318.4 1512 
Analysis of Quality Factor of Annular-Core 

Inductors—V. E. Legg. (Bell Sys. Tech. J., vol. 
39, pp. 105-126; January, 1960.) A summary 
of formulas used to determine Q factor is sup-
plemented with a discussion of optimum design 
procedures. In particular, eddy currents and 
dielectric losses, and the effects of distributed 
capacitance are considered. 

621.318.57 1513 
The Ferreed—a New Switching Device— 

A. Feiner, C. A. Lovell, T. N. Lowry, and P. G. 

Ridinger. (Bell Sys. Tech. J., vol. 39, pp. 1-30; 
January, 1960.) Properties of a magnetic-reed 
switch responsive to the resonant field of a 
ferrite are considered. Switching times are in 
the microsecond range and dual winding facili-
tates coincident-pulse control. The application 
to switching arrays is discussed. 

621.318.57: 621.372.44 1514 
Binocular-Type Parametron—K. Fukui, 

M. Shindo, T. Kurata, and K. Habara. (Rep. 
Elect. Commun. Lab., Japan, vol. 7. pp 152-
166; May. 1959.) The method of manufacture 
and characteristics of a parametron with a new 
type of ferrite core comprising a segmented 
disk with two apertures are described. Power 
consumption is about one quarter that of the 
toroidal-core type [410 of February (Hanawa 
and Kusimoki)l. 

621.318.57: 621.382.23 1515 
Microwave Switching with Computer Diodes 

— M. Bloom. (Electronics, vol. 33, pp. 85-87; 
January 15, 1960.) Characteristics are given of 
single- and double-throw Ge junction-diode 
switches. Satisfactory tests have been made on 
a coaxial switch at I watt and an X-band 
waveguide switch at 4 watts RF power. 

621.319.4:621.317.7 1516 
An Oscillating Capacitor of High Stability— 

M. von Ardenne and E. Klar. (Nachrichtentech. 
Z., vol. 9, pp. 26-28; January, 1959.) The pre-
cision unit described is designed for use with 
high-resistance dc or direct-voltage measuring 
equipment where high stability is required. 
Currents of 10 15-10-16 ampere were detected 
with an input resistance of 10%. 

621.372:621.3.092 1517 
Certain Asymptotic Relations between Fre-

quency and Time Functions—H. Dobesch. 
(Nachrichtentech. Z., vol. 9, pp. 13-18; January, 
1959.) The relations are considered with refer-
ence to networks to which a transient is applied, 
and including the effect of group delay. 

621.372.5 1518 
Linear Network Synthesis—O. C. Bown. 

(Electronic Tech., vol. 37, pp. 122-126; March, 
1960.) "The rational fraction approximation is 
obtained directly in terms of the pole-zero 
locations in the p-plane by a process of suc-
cessive approximation. The method differs 
from other known successive approximation 
techniques in being purely graphical apart 
from a final numerical relaxation process. A 
simple step-by-step account is given of the 
practical procedure." 

621.372.54:621.398 1519 
Low-Pass Filter for Subaudio Frequencies 

— R. C. Onstad (Electronics, vol. 33, pp. 88-90; 
January 15, 1960.) Details are given of a low-
pass RC filter suitable for use in a missile-
borne telemetry system. The filter incorporates 
a transistor feedback amplifier and has a flat 
response from dc to 0.7 cps and an attenuation 
slope of 15 db per octave. 

621.372.6 1520 
Immittance Properties of Nonreciprocal 

Networks—A. W. Keen. (Pnoc. IRE, vol. 48, 
pp. 248-250; February, 1960.) Certain known 
networks are described in terms of the unitor, 
a nonreciprocal circuit element. These include 
the Batt-Duffin immittance synthesizing cycle, 
impedance inversion and conversion circuits 
and the symmetrical lattice network. See 2871 
of 1959. 

621.372.632:621.375.132 1521 
Negative Feedback in Frequency-Changers 

— D. G. Tucker. (Electronic Tech., vol. 37, pp. 
96-98; March, 1960.) Two different forms of 
negative feedback are discussed; one has only 
passive elements in the feedback path [2018 of 

1952 (Boggs)] and the other has an active ele-
ment with characteristics identical to those of 
the forward path (297 of 1950). Their applica-
tion to frequency changers is considered with 
reference to gain stability. 

621.373 1522 

The Quality of Oscillators with Differently 
Located Losses—W. Herzog. (Nachrichtentech. 
Z., vol. 12, pp. 21-28; January, 1959.) A II-
network oscillator with parallel and series 
losses is investigated to determine whether the 
Q-factor can be improved by a reduction of 
load impedance in conjunction with an ap-
propriate increase in oscillator gain. The reduc-
tion of load impedance is effected by consider-
ing the loss impedance to be added in parallel 
with the load. 

621.373.4:621.376.32 1523 
A Voltage-Tuned Resistance-Capacitance 

OscMator—W. D. Ryan and F. E. Hethering-
ton. (Electronic Engrg, vol. 32, pp. 108-110; 

February, 1960.) A circuit is given for an AF 
oscillator whose frequency of oscillation is de-
pendent on an applied dc potential by virtue of 
the variable capacitance of selenium dry-disk 
rectifiers with reverse bias. The characteristics 
of suitable rectifiers are discussed. 

621.373.44:621.373.2 1524 
The Generation of Short High-Power 

Pulses by means of Spark-Gap Switches—G. 
Sahner. (Nachrichtentech. Z., vol. 8, pp. 36-43 
and 558-566; January and December, 1959.) 
The characteristics of the discharge current in 
spark-gap circuits are calculated. Tests were 
made on a triggered pulse-generator circuit 
comprising two series-connected spark gaps; 
equipment used and results obtained are 
described. 

621.373.51:621.372.44 1525 
Parametric Oscillations with Point-Contact 

Diodes at Frequencies Higher than Pumping 
Frequency—L. U. Kibler. (Pnoc. IRE, vol. 48, 
pp. 239-240; February, 1960.) The signal and 
idler frequencies are symmetrically placed with 
respect to a multiple of the pumping frequency. 
The results are consistent with the Manley-
Rowe relations (see e.g. 773 of March). 

621.373.52.029.62 1526 
Designing High-Power Transistor Oscil-

lators—W. E. Roach. (Electronics, vol. 33, pp. 
52-55; January 8, 1960.) A step-by-step pro-
cedure is given for the design of oscillators for 
operation at frequencies up to 300 mc. 

621.374.32:621.385.63:621.373.43 1527 
A High-Speed Binary Counter based on 

Frequency Script Techniques—V. Met. (Pace. 
IRE, vol. 48, pp. 243-244; February, 1960.) An 
extension of previous experimental investiga-
tions into bistable oscillators (3428 of 1957). 

621.374.32:621.385.832 1528 
Fast Counting Circuits using MT Tubes— 

V. Radeka. (Electronic Engrg., vol. 32, pp. 92-
95; February, 1960.) A theoretical investigation 
into the use of Type EIT counter tubes [3614 
of 1952 (Jonker et al.)] at pulse repetition fre-
quencies up to 1 mc, together with a practical 
design of circuit. 

621.374.4 1529 
Efficient Harmonic Generation—G. F. 

Montgomery. (Peoc. IRE, vol. 48, pp. 251-
252; February, 1960.) Practical harmonic gen-
erators are reviewed briefly and the most effi-
cient is shown to be the rectifier-amplifier type. 
A transistor amplifier provides best efficiency 
at low powers. 

621.374.42 1530 
A Stabilized Locked-Oscillator Frequency 

Divider—P. R. Scott, Jr. (Pnoc. IRE, vol. 48, 
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pp. 192-200; Feburary, 1960.) The results of an 
analysis of the divider are presented in a 
graphical form suitable for design purposes. 

621.375.133:621.391.822 1531 
Negative-Capacitance Amplifier Noise— 

M. Robinson and J. Weinmann. (Electronic 
Tech., vol. 37, pp. 127-129; March, 1960.) 
"The inherent limitations of negative-capaci-
tance feedback, due to the finite time constant 
and internal noise of an actual amplifier, are 
discussed. It is shown that the limitation, 
caused by noise, applies to any circuit that is 
designed to reduce the input RC time con-
stant. -

621.375.9: 538.569.4 1532 
Ferromagnetic Amplifiers—A. F. H. Thom-

son. ( Pitoc. IRE, vol. 48, pp. 259; February, 
1960.) Note on an absorption of microwave 
power observed with a magnetized \'-Fe garnet 
sphere in a microwave field at a frequency ap-
proximately twice that corresponding to the 
magnetization. 

621.375.9:538.569.4 1533 
Maser Behaviour: Temperature and Con-

centration Effects—T. 1-1. Maiman. (J. App!. 
Phys., vol. 31, pp. 222-223; January, 1960.) 
Maser action lias been achieved with ruby at 
temperatures up to 195°K; results are given 
for operation at 77°K. 

621.375.9:538.569.4 1534 
A Tunable X-Band Ruby Maser—P. D. 

Gianino and F. J. Dominick. ( Paoc. IRE, vol. 
48, p. 260; February, 1960.) Performance fig-
ures and details of simplified tuning arrange-
ments are given. 

621.375.9: 621.372.44 1535 
The Parametric Amplifier—C. R. Russell. 

(Brit. Commun. Electronics, vol. 7, pp. 94-98 
and 190-194; February and March, 1960.) 
The mode of operation of parametric devices is 
explained and general features of semiconduc-
tor-diode, ferrite and beam-type amplifiers are 
discussed. 

621.375.9:621.372.44 1536 
Noise Consideration of the Variable-

Capacitance Parametric Amplifier—M. Ueno-
hara. ( Patic. IRE, vol. 48, pp. 169-179; 
February, 1960.) A simplified theory, assuming 
the noise source is a resistance in series with 
the variable capacitance, gives calculated gain 
and noise figures agreeing with measured values 
for Si. Ge, and GaAs diodes. 

621.375.9: 621.372.44: 621.385.6 1537 
Some Possible Causes of Noise in Adler 

Tubes—Lea-Wilson: Adler, Ilrbek, and Wade. 
(See 1834.) 

621.376.32: 621.382 1538 
Wide-Band F.M. with Capacitance Diodes 

—C. Arsem. (Electronics, vol. 32, pp. 112-113; 
December 4, 1959.) Two circuits are described 
using voltage-variable capacitors to modulate 
a tube oscillator. 

GENERAL PHYSICS 

530.145: 061.3 1539 
Mathematical Problems of the Quantum 

Theory of Particles and Fields—(Nuovo Cim., 
vol. 14, supplement pp. 1-211; 1959.) The text 
is given in English of 12 papers presented at an 
international course held at Varenna, July 21-
August 9, 1958. 

537.214 1540 
Approximation Formulae for the Electro-

static Energy of a Space Charge—O. Emers-
leben. (Naturwiss., vol. 46, pp. 64-65; January, 
1959.) An asymptotic approximation for the 
es potential is derived which does not contain 

terms denoting the number and magnitude of 
the individual charges making up a space-
charge cloud. 

537.214 : 537.226 1541 
The Electromagnetic Energy Stored in a 

Dispersive Medium—T. Hosono and T. Oldra. 
(Pat/c. IRE, vol. 48, pp. 247-248; February, 
1960.) An expression for energy is derived by 
treating the dielectric as a two-terminal net-
work having a frequency-dependent admit-
tance. 

537.311.1 1542 
Damping Method in the Theory of Electri-

cal Conductivity R. Zigenlaub. (Fiz. Tier-
dogo Tela, vol. 1, pp. 1053-1061; July, 1959.) 
A method is suggested for calculating the 
conductivity tensor similar to the "time-
fluctuation" method used in quantum field 
theory. 

537.311.33 1543 
A More Precise Theory of Plasma Recombi-

nation—V. L. Boncli-Bruevich. (Fiz. Tverdogo 
Tela, vol. 1, pp. 1076-1083; July, 1959.) Re-
combination coefficients are derived for two 
models: deep traps and third- and fifth-group 
impurity traps in Ge and Si. 

537.311.33 1544 
Theory of the Method of Thermal Con-

ductivity Measurement Proposed by A. V. 
Ioffe and A. F. Ioffe—M. A. Kaganov. (Zh. 
tekh. Fiz., vol. 28, pp. 2364-2367; November, 
1958.) See 1661 below. 

537.525 1545 
Build-Up of a Discharge in Argon—M. 

Menes. (Phys. Rev., vol. 116, pp. 481-486; No-
vember 1. 1959.) Measurements of the rate of 
build-up at pressures of 5-60 cm Hg, and 
theoretical interpretation of results. 

537.533:621.385.6 1546 
Time-Dependent Electron Flow—M. C. 

Pease. (J. Ape Phys., vol. 31, pp. 70-76; 
January, 1960.) General relations are given, 
from which a single-vector differential equation 
can be deduced which determines all possible 
solutions in the case of a constant uniform 
magnetic field. The application of certain time-
varient solutions of this equation to anomalous 
behavior in various magnetron-type devices is 
considered. 

537.533.74 1547 
Double Scattering of Electrons with a 

Dipole Moment—M. H. Zaidi. (Phys. Rev., 
vol. 116, pp. 241-243; October 15, 1959.) 
Quantum-mechanical analysis of the case 
where magnetic and electric fields are present 
between the two targets gives the same results 
as are obtained by treating the electrons as 
classical spinning tops with magnetic moments 
and classical electric dipoles. 

537.533.79 : 538.221 1548 
Interaction between Electron Beam and 

Magnet—S. Yamaguchi. (Nam) Cmi., vol. 14, 
pp. 248-249; October 1, 1959. In English.) The 
diffraction effect noted when an electron beam 
grazes a sharp edge of a magnet (about 2000 Á 
thick) is described and interpreted. See 3636 of 
1959. 

537.533.8 1549 
The Time Constant of Secondary Emission 

—H. W. Streitwolf and \V. Brauer. (Z. Natur-
forsch., vol. 13a, pp. 700-701; August, 1958.) 
See also 1178 of April (Streitwolf). 

537.56 1550 
Transport Phenomena in Slightly Ionized 

Gases: Low Electric Fields—M. S. Sodlia. 
(Phys. Rev., vol. 116, lip. 486-488; November 1, 

1959.) Calculation of trait:quirt properties, in 
the presence of a magnetic field. For low elec-
tric fields E the results can be expressed as 
linear functions of E. 

537.56 1551 
Asymmetrical Triple-Probe Method for De-

termining Energy Distribution of Electron in 
Plasma—T. Okuda and K. Yamamoto. (J. 
Appt. Phys.. vol. 31, pp. 158-162; January, 
19(>0.) The method is an improvement on one 
previously given [2687 of 1956 (Yamamoto and 
Okuda) I. A much greater range cf electron ener-
gies can be examined and it ran be used in 
electrodeless discharges. 

537.56:537.29 1552 
Action of a D. C. Electric Field on a Plasma: 

Establishment of the Equation giving the Dis-
tribution Function—A. Brin, J. L. Delcroix, and 
Y. Ozias. (Compt, rend. acad. sci., Paris, vol. 
249, pp. 1093-1095; September 28, 1959. 

537.56:538.56 1553 
Excitation of Oscillations in a Plasma 

Layer—M. Suini. (J. Phys. Soc. Japan, vol. 14, 
pp. 1093-1097; August, 1959.) Application of 
theory developed earlier ( 1513 and 2534 of 
1959) to the excitation of stantang waves in a 
uniform plasma. 

537.56:538.56 1554 
Oscillations of a Cylindrical Cavity in a 

Completely Ionized P asma— L. M. Kovri-
zlinykli. (Zh. Eksp. Teor. Fiz., vol. 36, pp. 
839-841; March, 1959.) Investigation of the 
oscillations of a cylindrical cavity in a per-
fectly conducting plasma with applied magnetic 
field. The system is shown to be stable and 
under certain conditions waves cannot propa-
gate along the cavity. 

537.56 : 551.510.5 1555 
Sealed-Room Experiments on the Equi-

librium of Ionization in Air—O. C. Jones, R. S. 
laddever, and J. H. Sanders. (J. Atmos. 

Terr. Phys., vol. 17, pp. 134-144; December, 
1959.) An attempt to determine the correct 
form of the equation by making measure-
ments of as many of the quanitities appearing 
in the equation as possible. 

538.221:537.312.62 1556 
Possible Explanation of the " Coexistence" 

of Ferromagnetism and Superconductivity— 
B. T. Matthias and H. Suld. (Phys. Rev. Lett., 
vol. 4, pp. 51-52; January 15. 1960.) A discus-
sion based on the suggestion that supercon-
ducting regions extend only through the thick-
nesses of the ferromagnetic domain walls. 

538.3 1557 
Electromagnetic Energy/Momentum Ten-

sor in the Presence of Charged Matter S. 
Mavridés. (Comp!. rend, acad. sct., Paris. vol. 
249, pp. 637-639; August 3, 1959.) 

538.3 : 512.99 1558 
The Method of Combinative Numbers 

(Nombres Combinatifs) in the Study of Elec-
tromagnetic Fields—M. P. Zlatev. (Onde 
vol. 39, pp. 908-912; December, 1959.) Max-
well's field equations and Poynting's theorem 
are given in group-number form. The method 
is proposed for problems where the use of com-
plex numbers would give an ambiguous result . 

538.561: 537.56 1559 
Radiation from a Current-Carrying Ring 

which Moves Uniformly in a Plasma Located 
in a Magnetic Field—L. S. Bogdankevich. (Zh. 
Eksp. Teor. Fiz., vol. 36, pp. 835-838; March, 
1959.) Estimation of losses due to Vavilov-
Cherenkov radiation for a current-carrying ring 
which moves uniformly in a plasma perpendicu-
lar to its plane and parallel to an external mag-
netic field. 
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538.561 : 539.12: 523.165 1560 
Radiation from High-Speed Particles— 

P. A. Cherenkov. (Science, vol. 131, pp. 136-
142; January 15, 1950.) Translation of Nobel 
Prize lecture. See also 824 of March. 

538.561: 539.12: 537.56 1561 
General Characteristics of Vavilov-Cheren-

kov Radiation- 1. E. Tamm. (Science, vol. 131, 
pp. 206-210; January 22, 1960.) The applica-
tion of the theory of Cherenkov radiation to 
problems of plasma physics is considered. 

538.566+534.2 1562 
The Exactness of the Solution of a Radi-

ation or Diffraction Problem—P. Poincelot. 
(Corn pt. rend. acad. sci., Paris, vol. 249, pp. 
950-951; September 7, 1959.) Criteria of 
uniqueness may be applied to various problems 
of propagation in media satisfying linear equa-
tions. See also 3628 of 1959. 

538.566:535.42 1563 
Diffraction of a Plane Electromagnetic 

Wave by a Perfectly Conducting Paraboloid 
of Rotation—V. A. Fok and A. A. Fedorov. 
(Zh. Tekh. Fiz., vol. 28, pp. 2548-2566; Novem-
ber, 1958.) Exact solution for arbitrary angle 
of incidence and polarization. Asymptotic 
formulas for the surface current distribution 
are derived for wavelengths small compared 
with the focal length of the paraboloid. 

538.566:535.42 1564 
Approximate Calculations of the Diffrac - 

tion of Plane Electromagnetic Waves by some 
Metallic Bodies: Part 2—P. Ya. Ufimtsev. (Zh. 
Tekh. Fiz., vol. 28, pp. 2604-2616; November, 
1958.) Application of the approximate method 
described in Part 1 (2711 of 1958) to diffraction 
of a plane EM wave by a perfectly conducting 
disk or cylinder. Results are shown graphically 
and compared with experimental data. 

538.566:535.43 1565 
Scattering by Nonspherical Particles— 

J. M. Greenberg. (J. Appi. Phys., vol. 31, pp. 
82-84; January, 1960.) "The small-angle 
scattering approximation of Schiff (see 1408 of 
1957) is applied to several nonspherical body 
shapes. Effects of orientation and elongation 
are discussed." 

538.569.4:621.391.883.2 1566 
Signal-to-Noise Ratio in Nuclear Magnetic 

Resonance—R. Chidambaram. (Proc. Phys. 
Soc., vol. 75, pp. 163-164; January, 1960.) The 
amplifier noise is expressed in terms of an equiv-
alent input grid resistance rather than in terms 
of a noise figure. 

538.569.4.029.6:536.46 1567 
Absorption and Dispersion of Microwaves 

in Flames—J. Schneider and F. W. Hofmann. 
(Phys. Rev., vol. 116, pp. 244-249; October 15, 
1959.) The dependence of the high-frequency 
electric conductivity and the optical constants 
of a weakly ionized gas on the microwave fre-
quency, the electron-molecule collision fre-
quency, the electron concentration and an ex-
ternal magnetic field are discussed. 

539.2:537.311.33 1568 
The Influence of Lattice Vibrations on 

Energy and Lifetime of the Exciton—H. Haken. 
(Z. Phys., vol. 155, pp. 223-246; May 22, 
1959.) The exciton is treated as a system of two 
particles with Coulomb-potential interaction 
which are coupled to the quantized field of 
lattice vibrations. 

539.2:548.0 1569 
New Method for Calculating Wave Func-

tions in Crystals and Molecules—J. C. 
Phillips and L. Kleinman. (Phys. Rev., vol. 116, 
pp. 287-294; October 15, 1959.) Advantage is 

taken of crystal symmetry to construct wave 
functions which are best described as the 
smooth part of symmetrized Bloch functions. 

GEOPHYSICAL AND EXTRATER-
RESTRIAL PHENOMENA 

523.164:621.396.677 1570 
Interferometer using Two Aerials with 

Variable Spacing at the Nançay Radio-Astron-

omy Station—J. Lequeux, É. Le Roux, and 
M. Vinokur. (Corn /A. rend. acad. sci., Paris, 
vol. 249, pp. 634-636; August 3, 1959.) Radia-
tion at 21 cm X is received by two parabolic re-
flectors which can be moved along a track 1500 
meters long running E-W; a second track 400 
meters long runs N-S. A 53.7-mc signal from a 
common local oscillator is transmitted by co-
axial cables to the antenna sites, multiplied and 
mixed with the received signals. Resulting 30-
mc signals are conveyed via the same cables to 
a correlator/detector. Results obtained with 
the apparatus are shown. 

523.164:621.396.677 1571 
Resolving Power of Three Antenna Patterns 

Derived from the Same Aperture—Covington 
and Harvey. (See 1499.) 

523.164.32 1572 
Absorption, Refraction and Scintillation 

Measurements at 4700 Mc/s with a Travelling-
Wave-Tube Radiometer—J. P. Castelli, J. 
Aarons, C. Ferioli, and J. Casey. (Planet. 
Space Sci., vol. 1, pp. 50-56; January, 1959.) 
A report of measurements of solar RF radi-
ation at sunrise during July 1957, with a note 
on the equipment used. This consisted of a 
Dicke-type radiometer, a tuned-RF receiver 
and a 6-foot parabola antenna on an alta-
zimuth mount. 

523.164.32: 523.75 1573 
The Correlation of Bursts of Solar Radio 

Emission in the Centimetre Range with Flares 
and Sudden Ionospheric Distriburbances— 
O. Hachenberg and A. Krüger. (J. Minos. 
Terr. Phys., vol. 17, pp. 20-33; December, 
1959.) Statistical investigations of observations 
during the first six months of the I.G.Y. reveal 
a close correlation between bursts in the cm-X 
range and S.1.D.'s. It is concluded that both 
the cm-X radiation and the ionizing radiation 
responsible for S.I.D.'s are generated by super-
thermal electrons. 

523.165 1574 
Sudden Increase of Cosmic-Ray Intensity— 

H. R. Anderson. (Phys. Rev., vol. 116, pp. 461-
462; October 15, 1959.) Report on simultaneous 
observations in U.S.A. and New Zealand which 
are not in accord with simple solar impact-zone 
theory. 

523.165 1575 
Primary Heavy Cosmic Rays near the Geo-

magnetic Equator—O. B. Young and F. W. 
Zurheide. (Nuovo. Cim., vol. 14, pp. 90-98; 
October 1, 1959. In English). Results are given 
of measurements by balloon at 100,000 feet 
altitude above Guam, 4°N geomagnetic lati-
tude. 

523.165: 523.74 1576 
The Sun as a Source of Cosmic Rays of In-

termediate Energies—J. Katzman. (Canad. J. 
Phys., vol. 37. pp. 1207-1215: November, 
1959.1 Cosmic-ray intensity, as measured with 
a narrow-angle telescope and thick absorber, 
shows a sunspot-cycle variation. Correlations 
with F2-layer ionization and solar RF flux are 
shown. 

523.165:523.745 1577 
Primary Cosmic-Ray Intensity near Solar 

Maximum—F. B. McDonald .(Phys. Rev., vol. 
116, pp. 462-463: October 15, 1959.) Results of 

measurements of proton and a-particle fluxes 
and energy spectra are given. Comparison is 
made with an electric-field model. 

523.165: 551.593.9 1578 
Cherenkov Radiation in the Atmosphere— 

J. V. Jelley. (Planet. Space Sci., vol. 1, pp. 105-
111; April, 1959.) A review of theoretical and 
experimental work. 

523.5 1579 
Ambipolar Diffusion of a Meteor Trail and 

its Relation with Height—E. L. Murray. 
(Planet. Space Sci., vol. I, pp. 125-129; April, 
1959.) Regression lines have been derived for 
the relation between log D and height, where D 
is the ambipolar diffusion coefficient. See 100 
of 1956 (Weise 

523.745:551.510.535 1580 
A Daily Index of Solar Activity based on 

E-Layer Ionization (July 1937-December 
1958)—C. M. \ linnis and G. H. Bazzard. 
(J. Atmos. Ten-. Phys., vol. 17, pp. 57-64; 
December, 1959.) "The electron density in a 
Chapman layer can be related to the intensity 
of the incident solar ionizing radiation. This re-
lation has been adopted as the basis for com-
puting a daily index of the radiation intensity 
using the critical frequency of the E layer at 
Slough. Precautions have been taken to mini-
mize errors due to irregularities in the be-
havior of the layer and to the difficulty in 
identifying the E-layer cusp. The standard 
deviation of the residual errors in the index is 
estimated to be 2 per cent. The index has been 
tabulated for the period 1 July 1957 to 31 
December 1958." 

550.385 1581 
Rapid Fluctuations during Magnetic Dis-

turbance—J. Lawrie. (J. Atmos. Ten'. Phys., 
vol. 17, pp. 145-149; December, 1959.) A 
numerically simple ratio is defined and used to 
examine space relationships of rapid geomag-
netic fluctuations during disturbance. 

550.385: 539.16 1582 
Geomagnetic Effects of High-Altitude Nu-

clear Explosions—A. G. McNish. (J. Geophys. 
Res., vol. 64, pp. 2253-7265; December, 1959.) 
The observations discussed were made after 
the two Johnston Island explosions in August 
1958, at four stations within 2000-km radius, 
and at Apia near the conjugate point (see also 
3709 of 1959 ( Matsushita)]. Effects at the first 
four observatories are attributed to overhead 
currents caused by increased ionization by 
y rays, while effects at Apia are explained as 
being caused by artificial auroras. 

550.385: 539.16 1583 
Simultaneous Recordings in France, at the 

Equator and in the Antarctic, of Magnetic 
Effects caused by the *Argus Experiment"— 
É. Selzer. (Compl. rend. acad. sci., Paris, vol. 
249, pp. 1133-1135; September 28, 1959.) Geo-
magnetic disturbances were observed at French 
I.G.Y. stations for all three explosions. 

550.385.37:061.3 1584 
Symposium on Pulsations and Rapid Vari-

ations in Geomagnetism and Earth Currents— 
(J. Geomag. Geoelect., vol. 10, pp. 135-225; 
1959.) The text is given of the following papers 
read at a symposium in Tokyo, Jap., April 3-4, 
1959. 

a) Ionizations in the Outer Atmosphere 
Inferred from Whistling Atmospherics—J. 
Outsu and A. lwai (pp. 135-142). 

Hydromagnetics in the Earth's Outer 
Atmosphere-- T. Tamao (pp. 143-150). 

c) The Acceleration of Particles in the 
Outer Atmosphere—T. Obayashi (pp. 151-
152). 

d) Morphology of S.S.C. and S.S.C.*—S. 
Abe (pp. 153 163) 
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e) Some Remarks on the Morphology of 
Geomagnetic Bays—N. Fukushima (pp. 164-
171). 

f) Some Characters of Geomagnetic Pulsa-
tion pt and Accompanied Oscillation spi— K. 
Vanagiliara (pp. 172-176). 

g) Morphology of the Geomagnetic Pulsa-
tion—T. Watanabe (pp. 177-184.) 

h) Particles of Aurorae and Geomagnetic 
Pulsations— Y. Kato and T. Watanabe (pp. 

185-194). 
Hydromagnetic Oscillation of the Outer 

Ionosphere and Geomagnetic Pulsation—T. 
Watanabe (pp. 195-202). 

j) Geomagnetic Pulsation accompanying 
the Intense Solar Flare— Y. Kato, T. Tamao 

and T. Saito (pp. 203-207). 
k) On the Frequency of Geomagnetic 

Pulsation pc—T. Voshimatsu (pp. 208-213). 
11 Studies of the Local Character of the 

Geomagnetic Pulsation pc—S. Ctashiro (pp. 
214-220). 

m) Preliminary Studies on the Daily Be-
haviour of Rapid Pulsation— Y. Kato and T. 
Saito (pp. 221-225). 

550.385.37: 551.594.5 1585 
Micropulsations in the Earth's Magnetic 

Field Simultaneous with Pulsating Aurora— 
W. H. Campbell. (Nature, Loud.. vol. 185, p. 
677; March 5, 1960.) Preliminary results are 
given. 

550.385.4 1586 
Hydromagnefic Theory of Geomagnetic 

Storms—A. J. Dressler and E. N. Parker. (J. 
Geophys. Res., vol. 64, pp. 2239-2252; Decem-
ber, 1959.) The sudden commencement of a 
magnetic storm is attributed to the collision of 
solar plasma with the geomagnetic field, the 
disturbance being propagated to earth by a 
hydromagnetic wave. The initial positive phase 
is attributed to sustained pressure by the 
plasma, the main negative phase by break-up 
and diffusion of the plasma, which is trapped in 
orbits in the Van Allen belt, and the recovery 
by conversion of trapped protons into neutral 
hydrogen. 

551.507.362:061.3 1587 
I.G.Y. Rockets and Satellites: A Report on 

the Moscow Meetings, August 1958—W. W. 
Kellogg. (Planet. Space Sci., vol. 1. pp. 71--84; 
January, 1959.) A report of the Technical 
Symposia on Rockets and Satellites which 
formed part of the proceedings of the Fifth 
Meeting of C.S.A.G.I. in Moscow. July 31-
August 9, 1958. 

551.507.362.2+629.19 1588 
Artificial Earth Satellites and Space Travel: 

Part 2—Satellite and Moon-Probe Design— 
C. W. M. Tilenius. (VD/ Z., vol. 102, pp. 85-
92 and 121-127; January 21, and February 1, 
1960.) A comparison is made of the design of 
satellites and moon probes launched up to 
about mid- 1959 and details of their instru-
mentation are given. Part 1: 1215 of April. 

551.507.362.2 1589 
Application of Hansen's Theory to the 

Motion of an Artificial Satellite in the Gravi-
tational Field of the Earth—P. Musen. (J. 
Geoph)'s. Res., vol. 64, pp. 2271-2279; Decem-
ber. 1959.) A numerical theory, suitable for 

solution by computer, which has been applied 
in the Vanguard program. 

551.507.362.2 1590 
Re-entry of the Sputnik I Rocket-- I. 

Harris and R. Jastrow. (Planet. Space Sci., vol. 
1, pp. 37-39; January, 1959.) An analysis of 
radar observations of satellite 1957a. The 
probable point of impact was latitude 45° N, 
longitude I06°E, in Outer Mongolia. 

551.507.362.2 1591 
Decay of Spin in Sputnik I—J. W. War-

wick. (Planet. Space Sei., vol. 1, pp. 43-49; 
January, 1959.) A secular change in spin-
fading rate which occurred during the period 
October 4-24, 1957 is used to determine the 
atmospheric density near perigee. 

551.507.362.2 1592 
Magnetic Damping of Rotation of Satellite 

1958 (12—R. H. Wilson, Jr. (Science, vol. 130, 
pp. 791-793; September 25, 1959.) From radio 
observation of Vanguard I eddy-current induc-
tion theory gives a value of 0.115 + 0.001 G for 
the mean magnetic field normal to the spin axis 
of the satellite. 

551.507.362.2 1593 
Geomagnetic Rotational Retardation of 

Satellite 1959 al (Vanguard ID—R. H. Wilson, 
Jr. (Science. vol. 131, 1)1). 223-225; January 22, 
1960.) Radio observations indicated a rapid 
exponential retardation of satellite rotation. 
Analysis of EM couples acting on the conduct-
ing and magnetic parts of the satellite gives a 
value of 0.158 G for the mean ambient geomag-
netic field and confirms the eddy-current 
theory applied to Vanguard I ( 1952 above). 

551.507.362.2:523.165 1594 
Study of the Cosmic-Ray Soft Component 

by the 3rd Soviet Earth Satellite—S. N. 
Vernov, A. E. Clitalakov, E. V. Gorchakov, 
J. L. Logachev, and P. V. Vakulov. (Planet. 
Space Sci., vol. 1, pp. 86-93; April, 1959.) 

551.507.362.2:551.510.535 1595 
Measurement of Solar and Diurnal Effects 

in the High Atmosphere by Artificial Satellites 
—H. A. Martin and \V. Priester. (Nature, 
Loud., vol. 185, pp. 600-601; February 27, 
1960.) 

551.507.362.2: 551.510.535 1596 
Observations of the Russian Satellites and 

the Structure of the Outer Terrestrial Atmos-
phere—H. K. Paetzold. (Planet. Space Sci., 
vol. 1, pp. 115 - 124; April, 1959.) Radio and 
optical observations are analyzed. 

551.507.362.2: 551.510.535 1597 
The Determination of the Electron Distri-

bution in the Upper Ionosphere from Satellite 
Doppler Observations —F. H. Hibberd and 
J. A. Thomas. (J. :limos. Terr. Phys., vol. 17. 
pp. 71-81; December, 1939.) By simultaneous 
reception at two frequencies, one of which is an 
approximate multiple of the other, a monotonic 
electron distribution can be determined ex-
actly. The method is illustrated for Sputnik I. 

551.507.362.2: 551.510.535 1598 
Derivation and Analysis of Atmospheric 

Density from Observations of Satellite 1958 
Epsilon—G. F. Schilling and C. A. Whitney. 
(Planet. Space Sci., vol. 1, pp. 136-145; April, 
1959.) 

551.507.362.2:551.510.535 1599 
The Density Distribution in the Upper At-

mosphere --K. H. Schmidt. (Naturwiss., vol. 
46, p. 138; February, 1959.) The results of 
measurements of atmospheric density made by 
earth satellites are plotted as a function of alti-
tude in comparison with curves for two model 
at mospheres. 

551.507.362.2: 551.510.535 1600 
Absorption and Electron Distribution in the 

F5 Layer determined from Measurements of 
Transmitted Radio Signals from Earth Satel-
lites—A. N. Kazantsev. (Planet. Space Sci., 
vol. 1, pp. 130-135; April, 1959.) A comparison 
is made between measured and theoretically 
derived values of field strength of received sig-
nals on 20 inc when the satellite is in the 

region of maximum electron concentration and 
in regions above and below this level. Field-
strength curves for distances up to 16,000 km 
are given. 

551.507.362.2:621.317.361 1601 
Measurement of the Doppler-Fizeau Effect 

with Artificial Satellites—G. Boudouris, J. 
Bournazel, and E. Vassy. (Onde élect., vol. 39, 
pp. 934-938; December, 1959.) A simple 
method is described for measuring the Doppler 
frequency within ± 1 cps by comparison with 
the signal from a calibrated LF oscillator. 

551.507.362.2:621.391.812.33- 1602 
The Scintillation of Radio Signals from 

Satellites—K. C. Yell and G. W. Swenson, Jr. 
(J. Geophys. Res., vol. 64. pp. 2281-2286; 
December, 1959.) Signals from satellites 1957 
a2, and 1958 r52, recorded during a 20-month 
period, are analyzed for evidence of scintilla-
tion. Night-time scintillation correlates with 
ionospheric "spread F" and apparently origi-
nates at heights of about 220 km at latitudes 
greater than 40°N. Daytime scintillation ap-
pears to originate in smaller inhomogeneous 
regions below 220 km more widely distributed 
in latitude. 

551.507.362.2: 621.391.812.6 1603 
Observations of Ionization Induced by Arti-

ficial Earth Satellites—J. D. Kraus, R. C. 
Higgs., D. J. Scheer, and W. R. Crone. (Nature, 
Lond:, vol. 185, pp. 520-521; February 20, 
1960.) Major enhancements of WWV 20-me 
signals occur 15 minutes before and 8 minutes 
after the time of nearest approach of 1958 8. 
Radar echoes which appear to originate at 
range of 1958 6 are discussed. 

551.510.53 1604 
Energy Sources of the Upper Atmosphere 

—V. I. Krassovsky. (Planet. Space. Sci., 
vol. 1, pp. 14 19; January, 1959.) Variable 
heating of the tipper atmosphere is considered 
to be caused by electric currents which are in-
duced by magnetic fields "frozen" into the 
corpuscular streams. 

551.510.53: 551.507.362 1605 
An Interim Atmosphere derived from 

Rocket and Satellite Data-1. Harris and R. 
Jastrow. (Planet. Space Sci., vol. 1, pp. 20-26; 
January, 1939.) A model atmosphere is pro-
posed for temperatue latitudes at altitudes up 
to 400 km. 

551.510.535 1606 
Large-Scale Movements of Ionization in the 

Ionosphere—D. F. Martyn. (J. Geophys. Res., 
vol. 64, pp. 2178-2179; December, 1959.) An 
instability mechanism for deviations in ioniza-
tion density is suggested for which the pre-
dicted temporal and spatial morphologies ap-
pear to be consistent with those of the occur-
rence of sporadic E. spread F and radio-star 
scintillations. 

551.510.535 1607 
Fall-Day Auroral-Zone Atmospheric Struc-

ture Measurements from 100 to 188 km.- - R. 
Horowitz, H. E. LaGow and J. F. Giuliani. 
(J. Geophys. Res., vol. 64, pp. 2287 -2295; 
December, 1959.) Atmospheric density and 
pressure profiles are obtained using measure-
ments made with rocket -borne ionization 
gauges. 

551.510.535 1608 
A Relationship between the Lower Iono-

sphere and the [OD 5577 Nightglow Emission --
J. W. Mc('atilley and W. S Hough. (J. Geo-
phys. Res., vol. 64. pp. 2307 2313; December. 

1959.) Correlation is found bet We( .11 the 5577.1 
emission and radio echoes obtained with a 
0.1-2 mc ionosonde. 



1960 Abstracts and References 1203 

551.510.535 1609 
The Electron Density Distribution in the F 

Region of the Ionosphere—A. J. Hirsh. (J. 
Almos. Terr. Phys., vol. 117, pp. 86-95; Decem-
ber, 1959.) A theory of electron loss in the 

4 ionosphere [414 of 1957 (Bates & Massey)], is 
examined in numerical detail. Under certain 
conditions which are well defined, the theory 
leads to the type of h'(f) curve observed in prac-
tice for the lower F region. See also 2579 of 1959 
(Yonezawa et al.). 

a 

551.510.535 1610 
Ionization below the Night-Time F Layer— 

J. E. Titheridge. (J. Almos. Terr. Phys., vol. 17, 
pp. 126-133; December, 1959.) Using the 
method described in 1616 below, the low-lying 
ionization for Slough and Watheroo has been 
studied throughout summer and winter nights 
during periods of maximum and minimum 
solar activity. The decay of ionization was 
consistent with an effective recombination 
coefficient of 2 X 10-, cm/sec. 

551.510.535 1611 
Travelling Disturbances Originating in the 

Outer Ionosphere— K. Bibi and K. Rawer. 
(J. Geophys. Res., vol. 64, pp. 2232-2238; De-
cember, 1959.) The vertical velocity compo-
nent of traveling disturbances coming from 
outside and propagating through the iono-
sphere is determined as 115 + 35 msec. Oscilla-
tion-like phenomena have a large range of 
quasi-periods between .1 and 12 hours. 

551.510.535: 532.5: 061.3 1612 
International Symposium on Fluid Me-

chanics in the Ionosphere—(J. Geophys. Res., 
vol. 62, pp. 2037-2238; December, 1959.) Re-
view and verbatim report of the transactions of 
a symposium held in New York, July 9-15, 
1959. Some of the papers presented are listed 
below, others have been abstracted separately. 

a) Constitution of the Atmosphere at 
Ionospheric Levels—M. Nicolet (pp. 2092-
2101). 

b) Ionizations and Drifts in the Ionosphere 
—J. A. Ratcliffe ( pp. 2102-2111). 

c) Measurements of Turbulence in the 80-
to 100-km Region from the Radio Echo Ob-
servations of Meteors—J. S. Greenhow and 
E. L. Neufeld (pp. 2129-2133). 

d) Scattering of Waves and Microstructure 
of Turbulence in the Atmosphere—A. M. 
Oboukhov (pp. 2180-2187). 

e) Effect of a Magnetic Field on Turbu-
lence in an Ionized Gas—J. W. Dungey (pp. 
2188-2191). 

f) Note on some Observational Character-
istics of Meteor Radio Echoes— P. M. Millman 
(pp. 2192-2194). 

g) On the Spectrum of Electron Density 
Produced by Turbulence in the Ionosphere in 
the Presence of a Magnetic Field— I. D. 
Howells (pp. 2198-2199). 

h) Evidence of Elongated Irregularities in 
the Ionosphere— B. Nichols (pp. 2200-2202). 

i) Geomorphology of Spread F and Char-
acteristics of Equatorial Spread F—R. W. H. 
Wright (pp. 2203-2207). 

j) An Interpretation of certain Ionospheric 
Motions in Terms of Atmsopheric Waves— 
C. O. Hines (pp. 2210-2211). 

k) On the Influence of the Magnetic Field 
on the Character of Turbulence in the Iono-
sphere—G. S. Golitsyn (pp. 2212-2214). 

I) Magnetohydrodynamics of the Small-
Scale Structure of the F Region—J. P. Dough-
erty (pp. 2215-2216). 

m) Electrodynamic Stability of a Vertically 
Drifting Ionospheric Layer—J. A. Fejer (pp. 
2217-2218). 

n) Turbulent Spectra in a Stably Stratified 
Atmosphere—R. Bolgiano, Jr. (pp. 2226-2229). 

o) Relation of Turbulence Theory to 
Ionospheric Scatter Propagation Experiments 

—A. D. Wheelon (pp. 2230-2231). Summary 
only. 

551.510.535: 550.385 1613 
Geomagnetic Distortion of the F2 Region on 

the Magnetic Equator: Part 2—H. Maeda. 
(J. Geomag. Geoelea., vol. 11, pp. 1-5; 1959.) 
An extension of work described earlier [see 3257 
of 1955 or 424 of 1956 (Hirono and Maeda)] to 
study the relation between diurnal variations 
of jciF2 for years of different sunspot number 
and the phase of geomagnetic Sq variations. 
Fs-region distortion is explained by vertical 
ionization drift due to the es field extended 
from the E region. 

551.510.535: 551.594.6 1614 
Constant Ionosphere Height for Audio-

Frequency Propagation—F. Hepburn. (Nature, 
Lond., vol. 185, p. 599; February 27, 1960.) 
From an analysis of smooth-type waveforms 
(3312 of 1959) a constant height of 83 km + 2 
km has been estimated for winter storms. 
There was no systematic variation with the on-
set of night-time conditions. 

551.510.535:621.391.812.63 1615 
The Calculation of Real and Virtual 

Heights of Reflection in the Ionosphere—J. E. 
Titheridge. (J. Almos. Terr. Phys., vol. 17, pp. 
96-109; December, 1959.) A method is de-
scribed by which an N(h) profile can be calcu-
lated using only about 20 readings of either 
the ordinary or extraordinary h'(f) trace. The 
calculation, which takes about 15 minutes, can 
be used in reverse to derive an h'(f) curve from 
an N(h) profile. 

551.510.535: 621.391.812.63 616 
The Use of the Extraordinary Ray in the 

Analysis of Ionospheric Records—J. E. Tither.. 
idge. (J. Almos. Terr. Phys., vol. 17, pp. 110-
125; December, 1959.) It is shown that, by 
using the ordinary and extraordinary traces, 
estimates may be made of the electron content 
and also the electron density distribution in 
a) the region represented by reflections at fre-
quencies less than b) in the valley between 
the E and F layers. 

551.510.535(98):523.164 1617 
An Example of Heavy Absorption in the 

V.H.F. Band in the Arctic Ionosphere— 
L. Harang and J. Triiim. (Planet. Space Sc., 
vol. 1, pp. 102-104; April, 1959.) Observations 
of meteor echoes and of RF noise from the 
Cassiopeia source, in the 40-45-mc band show 
very heavy absorption in the early morning of 
July 7,1958. 

551.594 1618 
Observations of Unusual Radiofrequescy 

Noise Emission and Absorption at 80 Mc/s— 
H. J. A. Chivers and H. W. Wells. (J. Almos. 
Terr. Phys., vol. 17, pp. 13-19; December, 
1959.) The noise enhancements observed during 
periods of solar activity are classified as smooth 
or abrupt. While smooth changes occur in both 
day and night hours, the abrupt increases are 
observed only near local midnight. The smooth 
enhancements occur almost simultaneously 
with the absorption of radiation in a sector of 
the northern sky. 

551.594.5 1619 
Hydrogen Emission and Two Types of 

Auroral Spectra—G. I. Galperin. (Planet. 
Space Sci., vol. 1, pp. 57-62; January, 1959.) 
Various characteristics of auroral activity in-
cluding radio reflections have been correlated 
with the hydrogen emission. 

551.594.5: 523.164 1620 
Auroral Ionization and the Absorption and 

Scintillation of Radio Stars—H. J. A. Chivers 
and J. S. Greenhow. (J. ',limos. Terr. Phys., 
vol. 17, pp. 1-12; December, 1959.) The ab-

sorption of radiation from Cygnus, when ob-
served at low latitudes, and radar back-scatter 
echoes are related to a layer associated with 
auroral activity. 

551.594.5:539.16 1621 
Artificial Auroras Resulting from the 1958 

Johnston Island Nuclear Explosions—J. M. 
Malville. (J. Geophys. Res., vol. 64, pp. 2267-
2270; December, 1959.) 

551.594.5:621.391.8 1622 
A Daytime Maximum of Oblique Auroral 

Reflexions Observed in the Auroral Zone— 
A. Egeland, B. Hultqvist, and J. Ortner. 
(Nature, Lond., vol. 185, p. 519; February 20, 
1960.) Observations made at 92.8 mc over the 
period March-June 1959 show a daytime maxi-
mum between 1200-1600 MET. 

551.594.5: 621.391.812.6.029.63 1623 
Observed Characteristics of an Ultra-High-

Frequency Signal Traversing an Auroral Dis-
turbance—James, Bird, Ingalls, Stone, Day, 
Lockwood, and Presnell. (See 1749.) 

551.594.6 1624 
A Comparison of Sferics as Observed in the 

Very-Low-Frequency and Extremely-Low-Fre-
quency Bands—L. R. Tepley. (J. Geophys. 
Res., vol. 64, pp. 2315-2329; December, 1959). 
The VLF component is almost always followed 
by a component of extremely low frequency 
(10-1000 cps), but about one-third of these 
ELF components are not preceded by VLF 
components. Positive-polarity ELF waveforms 
predominant during daytime and their median 
amplitudes always exceed those of the negative-
polarity waveforms which predominate at 
night. 

551.594.6 1625 
Sweepers—N. C. Gerson and W. H. 

Gossard. (J. Almos. Terr. Phys., vol. 17, pp. 
82-85; December, 1959.) Sweepers are atmos-
pherics which are present in the HF band pre-
dominating between 20 and 30 mc. Many of 
them occur in trains where the period between 
successive sweepers is nearly constant. Fre-
quency coverage for any sweeper can vary from 
75 to 1500 kc and may have a duration varying 
between 0.1 and 18 seconds. 

551.594.6:621.391.812.63 1626 
The Propagation of Electromagnetic Waves 

in Ionized Gases (with Special Reference to 
"Whistlers"): Parts 1 It 2.—Northover. (See 
1759.) 

LOCATION AND AIDS TO NAVIGATION 

621.396.96 1627 
In Fog and Rain—Sight, IR or Radar?— 

M. E. Seymour. (Electronics, vol. 33, pp. 64-
66; January 29, 1960). Tables and curves are 
given for the comparison of infrared and radar 
systems of detection under various weather 
conditions. 

621.396.96 1628 
Experimental Determination of the Radar 

Scatter Cross-Section of Cylindrical Metal 
Objects—E. Meyer, H. Kuttruff, and H. 
Severin. (Z. angew. Phys., vol. 11, pp. 1-6; 
January, 1959.) Measurements of the scatter 
cross-section of metal cylinders with length/di-
ameter ratio 10:1 were made using EM and 
acoustic waves. The cross section was measured 
as a function of angle of incidence and of ratio 
/:X in the range 1.8-25, and was found to in-
crease monotonically with this ratio. 

621.396.96: 621.317.3 1629 
Noise Temperature in a Radar System— 

H. H. Grimm. (PRoc. IRE, vol. 48, p. 246; 
February, 1960.) Note of measurements made 
on an L-band radar system using parametric 
amplifying circuits. 
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621.396.963.325 1630 
Statistical Properties, Frequency Spectrum 

and Suppression of Low Frequencies in Radar 
P.P.I. Displays— II. Groll and E. Vollrath. 
(Nachrichtentech. Z., vol. 12, pp. 33-40; 
January, 1959.) The statistical distribution of 
targets as a function of display radius is deter-
mined and the relation of radar-signal fre-
quency spectrum to display content is dis-
cussed. The effect of low-frequency suppression 
by means of signal-controlled carrier modula-
tion is described. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

531.788:621.385.032.94 1631 
Outgassing caused by Electron Bombard-

ment of Glass—B. J. Todd, J. L. Lineweaver, 
and J. T. Kerr. (J. Ape Phys. vol. 31, pp. 
51-55; January, 1960.) The method of measur-
ing outgassing by bombardment with 20-key 
electrons is described. Oxygen was found to be 
the main constituent of the gas produced by 
the electron bombardment. 

531.788.7 1632 
The Magnetron Gauge: a Cold-Cathode 

Vacuum Gauge—P. A. Redhead. (Caned. J. 
Phys., vol. 37, pp. 1260-1271;November, 1959.) 
An ionization gauge with axial magnetic field 
is described. The ion-current/pressure relation 
is linear over the range 10-4— 5+10-I° mm Hg 
and the sensitivity about 45 times greater than 
that of a standard Bayard-Alpert gauge. 

535.5: 061.3 1633 
International Symposium on Residual 

Gases in Electron Tubes and Similar High-
Vacuum Systems—(Nuovo Cim., vol. 12, sup-
plement pp. 297-329; 1959). Summaries, some 
in English, are given of papers presented at a 
symposium held at Como, September 23-25, 
1959. 

535.215 : 539.23 1634 
Formation of Caesium Antimonide: Part 1 

—Electrical Resistivity of the Film of Caesium-
Antimony System-- K. Miyake. (J. Ape 
Phys., vol. 31, pp. 76-81; January, 1960.) The 
preparation of Cs-Sb films in which the atomic 
ratio of Cs to Sb varied from 0.91 to 4.86 is 
described. Measurements of their resistivity in 
the range — 70° to + 70°C are given, and ther-
mal activation energies deduced. 

535.215: 546.48'221 1635 
Contactleqs Electrical Excitation of Elec-

tronc in CdS Single Crystals—K. W. Mier and 
U. Kummel. (Z. Naturf., vol. 13a, pp. 698-699; 
August, 1958.) Conductivity glow curves were 
obtained using an experimental arrangement in 
which direct contact between metal electrodes 
and crystal surface is avoided by means of mica 
inserts. Results agree with those obtained by 
direct-contact methods. 

535.215: 546.48'221 1636 
Application of Electro-optical Effects in the 

Analysis of the Electrical Conduction Process 
in CdS Single Crystals—K. W. Biier, H. J. 
Winsch, and U. Kummel. (Z. Phys., vol. 155, 
pp. 170-183; May 22, 1959.) Description of 
electro-optical methods for rendering visible 
current and electric-field inhomogeneities (see 
also 3757 of 1959). Photographs of some of the 
effects obtained are reproduced and discussed. 

535.215: 546.482'21 1637 
Inhomogeneous Field Distribution in CdS 

Single Crystals in the Range of High Field 
Strengths—K. W. Stier. (Z. Phys., vol. 155, 
pp. 184-194; May 22, 1959.) Optical effects ob-
tained by the method discussed in 1636 above 
are ascribed to internal field-strength inhomo-
geneities. A mechanism is proposed which may 
lead to a revised conception of the process of 
electrical breakdown. 

535.215: 546.48'221: 548.0 1638 
Dislocations in Two Types of CdS Crystals. 

—D. C. Reynolds and S. J. Czyzak. (J. Ape 
Phys., vol. 31. pp. 94-98; January, 1960.) 

535.215:546.883 1639 
Field Dependence of Photoelectric Emis-

sion from Tantalum—J. L. Gumnick and D. W. 
Juenker. (J. Ape Phys., vol. 31, pp. 102-108; 
January, 1960.) An accelerating electric field 
was used. 

535.37: 546.47'221 1640 
Some Properties of Zinc Sulphide Crystals 

Grown from the Melt—A. Addamiano and 
M. Aven. (J. Ape Phys., vol. 31, pp. 36-39; 
January, 1960.) Density and stability of struc-
ture were studied for annealing temperatures 
in the range 700°-1150°C. 

535.37: 546.48'221 1641 
Exciton Spectrum of Cadmium Sulphide— 

D. G. Thomas and J. J. Hopfield. (Phys. Rev., 
vol. 116, pp. 573-582; November 1. 1959.) 
Measurements of reflectance and fluorescent 
spectra at 77° and 4.2°K are described. The re-
flectivity results lead to the idenitification of 
three exciton series which are discussed with 
reference to the band structures at k = 0. 

535.37:546.48'221 1642 
A.C. Impedance Measurements on Insu-

lated CdS Crystals—H. Kallmann, B. Kramer, 
and G. M. Spruch. (Phys. Rev., vol. 116, pp. 
628-632; November 1, 1959.) 

537.227 1643 
Variation in Ferroelectric Characteristics 

of Lead Zirconate Titanate Ceramics due to 
Minor Chemical Modifications -- R. Gerson. 
J. Ape. Phys., vol. 31, pp. 188 - 194; January, 
1960.) The changes in the properties of lead 
zirconate titanate due to niobium or lanthanum 
additions are attributed to a high domain-wall 
mobility in response to applied electric fields. 

537.227 1644 
Structure of Ferroelectric Domains in Tri-

glycine Sulphate—H. Tovoda, S. \Vakti, and 
H. Hirabavashi. (J. Phys: Soc. Japan, vol. 14, 
pp. 1003-1011; August, 1959.) Domain struc-
tures are studied by etching in various alcohols. 

537.227 1645 
Etch Pits corresponding to Dislocations in 

Ferroelectric Guanidinium Aluminum Sul-
phate Hexahydrate—T. Nakamura. (J. Phys. 
Soc. Japan, vol. 14. pp. 1022 1029; August, 
1959.) 

537.227: 621.318.57 1646 
Model for Switching and Polarization Re-

versal in Colemanite-11. H. Wieder. (J. App!. 
Phys., vol. 31, pp. 180-187; January, 1960.) A 
model based on random nucleation followed by 
extensive sideways displacement of the 180 
degrees nucleated domains is proposed for the 
switching mechanism. It gives good agreement 
with experimental characteristics. 

537.228.1 1647 
Piezoelectric Properties of Polycrystalline 

Lead Titanate Zirconate Compositions—D. A. 
Berlincourt, C. Cmolik, and H. Jaffe. (Paoc. 
IRE, vol. 48, pp. 220-229; February, 1960.) 
Data are given for the low-signal elastoelectric 
properties of compositions ranging from 
PbZr0.44Tio.5203 to PbZro.fiTio.40a• 

536.228.1 1648 
Reduction of Frequency-Temperature Shift 

of Piezoelectric Crystals by Application of 
Temperature-Dependent Pressure—E. A. Ger-
ber. ( Psoc. IRE. vol. 48, pp. 244-245; Febru-
ary, 1960.) A control system is described for 
use where crystal ovens are not practicable. 

Pressure is applied to the crystal by a bimetal 
strip. 

537.228.1:549.514.51 1649 
Effect of Initial Stress in Vibrating Quartz 

Plates—A. D. Ballato and R. Bechmann. 
(Paoc. IRE, vol. 48, pp. 261-262; February, 
1960.) Experimental curves show the effect on 
the frequency of vibration of compressional 
stress applied to the edge. 

537.311.32: 546.22: 539.12.04 1650 
Bombardment Conductivity and Photo-

conductivity in Rhombic Sulphur— P. J. Dean, 
B. S. H. Royce, and F. C. Champion. (Proc. 
Phys. Soc., vol. 75, pp. 119-135; January 1, 
1960.) 

537.311.33+537.226 1651 
The Influence of Field Emission on the 

Distribution of Strong Fields in Solids—E. I. 
Adirowitsch (Adirovich). (Z. Phys., vol. 155, 
pp. 195-205; May 22, 1959.) The kinetics of 
changes in inhomogeneous field distribution in 
solid dielectrics and semiconductors are in-
vestigated with reference to Büer's interpreta-
tion of the phenomena ( 1637 above). 

537.311.33 1652 
Shapes of Etch Hillocks and Pits and their 

Correlation with Measured Etch Rates—B. A. 
Irving. (J. Ape Phys., vol. 31, pp. 109-111; 
January, 1960.) Gives a condition for hillock 
stability additional to those of Batterman 
(1186 of 1958). 

537.311.33 1653 
Theory of Inversion Layers on Semiconduc-

tor Surfaces—E. Groschwitz and R. Ebliardt. 
(Z. arum.. Phys., vol. 11, pp. 9-19; January, 
1959.) The physical properties and construction 
of inversion layers are investigated, without 
and with the application of an external field. 

537.311.33 1654 
On the Frequency Dependence of the Field 

Effect in Semiconductors: Part 2—A. E. 
Yunovich. (Fiz. Tverdogo Tela, vol. 1, pp. 1092-
1101; July, 1959.) Results of an analysis for 
the case when current carriers of both signs 
are present in the bulk of the semiconductor 
and on its surface, show that the frequency 
dependence of the field effect is governed by 
certain time constants. Expressions are ob-
tained for the effective mobility and conditions 
are given under which minority carriers can be 
neglected. For earlier work see 2788 of 1958 and 
Zh. tekh. Fiz., vol. 28, pp. 698--693; April, 1958. 

537.311.33 1655 
The Effect of an Electric Field on the Decay 

of Excess Carriers in Semiconductors— B. K. 
Ridley. (Prom. Phys. Soc., vol. 75, pp. 157-161; 
January 1, 1960.) "Sweep-out" effects increase 
the decay rate and can affect the form of the 
decay. Expressions are given for the decay rate 
when the decay curve is approximately expo-
nential; results agree with experimental data 
for one sample. 

537.311.33 1656 
Minority-Carrier Current in a Linearly 

Graded Drift Field—D. P. Kennedy. (J. App!. 
Phys., vol. 31, pp. 218-219; January, 1960.) 
Equations are given, with the results of some 
numerical calculations. 

537.311.33 1657 
On a Relation between Various Theories 

for the Scattering of Current Carriers in Semi-
conductors—G. E. Pikus. (Zh. tekh. Fiz., vol. 
28, pp. 2390-2401, November, 1958.) Mathe-
matical analysis based on the Bardeen-
Shockley deformation-potential theory. When 
the energy minimum is not located in the 
center of the Brillouin zone the Berthe-
Sommerfeld scattering theory leads to the same 
results as the deformation-potential met hod. 
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537.311.33 1658 
Application of the Equivalent Orbital 

Method to the Study of Band Structure in 
AIIIBV Compounds—A. I. Gubanov and A. A. 
Nran'yan. (Fiz. Tverdogo Tela, vol. 1, pp. 1044-
1052; July 1959.) 

537.311.33: 535.215: 538.63 1659 
New Parallel Photoelectromagnetic Effect 

—A. Amith. (Phys. Rev., vol. 116, pp. 330-333; 
October 15, 1959.) The effect described is the 
net flow of carrier pairs in a direction trans-
verse to the applied magnetic field, due to a 
difference in surface recombination velocities of 
opposite parallel surfaces. Theory is given and 
experiments on an n-type Ge crystal 0.2 X1.2 
X0.7 cm are described. 

537.311.33:535.215-15 1660 
The Theory of Optical Properties of Elec-

tronic Semiconductors in the Infrared Region 
of the Spectrum—V. I. Cherepanov. (Fiz. 
Tverdogo Tela, vol. 1, pp. 1035-1043; July, 
1959.) 

537.311.33:536.21.083 1661 
Measurement of Thermal Conductivity of 

Semiconductors near Room Temperature— 
A. V. Ioffe and A. F. Ioffe (Zh. tekh. Fiz., vol. 
28, pp. 2357-2363; November, 1958.) Brief de-
scription of an improved apparatus and discus-
sion of its performance. 

537.311.33:537.32 1662 
Method of Eliminating Heat from Semi-

conductor Cooling Devices—E. A. Kolenko, 
A. G. Shcherbina and V. G. Yur'ev (Zh. tekh. 
Fiz., vol. 28, pp. 2543-2545; November, 1958.) 
Brief description of the method, and list of use-
ful substances which have a high latent heat of 
fusion. 

537.311.33: 537.324 1663 
Investigation of the Intermetallic Com-

pound Bi2Te:, and the Solid Solutions 
Bi2_.„Ste.,.Te3 and Bi2Te3_.,Se., with regard to 
their Suitability as Material for Semiconductor 
Thermoelements—U. Birkholz. (Z. N titer-
forsch., vol. 13a, pp. 780-792; September, 
1958.) Thermoelectric characteristics were de-
termined for a number of materials. A thermo-
element of p-type Bio eb, 4Te3 with n-type 
Bi2Tea had an experimentally determined ef-
ficiency of 2.14 X 10-3 per °C, equivalent to a 
maximum of Peltier-effect cooling of 80°C. 

537.311.33: 546.24 1664 
On the Structure of the Hole Band in 

Tellurium—L. I. Korovin and Vu. A. Firsov. 
(Zh. tekh. Fiz., vol. 28, pp. 2417-2427; Novem-
ber, 1958.) The observed close dependence of 
the absorption coefficient on the polarization 
of incident infrared radiation is used to define 
more accurately the hole band structure in Te. 
It is shown that this band has one degenerate 
extreme for k= 0 or two degenerate extrema 
along the k, axis. 

537.311.33:546.24 1665 
Hot Holes in Tellurium— Y. Kania. (J. 

Phys. Soc. Japan, vol. 14, p. 1118; August, 
1959). Measurements made at 77°K indicate 
that the energy loss of holes in Te is due mainly 
to acoustic-phonon scattering. 

537.311.33 : [546.28+ 546.289 1666 
Germanium and Silicon Liouidus Curves— 

C. D. Thurmond and M. Kowalchik. (Bell 
Sys. Tech. J., vol. 39, pp. 169-204; January, 
1960.) Supplementing existing results with new 
measurements, it is reported that all but 2 of 
26 binary-system liquidus curves can be de-
scribed by a two-constant equation. Evidence 
is cited indicating that the constants of the 
equation can be used to estimate the excess free 
energy of the solutions. 55 references. 

537.311.33: [546.28 + 546.289 1667 
Ion-Bombardment Etching of Silicon and 

Germanium—J. A. Dillon, Jr., and R. M. 
Oman (J. Ape Phys., vol. 31, pp. 26-28; 
Jarman, 1960.) Etch patterns greatly differing 
from those produced by chemical etching are 
obtained . 

537.311.33: [546.28+ 546.289 1668 
Mass-Spectrometer Determination of the 

Amount and Composition of Gases Absorbed 
on the Surface of Germanium and Silicon 
Single Crystals—V. M. Kozlovshaya. (Fiz. 
Tverdogo Tela, vol. 1, pp. 1027-1034; July, 
1959.) 

537.311.33: [546.28+ 546.289 1669 
Solid Solubilities of Impurity Elements in 

Germanium and Silicon—F. A. Trumbore. 
(BrIl Sys Tech. J., vol. 39, pp. 205-233; Janu-
ary, 1960.) New results for Pb-Ge, Zn-Ge, 
In--Ge, Sb-Si, Ga-Si, and Al-Si systems are 
compared with existing data. The correlation 
of solid solubilities k° and k°1 with heats of 
solution and atom size of impurity elements is 
considered. 90 references. 

537.311.33:546.28 1670 
Thermal Expansion of Silicon—L. Maissel. 

(J. Ape Phys., vol. 31, p. 211; January, 1960.) 
New measurements of the expansion coefficient 
in the temperature range 50-850°C, for (111) 
and (110) crystal orientations. 

537.311.33:546.28 1671 
The Temperature Dependence of the Low-

Level Lifetime and Conductivity Mobility of 
Carriers in Silicon—D. M. Evans. (J. Elec-
tronics Control. vol. 7, pp. 112-122; August, 
1959.) " The temperature dependence of the 
low-level lifetime in silicon has been found to 
be consistent with that expected from the 
theory based on a low level of injection, a low 
density of recombination centres and a single 
energy level for the recombination centres. The 
temperature dependence of the conductivity 
mobility has also been determined." 

537.311.33:546.28 1672 
Impurity Effects upon Mobility in Silicon— 

R. A. Logan and A. J. Peters. (J. Ape Phys., 
vol. 31, pp. 122-124; January, 1960.) Measure-
ments on sufficiently pure silicon show a mo-
bility/temperature variation of the form T - L5 

for n-tvoe and 7-2 for p-type material, at tem-
peratures below I00°K. At higher temperatures 
the mobility is further reduced, presumably by 
optical-mode scattering. 

537.311.33:546.28 1673 
High-Field Effect in Boron-Doped Silicon 

— R. D. Larrabee. (Phys. Rev., vol. 116, pp. 
300-301; October 15, 1959.) A linear current 
/voltage relation was observed at 77°K up to 
fields of 10' v/cm. 

537.311.33:546.28:538.569.4 1674 
Millimetre Cyclotron Resonance in Silicon 

— C. J. Rauch, J. J. Stickler, H. J. Zeiger, and 
G. S. Heller. (Phys. Rev. Lett., vol. 4, pp. 64-
66; January 15, 1960.) Measurements are re-
ported at 2.1 mm X on high-purity n-type Si 
between 1.2° and 50°K. 

537.311.33: 546.28: 539.12.04 1675 
Measurement of the Lifetime of Carriers 

Generated in Silicon by Electron Bombard-
ment—A. Vapaille. (Corn Pt. rend. acad. sci., 
Paris, pp. 648-650; vol. 249.) Measurements of 
lifetime down to 1 µsec have been made by a 
pulse deflection method. The resistance of a 
p-type crystal increased under the effect of 
bombardment at energies below 15 key; above 
20 key the resistance decreased. An unusual 
variation of life-time with temperature was ob-
served in a high-resistivity p-type crystal. 

537.311.33: 546.28: 539.12.04 1676 
Energy Levels in Neutron-Irradiated n-type 

Silicon—G. Kupprecht and C. A. Klein. (Phys. 
Rev., vol. 116, pp. 342-343; October 15, 1959.) 

537.311.33:546.289 1677 
Procedure against Thermal Conversion in 

Germanium—O. Mikami. (Rep. Elect. Coon-
men. Lab., Japan, vol. 7, pp. 204-206; June, 
1959.) The Ge wafer is etched in a CP-4 solu-
tion, washed in distilled deionized water and 
annealed for four hours at 490-500°C in a 
quartz tube which has been washed with aqua 
regia and fluoric acid. 

537.311.33: 546.289 1678 
On the Influence of Ga and Fe on the 

Thermal Conductivity of Germanium—G. B. 
Abdullaev, G. M. Aliev, and N. I. Chetverikov. 
(Zh. tekh. Fiz., vol. 28, pp. 2368-2371; Novem-
ber, 1958.) 

537.311.33: 546.289 1679 
Interaction between Arsenic and Aluminum 

in Germanium—J. O. McCaldin. (J. App!. 
Phys., vol. 31, pp. 89-94; January, 1960.) It is 
found that As diffusing in Ge at 800°C is at-
tracted to regions of heavy Al doping, and these 
regions show an enhanced solubility for As. 

537.311.33: 546.289 1680 
Electronic Surface States and the Cleaned 

Germanium Surface—P. Handle' and W. XI. 
Portnoy. (Phys. Rev., vol. 116, pp. 516-526; 
November, 1959.) The surface conductivity 
and the field-induced surface conductivity are 
shown to be almost independent of temperature 
over the range 77°-300°K A qualitative two-
dimensional band model is presented which cor-
relates most of the experimental results. 

537.311.33:546.289 1681 
Remarks on the Oxidation, after Heat 

Treatment, of Germanium Surfaces Oriented 
along a (111) Plane—L. Gouskor. (Compt. 
rend. acad. sci., Paris, vol. 249, pp. 671-673; 
August 3, 1959.) 

537.311.33:546.289 1682 
The Nature of Relaxation Processes in the 

Field Effect—V. I. Lyashenko and N. S. 
Chernaya (Fiz. Tverdogo Tela, vol. I, pp. 1005-
1014; Ittly, 1950.) Report of an investigation 
of long-term changes in the field effect in n- and 
p-type Ge in different atmospheres. 

537.311.33:546.289:537.32:538.63 1683 
The Magnetic Variation of Thermoelectric 

Power of Germanium at Low Temperatures— 
J. Erdmann. (Z. Naturforsch.. vol. 13a, pp. 
650-662; August, 1958.) Measurements were 
made on Ge single crystals with various donor 
or acceptor concentrations in a transverse mag-
netic field in the temperature range 20°-90°K. 
Results are in qualitative agreement with 
Appel's theory (555 of February). See also 2794 
of 1958 (Erdmann et al.). 

537.311.33: 546.289: 539.23 1684 
Remarks on some Electrical Properties of 

Very Thin Films of Germanium—C. Uny. 
(Come rend. acad. sci., Paris, vol. 249, pp. 
645-647; August 3, 1959.) Aging effects and 
deviations from Ohm's law are described. Ge 
films show closer analogies with films of Cu 
than with those of Ag or Au (3350 of 1959). 

537.311.33: 546.431'42-31 1685 
The Influence of Oxygen, Hydrogen and 

Water Vapour on the Electrical Conductivity of 
Barium Oxide and Barium-Strontium Oxide— 
J. Rudolph. (Z. Naturforsch., vol. 13a, pp. 
757-767; September, 1958.) 

537.311.33: 546.47-31 1686 
On the Problem of Exo-electron Emission 

of Semi-conductors—R. Merold. (Naturwiss., 
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vol. 46, pp. 138-139; February, 1959.) An 
interpretation of exo-electron emission effects 
in ZnO is given leading to some conclusions as 
to the mechanism of this process. 

537.311.33:1546.681'241+ 546.682'241 1687 
The Infrared Absorption of Gallium Tellu-

ride (Ga2Te3) and Indium Telluride (In2Te3)— 
G. Harbeke and G. Lautz. (Z. Naturforsch., 
vol. 13a, pp. 775-779; September, 1958.) 
Evaluation and interpretation of results ob-
tained in measurements described in 3121 of 
1958, and comparison with similar investiga-
tions of other authors. 

537.311.33 : 546.681'241 1688 
The Structure Sensitivity of Gallium Tel-

luride (Ga2Te3) to Very Small Additions of Cu 
—G. Harbeke and G. Lantz. (Z. Naturforsch., 
vol. 13a, pp. 771-775; September, 1958.) See 
3031 of 1959. 

537.311.33:546.681'86 1689 
Some Data on Diffusion and the Effect of 

Impurities on the Electrical Properties of 
Gallium Antimonide—B. I. Boltaks and Yu. A. 
Gutorov. (Fiz. Tverdogc Tela, vol. 1, pp. 1015-
1021; July, 1959.) 

537.311.33:546.682'19 1690 
The Form of the Conductivity Band of 

Indium Arsenide—D. Geist. (Z. Naturforsch., 
vol. 13a, pp. 699-700; August, 1958.) Results 
of susceptibility measurements are compared 
with those derived from theoretical calculations 
of band structure. 

537.311.33: 546.682'19 1691 
Infrared Absorption of n-Type Indium 

Arsenide—F. Matossi. (Z. Naturforsch., vol. 
13a, pp 767-770; September, 1958.) Measure-
ments were made on InAs with donor concen-
tration about 10 14cm-3 at temperatures in the 
range 120°-475°K. For investigations of ab-
sorption in p-type InAs see 3892 of 1958 
(Matossi and Stern). 

537.311.33:546.682'86 1692 
The Formation Enthalpy of III/V Com-

pounds—A. Schneider and K. Klotz. (Noter-
?vim, vol. 46, p. 141; February, 1959.) The 
enthalpy of InSb was determined by a direct 
calorimetric method. 

537.311.33:546.682'86 1693 
Growth of InSb Crystals in the ( 111) Polar 

Direction—H. C. Gatos, P. L. Moody, and 
M. C. Lavine. (J. App!. Phys., vol. 31, pp. 
212-213; January, 1960.) Discussion of an 
atomic model put forward to explain the dif-
ferences observed in growth of InSb crystals 
depending on the polarity of the seed crystal. 

537.311.33:546.682'86 1694 
Behaviour of InSb Surfaces during Heat 

Treatment—D. Haneman. (J. App!. Phys., 
vo!. 31, pp. 217-218; January. 1960.) Deals 
with the formation and movement of hillocks 
on the InSb surface. 

537.311.33:546.682'86 1695 
Thermomagnetic Effects in InSb.—V. P. 

Zlnize and I. M. Tsidirkovskil. (Zh. tekh. Fiz., 
vol. 28, pp. 2372-2381; November, 1958.) An 
investigation of the transverse and longitudinal 
Nernst -Et t ingshausen effects, the t her mo-
EMF, the conductivity and Hall effect of 
seven InSb samples with differing impurity 
content. It is shown that for temperatures be-
tween 120° and 765°K the scattering of current 
carriers occurs chiefly in the acoustic mode. 

537.311.33:546.682.86:538.569.4 1696 
Spin Resonance of Conduction Electrons in 

InSb—G. Bemski. (Phys. Rev. Leu., vol. 4, 
pp. 62-64; January 15, 1960.) A summary of 

spin-resonance phenomena in the concentration 
range 2 X 10 14-3 X1014 electrons/cm3. 

537.311.33:1546.821-31 + 546.281-31 1697 
Electrical Conductivity of Certain Titanium 

and Vanadium Oxides—S. M. Ariya and N. I. 
Bogdanova. (Fiz. Tverdogo Tala, vol. 1, pp. 
1022-1026. July, 1959.) 

537.311.33:621.317.3 1698 
Further Consideration of Bulk Lifetime 

Measurement with a Microwave Electrodeless 
Technique—Jacobs, Ramsa, and Brand. (See 
1729.) 

537.533.8 1699 
Variation of Secondary Electron Emission 

of Single Crystals with Angle of Incidence— 
A. J. Dekker. (Phys. Rev. Lett., vol. 4, pp. 
55-57; January 15,1960.) 

537.533.8 1700 
On the Correlation of the Coefficients of 

Secondary Electron Emission from Nonmetals 
Caused [respectively] by Ion and Electron 
Bombardment—V. M. Lovtsov. (Zh. tekh. Fiz., 
vol. 28, pp. 2469-2472; November, 1958.) 
Brief investigation of the physico-chemical 
properties of Mg-MgO and KCI film-type 
emitters. Results are shown graphically 

537.533.8 1701 
Electron Reflection Reflection and Second-

ary Electron Emission from Metallic Surfaces 
for Low-Energy Primary Electrons: Part 2-
1. M. Bronshteln and V. V. Roshchin. (Zh. 
tekh. Fiz., vol. 28, pp. 2476-2486; November, 
1958.) Investigation on the secondary emission 
from Pt, Cu, Ag, Au and Al. Part I: 234 of 
January. 

537.533.8 : 539.23 1702 
Temperature Dependence of the Secondary 

Electron Emission Coefficient of NaC1 Films— 
M. V. Gomoyunova. (Zh. tekh. Fiz., vol. 28, 
pp. 2473-2475; November, 1958.) It is shown 
that in the temperature range - 196° to 320°C 
the emission coefficient can be expressed by 
Dekker's formula (3194 of 1954). 

537.583 1703 
Variation of the Work Function of an Elec-

tron from a Metal under the Influence of an 
Absorbed Layer of Molecules of Barium Oxide 
—N. D. Morgulis. (Fis. Tverdogo Tela, vol. 1, 
pp. 1125-1132; July, 1959). Experimental in-
vestigation of the temperature dependence of 
the work function and the effect of BaO mole-
cules deposited on the base layer of a metal. 

538.221 1704 
Spontaneous Magnetizations of some 

Gadolinium Alloys—S. Arajs and D. S. Miller. 
(J. App!. Phys., vol. 31, pp. 213-215; January, 
1960.) Special attention is paid to the variation 
of magnetization with temperature. 

538.221 1705 
Internal Ferromagnetic Resonance in Small 

Cobalt Particles—J. C. Anderson. (Proc. Phys. 
Soc., vol. 75, pp. 33-39; January I, 1960.) 

538.221 1706 
Internal Ferromagnetic Resonance in Mag-

netite—J. C. Anderson and B. Donovan. 
(Proc. Phys. Soc., vol. 75, pp. 149-151; January 
1,1960.) Results are quoted for a colloidal sus-
pension of magnetite over the temperature 
range 30°-90°C. 

538.221 1707 
Investigation of Weak Ferromagnetism in 

the MnCO3 Single Crystal—A. S. Borovik-
Romanov. (Zh. Eksp. Teor. Fiz., vol. 36, pp. 
766-781; March, 1959.) Description of experi-
ments carried out in the temperature range 1.3-

300°K. A ferromagnetic moment is observed 
only in the base plane; along the trigonal axis 
the crystal is paramagnetic. In the temperature 
range l.5-23°K, the ferromagnetic moment is 
proportional to the square of the temperature. 
Theoretical formalas are obtained which are 
qualitatively in agreement with experimental 
results. 

538.221:537.122 1708 
On the Interaction between Conduction 

Electrons in Ferromagnetics—A. I. Akhiezer 
and I. Ya. Pomeranchuk. (Zh. Eksp. icor. Fiz., 
vol. 36, pp. 859-862; March, 1959.) Analysis 
showing that in a ferromagnetic material there 
is an additional attraction between conduction 
electrons which is due to spin-wave exchange. 

538.221:621.318.124 1709 
Cobalt-Free Ferrites with Perminvar Loop 

—E. Ross. (Naturwiss., vol. 46.. p. 63; January. 
1959.) Note on polycrystalline Mn-Zn ferrite, 
with relatively stable perminvar effect. 

538.221:621.318.124: 548.73 1710 
X-Ray Study of Ferromagnetic Domains in 

Cobalt Zinc Ferrite— K. M. Nlerz. (J. Ape 
Phvs., vol. 31, pp. 147-154; January. 1960.) 
Diffraction curves of the (400) reflection 
broadened when a magnetic field was applied 
to the crystal. 

538.221:621.318.134 1711 
Determination of Molectdar Field Co-

efficients in Ferrimagnets—G. T. Rado and 
V. J. Folen. (J. App!. Phys., vol. 31, pp. 62-68; 
January, 1960.) An improved analytical 
method is presented for determining the three 
molecular field coefficients which yield the best 
agreement between the Néel theory and the 
experimental curve of saturation moment 
/temperature for a given ferrimagnetic ma-
terial. The analysis of experimental data on 
samples of Li and Mg-Fe ferrites is given. 

538.221: 621.318.134 1712 
Rectangular Hysteresis Loop Ferrites 

with Large Barkhausen Steps—A. P. Greifer 
and W. J. Croft. (J. App!. Phys., vol. 31, pp. 
85-88; January, 1960.) Observations have been 
made at low temperatures of large discontinui-
ties (steps) in the 60-cps hysteresis loops of 
polycrystalline ferrites containing copper. At 
the temperature for step formation, which is a 
function of copper content, the coercivity de-
creases and the loop squareness approaches 
unity. 

538.221:621.318.134 1713 
Temperature Dependence of Magnetic 

Crystal Anisotropy of Nickel Ferrite—G. El-
binger. (Naturwiss. vol. 46, p. 140; February, 
1959.) The anisotropy constant was determined 
in the temperature range - 183° to +450°C 
from measurements of magnetic torque. 

538.221: 621.318.134 1714 
The Thermomagnetic Behaviour of Pure 

Nickel Ferrite—L. F. Bates and H. Clow. 
(Proc. Phys. Soc., vol. 75, pp. 17-23; January 
1, 1960.) The small heat exchanges produced 
during the magnetization proem were meas-
ured for a rod specimen at - 10°C and + 18°C. 
Some support is found for the Lilley disperse-
field theory. 

538.221: 621.318.134 1715 
Magnetization and Coercive Force of 

Nickel-Zinc Ferrites particularly with Added 
Impurities—W. Holzmüller and T. Kampf. 
(Nachrichtentech. Z., vol. 9, pp. 44-46; January, 
1959.) Measurements were made on ferrites 
containing impurities up to 15 per cent in vol-
ume, of Be0, Th02,Cr203 and W02, and results 
show that irreversible magnetization effects 
are due to Bloch-wall displacements. 
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538.221:631.318.134 1716 
Concerning the Arbitrary Reversal of the 

Magnetic Polarity of Mn-Mg and Ni-Zn Fer-
rites— V. V. Kobelev and I. I. Nadashkevich. 
(Fiz. Tverdogo Tela, vol. 1, pp. 1140-1146; 
July, 1959.) The investigation shows that the 
periodic application of current pulses of alter-
nating polarity to toroidal ferrite cores pro-
duces an individual hysteresis cycle which is 
shifted in the direction of the initial magnetic 
state. 

538.221:621.318.134 1717 
The Variation of Magnetization of a Single 

Crystal of PhD. 6Fe20:, as a Function of the 
Field—R. Pauthenet and G. Rimet. (Compt. 
rend, acad. sci., Paris, vol. 249, pp. 656-658; 
August 3, 1959.) Results of experiments on uni-
axial crystals are explained in terms of domain 
phases. See also 3806 of 1959 (Giron and 
Paut henet). 

538.221:621.318.134 1718 
Magnetic Properties of the Mixed Garnets 

(3 — x)Y203-xGd203:5Fe20,—E. E. Anderson, 
J. R. Cunningham, Jr., and G. E. McDuffie. 
(Phys. Rev., vol. 116, pp. 624-625; November 1, 
1959.) 

538.221: 621.318.134 1719 
Neutron Study of the Crystal and Magnetic 

Structures of MnFe2...,CriO4—S. J. Pickart and 
R. Nathans. (Phys. Rev., vol. 116, pp. 317-322; 
October 15, 1959.) Powder neutron-diffraction 
measurements at temperatures down to 4.2°K 
are used for an accurate determination of the 
nuclear-structure parameters. 

538.221: 621.318.134 1720 
Magnetic Properties of the Manganese 

Chromite-Aluminates—P. L. Edwards. (Phys. 
Rev., vol. 116, pp. 294-300; October 15, 1959.) 
The mixed-crystal spinel series MnCr2_4A1/04 
has been studied experimentally; results are 
compared with theory. 

538.221:621.318.134:538.569.4 1721 
Some Peculiarities of Multiplet Ferromag-

netic Resonance in Ferrites— V. N. Lazukin. 
(Zh. Eksp. Teor. Fiz., vol. 36, pp. 682-689; 
March, 1959.) Investigation at 9200 and 14,640 
mc of multiple resonances in inhomogeneously 
magnetized single and polycrystalline samples 
at room temperature and at liquid-nitrogen 
temperature. Results are shown for various 
spherical and ring-shaped samples of Mn-Zn 
and Mn-Mg ferrites. 

538.221 : 621.318.134: 538.569.4 1722 
Theory of Ferromagnetic Resonance in 

Rare-Earth Garnets: Part 2—Line Widths— 
P. G. de Gennes, C. Kittel, and A. M. Portis. 
(Phys. Rev., vol. 116, pp. 323-330; October 15, 
1959.) Theoretical results describe the order of 
magnitude and the temperature dependence of 
observed line widths assuming that the relaxa-
tion time of the relevant rare-earth ions is 
=10-12 second at 400°K. Part I: 1322 of April 
(Kittel). 

538.221:621.395.625.3 1723 
Particle Interaction in Magnetic Recording 

Tapes—J. G. Woodward and E. DellaTorre. 
(J. Ape Phys., vol. 31, pp. 56-62; January, 
1960.) In two different recording tapes particle 
interaction was found to be appreciable and a 
significant factor in determining the bulk mag-
netic properties and the recording performance 
of tapes. 

538.222 1724 
Simultaneous Determination of Particle 

Size and Magnetization in the Angstrom Region 
by the Measurement of the Collective Para-
magnetism—A. Knappwost. (Naturwiss., vol. 
46, pp. 65-66; January, 1959.) The investiga-
tion of spontaneously magnetized domains of 

size from 10 to about 100 A is facilitated by the 
method described. 

538.222:539.2 1725 
Threshold Energy for Lattice Displacement 

in er-A1203—G. W. Arnold and W. D. Comp-
ton. (Phys. Rev. Lea., vol. 4, pp. 66-68; Janu-
ary 15, 1960.) 

538.652 1726 
The Saturation Magnetostriction of Poly-

crystals—R. R. Birss. (Proc. Phys. Soc., vol. 
75, pp. 8-16; January 1, 1960.) Relations be-
tween the single-crystal and polycrystalline 
sataration magnetostriction constants are de-
rived for cubic materials. 

MATHEMATICS 

512.99:538.3 1727 
The Method of Combinative Numbers 

(Nombres Combinatifs) in the Study of Elec-
tromagnetic Fields—Zlatev. (See 1558.) 

MEASUREMENTS AND TEST GEAR 

621.3.018.41(083.74) 1728 
Frequency Measurement of Standard-

Frequency Transmissions against Caesium-
Beam Resonator Standard—S. N. Kalra. 
(Canad. J. Phys., vol. 37, pp. 1328-1329; 
November, 1959.) A table shows the frequency 
deviations of the 60-kc MSF, 16-kc GBR and 
60-kc KK2XEI transmissions as measured 
daily in Ottawa during August 1959, and the 
mid-monthly mean frequency of WWV. Fig-
ures are to be published monthly, ibid. 

621.317.3:537.311.33 1729 
Further Consideration of Bulk Lifetime 

Measurement with a Microwave Electrodeless 
Technique—H. Jacobs, A. P. Ramsa, and F. A. 
Brand. (Puoc. IRE, vol. 48, pp. 229-233; 
February, 1960.) Describes a method of meas-
urement of the lifetime of excess carriers in 
semiconductors using a steady light source, 
which does not involve electrode attachments 
and also reduces the effects of surface recombi-
nation. 

621.317.31:537.312.62 1730 
Measuring Critical Current in Cryogenic 

Circuits—J. I. Pankove and R. Drake. (Elec-
tronics, vol. 33, pp. 52-53; January 22, 1960.) 
Details are given of test equipment which auto-
matically traces the characteristic curve of a 
cryogenic device, supplying a current of up to 
2A to the contact for periods < 100 psec. 

621.317.335:621.315.212 1731 
Continuous Measurement of Capacitance 

of Coaxial Cables during Manufacture—D. 
Wolff. (Nachrichtentech. Z., vol. 12, pp. 29-32; 
January, 1959.) 

621.317.6: 621.391.883.2 1732 
A Simple Technique for Measuring the Sig-

nal-to-Noise Ratio at the Output of a Pulsed 
Sinusoid Matched Filter—H. E. White. 
(Psoc. IRE, vol. 48, pp. 241-242; February, 
1960.) 

621.317.7:621.319.4 1733 
An Oscillating Capacitor of High Stability— 

von Ardenne and Klar. (See 1516.) 

621.317.723: 621.375.4 1734 
A Multirange Electrometer Amplifier Using 

Variable Feedback—J. H. Leek and W. E. 
Austin. (Electronic Engrg., vol. 32, pp. 106-107; 
February, 1960.) A description of a stable 
electrometer amplifier using transistors and a 
miniature electrometer tube, which has proved 
satisfactory for measuring currents down to 
10-12A. 

621.317.726 1735 
A Peak Voltmeter intended for the Meas-

urement of Isolated High-Voltage Pulses—G. 

Giralt and E. Krouk. (Corn pt. rend, acad. sci., 
Paris, vol. 249, pp. 1042-1044; September 21, 
1959.) Details are given of the blocking method 
described earlier 1920 of 1959 (Giralt)I. The 
duration of the pulse may be from 0.1 ms to 10 
ms. The use of a special air capacitor enables 
measurements to be made of voltages up to 
400 kv. 

621.317.733 1736 
Measurement of Impedance in the Audio-

Frequency Range—D. Karo. [Engineer (Lon-
don), vol. 208, pp. 687-690; November 27, 
1959.] A bridge circuit is described in which 
the number of resistance standards is reduced 
to the minimum and the effect of the remaining 
residuals eliminated by two consecutive bal-
ancing procedures. Results obtained with the 
new circuit are compared with those given by 
conventional bridges. 

621.317.75: 621.374 1737 
Transistorized Slicer Analyses Signal Am-

plitude—T. A. Bickart. (Electronics, vol. 33, 
pp. 70, 72; January 29, 1960.) A circuit for the 
measurement of amplitude probability density 
functions is described, comprising inverter, 
diode AND gate, Schmitt trigger and inte-
grator. See 1976 of 1959. 

621.317.79.029.6: 551.510.62 1738 
Limit of Spatial Resolution of Refractome-

ter Cavities—W. J. Hartman. (J. Res. Nat. 
Bur. Stand., vol. 64D, pp. 65-72; January 
/February, 1960.) Filter factors are derived 
which determine an upper limit for the wave 
numbers for which refractometer measurements 
can be used to calculate the spectrum of re-
fractivity. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

537.376 : 681.61 1739 
Electroluminescent Alphanumeric Display 

—T. Hamburger. (Electronics, vol. 33, pp. 49-
51; January 22, 1960.) Information from a con-
ventional typewriter keyboard is displayed 
sequentially on five alphanumeric indicators. 
The five characters can be selectively or totally 
erased. The indicators are in effect lossy ca-
pacitors and require a 230-volt 400-cps excita-
tion to give the rated brightness. 

621.36+621.561: 537.322 1740 
Figure of Merit for Thermionic Energy 

Conversion—N. S. Rasor. (J. Ape Phys., 
vol. 31, pp. 163-167; January, 1960.) The opti-
mum performance for emission-limited thermi-
onic energy conversion is derived. Methods of 
reducing fundamental performance limitations 
are briefly discussed and a figure of merit is 
given which applies to both thermionic and 
thermoelectric conversion. 

621.36+ 621.561: 537.322 1741 
Calculation of Efficiency of Thermoelectric 

Devices—B. Sherman, R. R. Heikes, and R. W. 
Ure, Jr. (J. Ape Phys., vol. 31, pp. 1-16; 
January, 1960.) A procedure has been de-
veloped for the exact calculation of the effi-
ciency of thermoelectric generators and cooling 
devices in which the parameters of the materi-
als have arbitrary temperature dependence. 
Approximate and exact methods are employed 
and compared in the numerical evaluation of 
the results. 

621.384.612.11 1742 
Zero-Gradient Synchrotron at the Argonne 

National Laboratory—[Engineer (London), vol. 
208, pp. 492-495; October 23, 1959.] Descrip-
tion of the 12.5-Bev proton synchrotron under 
construction at Lemont, Illinois. 

621.384.7 1743 
The Splitting of a Beam of Particles into 

Two Beams by means of an Electrostatic Bi-
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prism—A. Septier. (comp. rend. acad. sci., 
Paris, vol. 249, pp. 662-664; August 3, 1959.) 
Calculations show that the two emergent 
beams are not deformed. 

621.385.833 1744 
Factors affecting Contrast and Resolution 

in the Scanning Electron Microscope—T. E. 
Everhart, O. C. Wells, and C. W. Oatley. (J. 
Electronics Control, vol. 7, pp. 97-111; August, 
1959.) 

621.387.462:621.382.2 1745 
Tiny Semiconductor is Fast, Linear Detec-

tor—S. S. Friedland, J. W. Mayer, and J. S. 
Wiggins. (Nucleonics, vol. 18, pp. 54-56, 59; 
February, 1960.) A shallow diffused Si p-n 
junction operated with reverse bias forms a 
space-charge region which acts as an ionization 
chamber capable of giving a high-resolution re-
sponse proportional to incident particle 
energy. 

621.398:551.507.362.2 1746 
Data Conversion Circuits for Earth-Satel-

lite Telemetry—D. N. Carson and S. K. 
Dhawan. (Electronics, vol. 33, pp. 82-84; 
January 15, 1960.) Details are given of two 
pulse-height analyzer circuits suitable for use 
in artificial satellites. 

621.398 : 629.19 1747 
Solid-State Guidance for Able-Series 

Rockets—R. E. King and II. Low. (Electronics, 
vol. 33, pp. 60-63; January 29, 1960.) Circuits 
used in the second-stage rocket for pitch, yaw 
and roll control are described. 

PROPAGATION OF WAVES 

621.391.81 + 6213961: (98): 061.3 1748 
Conference on Arctic Communication— 

Kirby and Little. (See 1776.) 

621.391.812.6.029.63: 551.594.5 1749 
Observed Characteristics of an Ultra-High-

Frequency Signal Traversing an Auroral Dis-
turbance—J. C. James. L. E. Bird, R. P. In-
galls, M. L. Stone. J. W. B. Day, G. E. K. 
Lockwood, and R. 1. Presnell. [Nature (London), 
vol. 185, pp. 510--512; February 20, 1960.] 
Signals transmitted on a frequency of 440 mc 
from a station in the auroral zone were observed 
at two mid-latitude stations after reflection 
from the moon. Results show a rapid fluctua-
tion of the polarization of the signal received 
and an increase in the rate of fading, but no 
measurable absorption. 

621.391.812.62 1750 
An Extract Earth-Flattening Procedure in 

Propagation around a Sphere—L. V. C. Koo 
and M. Katzin. (J. Res. Nat. Bur. Stand., vol. 
64D, pp. 61-64; January/February, 1960.) 
Exact differential equations for the spherical 
geometry are obtained in terms of equations of 
the plane-earth type, and solutions of these 
hold for arbitrarily large heights and distances. 

621.391.812.62.029.55 1751 
Measurements of Coastal Deviation of 

High-Frequency Radio Waves—C. \V. Mc-
Leish. (J. Res. Nat. Bur. Stand., vol. 64D, pp. 
57-59; January/February, 1960.) "The angular 
deviation of the phase front of a wave propa-
gated across a fresh water shoreline has been 
measured over the frequency range from 3 to 
20 Mes. The deviation is found to be roughly 
half that which theoretically would be obtained 
if the same sites were adjacent to infinitely 
conducting surfaces." 

621.391.812.62.029.63 1752 
A Note regarding the Mechanism of U.H.F. 

Propagation Beyond the Horizon—A. D. Watt, 
E. F. Florman, and R. W. Plush. ( Pactc. IRE, 
vol. 48, p. 252; February, 1960.) Results are 
given which provide some evidence for the 
existence of a "scatter volume." 

621.391.812.62.029.63 1753 
Investigations of Propagation over Radio-

Link Paths Within and Beyond Optical Range 
at 1.1 to 1.3 Gc/s—U. Külin. (Tech. Milt. 
BRF, Berlin, vol. 3, pp. 32-41; October, 1959.) 
Statistical analysis of results of long-term 
measurements made on five different paths in 
East Germany. For path lengths beyond opti-
cal range night-time field-strength increases 
>40db over daytime values were frequently 
observed. For earlier results see 3095 of 1959. 

621.391.812.62.029.64+621.396.677.73 1754 
Over-Sea Propagation of Microwaves and 

Anti-reflected-Wave Antenna—S. Kawazu, S. 
Kato, and K. Morita. (Rep. Elect. Commun. 
Lab., Japan, vol. 7, pp. 171-191; June, 1959.) 
An experimental three-element stacked array 
for suppressing the reflected wave is described. 
Measured field strengths are compared with 
those obtained using a single horn and with 
calculated values. 

621.391.812.624 1755 
Tropospheric Scatter Propagation and At-

mospheric Circulations—W. F. Moler, and 
I). B. Holden. (J. Res. Nat. Bur. Stand., 
vol. 64D, pp. 81-93; January/February, 1960.) 
Scattering angle and intensity of dielectric 
fluctuations at high wave numbers are found 
to be dependent on the refractive layering and 
thermal stability of the air mass which are 
known to be functions of the vertical velocity 
in the atmosphere. It is shown that the direc-
tion and magnitude of the vertical velocity can 
be inferred from the upper tropospheric wind 
velocity divergence, and received scattered 
signals are well correlated with this quantity. 

621.391.812.624 1756 
Frontal Perturbation of a Tropospheric 

Scatter Path— D. R. Hay and G. E. Poaps. 
(Ganad. J. Phys., vol. 37, pp. 1272-1282; No-
vember, 1959.) The fading rate of 500-inc 
transmissions over an 85-mile path is found to 
rise when the path is disturbed by a weather 
front situated so that any part of the frontal 
zone lies between the surface and 3000 feet at 
the path mid-point. 

621.391.812.63 1757 
On the Mode of Propagation in the E Layer 

—W. R. Piggott and J. Bliattacharyya. (J. 
Atmos. Terr. Phys., vol. 17, pp. 150-157; De-
cember, 1959.) Examination of ,f0E data shows 
that the mode of propagation near the maxi-
mum of the E layer is quasi-transverse for all 
values of dip from 0 degrees to approximately 
89 degrees. It is confirmed that the traces ex-
tending about fn/2 above .f0E are due to 
sporadic-E and not to magneto-ionic effects. 

621.391.812.63 1758 
Radio Scattering in the Lower Ionosphere— 

H. G. Booker. (J. Geophys. Res., vol. 64, pp. 
2164-2177; December, 1959.) Radio scatter-
ing phenomena observed in the frequency 
range 30-100 mc indicate the presence of 
irregularities of electron density with corru-
gation wavelengths from 120 to 360 meters. 
The irregularities are approximately isotropic. 

621.391.812.63: 551.594.6 1759 
The Propagation of Electromagnetic Waves 

in Ionized Gases (with Special Reference to 
"Whistlers") : Parts 1 and 2—F. II. Northover. 
(J. Atmos. Terr. Phys., vol. 17, pp. 158-178; 
December, 1959.) An investigation of the 
propagation of waves along more or less com-
plete columns of ionization which follow ap-
proximately the lines of force of the earth's 
magnetic field. In Part 1 a general theory of 
wave propagation in conducting gases is de-
veloped. In Part 2 the propagation of the plane-
wave mode along stationary columns is ex-
amined. 

621.391.812.63:621.391.826.2 1760 
Around-the-World Echoes Observed on a 

Transpolar Transmission Path—J. Ortner. 
(J. Geophys. Res., vol. 64, pp. 2464-2467; 
December, 1959.) Investigation of the College. 
Alaska—Kiruna path during winter 1958/1959, 
using an 18-mc back-scatter sounder and a 
Vagi pointing northward, showed a long delay 
signal attributable to an around-the-world 
path. The signal strength sometimes equalled 
that of the short-path pulses, indicating tilted 
reflection paths above the D region. 

621.391.812.63.029.45 1761 
Transmission Loss Curves for Propagation 

at Very Low Radio Frequencies—J. R. Wait. 
(IRE TRANS. ON CONINIUNICATIONS SYSTEMS, 
vol. CS-6, pp. 58 61; December, 1958. Abstract, 
PROC. IRE, vol. 47, p. 494; March, 1959.) 

621.391.812.63.029.45: 621.396.67: 621.315.1 
1762 

A Very-Low-Frequency Antenna for Inves-
tigating the Ionosphere with Horizontally 
Polarized Radio Waves—Macmillan, Rusch, 
and Golden. (See 1496.) 

621.391.812.8 : 551.510.535 1763 
The Calculation of the M .U.F . Factor for a 

Nonparabolic Ionospheric Layer—M. D. Vick-
ers. (J. Atmos. Terr. Phys., vol. 17, pp. 34-45; 
December, 1959.) "A method is described for 
calculating the ray path of a radio wave 
through the ionosphere as represented by an 
N(h) profile based on experimental data. A few 
such paths are calculated and from these 
m.u.f. factors are obtained. These factors are 
compared with those which would have been 
obtained had the existing methods of calcula-
tion been used. In most cases the differences are 
less than 4 per cent." 

621.391.814.2 1764 
Layered-Earth Propagation in the Vicinity 

of Point Barrow, Alaska—G. M. Stanley. (J. 
Res. Nat. Bur. Stand., vol. 64D, pp. 95-97; 
January/February, 1960.) "The relative field 
strength of a vertically polarized low-frequency 
radio signal was measured as a function of dis-
tance over several radial paths in the vicinity 
of Point Barrow, Alaska. The attenuation of the 
recorded signal was very much less than pre-
dicted by the theory of propagation of a ground 
wave signal over a plane, homogeneous, infi-
nitely conducting earth. The analysis of these 
data in terms of a plane, layered, finitely con-
ducting earth appears to resolve the anomaly." 

RECEPTION 
621.376.23 1765 

Detecting Signals by Polarity Coincidence 
—B. M. Rosenheck. (Electronics. vol. 33, pp. 
67-69; January 29, 1960.) Details are given of 
a type of dual-input phasemeter for the detec-
tion of weak signals in the frequency range 1-
500 cps in a high noise background. 

621.391.821 1766 
Determination of the Amplitude Probability 

Distribution of Atmospheric Radio Noise from 
Statistical Moments—W. G. Crichlow, C. J. 
Roubique, A. D. Spaulding, and W. M. Beery. 
(J. Res. Nat. Bur. Stand., vol. 64D, pp. 49-56; 
January/February, 1960.) An empirically de-
rived graphical method is presented and pos-
sible errors are discussed. 

621.391.821 1767 
Measured Frequency Spectra of Very-Low-

Frequency Atmospherics—T. Obayashi. (J. 
Res. Nat. Bur. Stand., vol. 64D, pp. 41-48; 
January/February, 1960.) New continuously 
recording spectroscopes have been developed 
for the frequency ranges 1-10 kc and 5-70 kc. 
Observations with the equipment provide 
further experimental proof of the mode theory 
of VLF propagation. 
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621.391.821:539.16 1768 
Effects of High-Altitude Nuclear Explo-

sions on Radio NoLe—C. A. Samson. (J. Res. 
Nat. Bur. Stand., vol. MD, pp. 37-40; January 

/February, 1960.) Atmospheric noise recorded 
at Kekaha, Hawaii, on frequencies between 13 
kc and 20 mc fell by up to 32 db during the 
hour following the first explosion. 

621.396.62:621.397.62 1769 
The Combined Television/Radio Receiver 

and its Problems—R. S. Hildersley. (J. Brit. 
IRE, vol. 20, pp. 155-166; February, 1960.) 
Circuit details of a combined receiver are de-
scribed. The sound IF circuits incorporate a 
double superheterodyne system and the fre-
quency of the RF oscillator is stabilized in 
band Il using a point-contact Ge diode as a 
variable-reactance device. 

621.396.621 1770 
Transformerless Circuits for Broadcast 

Receivers—R. C. V. Macario and N. E. Broad-
berry. (Wireless World, vol. 66, pp. 110-113; 
March, 1960.) Various circuits are simplified 
by taking advantage of the greater versatility 
of resistors, capacitors and transistors, to per-
mit the omission of transformers and other 
wire-wound components. 

621.396.662:621.372.632 1771 
One-Tube Oscillator Mixers for TV and 

F.M. Tuners—E. H. Hugenholtz. (Electronics, 
vol. 33, pp. 76-79; January 15, 1960.) The cir-
cuits described use either a single triode tube 
as oscillator mixer or a semi-conductor diode 
as mixer with a triode or pentode oscillator 
tube. Spurious coupling is limited by balanced 
bridge networks and the isolating action of the 
diode. Results are better than those obtained 
with conventional circuits. 

621.396.665:621-526 1772 
The Application of Linear Servo Theory to 

the Design of A.G.C. Loops—W. K. Victor and 
M. H. Brockman. (PROC. IRE, vol. 48, pp. 
234-238; February, 1960.). Expressions are de-
rived specifying the performance of an age sys-
tem with respect to step and ramp changes in 
signal level, frequency response, receiver gain 
error as a function of receiver noise, etc. Close 
agreement with measured values is achieved. 

621.396.666 1773 
Evaluation of I.F. and Base-Band Diversity 

Combining Receivers—R. T. Adams and B. M. 
Mindes. (IRE TRANS. ON COMMUNICATIONS 
SYSTEMS, vol. CS-6, pp. 8-13; June, 1958. Ab-
stract, PROC. IRE, vol. 46, pp. 1665-1666; 
September, 1958.) 

STATIONS AND COMMUNICATION 
SYSTEMS 

621.376.53 1774 
A S/N Improvement Factor on P.A.M.-F.M. 

whose Received Pulse is Cosine-Squared—A. 
Watanabe. (Puoc. IRE, vol. 48, pp. 257-258; 
February, 1960.) Formulas are derived for the 
signal/noise improvement factor when low-pass 
filters and integrated demodulation circuits are 
used. Figures are given for typical cases. 

621.396: 681.84.087.7 1775 
New Stereophonic Broadcasting System— 

G. D. Browne. (Brit. Commun. Electronics, vol. 
7, pp. 204-205; March, 1960.) General features 
of a fully compatible time-multiplex system are 
described. 

621.396-1-621.391.81)(98):061.3 1776 
Conference on Arctic Communication— 

R. C. Kirby and C. G. Little (J. Res. Nat. Bur. 
Stand., vol. 64D, pp. 73-80; January/Febru-
ary, 1960.) Brief report of the conference held 
at Boulder, Colo., March 3-6, 1959, with ab-
stracts of the twenty-two papers presented. 

621.396.2:621.391.812.624 1777 
Dependence of the Maximum Range of 

Tropospheric Scatter Communications on An-
tenna and Receiver Noise Temperatures— 
A. H. Hausman. (IRE TRANS. ON COMMUNI-
CATIONS SYSTEMS, vol. CS-6, pp. 35-38; De-
cember, 1958. Abstract, PROC. IRE, vol. 47, p. 
494; March, 1959.) 

621.396.65:621.395.665.1 1778 
Compandor Loading and Noise Improve-

ment in Frequency Division Multiplex Radio-
Relay Systems—E. M. Rizzoni. (PROC. IRE, 
vol. 48, pp. 208-220; February, 1960.) "Graphi-
cal and numerical means are developed to com-
pute the additional effective loading caused by 
the use of syllable coinpandors on the input of 
a multichannel radio-relay system, and to eval-
uate the noise improvement yielded by the 
compandor in a telephone channel." 

621.396.932 1779 
Mobile Maritime Service. Routes: Spain-

South America, Spain-Persian Gulf—R. Gea 
Sacasa. (Rev. Telecommunicación, Madrid, vol. 
14, pp. 7-20; September, 1959.) Signal-strength 
assessments of ships' transmissions received at 
Cadiz are related to foiecasts by the Gea 
method. See also 3859 oh 1939. 

SUBSIDIARY APPARATUS 

621.3.087.4:621.395.625.3 1780 
More Bandwidth for Magnetic Recorders— 

D. R. Steele. (Electronics, vol 33, pp. 44-47; 
January 8, 1960.) Details are given of the de-
sign of recorder circuits having a bandwidth 
250 cps-250 kc to take advantage of recent 
increase in recording-head response. 

621.314.63: 621.382.2 1781 
Some Performance Parameters of Silicon 

Junction Power Rectifiers—D. R. Coleman. 
(Electronic Engrg, vol. 32, pp. 98-102; Febru-
ary, 1960.) The temperature dependence of the 
characteristics of Si rectifiers, and temperature 
control in terms of thermal resistance are dis-
cussed. A method is given for the calculation of 
power dissipation and ratings. 

621.316.721/.722:621.382.3 1782 
Compensation of the Effect of Temperature 

on the Reference Voltage of Transistor Sta-
bilized Power Supplies—É. Cassignol, P 
Chauson, G. Giralt, and J. C. Polisset. (Compt. 
rend. acad. sc., Paris, vol. 249, pp. 59-661; 
August 3, 1959.) The voltage/temperature 
characteristic of the reference source (Zener 
diode or primary cell) is compensated by that 
of the base-emitter region of the transistor 
error amplifier. See 3642 of 1958 (Cassignol and 
Giralt). 

621.316.722: 621.318.435.3 1783 
A Transductor Regulator for Stabilized 

Power Supplies—A. N. Heightman. (J. Brit. 
IRE, vol. 20, pp. 105-123; February, 1960.) 
A description is given of a single-core full-wave 
transductor circuit and its mode of operation. 
A tube-type regulator to deal with rapid dis-
turbances is also described. Both regulators are 
incorporated in a stabilized 250-volt, 1-
ampere power supply. 

621.316.722.078.3 1784 
Economy in the Series Stabilizer—D. J. 

Collins, and J. R. Pearce. (Electronic Engrg., 
vol 32, pp. 95-97; February, 1960.) Considera-
tion of the efficiency of series stabilizer circuits 
under almost constant load conditions. A re-
sistive shunt to the series element can improve 
efficiency. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397:621.317(083.74) 1785 
I.R.E. Standards on Television: Measure-

ment of Differential Gain and Differential 
Phase, 1960 —(Pnoc. IRE, vol. 48, pp. 201-

208; February, 1960.) Standard 60 I.R.E. 23. 
Si. 

621.397:621.391 1786 
Video Information Theory—P. Neidhardt. 

(NachrTech., vol. 9, pp. 18-23; January, 1959.) 
The application of the concepts and results of 
communication theory to the transmission of 
television signals is considered with the inten-
tion of formulating a specific video information 
theory. 

621.397:621.391.837 1787 
Investigations on the Replacement of the 

Subjective Assessment of Picture Quality by a 
Physical Criterion—W. Kroebel and G. Moll. 
(Z. angra'. Phys., vol. 11, pp. 27-35; January, 
1959.) See also 4222 of 1959 (Kroebel). 

621.397:621.391.837 1788 
The Visibility of Picture Details of Moving 

Objects in Television—I. Bornemann. (Nach-
richtentech. Z., vol. 9, pp. 8-12; January, 1959.) 
The causes of the losses in detail entropy in the 
reproduction of moving objects are analyzed. 

621.397.13: 535-1/3 1789 
A High-Grade Industrial Television Chan-

nel with reference to Infrared Operation— 
J. H. Taylor. (J. Brit. IRE, vol. 20, pp. 77-85; 
January. 1960.) Details are given of the system 
design including vidicon camera head, ampli-
fier, control unit and monitor with reference to 
normal requirements. Infrared operation is dis-
cussed. 

621.397.132 1790 
A Review of Colour Television in the U. IC. 

—R. D. A. Maurice. (Electronic Engrg., vol. 32, 
pp. 68-73; February, 1960.) 

621.397.132 1791 
Monochrome Reproduction of Colour TV 

Signal—R. D. A. Maurice. (Electronic Tech., 
vol. 37, pp. 116-119; March, 1960.) In a color-
television system using the standard NTSC 
method of gamma correction the deterioration 
in orthochromatism of the monochrome com-
patible picture can be reduced by the presence 
of the dot pattern due to the chrominance 
subcarrier. A "notch" or subcarrier-elimination 
filter is thus undesirable in monochrome re-
ceivers. 

621.397.132 1792 
The Change in Skin-Colour Tints caused by 

Phase Errors in Colour Television—P. Neid-
hardt. (Nachrichtentedi. Z., pp 4-7; Janu-
ary, 1959.) From a consideration of the color 
changes which can be tolerated and their rela-
tion to phase errors originating in the receiver 
it is concluded that phase errors of ± 10 degrees 
are not objectionable. 

621.397.332.12 1793 
Reduction of Television Bandwidth by 

Frequency-Interlace—E. A. Howson and I). A. 
Bell. (J. Brit. IRE, vol. 20, pp. 127-136; Febru-
ary, 1960.) A method analogous to the NTSC 
color television system is used to obtain a 
bandwidth reduction of a monochrome signal 
by a factor of 2:1. Various interference effects 

are discussed. 

621.397.335 1794 
Timebase Synchronization and Associated 

Problems—P. L. Mothersole. (J. Brit IRE, 
vol. 20, pp. 57-72; January, 1960.) The re-
quirements of timebase oscillator and synchro-
nization circuits are discussed with reference to 
both positive and negative modulation sys-
tems. Examples of these and noise-limiting 
circuits together with the effects of noise on 
synchronization are given. 

621.397.612:621.318.57 1795 
A Television Master Switcher—B. Mars-
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den. (J. Brit. I RE, vol. 20, pp. 47-53; January, 
1960. Discussion.) Switching methods are re-
viewed. The use of crystal diodes enables a low-
consumption, reliable and compact switching 
system to be built with a response substantially 
flat to 6 mc. Reference is made to development 
work in which transistor pulse generators are 
used to achieve vision switching between suc-
cessive frames of the television waveform. 

621.397.62:621.396.62 1796 
The Combined Television/Radio Receiver 

and its Problems—Hildersley. (See 1769.) 

621.397.743 1797 
The Technical Limits to Full Television 

Coverage of Germany by Wireless Transmis-
sion—W. Scholz. (Elektrotech. Z., vol. 80, pp. 
548-550; August 11, 1959.) 30 per cent of the 
area of the German Federal Republic cannot be 
covered by wireless transmission in the dm 
range because of multipath propagation due to 
the nature of the terrain. Distribution of re-
ceived programs by cable offers a solution to 
the problem. 

621.397.743 1798 
Television Relay Links in the è.S.R.—A. 

Ditl. (Nachrichtentech. Z., vol. 9, pp. 23-25; 
January, 1959.) Description of radio-link equip-
ment in use in Czechoslovakia. 

621.397.743.029.64 1799 
Microwave Television Mobile Relay for 

Outside Broadcasting—J. Polonsky. (J. Brit. 
IRE, vol. 20, pp. 91-102; February, 1960.) 
Principal causes of distortion and problems of 
cross-talk in microwave systems are discussed 
and a brief description is given of equipment 
operating in the range 6400-6900 mes. 

TUBES AND THERMIONICS 

621.382.22 1800 
Dipole Mode of Minority Carrier Diffusion 

with Reference to Point-Contact Rectification 
—B. R. Gossick. (J. Ape Phys., vol. 31, pp. 
29-35; January, 1960.) An analysis of diffusion 
from a point source is used to investigate the 
importance of the dominant higher (dipole) 
mode relative to the fundamental (unipole) 
mode. The dipole mode is found to offer supe-
rior HF performance, which is partially offset 
by an inferior dc characteristic. 

621.382.22 1801 
The Germanium Microwave Crystal Recti-

fier—A. C. MacPherson. (IRE TRANS. ON 
ELECTRON. DEVICES, vol. ED-6, pp. 83-90; 
January, 1959. Abstract, PROC. IRE, vol. 47, p. 
612; April, 1959.) 

621.382.23 1802 
Conductance and Voltage Transfer Coeffi-

cient of a Semiconductor Diode in the Tran-
sient State—E. I. Adirovich. (Fis. Tverdogo 
Tela, vol. 1, pp. 1115-1124; July, 1959.) Fre-
quency, phase and transient characteristics of a 
circuit with a p-n junction and a series ohmic 
resistance are calculated. Characteristic time 
constants and critical frequencies are derived 
and a method of determining diode parameters, 
in particular for measurement of low values of 
lifetime, is described. 

621.382.23 1803 
Gallium Arsenide Tunnel Diodes—K. G. 

Hambleton, J. J. Low, and R. J. Sherwell. 
[Nature (London), vol. 185, pp. 676-677; 
March 5, 1960.] Characteristics of experimental 
Zn-doped GaAs diodes are noted. 

621.382.23 1804 
Pressure Dependence of the Current/Volt-

age Characteristics of Esaki Diodes—S. L. 
Miller, M. I. Nathan, and A. C. Smith. (Phys. 
Rev. Lett., vol. 4, pp. 60-62; January 15, 1960.) 

Measurements on narrow-junction diodes at 
room temperature and at pressures up to 
30,000 kg/cm2 are reported and results are com-
pared with theory. See 1784 of 1958 (Esaki). 

621.382.23: 546.289: 535.34-15 1805 
Investigation of Induced Absorption of 

Infrared Radiation in a Germanium Diode— 
Vu. I. Ukhanov. (Zh. tekh. Fiz., vol. 28, pp. 
2410-2416; November, 1958.) Quantitative 
investigation of the variation of infrared ab-
sorption in a Ge junction diode due to injected 
holes. The cross-section and effective mass of 
absorption centers are calculated. 

621.382.23:621.316.722 1806 
The Characteristics and Applications of 

Zener (Voltage-Reference) Diodes—J. A. 
Chandler. (Electronic Engrg., vol. 32, pp. 78-86; 
February, 1960.) 

621.382.23:621.318.57 1807 
Electrical Properties of Gold-Doped Dif-

fused Silicon Computer Diodes—A. E. Baka-
nowski and J. H. Forster. (Bell Sys. Tech. J., 
vol. 39, pp. 87-104; January, 1960.) Theoretical 
investigations show that, to a first approxima-
tion, reverse recovery time is inversely propor-
tional to gold atom concentration. This is sup-
ported by experimental evidence for gold con-
centrations in the range 8 X 101" cm-3 to 
1.2 X 1015 cm-' (recovery times 0.7-35 musec). 
Accompanying changes in reverse and forward 
currents are also considered. 

621.382.23:621.372.44 1808 
P-N-P Variables-Capacitance Diodes— 

J. F. Gibbons and G. L. Pearson (PROC. IRE, 
vol. 48, pp. 253-255; February, 1960.) A sim-
plified circuit model is used to derive the prop-
erties of the device and the design and fabricat-
ion are described. 

621.382.3:621.317.7 1809 
Automatic Measurement of Transistor 

Beta—E. P. Hojak. (Electronics, vol. 32, pp. 
114-115; December 4, 1959.) The base current 
is automatically varied until a predetermined 
collector current is obtained. The final base 
current is a direct measure of beta. 

621.382.3.01 1810 
On the Use of Physical rather than Four-

Pole Parameters in a Standard Transistor 
Specification—D. F. Page. (Puoc. IRE, vol. 
48, p. 261; February, 1960.) Comment on 1008 
of 1959 (Armstrong). 

621.382.333 1811 
On Calculating the Current Gain of Junc-

tion Transistors with Arbitarry Doping Dis-
tributions—H. L. Armstrong. (IRE TRANS. 
ON ELECTRON DEVICES, vol. ED-6, pp. 1-5; 
January, 1959. Abstract, PROC. IRE, vol. 47, 
p. 611; April, 1959.) 

621.382.333 1812 
Transient Analysis of Junction Transistors 

— W. F. Gariano. (IRE TRANS. ON ELECTRON 
DEVICES, vol. ED-6, pp. 90-100; January, 
1959. Abstract, PROC. IRE, vol. 47, p. 612; 
April, 1959.) 

621.382.333 1813 
Effect of Transient Voltages on Transistors 

— H. C. Lin and W. F. Jordan, Jr. ( IRE 
TRANS. ON ELECTRON DEVICES, vol. ED-6, 
pp. 79-83; January, 1959. Abstract PROC. IRE, 
vol. 47, p. 612; April, 1959.) 

621.382.333 1814 
Influence of the Surface and Volume 

Recombination on a and the Collector Reverse 
Current in Alloy Junction Transistors— B. Ya. 
Moizhes. (Zh. tekh. Fis., vol. 25, pp. 2402-2409; 
November, 1958.) Formulas are derived for the 

current gain a and collector reverse current in 
symmetrical and nonsymmetrical transistors, in 
presence of surface and volume recombination. 

621.382.333 1815 
A Modification of the Theory of the Varia-

tion of Junction-Transistor Current Gain with 
Operating Point and Frequency--A. W. Matz. 
(J. Electronics Control, vol. 7, pp. 133-152; 
August. 1959.). A modified solution of the con-
tinuity equation for minority-carrier flow is 
presented, with an extension to ac conditions. 
The observed maximum in the variation of 
common-base cutoff frequency with emitter 
current is explained. Experimental results are 
presented which show that transistor base 
widths may be smaller than is normally 
supposed. 

621.382.333 1816 
The Voltage Dependence of Reverse Cur-

rents in Alloy Transistors—A. Gatzberger. 
(Z. angew. Phys., vol. 11, pp. 6-9; January, 
1959.) Investigations of transistor character-
istics in relation to the punch-through effect. 

621.382.333: 621.318.57 1817 
Transistor Bias Method Raises Breakdown 

Point—H. Somlyody. (Electronics, vol. 33, pp. 
48-49; January 8, 1960.) The application of 
reverse-biasing technique to permit switching 
at voltages higher than the rated values. 

621.382.333:621.318.57 1818 
Germanium p-n-p-n Switches—I. A. Lesk. 

(IRE TRANS. ON ELECTRON DEVICES, vol. 
ED-6, pp. 28-35; January, 1959. Abstract, 
PROC. IRE, vol. 47, p. 611; April, 1959.) 

621.382.333.3 1819 
On the Frequency Dependence of the 

Magnitude of Common-Emitter Current Gain 
of Graded-Base Transistors—M. B. Das and 
A. R. Boothroyd. (Puoc. IRE, vol. 48, pp. 
240-241; February, 1960.) The current gain is 
investigated theoretically and it is shown that 
it should fall by 6 db per octave increase in 
frequency, provided the effect of the emitter 
junction capacitance is small. 

621.382.333.32 1820 
A Double-Base Diode with Hook Mecha-

nism—T. Tominagzt, S. Kanai, and A. Sato. 
(Rep. Elect. Commun. Lab., Japan, vol. 7, pp. 
133-137; May, 1959.) The device described has 
a thin layer of p-type Ge in the conductivity-
modulated region of the original double-base 
diode. With this form of construction, the base-
current power dissipation may be reduced to 
about 1/100th of its original value. 

621.382.333.33 .1821 
Influence of Technology and of Diffusion on 

the Characteristics of a Drift-Type Transistor 
—J. Mercier. (Onde élect., vol. 39, pp. 869 -875 
and pp. 897-907; November and December, 
1959.) Characteristics of drift-type transistors 
are studied theoretically and an equivalent cir-
cuit is proposed. Parameters for the determina-
tion of performance are derived and used in the 
synthesis of a transistor element. 

621.383.5: 546.289 : 621.391.822 1822 
Noise Phenomena in Photovoltaic Ger-

manium Cells—M. Tebottl. (Compl. rend. acad. 
sci., Paris, vol. 249, pp. 651-653; August 3, 
1959.) The total noise at Ge photovoltaic junc-
tions lias been measured as a function of polari-
zation and illumination and compared with 
calculated shot noise. 

621.385.3.029.6 1823 
Large-Signal Theory of U.H.F. Power 

Triodes—A. D. Sutherland. (IRE TRANS. ON 
ELECTRON DEVICES, vol. ED-6, pp. 35-47; 
January, 1959. Abstract, PACK. IRE, vol. 47, 
pp. 611-612; April, 1959.) 
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1.385.6 1824 
Independent Space Variables for Small-
nal Electron-Beam Analyses—D. L. Bob-
. (IRE TRANS. ON ELECTRON DEVICES, vol. 
-6, pp. 68-78; January, 1959. Abstract, 

ROC. IRE, vol. 47, p. 612; April, 1959.) 

621.385.6 1825 
Electron-Beam Flow in Superimposed 

Periodic and Uniform Magnetic Fields—J. R. 
Anderson. (IRE TRANS. ON ELECTRON DE-
VICES. vol, ED-6, pp. 101-105; January, 1959. 
Abstract, PROC. IRE, vol. 47, p. 612; April, 
1959.) 

621.385.6 1826 
Theory of the Focusing of Sheet Beams in 

Periodic Fields—P. A. Sturrock. (J. Electronics 
Control, vol. 7, pp. 153-161; August, 1959.) 
Equations are given taking account of space 
charge, and stability and perveance are dis-
cussed. Any such focusing system is convergent 
if space charge is neglected. See 1827 below. 

621.385.6 1827 
Magnetic Deflection Focusing—P. A. Stur-

rock. (J. Electronics Control, vol. 7, pp. 162-
168; August, 1959.) A scheme for focusing 
sheet beams by means of a periodic configura-
tion of magnetic fields directed transverse to 
the beam is presented. Coupling between the 
beam and fast EM waves is possible. 

621.385.6: 537.533.1.08 1828 
A Microwave Electron-Velocity Spectro-

graph—P. B. Wilson and E. L. Ginzton. (IRE 
TRANS. ON ELECTRON DEVICES, vol. ED-6, pp. 
64-68; January, 1959. Abstract, PROC. IRE, 
vol. 47, p. 612; April, 1959.) 

621.385.623.5:621.396.62 1829 
Reflex Klystrons as Receiver Amplifiers— 

K. Ishii. (Electronics, vol. 33, pp. 56-57; 
January 8,1960.) An investigation of the per-
formance of a Type-2K25 reflex klystron as an 
X-band amplifier is described. 

621.385.624.2 1830 
The Effect of Space Charge on Bunching in 

a Two-Cavity Klystron— T. G. Mihran. ( IRE 

TRANS. ON ELECTRON DEVICES, vol. ED-6, pp, 
54-64; January, 1959. Abstract, PROC. IRE. 
vol. 47, p. 612; April, 1959.) 

621.385.63 1831 
Travelling-Wave-Tube Efficiency Degrada-

tion due to Power Absorbed in an Attenuator— 
C. K. Birdsall and C C. Johnson. (IRE 
TRANS. ON ELECTRON DEVICES, vol. ED-6, pp. 
6-9; January, 1959. Abstract, PROC. IRE, vol. 
47, p. 611; April, 1959.) 

621.385.63: 621.317.74 1832 
Measurement of Internal Reflections in 

Travelling-Wave Tubes using a Millimicro-
second Pulse Radar—D O. Melroy and H. T. 
Closson. (PROC. IRE, vol. 48, pp. 165-168; 
February, 1960.) A stroboscopic gating system 
produces a slowed-down facsimile of the recurr-
ent pulses for display on a low-frequency CRO. 
Reflections with return losses of 40 db are 
easily observed. 

621.385.63 : 621.375.9: 621.372.44 1833 
Waves on a Filamentary Electron Beam in 

a Transverse-Field Slow-Wave Circuit—A. E. 
Siegman. (J. Ape Phys., vol. 31, pp. 17-26; 
January, 1960.) The waves on a filamentary 
election beam in a longitudinal de magnetic 
field, and their interaction with a transverse-
field slow-wave circuit, are studied in detail. 
The beam is found to carry four waves. This 
type of interaction may prove to be of practical 
importance, for instance in an electron-beam 
parametric amplifier. 

621.385.63: 621.375.9: 621.372.44 1834 
Some Possible Causes of Noise in Adler 

Tubes—C. P. Lea-Wilson, R. Adler, G. Hrbek, 
and G. Wade. (Paoc. IRE, vol. 48, pp. 255-
257; February, 1960.) Discussion of 321 of 
1959 (Adler, Hrbek, and Wade) with reference 
to partition noise and noise caused by non-
uniform electric field, by spread of axial veloci-
ties and by collisions between electrons and 
ions. 

621.385.63.032.269 1835 
A Gun and Focusing System for Crossed-

Field Travelling-Wave Tubes-0. L. Hoch and 

D. A. Watkins. (IRE TRANS. ON ELECTRON 
DEVICES, vol. ED-6, pp. 18-27; January, 1959. 
Abstract, PROC. IRE, vol. 47, p. 611; April, 
1959.) 

621.385.632 1836 
The Design and Characteristics of a Mega-

watt Space Harmonic Travelling-Wave Tube— 
M. Chodorow, E. J. Nalos, S. P. Otsuka, and 
R. H. Pantell. (IRE TRANS. ON ELECTRON 
DEVICES, vol. ED-6, pp. 48-53; January, 1959. 
Abstract, PROC. IRE, vol. 47, p. 612; April, 
1959.) 

621.385.632.12 1837 
Strapped Bifilar Helices for High-Peak-

Power Travelling-Wave Tubes—D. A. Wat-
kins and D. G. Dow. (IRE TRANS. ON ELEC-
TRON DEVICES, vol. ED-6, pp. 106-114; 
January, 1959. Abstract, PROC. IRE, vol. 47, 
p. 612; April, 1959.) 

621.385.64.032.213.13 1838 
Dispenser-Cathode Magnetrons—G. A. 

Espersen. (IRE TRANS. ON ELECTRON DE-
VICES, vol. ED-6, pp. 115-118; January, 1959. 
Abstract, PROC. IRE, vol. 47, p. 612; April, 
1959.) 

MISCELLANEOUS 

621.38.004.6 1839 
Reliability Analysis Techniques—C. A. 

Krohn. (PROC. IRE, vol. 48, pp. 179-192; 
February, 1960.) Recently evolved analytical 
techniques are effective in reducing failures and 
increasing reliability in electronic equipment. 

ERRATUM 

Abstract 1453 in the previous issue should 
read as follows— 

Tuning and the Equivalent Circuit of Multi-
resonator Magnetrons—T. S. Chen. (J. Elec-
tronics Control, vol. 7, pp. 33-51; July, 1959.) 
An equivalent circuit is synthesized from the 
input-admittance function determined from 
the properties of the waveguide used to tune 
the magnetron. This circuit is used to calculate 
wide-band tuning characteristics, which agree 
with measurements for waveguide tuning sys-
tems with and without iris coupling. 
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Translations of Russian Technical Literature 

Listed below is information on Russian technical literature in electronics and allied fields which s 
available in the U. S. in the English language. Further inquiries should be directed to the sources listed. 
In addition, general information on translation programs in the U. S. may be obtained from the Office 
of Science Information Service, National Science Foundation, Washington 25, D. C., and from the Office 
of Technical Services, U. S. Department of Commerce. Washington 25, D. C. 
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Acoustics Journal 
(Akusticheskii Zhurnal) 

Quarterly Complete journal National Science 
Foundation—ALP 

American Institute of Physics 
335 E. 45 St., New York 17, N. Y. 

Automation and Remote Control 
(Avtomatika i Telemekhanika) 

Monthly Complete journal National Science 
Foundation—M IT 

Instrument Society of America 
313 Sixth Ave., Pittsburgh 22, Pa. 

Monthly Abstracts only Office of Technical Services 
U. S. Dept. of Commerce 
Washington 25, D. C. 

Journal of Abstracts, Monthly Abstracts of Russian and non-
Electrical Engineering Russian literature 

(Reserativnyy Zhurnal: Electronika) 

Office of Technical Services 
U. S. Dept. of Commerce 
Washington 25, D. C. 

Journal of Experimental and 
Theoretical Physics 

(Zhurnal Eksperimentalnoi i 
Teoreticheskoi Fiziki) 

Monthly Complete journal National Science American Institute of Physics 
Foundation—AIP 335 E. 45 St., New York 17, N. Y. 

Journal of Technical Physics 
(Zhurnal Teklinicheskoi Fiziki) 

Monthly Complete journal National Science American Institute of Physics 
Foundation—AIP 335 E. 45 St., New York 17, N. Y. 

Proceedings of the USSR Academy of Bimonthly Complete journal 
Sciences: Applied Physics Section 

(Doklady Akademii Nauk SSSR: Otdel 
Prikladnoi Fiziki) 

Consultants Bureau, Inc. 
227 W. 17 St., New York 22, N. Y. 

Radio Engineering (Radiotekhnika) 

Monthly Complete journal National Science 
Foundation—M IT 

Pergamon Institute 
122 E. 55 St., New York 22, N. Y 

Monthly Abstracts only Office of Technical Services 
U. S. Dept. of Commerce 
Washington 25, D. C. 

Radio Engineering and Electronics 
(Radioteklinika i Elektronika) 

Monthly Complete journal National Science Pergamon Institute 
Foundation—MIT 122 E. 55 St., New York 22, N. Y. 

Monthly Abstracts only Office of Technical Services 
U. S. Dept. of Commerce 
Washington 25, D. C. 

Solid State Physics 
(Fizika Tverdgo Tela) 

Monthly Complete journal National Science American Institute of Physics 
Foundation—AIP 335 E. 45 St., New York 17, N. Y. 

Telecommunications (Elekprosviaz') 

Monthly Complete journal National Science 
Foundation—M IT 

Pergamon Institute 
122 E. 55 St., New York 22, N. Y. 

Monthly Abstracts only 

Automation Express 

Office of Technical Services 
U. S. Dept. of Commerce 
Washington 25, I). C. 

10/year A digest: abstracts, summaries, 
annotations of various journals 

International Physical Index, Inc. 
1909 Park Ave., New York 35, N. Y. 

Electronics Express 10/year A digest: abstracts, summaries, 
annotations of various journals 

International Physical Index, Inc. 
1909 Park Ave., New Vork 35, N. Y. 

Physics Express 10/year A digest: abstracts, summaries, 
annotations of various journals 

International Physical Index, Inc. 
1909 Park Ave.. New York 35, N. Y. 

Express Contents of 
Soviet Journals Currently being 
Translated into English 

Monthly Advance tables of contents of 
translated journals 

Consultants Bureau. Inc. 
227 W. 17 St., New York 22, N. Y. 

Technical Translations Twice a 
month 

Central directory in the U. S. of OTS and Special 
translations available from all Libraries Assoc. 
major sources in the U. S. 

Superintendent of Documents 
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