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For Maximum Stability ... 

Permalloy Dust Toroids 
The UTC type HO permalloy dust toroids are ideal 
for all audio, carrier and supersonic applications 
HOA coils have 0 over 100 at 5,000 cycles . . . HOB 
coils 0 over 200 at 4,000 cycles ... HOC coils 0 over 
200 at 30KC..  HOD coils 0 over 200 at 60 KC. The 
toroid dust core provides very low hum pickup ... 
excellent stability with voltage change ... negligible 
inductance change with temperature, etc. Precision 
adjusted to 1% tolerance 

140A 

Inductance  Net  Inductance  Net 
Value  Type No.  Price  Value  Type No.  Price 

5  mhy.  HQA-1  $7.00  70  mhy.  HOB-3  $16.00 

12.5  mhy.  H0A-2  7.00  120  mhy.  HOB-4  17.00 

20  mhy.  HOA-3  7.50  .5  by.  HOB-5  17.00 

30  mhy.  HQA-4  7.50  1  by.  HOB-6  18.00 

50  mhy.  HOA-5  8.00  2  by.  HOB-7  19.00 

80  mhy.  HQA-6  8.00  3.5  by.  HOB-8  20.00 

125  mhy.  HQA-7  9.00  7.5  by.  HOB-9  21.00 

200  mhy.  HOA-8  9.00  12  by.  110B-10  22.00 

300  mhy.  HQA-9  10.00  18  by.  1108-11  23.00 

.5  by.  HOA-10  10.00  25  by.  HOB-12  24.00 

.75 by.  HOA-11  10.00  1  mhy.  HOC-1  13.00 

1.25 by.  HOA-12  11.00  2.5  mhy.  HOC-2  13.00 

2  hy.  HOA-13  11.00  5  mhy.  HOC-3  13.00 

3  by.  HQA-14  13.00  10  mhy.  HOC-4  13.00 

5  by.  HQA-15  14.00  20  mhy.  HOC-5  13.00 

7.5  hy.  HOA-16  15.00  .4  mhy.  HOD-1  15.00 

10  by.  HOA-17  16.00  1  mhy.  HOD-2  15.00 

15  hy.  HOA-18  17.00  2.5  mhy.  HOD-3  15.00 

10  mhy.  HOB-1  16.00  5  mhy.  HOD-4  15.00 

30  mhy.  HOB-2  16.00  15  mhy.  HOD-5  15.00 

For Maximum Flexibility• • . 

The VIC Variable Inductor 
The set screw on VIC units permits positive adjust-
ment of inductance to plus 90% minus 50% from 
rated value. Revolutionary approach for tuned audio 
circuits. 0 and L vs. screw adjustment for a typical 
coil are illustrated. 

Type  Mean  list  Type  Mean  List 
Hys.  Price  Hy s.  Price 

VIC-1  .0085  $11.00  VIC-11  85  $14.00 

VIC-2  .013  11.00  VIC-12  1.3  14.00 

VIC-3  .021  11.00  VIC-13  2.2  14.00 

VIC-4  .034  11.00  VIC-14  3 4  14.00 

VIC-5  .053  11.00  VIC-15  5.4  16.50 

VIC-6  .084  11.00  VIC-16  8.5  16.50 

VIC-7  .13  14.00  VIC-17  13  16.50 

VIC-8  .21  14.00  VIC-1 8  21  16.50 

VIC-9  .34  14.00  VIC-19  33  16.50 

VIC-10  .54  14.00  VIC-20  52  16.50 

VIC-21  83  17.50 

HOA, C, D 
1  Do. x 1 ,',  High, 

HOB 
2 % " L. x 1 %  W. x 21/2 " H. 

UNCASED TOROIDS 
(Deduct $1.50 

for uncased units) 

11  L. x 1 ,4  W .  X  I 1/2 " H. 

EXPORT DIVISION: 13 EAST 40th SIRE  ORK 16, N. Y. 

Y. 

CABLES: "ARLAB" 

sal 

0 
ii 

too  at  hi 
.a.aut.c.-c.cut 

0.10 

100 

50 

.00 

50 

NOB 

°O-  so  sso  500  0. 555  taw 



4 

What we mean by... 

A DEFINITION OF SHERRON METHODS IN THE 

BUILDING 0: CUSTOM MADE ELECTRONICS PROJECTS 

HERE IN THE SHERRON electronics laboratory we initiate our 

design and development procedures. Every detail of a project's 

embryonic phase is explored by thoroughly seasoned physicists, 

engineers and technicians. Here the pattern for the finished 

product is accurcrely defined to assure trouble-free performance. 

THE SHERR, N el ectro-mechanical laboratory serves in the fab-

rication of mechanical components for ... computers, vacuum 

tube structures, mechanical equipment for electronoptics, spe-

cial precision wave guides, precision tuning units, precision 

drive mechanisms, servo mechanisms. Staffed by graduate 

mechanical engineers, equipped with the newest precision ma-

chines and tools, this laboratory is invaluable in closing up the 

margin for error in the electronic equipment we manufacture. 

Sherron 
Electromcs SHERRON ELECTRONICS COMP 

OS' 
I VO 

1201 FLUSHING AVENUE • BROOKLYN 13, NEW YORK 

Division of Sherron Metallic Corporation 

RECENT SHERRON 

PROJECTS INCLUDE 

COMMUNICATIONS 
• Trans. Receivers for various 
uses 

• Television — FM — AM — 
Transmitters 

• Navigational Devices, includ-
ing Homing Equipment, 
Radar, etc. 

• Micro- wave techniques and 
Radio Relay Links 

• Ample Test Equipment to as-
sure successful operation of 
above 

ELECTRONIC CONTROL 
EQUIPMENT FOR 

• Drone Aircraft Guided 
Missiles 

• High Gain Amplifiers 
• Computers and Calculators 
• Servo Equipment 
• Velocity Propagation mea-
surement 

• Test Equipment including In-
strumentation for above 

VACUUM TUBE CIRCUIT 
DEVELOPMENT 

• New applications for existing 
vacuum tubes 

• Precision test equipment for 
vacuum tubes 

CONTROL OF MEASURING 
DEVICES 

• Flow indicators 
• Sorting, Counting 
• Measurement of chemical 
titrations 

• Surface strains, stresses, etc. 

INSTRUMENTATION 
• Bridge measurements 
• Null detectors 
• Vacuum tube voltmeter-
ammeters 

• Multi-wave shape generators 

TELEVISION 
• Television Signal Synthesizer 
Sync Generators 

• Monoscope 
• Shapers — Timers 
• Wide band oscilloscopes 
• Air monitors 
• Field intensity equipment 
• Television test equipment 

PROCEEDINGS OF -rite IR E..  tine, 1948. Vol. 36, No. 6. Published monthly in two sections by The Institute of Radio Engineers, Inc., at 1 East 
79 Street, New York 21, N.Y. Price $2.25 per copy. Subscriptions: United States and Canada, $18.00 a year; foreign countries $19.00 a year. Entered 
as second class matter, October 26, 1927, at the post office at Menasha, NVisconsin, under the act of March 3, 1879. Acceptance for mailing at a 
special rate of postage is provi4ed for in the act of February 28, 1925, embodied in Paragraph 4, Section 412, P. L. and R., authorized October 26, 1927. 
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ê' How stab zed feedback 
amplifier distortion 

reduces ...  
keeps gain constant 

LOW EM UM   

-N  

(A) IDEAL AMPLIFIER existing only in theory. 
Output exactly duplicates input, except for 
amplification. 
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(B) AMPLIFIER WITHOUT FEEDBACK. Signal 
suffers distortion, shown as separate a-c 
soilage a companying output signal. 

M aki W WI 

(C) AMPLI IER WITH STABILIZED FEEDBACK. 

Sample voltage, containing signal and dis-
tortion in same ratio as in output, is fed 
back in opposing phase to input. Distor-
tion portion is amplified in opposition to 
distortion arising in amplifier. 

LIKE many other major advances in 
electronics, the development of sta-

bilized (negative) feedback was a 

direct outgrowth of telephone prog-

ress. To produce telephone repeaters 

with the necessary gain stability and 

low distortion, H. S. Black, of Bell 

Telephone Laboratories, took a sample 

voltage of the amplifier output and 

fed it back into the amplifier in oppos-

ing phase. Before-and-after effects 

are shown in simplified form in the 

accompanying figures. 

How Feedback Reduces Distortion 

Signal portion of feedback subtracts 

from input signal. (In practice, input 

receives additional amplification to 

maintain original output voltage.) 

Distortion portion, encountering no 

opposing voltage in input, is ampli-

fied in opposition to distortion volt-

age arising in amplifier. Hence distor-

tion voltage largely cancels itself out 

— output corresponds closely to input. 

Noise originating in the amplifier is 

reduced in a similar way. 

How Feedback Stabilizes Gain 
The relations of input, output and gain can he shown as follows: 

Voltag• Gain  Feedback Voltag• 
without F••dback  Total Input  (negativit) 

Net Input 
(lest feedback)  Output  Gain 

Overall 

1000 
500 

10.1  10 
10.2  10 

As shown, the gain of the amplifier 

stages incorporating feedback can 

drop 50 percent, with a drop in over-

all gain of only 1 percent. 

Hence gain remains virtually con-

stant, regardless of changes in power 
supply or performance of components. 

.1  100  9.9 

.2  100  9.8 

Users of all line and power amplifiers 

and all AM transmitters designed by 

Bell Laboratories and made by West-

ern Electric benefit by these outstand-
ing advantages of stabilized feedback: 

greatly reduced distortion and noise, 

virtually constant gain. 

BELL TELEPHONE LABORATORIES 
World's largest organization devoted exclusit?ely to research 

and development in all phases of electrical communications. 



IN AM TRANSMITTERS 

W HILE stabilized feedback is now 

accepted as an indispensable tech-

nique in the communications art, ac-

tual design of a stabilized-feedback 

amplifier calls for painstaking mathe-

matical analysis and control of phase 

and gain characteristics over a wide 

frequency spectrum. Without such 

control, feedback may introduce neir 

faults more objectionable than those 

eliminated. The extensive experience 

of Bell Laboratories engineers gives 

to the users of Western Electric equip-

ment assurance that the outstanding 

advantages of feedback will actually 

be realized. 

Assurance of Quality Performance 

As used in all Western Electric Audio 

Amplifiers (except one-tube pre-am-

plifiers) properly applied stabilized 

feedback insures flatter gain-fre-

quency characteristic and automatic 

suppression of noise and distortion 

arising from sources within the ampli-

fier. In new loudspeaker amplifiers 

(which include the output coil within 

the feedback loop), output impedance 

is so low that matching to multiple 

loudspeakers is as simple as adding 

lamps to a lighting circuit. 

Flat Frequency Response 

Flat frequency response is maintained 

in Western Electric AM Transmitters 

by stabilized feedback actuated by the 

final radio frequency output. Hence 

attenuation of high modulating fre-

quencies is virtually eliminated. No 

hum suppression circuits are needed, 

because of reduction of noise and dis-

tortion from all sources, including 

final amplifiers. 

Stabilized feedback, correctly applied, 

is just one of the factors in the out-

standing performance of Western 

Electric Amplifiers and AM Transmit-

ters. For full information on all oper-

ating features, call your local Graybar 

Broadcast Representative, or write 

Graybar Electric Company, 420 Lex-

ington Avenue, New York 17, N. Y. 

Western Electric 
Manufacturing unit of the Bell System and the 

nation's largest producer of communications equipment. 

Correctly applied 

feedback gives you 

these advantages 

IN AMPLIFIERS 

Feedback as you want it keeps gain 
virtually constant in Western Elec-
tric Audio Amplifiers — cuts noise 
and distortion down to a minimum. 

Feedback designed by Bell Labora-
tories does away with need for 
hum suppression circuits — main-
tain, flat frequency response. 

—QUALITY COUNTS-

91•••Ii1.0•013, IN U. • • — Groybor 

flocr,4. Company. 11,4 CAN•D• AND 
#0umot•np — Nortnorn Elooria Co., Ltd. 



THEY ENWEAVINT ED 
WHAT THEY 
And, like many other radio engineers, they also knew 

where to bring their plans for successful completion. 

Among recent Blaw-Knox installations is this rugged 

500 ft. Special Heavy Duty H 40 Tower for the 
Crosley Broadcasting Corporation's Station WL WT, 

supporting a 5-section RCA Television Antenna. 

Tower-building experience dating back to the days 

of "wireless" is at your disposal when you enlist the 
services of Blaw-Knox engineers. 

7 
TAR BmtliA8W. 
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The NE W Elffienco CM15 
MI NI ATURE  CAP ACITOR 

FOR 

TELEVISION, RADIO 

AND OTHER 

ELECTRONIC APPLICATIONS 

HO W LONG IS HALF AN 
EL-MENCO's answer is illustrated above — 

the new miniature CM15. That half inch of silver 
mica capacitor is miles long on performance. .. age-
long on endurance ... 2 to 500 mmf. long on range. 

INCH? 
The CM15 is short on delivery time (unlimited 

production) . . . short on limitations (tolerances: ± 
20% to 1%) . . . short on guess work (6-color coded 
to Joint Army-Navy Standard Specifications JAN-
C-5 for fixed mica dielectric capacitors). 

The long and short of it is this: EL-MENCO's new miniature 
CM15 possesses the value inherent in all EL-MENCO products— 

PERFOR MANCE • ENDURANCE • RANGE  • PRICE  • DELIVERY 

Foreign Radio and Electronic Manufacturers 

communicate direct with oar Export Deportment 

at Willimantic, Conn., for information. 

M OLDED MICA 

Write, on firm letterhead, for samples and catalog. 
THE ELECTRO M OTIVE MFG. CO., Inc. 

WILLIMANTIC, CONNECTICUT 

JOBBERS AND DISTRIBUTORS 
ARCO  ELECTRONICS 
135 Liberty St.,  New York, N.Y. 

is Sole Agent for El-Menco Products in 

pint United States and Canada. 

• MICA  TRI M MER 

CAP ACIT O RS 
PROCEEDINGS OF THE I.R.E.  194 5A 



ISOLATION 
...from extraneous radio interference... 
for test rooms in laboratory or factory 
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installed where the electric power service passes 
through the screen, these Filterettes provide high 
attenuation from 150 kc to 400 mc, thus permit-
ting operation of sensitive high-frequency test 
apparatus in close proximity to electric production 
equipment, welding generators, repulsion motors, 
and high-frequency induction heating equipment. 

SPECIFICATIONS 

Mechanical design and assembly conform to 
practical electrical installation requirements. 
Outer housings are of welded steel; knockouts 
at each end accommodate electrical con-
duits: heavy, threaded studs facilitate at-
tachment of cable lugs. 

These units employ non-inductive, mineral-oil 
impregnated capacitors; the inductors, of large 
cross-section, have low aeries resistance, hence 
voltage drop is negligible. Overload ratings are: 
150% of ampere rating for one hour; 200% of volt-
age rating for one minute. Since the filters have 
no saturable characteristics, performance is uni. 
form for all loads up to maximum ratings. 

HEAVY DUTY FILTERS 

Type Amperes Volts Volt. Drop Freq. Range Weight 

No. 1179-A 
Two Wire 100 

500 
a-c/d-c 

.2 volts 
per circuit 

0.15 to 400 
megacycles 40 lbs. 

No. 1182-A 
Three Wire 100 

500 
a-c/d-c 

.2 volts 
per circuit 

0.1$ to 400 
megacycles 

65 lbs. 

MEDIUM DUTY FILTERS (Two Wire) 

No. 1137 20 
110/220 a-c 
500 d-c 

.5 volts 
per circuit 

0.15 to 20 
megacycles 

17 lbs. 

I No. 1116 50 
110/220 a-c 
500 d-c 

.5 volts 
per circuit 

0.15 to 20 
megacycles 17 lbs. 

THE DEUTSCHMANN ecopzvic,2‘0#i NOR WOOD MASSACHUSETTS 
6A PROCEEDINGS OF THE I.R.E. June, 1948 



A GREAT NEW hp OSCILLATOR 
FOR THE LOW-FREQUENCY FIELD 

1 
2 to 1000 
CYCLES •A•Vt  CAL 

r. 1 
ct. 

.l04114111011 0. 4101 
wet, • ran 

2021 LOW-FREQUENCY OSCILLATOR 

Y101. M K 
:ON 

1.040 

y 
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This -hp- 202B gives 

maxi mu m -peed and 

Now, for the first time in history, 
you can make low frequency measure-

ments with all the precision and sta-

bility associated with audio frequency 

work. This great new -hp- oscillator 
blankets the low-frequency spectrum 

from 1/2 to 1000 cps. Throughout this 

range it provides better wave form, 

higher stability and greater measur-

ing accuracy than any comparable in-

SPECIFICATI ONS 

FREQUENCY RANGE: 1/2 cps to 1000 cps in 
4 ranges 
Range  Frequency 
A  ,/2 - I cps 
XI  1 - 10 cps 
X10  10 - 100 cps 
X100  100 - 1000 cps 

FREQUENCY DIAL: 6" diameter. Reads di-
rectly in cps for two lower ranges. Dial is 
back of panel. illuminated, and is con-
trolled by direct drive as well as a 6 to 
1 vernier. 

ACCURACY OF CALIBRATIONS: +2% 

FREQUENCY STABILITY: +5% under normal 
temperature conditions (including warm-
up drift). Less than +1 % for power volt-
age changes of -±10%. 

OUTPUT: 10 volts Into a 1000 ohm resistive 
load over the entire frequency range. In-
ternal impedance approximately 25 ohms 
at 10 cps. 

FREQUENCY RESPONSE: +1 db 10-1000 cps 
db  1-1000 cps 

DISTORTION: Less than 1% total distortion 
1 cps to 1000 cps. 

HUM VOLTAGE: Less than 0.1% of rated out-
put voltage. 

strument ever manufactured for in-

dustrial, field or laboratory use. 

Compact, sturdy, easy-to-operate, 

this-hp-202B spans the low-frequency 

band in 4 ranges. Frequency is read on 

a large, illuminated dial, which is con-

trolled by a direct or a 6 to 1 vernier 

drive. Frequency stability is within 

-I-5%, including initial warm-up 

drift. Output is 10 volts maximum 

into a 1000 ohm resistive load. 

The rugged practicality, low cost 

and unusual versatility of this brand 

new -hp- oscillator make it an essen-
tial instrument for any operation in-

volving low frequency work. The -hp-
202B is ready for early shipment. 

Write or wire for full information. 

HEWLETT-PACKARD COMPANY 
1470D  Page Mill Road • Palo Alto, California 

accuracy for these 

important tests 

Vibration or stability 
characteristics of 
mechanical' systems 

Electrical simulation of 
mechanical phenomena 

Electro-cardiograph and 
electro-encephalograph 

performance 

Vibration checks of aircraft 
structural components 

Checking geophysical 
prospecting equipment 

Response of 
seismographs 

147 0 

Igkoratplr iAqqtrumenli 
A C C U R A C Y 

Noise and Distortion Analyzars  Wave Analyzers  Frequency Meters 

Audio Frequency Oscillators  Audio Signal Generators  Vacuum Tube Voltmeters 

Amplifiers  Power Supplies  UHF Signal Generators  AHenuators 

Square Wave Generators  Frequency Standards  Electronic Tachometers 
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RUGGED 
AS A SKYSCRAPER 

...that's the 
Mallory Magnesium-Copper Sulfide Rectifier 

Solid, compact, built of metal throughout, the Mallory Magnesium. 
Copper Sulfide Rectifier is practically immune to damage or abuse. 
Even if you accidentally injure one of the radiating plates, the efficiency 
of the rectifier is not affected. That's because all the vital rectifying material 
is inside the rectifier—the outside fins are for heat dissipation only. 
Then, too, the Mallory Magnesium-Copper Sulfide Rectifier contains no 
liquids, bulbs or moving parts. There's nothing to give trouble or wear 
out quickly. Moreover, the rectifier is built to withstand tremendous 
current overloads and voltage surges. 

No wonder the MCSR outsells all other dry disc types for low voltage, 
medium and high current applications! No wonder engineers every-
where say that 

M CSR's  ARE  THE  W ORLD'S  TOU GHEST  RECTIFIERS 

MALLOR 
P.R. MALLORY R. CC:0Am. MAGNESIUM-COPPER 

SULFIDE RECTIFIER STACKS 
AND  POWER SUPPLIES 

RECTOPLATER  SUPPLIES —RECT OTR UCK CH ARGERS — 

RE CT OST ARTER  AIR CR AFT PO WE R SUPPLIES — 

RECTOPOWER  SUPPLIES — AUTO M OTIVE BATTERY CHARGERS 
'Rog U S Pot Off 

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 

CHECK THESE FEATURES 

1 

1 

1 

1 

1 

1 

Proved long life 

Unaffected by high tem 
peratures 

Withstands abuse and acci-
dental short circuits 

Self-healing rectifying 
junctions 

Constant output over mat” 
years 

Resists harmful atmospheric 
conditions 

Rugged, all-metal construe 

No bulbs, no brushes, 
sparking contacts 

Millions in use 

110 
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CLASS OF THE POWER-TUBE FIELD FOR FM AND 

GL-9C24 V-h-f Triode 
• POWER TO SPARE... two tubes 
"under wraps" will put out 
more than 10 kw in FM — more 
than 5 kw in television. 
FREQUENCY UP TO 220 MC at 

max plate input. 
All the electrical characteristics 
of ULTRA-MODERN H-F TUBE 

DESIGN. 
Sturdy and COMPACT for close 
side-by-side tube mounting. 
G-E RING SEAL construction 
gives generous terminal-contact 
areas. 

RATI N GS 
Filament voltage  6.3 v 

Filament current  240 amp 

Grid-plate transconductance  11,000 micromhos 

Interelectrode capacitances: 

Grid-filament  24 micromicrofarads 

Grid-plate  15.7 micromicrofarads 

Plate-filament  0.5 micromicrofarads 

Type of cooling  water and forced air 

Plate ratings per tube, Class 8 r-f power ampli-
fier (video service, synchronizir g peak conditions): 

Max voltage 

Max current 

Max input 

Max dissipation 

*Useful power output, typiccl 
operation (at 4,000 v and 1.7 
amp, band width 5 mc) 

5,000 v 

2 amp 

10 kw 

5 kw 

3.4 kw 

Plate ratings per tube, Class C r-f power am-
plifier (key-down conditions without modulation): 

Max voltage  6,500 v 

Max current  2 amp 

Max input  12 kw 

Max dissipation  5 kw 

*Useful power output, typical 
operation (at 6,000 v and 1.3 
amp)  6.4 kw 

*Includes power transferred from driver to out-
put of grounded-grid amplifier. 

'TODAY'S better pictures, in many 
L cases, owe a debt for sharpness 
and quality to the superior signal 
put on the air by General Electric's 
great power triode, GL-9C24. New-
est transmitters with finer video per-
formance, use GL-9C24's in push-
pull for final output over both low 
and high-band channels. 
In FM work, too, this tube has 

set noteworthy standards. With rat-
ings in frequency and power that are 
ideal for the job—plus a wholly new 
design concept which outmodes 
earlier v-h-f types—the GL-9C24 is 
an example of detailed planning 
for efficiency. 
When applied in a properly de-

signed grounded-grid amplifier cir-
cuit, no neutralization is necessary. 
Lead inductance is extremely low. 

GENERAL 

External metal parts are silver-
plated, to cut r-f losses ar.d provide 
better electrical contact surfaces. 
Fernico metal-to-glass seals are used 
throughout . . . this tub is long-
lived, sturdy! 
If you build transmitters and wish 

to benefit from the provei brilliant 
performance of Type GL-9C24, your 
nearby G-E electronics office gladly 
will give you further details. 
If you are a station operator or en-

gineer, needing replacement tubes 
of any type—FM, television, or AM 
—see your local General Electric 
tube distributor or deale.r for alert 
service! Besides showing the way in 
tube design, G.E. gets tubes to you 
fastest when you need them. Elec-
tronics Department, General Electric 
Company, Schenectady 5, N. Y. 

EI,E CTRIC 
16 ,04 ,6 5 0 

FIRST  AND  GRE ATEST  NA ME  IN  ELECTR O NICS 
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'IkTi)L1) 
PERMANENT MAGNETS 

\.\ &I) 

As electrical constituents go, permanent magnets are rela-
tively new. They made tremendous advances within the past 
decade, especially in the communications and aviation 
industries, and in the general fields of instruments, controls, 
meters and mechanical holding devices. 
Many of these uses were problems that just couldn't be 

solved until permanent magnet materials were developed to 
do the job—a work of pioneering to which Arnold con-
tributed a heavy share. Many other applications were those 
where permanent magnets supplanted older materials 
because of their inherent ability to save weight, size and 
production time, as well as greatly improve the performance 
of the equipment. 
To these advantages, Arnold Permanent Magnets add 

another very important value—standards of quality and 
uniformity that are unmatched within the industry. Arnold 
Products are 100% quality-controlled at every step of manu-
facture. What's more, they're available in all Alnico grades 
and other types of magnetic materials, in cast or sintered 
forms, and in any shape, size or degree of finish you need. 
• Let's get our engineers together on your magnet applica-
tions or problems. 

THE A RNO W ENGINEERING CO. 
Subsidiary of 

ALLEGHENY LUDLUM STEEL CORPORATION 
147 East Ontario Street, Chicago 11, Illinois 

Specialists and Leaders in the Design,Engineering and Manufacture of PERMANENT MAGNETS 

PkuCLI WINGS OF THE 1.k.F.  June, 1948 
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Re I cavity Precise and 
permanent calibration 

EltrantiOUS mode supptesslon 

• These non-sealed frequency meters will 
soon be augmented by a new line of 
hermetically sealed, temperature compen-
sated units covering the frequency range 
from 500 to 40,000 megacycles per second. 
Also available: frequency standarized sig-

nal sources. 

High directivity, 
Minimum trequency sensitivity, 

Broadband operation 

• This unit is representative of a group 
of mono-directional broadband couplers 
covering in four waveguide sizes the fre-
quency range from 4000 to 10,000 mega. 

cycles per second. 

The items presented above are representative 
of the complete PRD line of precision 
microwave measurement and test equip-
ment. These units embody basically new 
design principles calculated to provide the 
microwave research engineer with the 
ultimate in accuracy and reliability. A 
skilled staff of engineers and physicists 
is constantly pioneering the advance to the 
higher frequency regions of the micro-
wave spectrum and stands ready to assist 
in the solution of your microwave problems. 
An illustrated catalog may be obtained by 
writing on company letterhead to Dept. R6. 

EVE 711  PRECISION 
Sl0111.0 SECEION 

0.170"  

Bioadband operation Crystal and 
bolometet detection Ball bearing 

catnap suppoit 

• Similar Slotted Sections and Probes 
in standard rectangular waveguide and 
coaxial line sizes make possible precise 
impedance measurements over the micro-
wave spectrum from 1000 to 40,000 mega-

cycles per second. 

ME 302 — 
SLIDE %RN TUNER 

(11/4" x  waveguidel 

Wide range impedance matching. 
Simplified rapid adiustment 
Broadband operation 
• Also available: similar units in stand-
ard waveguide sizes, faxed and tunable 
crystal and bolometer mounts, dielectric 
tuning devices for coaxial lines. 

En% 16, — M O MS 
VARIABLE IIIE1111001 
(2" x 1" waveguitlew 

RESEARCH 

& DEVELOP MENT CO MPANY, Inc. 

Metallized glass altenuating tie 
ment P (tose and permanent cal 
ibration, Negligible tnsertton toss 

• A full complement of fixed and vari-
able attenuators and broadband termina-
tions in standard waveguide sizes provides 
coverage for the frequency range from 
2600 to 40,000 megacycles per second. 
Fixed pads and terminations are available 
for standard coaxial transmission lines. 

66 COURT ST., BRO OKLYN 2, N. Y. 
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P I O N E 

A QUIET REVOLUTION IN CAPACITOR DESIGN 

/141/ r.'  
( s4lirosti,  

THE SMALLEST MOLDED 

TUBUL \It EVER MANU-

FACTURED!. • • 
an d rated up to 125° C! 

sftaccsowac'' 

ACTUAL SIZE 

ILLUSTRATION 

'TYPE 65P 

UNIQUE, MINERAL-

FILLED MOLDING MA-
TERIAL! . . . Provides 
unequalled  protectbofl 
against moisture absorp-
tion even under condi-
tions of extreme humidity! 

Seven Physical Sixes 

Color-Coded and Available in 20 %, 10 % and 5% Decade Values 

TABLE OF MAXIMUM NOMINAL CAPACITIES 

Mold Size 
100V 0 
1250 C. 

200V @ 
850 C. 

400V 0 
850 C. 

600V 0 
850 C. 

65 P 

75 P 1 

.175" D. x 1-1/16" 

.195" D. x 1-1/16" 

.250" D. x 1-1/16" 

.375" D. x 1-1/16" 

.175" D. x 3/4 " 

.200" D. x 1/4 " 

.250" D. x 3/4" 

.015 
D22 
047 
.15 

.0068 

.01 

.022 

.01 

.015 

.033 

.1 

.0047 

.0068 

.015 

.0068 

.01 

.022 

.068 

.0033 

.0047 

.01 

.0022 

.0033 

.0068 
—  

.001 

.0015 

.0033 

* alternate rating 150V @ 1250 C. 

NEW SPRAGUE MOLDED PROKARS* 
... dependable capacitors for sub-miniature assemblies 

SUB-MINIATURE PAPER CAPA-
CITORS IN METAL CANS WITH 
HERMETIC, GLASS-TO-METAL SEAL 

• 

for the most severe applications 

• 
Yes, this little can houses a high quality hermeti-
Calls' sealed Paper Capacitor! Rated at 100 volts, 
I) C Working, this .5 mfd. unit measures .4" x 
1,/,,". Presently being manufactured in quantity, 
variations of this sub-miniature type can be made 
to your specifications. Write for complete informa-
tion about this and even smaller hermetically sealed 
units now in production as shown below. 

E R S 

Write for 

These new molded Prokars were designed specifically to 

satisfy stringent military requirements. Types 65P & 75P 

are now in mass production and are available in a wide 

range of capacities —from .00047 mfd. to .15 mfd! 

Though higher in price than standard units, they easily 

justify the term "premium" in performance. Rated for 

—50° C to 125° C operation, these small but rugged 

units are ideally suited for any electrical or electronic 

application in which size, temperature, humidity and 

physical stress are dominant considerations. 

Engineering Bulletin No. 205 A 

0 F SPRAGUE 
*T. M. Reg. U. S. Pet. Off. 

SPRAGUE ELECTRIC COMPANY, 

NORTH ADAMS, MASS. 

 z ELECTRI C  AN D  ELE CTR O NI C  PR O G RESS 
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TEN YEARS OF LEADERSHIP 

7en yec is ago the first AUDIOD SC wcs manufactured. . manufactured 
by a pctented precision-machine process, which produced tFe finest recording 
disc known. 

Our;ng th s decade AUDIODISCS have been ratni first in every field of 
sound recording . . , radio broadcastilg, commercial recording studios, 
the phonograph record industry, motion picture stucfios educational inst:tu-
tions, home recording, research laboratories and governmental agenees. 
In every country throughout the world, AUDIODISCS are regarded as the 
true standard of -ecording quatity. 

A/ first the output of AUDIODISCS w.-:s measured i;n tens of -housands, 
then ir hundreds of thousancs and later in millions Fer year. Today -his 
highest rote of p-odcction is being maintained and the: quality is the finest yet 
achievec. 

AUDIO DEVICES, INC., 444 Madison Avenue, New York 22, N.Y. 
Export Department: Roeke Interna:ional Corp., 13 E. 40th S:reet, New York 16, N. Y. 

Audiodiscs are manufJctured an the U.S.A. unaer exctusite license :root PYRAL, S.A.R.L., Paris 

41(ea/ 
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SYLVANIA 
RESEARCH NEWS 

1948 Prepared by SYLVANIA ELECTRIC PRODUCTS INC., Bayside, L I. 

RIGID PRE-TESTING ASSURES FINE QUALITY OF 
TUNGSTEN WIRE USED IN SYLVANIA RADIO TUBES 

Developed in the Metallurgical 
Research Laboratories of Syl-
vania Electric, the fissure tester 
shown quickly reveals possible 
flaws in the fine tungsten wire 
used for filamentary material. 
Tungsten wire that passes the 
scrutiny of the fissure tester 
and of other rigid studies made 
in the Laboratories is free from 
such flaws which, though diffi-
cult to detect by ordinary meth-
ods, could cause premature 
tube failure. Testing standards 
like this assure the perlorm-
ance standards of Sylvania 
Radio Tubes. Sylvania Electric 
Products Inc., 500 Fifth Ave., 
New York 18, N. Y. 

SYLVANIAIrELECTRIC 
MAKERS OF RADIO TUBES; CATHODE RAY TUBES, ELECTRONIC DEVICES, FLUORESCENT LAMPS. FIXTURES, WIRING DEVICES; ELECTRIC LIGHT BULBS 

14A PROCEEDINGS OF THE I.R E.  Itne, 1943 
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CO/NIPONENTS 

A fti PRECISION... 

• Accurate performance of your product is limited (y the precision of its component parts. It is only 
through selection of precision components that supe-
rior performance can be assured. Hi-Q Ceramic Capac-
itors, for example, can be held to a minimum tolerance 
of .25 MMF. Constant surveillance throughout every 
stage of manufacture.. . from raw material to finished 
product . . . is responsible for this uniformly high 
quality of all Hi-Q components. Specify Hi-Q compo-
nents . . . your assurance of precision performance. 

I 11 

Ok 

Precision standards are 
set in the laboratory. 

Sieceiteea Reetzta4tee eeptft, 
FRA NKLI NVILLE. N. Y. 

Planta: FRANK LINVILLE, N. Y. — JESSOP, PA. 

Sales Offices: BOSTON. NE W YORK, PHILADELPHIA, DETROIT. CHICAGO, LOS ANGELES 
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HERE ARE GOOD REASONS WHY YOU;SHOULD 

BUY EIMAC TETRODES 

CONSIDER THESE FACTORS . . . contributing to 
better tetrode performance . . . they are the result 
of extensive research plus the ultimate in vacuum 
tube "know-how" and they are your assurance of a 
tetrode tops in performance, mechanically and 
electrically rugged, stable in operation and with 
long life. 

BEAM POWER . . . controlled 
by electron optics, and 
the placement of grids 
and plate alone.  Elec-
trons are emitted from 
the entire length of the 
filament and are actually 
channeled between the 
grid and screen bars. Careful engineering 
lowers internal feedback capacitances and 
increases screen-grid effectiveness. 

SYMMETRY OF DESIGN . . . enables manufac-
ture of a mechanically rugged tetrode, with 
self_supporting internal elements. Gassy, 
inactive, internal insulators, shields and in-
effective portions of the elements are 
eliminated. 

•Trademarks reg. US Patent Office. 

PYROVAC° PLATES . . . are incorporated in all 
radiation cooled Eimac tetrodes. This new 
material contributes a mechanically rugged 
plate structure, high resistance to over-
loads, and exceptionally long life. The use 
of Pyrovac also enables the elimination of 
"getters" likely to form troublesome con-
ductive deposits on the inner surfaces of 
the glass envelope. 

PROCESSED GRIDS . . . by an exclusive Eimac 
technique . .. possess a high degree of sta-
bility and desirable non-emitting character-
istics that contributes to over-all circuit 
stability. 

INPUT-OUTPUT SHIELDING.. 
plus inherent operational 
stability enables simplifi-
cation of the associated 
circuits. Effectiveness of 
the shielding is so com-
plete that mounting pro-
cedures require only that 
the bottom of the base shell be flush with 
the top of the deck and grounded. 

Further comprehensive data on Eimac tetrodes or 
other Eimac vacuum tubes is yours, by writing 
direct. 

EITEL-McCULLOUGH, INC. 

196 San Mateo Avenue, San Bruno, California 
EXPORT AGENTS: Fr   & Hansisn-301 Clay St.—San Francisco, Calif. 

16A PROCEEDINGS OF THE I.R.E.  fun,, 1948 



American Lava prqduction 
ranges from production of 
-impossible - highly com-
plex shapes with very spe-
cial physical characteristics 
to mass production of sim-
ple shapes at lowest cos'. 

• In its 47th year of specialization in custom mace techn.cal ceramics, 

Ame•ican Lava Corporation offers you a combination of research, tech-

nicaf skill, practical experience and economical manufacture which is 

not available from cny other source . . Whcrevr your Problem, if it 

involves technical ce-amics, this is your best ...ource of information aid 

your best source of supply. Your inqu ry will ticve prom ot attantion. 

PROPERTY CHART giving the 

physical characteristics of the 

more frequently used Als:mag 

Technical Ceramic Compositions 

sent without cost on your request. 

4 7 T H  Y E A R  C F  C E R A M ( C  E A  D E R S H I P 

FILSIMRsi AMERICAN LAVA CORPORATION 
CH ATT A N O O G A  5,  TE N NESSEE 

SALES OFFICES: ST, LOUIS, MO„ 1123 Washington Ave., Tel: Garfield 4959 • CAMBRIDGE. WASS.. 38-8 BratIle St.. Tel: Kirkland 4496 • PHILADEL.HIA PENNA. 1649 11 Broad St., Tel: Stevens.. 4.2823 

NEWARK. N.1 , 671 Broad St . Tel W OO 2.8159 • CHICAGO, 9 S Clinton St., Tel: Central 1,21 • SAN FPANCISC 3, 163 2nd. St., Tel, Douglas 2464 • LOS ANGELES, 324 4. San Pedro St. Tel: Mutual 9076 



VtESISTANCE-ROT4ri /‘ 
cuRvs 

2-WATT 
Length 3 8 in. Diorn. 9 64 in. 

1- WATT 
Length 9 16 on. Down. 7/32 in. 

2- WATT 
Length 11 16 ;n. Dion, 5 16 in. 

 ZZI;  
Length of all leads -1 I. 2 inches 

ALL E N- B R A DLE Y 

FI X E D  RE SI ST O R S 

Bradleyunit solid -molded, fixed 
resistors are not rated on the basis 
of the conventional 40C ambient 

temperature ... instead, they are 
rated at 70C ambient temperature. 
They will operate at full rating for 
1000 hours in an ambient tempera-
ture of 70C with a resistance change 
of less than 5 per cent. 

The 1/2-watt and 2-watt sizes are 

available in standard R.M.A. values 
from 10 ohms to 22 megohms. The 

1-watt size from 2.7 ohms to 22 
megohms. 

Such "extra" performance guar-
antees dependability for your elec-
tronic equipment. 

The Type J Bradleyometer can be built to produce any 
resistance-rotation curve because, during manufacture, the 
solid-molded, ring-type resistor can be varied in resistance 

throughout the circumference of the ring. 

It is not a film- or paint-type resistor. The resistor unit is 
molded as a one-piece ring with terminals, face plate, and 
threaded bushing imbedded in the molded piece. After 
molding, the resistor material is no longer affected by 

heat, cold, moisture, or age. The contact brush actually 
improves with age. 

In the Type JW Bradleyometer a resilient, watertight 
packing is placed around the shaft to exclude moisture. 

Type J Bradleyometers can be supplied in single-, 
dual-, or triple-unit construction for rheostat or potenti-
ometer applications. A built-in line switch is an optional 
feature on single and dual models. Specifications sent 
upon application. 

Allen-Bradley Co., 114 W. Greenfield Avenue 

Milwaukee 4, Wisconsin 

DLEY 
STABLE RADIO RESISTORS 

QUALITY 
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PROGRESS R 
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How Sentinel Radio uses 

two P. E. C." units to save space 

and simplify production of 

table-model radios! 

Look closely and you'll sce where Sentinel engineers have ap-
plied Centralab's "Couplate" and 'Filpec" in this special small 
receiver circuit. Result: important savings in production and space. 

Made with high dielectric Ceramic-X, both 
Coup/ate (above) and Fl/pee (below) assure 
long life, low internal inductance, positive re-
sistance to humidity and vibration. All units 
provided with special phenolic coating. 

Our:cll.'. courtesy ol Sentinel Radio Corp., Evanston, Ill. 

*Centralab's "Printed Electronic Circuit" 
— Industry's newest method for 

improving design and manufacturing efficiency! 

YES, here is a typical illustration of how Centralab's "Printed 
Electronic Circuits, have simplified wiring and assembly by 1) 

reducing number of components required and 2) by reducing number 
of leads to be soldered! That's why Sentinel Radio Corp., Evanston, 

has adopted CRL's Coup/ate (printed interstage coupling plate) 
and CRL's Filpec (printed electronic circuit filter) — and that's why 
you'll want to see and test these exciting new electronic developments. 

Integral Ceramic Construction: Each Printed Electronic Circuit is 
an integral assembly of Hi-Kap capacitors and resistors closely bonded 
to a steatite ceramic plate and mutually connected by means of me-
tallic silver paths "printed" on the base plate. 

For complete information about Filpec and Coup/ate as well as 
other CRL Printed Electronic Circuits, see your nearest Centralab 
Representative, or write direct. 

IN 1948! 

Division of GLOBE-UNION INC., Milwaukee 
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(Advertisement) 

Laboratory set-up for measuring tone of chime tubes. Lissajous figure on screen of cathode ray oscillo-
scope is being used to determine the frequency (cycles per second) of the chime's fundamental note. 

BECAUSE of the importance of the 
market for brass tube used in door 

chimes,Revere some time ago embarked 
upon a complete scientific study of the 
musical qualities of such tube, to deter-
mine the factors responsible for pleas-
ing tone. Here is a brief report of the 
work, which offers an example of the 
thoroughness with which Revere at-
tacks problems concerning the appli-
cation of its mill products. 
The first step was purely experi-

mental. We proceeded by ear. Over 100 
samples of tubes in various alloys, 
tempers and gauges were hung up, 
struck, listened to, and preferences 
obtained from many people. These 
tests indicated not only what was the 
best alloy, but also what were the 
proper temper and wall thickness 

requirements to produce the most 
acceptable and desirable tone. But 
Revere did not stop there. It was desir-
able to know what made that tone 
preferable, what were the factors that 
influenced it, and how they could be 
controlled. It was felt that only with 
such complete information in hand 
could Revere be in position to control 
chime tube quality accurately, and fill 
customers' orders reliably with a stand-
ard product. 
The project then was turned over to 

a laboratory physicist who is also a 
talented musician. Here began the most 
ambitious and lengthy and scientific 
part of the work, employing the most 
modern electronic apparatus, including 
a beat-frequency oscillator and a 
cathode ray oscilloscope. These made 

it possible to dissect the tone produced, 
measuring the frequency and intensity 
of the fundamental note and its partials 
with an accuracy of one cycle per 
second. Much new information was 
uncovered. For example, the strike tone 
so clearly heard when the chime is 
struck does not actually exist in the 
tube, but is a difference tone between 
the 1st and 3rd partials. Hence, for 
good tone, those partials must be 
equal in intensity and duration. 
It requires seven closely-typed pages 

just to sum up the work in general 
terms; the laboratory records fill a 
large volume. The net of it is that 
Revere really knows about all there is 
to know about chime tube, scientifi-
cally, musically, physically, and, of 
course, how to produce it. If you need 
such tube, come to Revere. 
Perhaps you use brass tube not for 

its sound, but for its corrosion resist-
ance, strength, machinability, the polish 
it takes, the ease with which it can be 
bent, soldered, brazed, plated. Revere 
also knows how to control the factors 
influencing such applications, so come 
to Revere for brass tube for any pur-
pose. 
Revere also makes other types of 

tube, including copper water tube, 
condenser tube in such alloys as 
Admiralty, Muntz, cupro-nickel, tube 
in aluminum and magnesium alloys, 
lockseam tube in copper alloys and 
steel, and electric welded steel tube. 
Many of these can be had not only 
round, but also square, rectangular, 
oval, and in various flutings and special 
shapes. The Revere tube line therefore 
is complete, and awaits your orders. 
The Technical Advisory Service will 

gladly collaborate with you in such 
. matters as selection of alloys, tempers 
and gauges, and in fabrication pro-
cesses. 

REPERE 
COPPER AND BRASS INCORPORATED 

Founded by Pawl Revere in 1801 

230 Park Avenue, New York 17, New York 

Mills: Baltimore. Md.; Chicago, Ill.; Detroit, Mich.; 
New Bedford, Mass.; Rome, N. Y. — Sales Offices in 

Principal Cities, Distributors Everywhere. 
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THE SUPERIOR CAPACITOR 
". • 3, 7' 

3 

oo e *4'43  v oso  to. ti.60  

eOet  

In several sizes. This size 

l' 2" long by ' 2" diameter. 

• Aerovox proudly presents a basic-

ally new capacitor designed and pro-

duced to meet today's more critical 

requirements. 

Duranite capacitors are not to be 

confused with conventional molded 
tubulars encased in usual materials. 
Duranite capacitors are entirely new— 

Uzi 

affec A ./ 

— Petarit—  13.1P 

0 

Aerolene, the new impregnant; the new 

processing methods; the new Duranite 

casing—all adding up to an entirely new 

concept in the capacitor art. 
Note some of Duranite's extraordi-

nary features herewith presented! 

Make comparative tests! You be the 

judge! 

• Literature on request. Samples available to manufacturers. Let us quote on your needs. 

TYPICAL DURANITE FEATURES ... 

• Toughest capacitors ever offered critical 

manufacturers and users of radio-electronic 

equipment. 

• Positive insurance against troublesome 

and costly failures in the field. 

• Permanent, non-varying, rock-hard cas-

ing. Smooth, clean surface. Drop them; bang 

them; scratch them—no damage. 
• Pigtail leads 1.rmly imbedded. Won't pull 

out or work loose. Wire breaks before it can 

capacitors 

be loosened. 

• Really moisture-proof. Thoroughly and 

permanently sealed. 

• Withstand high operating temperatures— 

no wax ends to melt. Operation from sub. 

zero to over 212 F. without damage. 

• Temperature coefficient of capacitance 

comparable to wax and oil capacitors. 

• Aerolene impregnant eliminates necessity 

of stocking and using both wax and oil ca. 

pacitors. One impregnant does work of both. 

Results in lower inventories and manuf ac• 

turing costs. 

• No deterioration in stock. May be stored 

in advance of actual use with corresponding 

economy and convenience. 

• Duranite does not dry out. Does not de-

velop cracks or fissures. Stays tightly sealed. 

• Smaller dimensions than usual paper lu-

bulars. 

• Standard marking; color-coding — capaci-

tance, tolerance, voltage. 

FOR RADIO-ELECTRONIC AND 

INDUSTRIAL APPLICATIONS 

AEROVOX CORPORATION, NEW BEDFORD, MASS., U.S. A. 

SALES OFFIC ES IN ALL PRINCIPAL CITIES • Export 13 E. 40th ST., NEW YORK 16, N. T. 

Cable • 'ARLAB ' • In Canada  AEROVOX CANADA LTD  HAMILTON, ONT. 
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KILOCYCLES 

55 60 70 80 90 100 Nog,/ 

TEM pERATIIIIPscr 
(and how to avoid it) 

T O GET negligible temperature drift in your I-F trans-
formers, the electrical characteristics of the cores 

have to be virtually constant throughout the entire 
use-range of temperature. 

But a core can be no more constant—can have no 
greater temperature stability—than the powder it's made 
of. That's why it's important to have cores made of 
G. A. & F. Carbonyl Iron Powders. 

These powders, made by G. A. & F.'s exclusive, pat-
ented carbonyl process, have a unique degree of tem-
perature stability, and in direct comparison tests proved 
themselves superior to all other magnetic powders. 

G. A. & F. Carbonyl Iron Powders 

for high frequency cores offer these advantages 

to the electronics industry: 

1. When used at radio frequency, G. A. & F. Carbonyl 

PERMEABILITY CHANGE DUE TO TEMPERATURE 
I I w uncompen,ated toronl of G. r. & I . Carbonyl Iron l'w.% der-

+1.0 

0 

-1.0 

.---- -.—.A.,_ 
----6----4----- ----. ,.______. 

30  50  70 110  130 

Iron Powders are generally superior in coefficients of 
eddy current loss and residual loss. These low losses 
usually make for high Q. 

2. G. A. & F. Carbonyl Iron Powders are also superior 
in coefficients of magnetic and temperature stability. 

3. In comparison with air-cored coils, G. A. & F. Car-
bonyl Iron Powder-cored coils permit considerable 
savings in volume, weight, and wire-length, along with 
great increases in inductance and Q. 

I + Ask your core manufacturer for information about G.A.&F. 
Carbonyl Iron Powders. Or write direct to: Antara Prod-
ucts, 444 Madison Avenue, New York 22, N. Y. Dept. 6,3. 

These unique properties tell why 

G. A. & F. Carbonyl Iron Powders are superior: 

PROPERTY 

Spherical structure 

Concentric shell structure 
(some types only) 

High iron content 

Absence of non-ferrous metals 

Relative absence of internal stress: 
regular crystal structure 

Spheres of small size 

ADVANTAGE 

Facilitates insulation and 
compacting 

Low eddy current losses 

Exceptional permeability and 
compressibility 

Absence of corresponding 
disturbing influences 
Low hysteresis loss 

Low eddy current losses; usable 
for high frequencies 

Variations of sphere size  Extremely close packing 

G. A. & F. CARBONYL 
IRON POWDERS 

22A 

(NOTE: Applicable to grades E, nil, and SF) An Amara® Product of General  & Film Corporation 
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the CONTROLLER answers 
typical regulation problems 

Q. An AC requirement. Can you stabilize 
the output of a transformer? 

ANSWER   
LOAD 

a• Can you selectively regulate a number 
of DC voltages and currents? 

a. Can the CONTROLLER stabilize a gen-
erator field to regulate its output? 

ANSWER 
RECTIFIER CIRCUIT 

• 

• 

of AC, DC or RF outputs in any 

one circuit, selectively stabilized 

over wide ranges of line and load 

with the new (A3  SORENSEN 

ELECTRONIC CONTROLLER 

The AC output of the CONTROL-
LER will swing between 85-145 
VAC, AUTOMATICALLY adjust-
ing the output of your unit 
against line and load variations. 
By referencing this output back 
to the CONTROLLER you get 

output regulation. 

TECHNICAL SPECIFICATIONS 
The controlled circuit must make available at least one watt of power 

to the CONTROLLER. 

Input voltage range:  95-125 volts AC 
(50 or 60 cycles) 

Load range:  200 to 2000 VA 

Regulation accuracy:  0.5 7. at the controlled point 

write today for more information on the new CONTROLLER. Arrange 

to have a Sorensen Engineer analyze voltage regulation requirements 

in your plant. He can select a Sorensen unit or suggest a special 

design to fit your unusual application. 

• 

SORENSEN 

"I'C'MPAN' The FIRST line of standard ELECTRONIC Voltage Regulators 

Represented in all principal domestic and foreign cities. 

soRENsEn 
& COMPANY, INC.  • STAMFORD, CONNECTICUT 
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BENDIX-SCINTILLA 
the finest ELECTRICAL CONNECTORS 
money can build or buy! 

• 

\V\ 

A 

1. is 

SHELL 
M O strength  alumi-
num alloy ... High 
resistance to corrosion 
... with surface finish. 

CONTACTS 
High current capacity 
...Low voltage drop 

SCINFLEX 
ONE-PIECE 
INSERT 

High  dielectric 
strength ...High arc 
resistance. 

AND THE SECRET IS SCINFLEX' • 
Bendix-Scintilla* Electrical Connectors are precision-built to 
render peak efficiency day-in and day-out even under difficult 
operating conditions. The use of "Scinflex" dielectric material, 
a new Bendix-Scintilla development of outstanding stability, 
makes them vibration-proof, moisture-proof, pressure-tight, 
and increases flashover and creepage distances. In temperature 
extremes, from —67° F. to +3000 F., performance is remark-
able. Dielectric strength is never less than 300 volts per mil. 

The contacts, made of the finest materials, carry maximum 
cmrrents with the lowest voltage drop known to the industry. 
Bendix-Scintilla Connectors have fewer parts than any other 
connector on the market—an exclusive feature that means 
lower maintenance cost and better performance. 

*REG. U.S. PAT. OFF. 

Write our Sales Department for detailed information. 

• Moisture-proof, Pressure-tight • Radio Quiet  • Single-piece inserts 
• Vibration-proof  • Light Weight • High Arc Resistance  • 
Easy Assembly and Disassembly • Less parts than any other Connector 

A ailable in all Standard A.N. Contact Configurations 

SIDIWY, N. Y. 

DIVISION OF 

News-New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

Laboratory Amplifier with Dy-
namic Noise Suppressor 
The Type 210-A laboratory amplifier, 

offered by Hermon Hosmer Scott, Inc., 
Dept. IR, 385 Putnam Ave., Cambridge, 
Mass., uses the dynamic-band-pass princi-
ple to reach new peaks of performance. In 
addition to reproducing phonograph rec-
ords, the amplifier may be used with any 
standard tuner, and is designed to provide 
quality reproduction of phonograph rec-
ords, f.m., or a.m. 

This unit, supplied with a matched 
variable-reluctance pickup cartridge, pro-
vides a complete phonograph system ex-
cept for turntable or record changer and 
loudspeaker. The amplifier provides 20 
watts output with less than 2% distortion, 
and below 8 watts, the distortion is under 
4%. The output transformer is arranged to 
match speaker impedances between 2 and 
500 ohms. 
The maximum frequency range of the 

amplifier exceeds 20,000 c.p.s. With the dy-
namic noise suppressor the response is flat 
to 10,000 c.p.s. and extends to 16,000 c.p.s. 
Independent tone controls allow boost or 
attenuation at either end of the frequency 
range. A whistle filter is provided for a.m. 
reception. 

Recent Catalogs 
• • • On television antenna problems in 
apartment houses, hotels, and other mul-
tiple television set buildings, by Amy, 
Aceves & King, Inc., 11 West 42 St., 
New York 18, N. Y. 

• • • On "a new basically improved line 
of general speakers" for reproducing 
16-mm sound on film. A two-color illus-
trated folder by Altec Lansing Corp., New 
York and Hollywood. The new models 
are 604B Duplex, 603B Multicell Diacone, 
600 B Diacone, and a new edition to the 
line, an 8' Diacone. 

" • On a new line of metered variable 
transformers manufactured by Standard 
Electrical Products Co., 400 Linden Ave., 
Dayton 4, Ohio. This new group includes 
isolated primary transformers with sec-
ondary voltages from 0-140 volts, also 
auto-type transformers with the same out-
put voltage. 

(Continued on page 5.5A) 
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At eogeeeadet 7et 7et Ecie/ut heed! 
TYPE C & D - Sturdily 
constructed to give trouble-free 
operation under the most se-
vere service, JOHNSON Type C 
and D Condensers cost.less than 
any other quality condensers. 
Features include sturdy con-
struction,  heavy  aluminum 
plates .051° thick, Steatite insu-

lation and center rotor contacts 
on all dual models. Both front 
and rear shaft extensions permit 
ganging. 
Available in 52 different models, 
single or dual sections, with 
spacing varying from .175" to 
.500" and maximum capacities 
from 50 to 1,000 m mfd. 

TYPE E & r - Rugged and 
compact, JOHNSON Type E and 
F Condensers for medium and 
low power transmitters have 
more capacity per cubic inch 
and occupy less panel space for 
their rating than any other con-
denser on the market. Features 
include Steatite insulation, sta-

tor mounted above to reduce 
capacity to ground, front and 
rear shaft extensions that per-
mit ganging. 
Available in 45 different models, 
single or dual sections, spacing 
.045' to .125", and maximum 
capacities from 35 to 500 m mfd. 

TYPE G - The JOHNSON 
Type G Condenser is widely 
used as a neutralizing condenser 
for medium and low power 
stages. It's equally famous for 
its outstanding performance in 
grid and plate tuning at high 
and  ultra  high  frequencies. 
Features include front and rear 

shaft extensions and universal 
mounting bracket and locking 
nut. 
Available only in single sections 
with single end plate. Seven 
models from which to choose. 
Capacities from 3.5 to 52 m mfd. 
Plate spacing from .045" to .225". 

TYPE H - Combining mini-
mum weight with small size, 
JOHNSON Type H Condensers 
are designed especially to with-
stand heavy vibration. Steatite 
end plates prevent any possi-
bility of "short circuit loops" 
and permit panel mounting 

with both rotor and stator 
insulated from ground. Alumi-
num plates are  .020" thick. 
End plates are 11/2" square. 
Available in 17 different models, 
single or dual sections, spacing 
.030" or .080", and maximum 
capacities from 25 to 100 m mfd. 

Write For New Complet " 

JOHNSON 

Condenser Catalog 

TYPE y - A midget con-
denser with big condenser char-
acteristics, Type J has wider 
spacing than most small types, 
yet occupies little more space. 
It is ideal for oscillator and low 
power stages. Universal type 
mounting brackets make pos-
sible a variety of mountings in-

eluding chassis, panel or in-
side tube socket type inductors. 
Steatite end plate. 
Available only in single sections 
with single end plate. Six differ-
ent models with maximum ca-
pacities from 7 to 102 m mfd. 
Plate spacing is .025". 

MIDGET AIR VARI-
ABLES - Here are three of 
the smallest air variables ever 
produced. 
SINGLE TYPE - Available in 
four models: 1.55 to 5.14 m mf, 
1.73 to 8.69 m mf, 2.15 to 14.58 
m mf. and 2.6 to 19.7 m mf. 

DIFFERENTIAL TYPE - Avail-
able in four models: 1.84 to 5.58 
m mf, 1.98 to 9.30 mmf, 2.32 to 
14.82 mmf and 2.67 to 19.30 m mf. 
BUTTERFLY TYPE - Available 
in four models: 1.72 to 3.30 mmf, 
2.10 to 5.27 mmf, 2.72 to 8.50 
rnmf, and 3.20 to 11.02 m mf. 

TYPE N - When space is 
limited, yet you need extremely 
high voltage rating, fine adjust-
ment  with  uniform  voltage 
breakdown rating throughout 
the full capacity range, the 
JOHNSON Type N Neutralizing 
Condenser is the perfect answer. 

Available  in  three  different 
models. Capacity range in each 
type is approx. 1.5 m mfd. to 
10.5 m mfd., peak RF breakdown 
ratings at 2 MC ranges from 
8,500 with the N125 to 14,500 
for the N375. 

JO H NS O N -aplotoccaotaoteig Radia 
E.  F.  JO H NS O N  CO.,  W ASEC A,  MI N NES OTA 
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HMIIT 
DUMMY 
ANTENNA 
RESISTORS 

wo new dummy antenna resistors, designed by 
Ohmite, for loading radio transmitters or other 

radio frequency sources, now offer improved frequency 
characteristics. This results from more effective pro-
portionment of the d-c resistance, residual inductance, 
and distributed capacitance. 
In the new units, residual inductance and distributed 

capacitance are kept to a minimum, making the natural 
resonant frequency as high as possible. For all practical 
purposes, these dummy antenna resistors may be con-
sidered "non-reactive" within their recommended oper-
ating frequency ranges. To make electrical connections, 
two types of terminations are provided, depending 

Ee Re9/a wed 

Rugged new Ohmite units consist of special non-inductively 
wound, vitreous-enameled resistors connected in parallel and 
mounted inside a sturdy, perforated steel cage. 

• IMPROVED FREQUENCY 

CHARACTER IS TICS 

• RUGGED VITREOUS-

ENAMELED CONSTRUCTION 

upon whether the unit is intended to be used in con-
junction with a coaxial cable or with a parallel trans-
mission line. 
Type D-101, 100-watt unit, is stocked in 52, 73, 300, 

400, 500, and 600-ohm values; Type D-251, 250-watt unit, 
in 52, 73, 300, and 600 ohms. Tol. ± 5%. Get complete 
information on the new Ohmite Dummy Antenna Re-
sistors. 

WRITE FOR BULLETIN 136 TODAY! 

OHMITE MANUFACTURING CO. 
4862 Flournoy Street  Chicago 44, III. 

HAUTE 
RHE OST ATS  • RESIST ORS  • TAP SWITC HES  • CH OKES  • ATTE N U AT ORS 
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PERFORMANCE 
CERTIFIED BY 
MORE THAN 400 
MAJOR 

INSTALLATIONS 

•TRADE MARKS 
REGISTERED 
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...for AM-FM and TV 
Seal-O-Flange Transmission Lines incorporate exclusive 
features that have practically revolutionized previous con-
cepts of coaxial line installation and operating efficiency. 
They eliminate special sections —anti-creep devices, anchor 
sections, differential expansion fittings — completely. Gas-
tight seals are attained without the use of torches or pains-
taking cleaning operations. The only tool required ¶0 
assemble these lines is a pair of small hanC wrenches —an 
important factor when working on a tower. Seal-O-Flange 
performance is time-proven in over 400 major installations 
all over the world. 

Seal-O-Flange Transmission Lines are sod by RADIO 
CORPORATION of AMERICA and GENERAL ELEC-
TRIC COMPANY. They are distributed nationally by 
GRAYBAR ELECTRIC CO., and internationally by 
WESTREX CORPORATION. 

KE YP ORT • NE W 

. . 
34.aalge. 
JERSE Y  
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See why Leaders in 

TELEVISION 
‘,„,,*  choose 

MYCALEX410 
insulation 

In television seeing is believing . . . and big name makers of televi-
sion sets are demonstrating by superior performance that MYCALEX 
410 molded insulation contributes importantly to faithful televi-
sion reception. 
Stability in a television circuit is an absolute essential. In the sta-

tion selector switch used in receivers of a leading manufacturer, the 
MYCALEX 410 molded parts (shown here) are used instead of infe-
rior insulation in order to avoid drift in the natural frequency of the 
tuned circuits. The extremely low losses of MYCALEX at television 
frequencies and the stability of its properties over extremes in tem-
perature and humidity result in dependability of performance which 
would otherwise be unattainable. 
Whether in television, FM or other high frequency circuits, the 

most difficult insulating problems are being solved by MYCALEX 410 
molded insulation...exclusive formulation and product of MYCALEX 
CORPORATION OF AMERICA. Our engineering staff is at your service. 

Specify MYCALEX 410 for: 

L Low dielectric loss 
2. High dielectric strength 
3. High arc resistance 
4. Stability over wide humidity and 

temperature changes 
5. Resistance to high temperatures 
6. Mechanical precision 
7. Mechanical strength 
8. Metal inserts molded in place 
9. Minimum service expense 
10. Cooperation of MYCALEX 

engineering staff 

MYCALEX CORP. OF A MERICA 
"Owners of 'MYCALEX' Patents" 

Plant and Genera/ Offices, CLIFTON, N. J.  Executive Offices, 30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y. 
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ONAL'S  NE W  NC-183 RECEIVER!  

MARION CUSTOM ENGINEER 

SIGNAL STRENGTH METER 

National's new NC-183 Receiver is designed particularly for discriminating 

radio operators . . . men who appreciate quality of performance ... engineering 

skill. 
Every demand was made by the National Company that components used in 

this brilliant, new receiver be consistent with their established reputation for 

building fine communications receivers. 

The Marion Electrical Instrument Company designed a special S-Meter for 
the N C-183  to answer National's demand for quality . . . radio operators' 

demand for an accurate, dependable means of measuring and logging signals 

being received. 

This "special" has an unbreakable plexiglass, anti-static coated window and 

Marion engineered dial illumination that eliminates the two principal draw-

backs of conventional dial lighting . . . 

A transparent lucite cavity for the bulb seals the delicate mechanism from 

dust drawn in by thermal currents and prevents insertion of oversized replace-

ment bulbs which often damage the meter movement. 

In addition, this "S-Meter" incorporates a special zero set in the back, in 

addition to a dust seal and other features available in all Marion Standard 

Electrical Indicating Instruments. 

Let Marion give your product salient selling points . . . through "special" 

instruments, tailored to fit the job . . . consistent with your policy of quality. 

THE NA ME "MARI O N" MEA NS  THE "M OST" IN METERS 

a complete 
lin• of 
standard electrical 

indicating instrument 

Write for complete information. 

MARI ON ELECTRICAL 
INSTR U ME NT  CO MP A N Y 

Manchester,  Ne w  Ha mpshire 
EXPORT  DIVISION  458  BROAD WAY  NE W  YORK  IT  IT  S  A  CABLES  MORHANEX 

IN  CAN A DA:  TH E  AST RAL  ELECTRIC  CO M PAN Y,  SCARB OR O  BLUFFS,  ON TA RI O 
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Stackpole iron powder molded cup cores are 
ideally suited to save valuable space and to make 
important contributions to high "Q" circuits. 
They are compact, efficient; may be mounted 
close to the chassis or any other metal part. 

Stackpole offers a broad range of shapes and 
types—and, where required, can produce special 
cup cores to the most exacting specifications. 
Write for samples. State your specifications and 
probable quantities required. 

The laminated steel core coil requires about three times 
as much space as the newer powdered-iron core coil. 

Above is a still further refinement of the loading coils shown at left. This 
coil may be wound more easily, and at less cost than the toroid type. 

The neat, compact unit above is a Western Union carrier filter featuring four Stackpole 
powdered•iron cup-core type inductors. Imagine the space required if only toroid or lam-
inated core coils, as shown in the first illustration, were available. 
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In Western Union carrier telegraph 
systems,Stackpole cup cores contrib-
ute to the performance shown above. 

I R O N C O R E 
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1 

"1 
ested and Approved", 

in Western Union Radio Beam Equipment! 

M ade by Stackpole to meet rigid re-
quirements of Western Union design, 
Powdered-Iron Cup Cores are a relatively 
recent developmen:. Western Union Radio 
Beam and Carrier Systems Equipment en-
gineers have taken full advantage of the 
many space and labor-sa‘ing possibilities 
they offer. Since 1942, progressive design 
improvements resulted in the pictures 
shown at the left. 
Part of a recent Western Union report 

reads, "Subsequent research work has re-

sulted in a new shell type of core. This 
form of core possesses marked advan-
tages in that it permits the use of simple 
coils, wound on a plastic spool, in place 
of the laboriously wound (toroidal) type 
previously necessary. . . . The shell type 
powdered-iron cores also provide sub-
stantial improvement in carrier operation 
due to improved attenuation character-
istics. These advantages, together with the 
reduction in cost, will doubtless result in 
shell type coils being used extensively?' 

Get All the Up-to-Date Information on 
Stackpole Cup Cores—Write for Bulletin RC-7B 

STACKPOLE 
STACKPOLE CARBON COMPANY• ST. MARYS, PA. 
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J. H. MOSHER 
Field Soles 

H. B. WILSON 
Application 
Engineering 

J. H. HALGREN 
Application 
Engineering 

J. S. STARRETT 
Industrial 
Specialist 

D. R. YODER 
Application 
Engineering 

H f HAFKER 
Application 
Engineering 

W A. POND 
Application 
Engineering 

RCA offers Equipment Manufacturers a Nation-wide Service on 

Tubes, Parts, and Equipment 

L S. THEES 
Manager 

SALES AND ENGINEERING 

FIELD FORCE 

KimvE1 

C. R. KLINGER 
Field Sales 

E  EA: 

H. S. GWYNNE 
Assistant to 
Manager 

HEADQUARTERS GROUP 

C. W. TAYLOR 
Manager. Tube Ports 
and Machinery Sales 

R. L. KELLY  G. H. MYERS 
Manager, Application  Manager, 

Engineering  Customer Service 

W KIRSCHNER 
Field Sales 

G. D. 14ANCHETT 
Application 
Engin eering 

E. A. FREED 
Field Soles 

W.Fileldt1°SoPIK.INS 

T. B. PERKINS 
Application 
Engineering 

N F MACKENZIE 
Appl.cution 
Enymeering 

SALES AND ENGINEERING SPECIALISTS 

W. 0 LEAHY 
Field Soles, 
Government 

L. T WEAGLE 
Tube Parts and 
Machinery Soles 

• These RCA Tube Department specialists devote all of 
their time exclusively to the problems and requirements 
of radio and electronic equipment manufacturers. 
Whether it be on tubes, parts, or test equipment, they're 
ready to help when and where you want them. 
For your convenience, RCA maintains completely 

equipped application engineering laboratories at Horn-

TUBE D EPA RT MENT D EPA RT MENT 

M. E. MARKEL'. 
Industrial 
Specialist 

T WILSON 
Application 

Engineering, Television 

H. L. WILCOX 
Tube Ports and 
Machinery Sales 

M COPAN 
Field Soles 

J. WACHTEL 
Application 
Engineering 

W H. WARREN 
Application 
Engineering 

son, N. J., Lancaster, Pa., and Chicago, Ill.—and sales of-
fices at Harrison, Chicago, and Los Angeles. A call to the 
office nearest you will bring prompt service ... or, write 
to RCA, Equipment Sales, Section FR52, Harrison, N. J., 
for the same prompt attention. 

The Fountainhead of Modern Tube Development is RCA 

RA DIO CORPORATIO N of A MERICA 
HA RRISON. N. J. 
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Herbert J. Reich 
Director, 1948-1949 

Herbert J. Reich, educator and author, was born on 
Staten Island, New York, on October 25, 1900. He re-
ceived the M.E. degree in 1924, and the Ph.D. degree in 
physics in 1929 from Cornell University. 
In 1929 Dr. Reich became associated with the Uni-

versity of Illinois as assistant professor of electrical en-
gineering, and was advanced to the rank of associate 
professor in 1936, and professor in 1939. On January 1, 
1944, he was granted leave of absence to join the staff 
of the Radio Research Laboratory at Harvard Univer-
sity. He was appointed professor of electrical engineer-
ing at Yale University in January of 1946, and has re-
mained in this position to date. 
Dr. Reich specialized in the field of electron tubes and 

electron-tube circuits and has published approximately 
forty-five papers on these and related subjects in tech-

nical periodicals. He is the author of "Theory and Appli-
cation of Electron Tubes," "Principles of Electron Tubes," 
co-author of "Ultra-High-Frequency Techniques," and 
editor of "Very-High-Frequency Techniques." 
He was elected to Associate membership in The 

Institute of Radio Engineers in 1926, and transferred 
to Member grade in 1941. In 1943 he became a Senior 
Member. He has served on numerous committees and 
at present is a member of the Board of Editors, the 
Electron Tube Committee, and the Education Commit-
tee. During 1944 he was a member of the Board of 
Directors. He is also a member of the American Insti-
tute of Electrical Engineers, the American Association 
for the Advancement of Science, the American Society 
for Engineering Education, and is a Fellow of the Ameri-
can Physical Society. 
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Between the alternatives of a productive and happy future for mankind 
and the dread prospect of the utter annihilation of painfully won accomplish-
ments of civilization lies onlyt the power of an idea. That idea—international 
understanding through good will, intelligent co-operation, and reasonable mu-
tual adjustments—has proved its worth in difficult and contentious fields. It 
is clearly set forth and urged for acceptance in the following guest editorial by 
Dr. J. H. Dellinger, Chief of the Central Radio Propagation Laboratory of the 
National Bureau of Standards of the United States, capable representative of 
his country at many international radio conferences, and a Past-President and 
Fellow of The Institute of Radio Engineers.—The Editor. 

The Great Opportunity 
J. H. DELLINGER 

To be sure, the vast field of radio and electronics offers vast opportunity. It is the very symbol of progress. But 
there is a unique aspect of its potentialities which has not received sufficient emphasis. That is its opportunity to 
contribute to world friendliness, the prerequisite of world peace. This opportunity includes much more than broad-
casting, which has long taken its place as a mighty enlightener and leveler of barriers between nations. High hopes 
were entertained twenty-five years ago, when the wonders of broadcasting were revealed, that this would be the means 
of achieving world-wide understanding. Its force in that direction is not to be underestimated, but it is not enough. To 
help in the present critical fight for world peace, we can offer, besides broadcasting, the special contributions of radio 
business and radio science, the physical nature of radio in its world-wide effects, and the very difficulties of control 
of radio interference. All of these involve powerful forces toward international collaboration, and we must consciously 
use them to that end. 
Despite its constant repetition, people do not realize, at this juncture of world affairs, the awful need for real 

international understanding. The entire population of the world is now defenseless against destruction should war 
come again. There is no alternative: world collaboration has to be achieved. There is no simple and no single way. 
Every path must be followed and we must all do whatever we can. When Einstein forsakes his equations to preach this 
and this alone, the world should realize its supreme truth. When Haraden Pratt and Arthur Van Dyck forsake their 
business duties long enough to see what the atomic bomb can do and come out with the same answer (see what they 
said on page 933 of the PROCEEDINGS OF THE I.R.E., vol. 34, December, 1946), we radio men should stop and think 
what we can do about it. 
We are privileged to work in a field which does promote international understanding. First of all, radio business 

and radio science provide unusually extensive contacts at the international level. With our electronic products we 
export not only goods but ideas and all sorts of personal contacts. The many ramifications of these activities likewise 
cause us to import the offerings of other countries. In all of this, radio men have the opportunity to display those 
principles of fair dealing and mutual respect which are a major ingredient of permanent peace among men. 
The physical nature of radio phenomena requires radio scientists, engineers, and business men to think on a world 

scale. The establishment and maintenance of long-distance communication, of ship radio service, of navigation aids to 
the world's airways, require common action by men of different nationalities. The vagaries of radio transmission re-
quire world-wide collaboration and utilization of radio propagation data. 
Radio simply could not operate without world collaboration in the control of interference. Radio waves recognize 

no national or other boundaries. We all use the same transmission medium and we cannot tune in the stations we want 
and tune out ,the ones we don't want without very detailed world agreements on the use of the radio spectrum. The 
preparation and revision of these world agreements provide an exceptionally fine demonstration of the possibilities of 
whole-hearted international collaboration. I have participated in many of them, from that of Paris in 1921 to the recent 
ones of Rio, Moscow, and Atlantic City. I know that men of all nations can work out together the most complicated 
and difficult problems, even with national sovereignties deeply affected, in the spirit of true friendliness and with com-
plete success, for I have seen them do it. This process is going on even now: at Geneva, Switzerland, an international 
body of engineers and administrators is working the whole of this year to develop a new, improved assignment of the 
world's long-distance frequencies. 
I may be pardoned for closing on a personal note. I have been especially fortunate in being associated with many 

aspects of radio science, engineering, and administration, and in being selected to serve as a representative of the radio 
engineering profession in some of them. I have seen the forces of good will at work between radio men of different 
nations. I deeply believe that these currents of good will and international friendliness are by no means negligible con-
tributions to the happier world future. 
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A Low-Noise Amplifier* 
HENRY WALLMANt, ASSOCIATE, I.R.E., ALAN B. MACNEEt, ASSOCIATE, I.R.E., 

AND C. P. GADSDENt, MEMBER, I.R.E. 

Summary—This paper describes an amplifier circuit which yields 
very low noise factor, consisting of a grounded-cathode triode fol-
lowed by a grounded-grid triode. The combination is entirely non-
critical and provides the low noise factor of a triode with the high 
amplification and stability of a pentode. Noise factors averaging 0.25 
db at a carrier frequency of 6 Mc. and 1.35 db at 30 Mc. have been 
achieved. Typical circuit details are given. 

I. INTRODUCTION 

IN COMMUNICATIONS  systems in which the minimum usable signal is determined by receiver 
noise, as distinct from noise arising from atmos-

pherics,' jamming, etc., improving receiver noise fac-
tors,' is as valuable as increasing transmitter power. The 
amplifying arrangement described in this paper affords 
a reduction of about 2 db in the minimum perceptible 
signal of certain microwave radar receivers; this is 
equivalent to increasing peak power in the associated 
transmitters from 1.0 to 1.6 megawatts, at vastly less 
cost. 
It is well known that the random division of cathode 

current between plate and screen in a pentode makes the 
shot-noise current of a given pentode about three to five 
times that of the same tube connected as a triode with 
screen strapped to plate.* This effect is called "partition 
noise"; because of it, many suggested arrangements for 
obtaining good amplifier noise factor have revolved 
around the use of a triode as a first stage."--s 
A triode can be employed in three ways; namely, as a 

grounded-cathode stage, a grounded-grid stage, or a 
grounded-plate stage (cathode-follower). For a given 
tube type, these three configurations can be shown to 
yield, very closely, the same noise factor. If a single 
triode is used to precede a pentode amplifier chain, and 
if any triode load resistors necessary for stability are 
considered to be part of the triode stage, then all these 
arrangements have the disadvantage in wide-band am-
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plifiers (1 Mc. or wider) that the available gains is low. 
The noise factor of the complete amplifier is, conse-
quently, materially affected by the noise factor of the 
remainder of the amplifier, in accordance with the rela-
tions 

F12 = F1 + 
F2 -  1 

(1) 

where 
Fi2 = noise factor of entire amplifier 
F1= noise factor of first stage 
F2 = noise factor of balance of amplifier with source 

resistance equal to the output resistance of the 
first stage 

GI =available gain of first stage. 

This circumstance suggests the desirability of using 
a triode as a second stage also, either to make F2 small 
or, as is done in the circuit described below, to permit 
stability to be maintained with a large value of GI. 
Two triodes can be cascaded in nine possible ways. 

Theoretical and experimental investigation of these nine 
possibilities led us to the one described below as being 
the best combination, with regard to noise factor, sta-
bility, and gain. 
The arrangement in question was devised by the au-

thors in 1944 at the M.I.T. Radiation Laboratory. It 
consists of a grounded-cathode triode first stage, fol-
lowed by a grounded-grid triode second stage. An a.c. 
diagram is shown in Fig. 1. The various coils are mid-
band resonant with their associated capacitances. 

Fig. 1—A.c. diagram of cascode low-noise amplifier. 

The coil L. in parallel with the grid-plate capacitance 
C„ is a neutralizing coil whose purpose is, however, not 
to obtain stability but to achieve low noise factor. Even 
in amplifiers operating at a midband frequency as high 
as 180 Mc., L. can be omitted with complete preserva-
tion of stability, although the noise factor is increased 
from 5.5 to 8.0 db. 
Search for a concise name for the grounded-cathode, 

grounded-grid combination led to the designation "cas-

Throughout this paper, gain refers to power ratios, and ampli-
fication to voltage ratios. 
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code," after a somewhat similar arrangement employed 
by Hunt and Hickman.9 
The cascode amplifier shown in Fig. 1 provides (a) 

the stability and noncriticalness of a pentode, (b) the 
amplification and gain of a pentode, and (c) the low 
noise factor of the first triode. 
It is the two triodes together that have the amplifica-

tion of a single pentode; thus the cost of the improve-
ment in noise factor is one additional tube. It is possi-
ble, however, that a high-quality double triode with 
separate cathodes, such as the recently announced type 
2C51, may yield the advantages of this circuit with only 
one envelope.1° 
Conventional pentode amplifier stages follow the 

cascode to provide the bulk of the amplifier gain. 
The cascode low-noise amplifier was used for wide-

band band-pass amplifiers, and can be applied a fortiori 
to narrow-band amplifiers; with this technique, it 
should be possible to build 30-Mc. communications re-
ceivers with noise factors of 1.4 db. 
It is believed that the low-noise cascode circuit can 

also be adapted to low-pass amplifiers. 

II. GROUNDED-CATHODE AMPLIFIERS 

For use in the subsequent discussion, we now sum-
marize the noise-factor analysis of a grounded-cathode 
amplifier stage.4." The analysis is made for midband fre-
quency, at which the various tube and circuit capaci-
tances are assumed to be resonated out. 

I„ 

 0 

Fig. 2—Equivalent circuit for band-center noise-factor analysis 
of grounded-cathode stage. 

The amplifier can then be analyzed in terms of the 
equivalent circuit of Fig. 2, where 

k= Maxwell-Boltzmann  constant  (1.38 X10-23  
joule/°K.) 

T = absolute temperature of source resistance (usu-
ally taken as 290°K., "room temperature") 

.8 = noise bandwidth 
R.= transformed source resistance 
R, = input resistance due to tube and coupling cir-

cuits 
= tube mutual transconductance 

r, = tube plate resistance 

9 F. V. Hunt and R. W. Hickman, "On electronic voltage sta-
bilizers," Rev. Sci. Instr., vol. 10, pp. 6-21; January, 1941. The low-
noise property that forms the feature of the present circuit is, 
however, entirely unconnected with the original use of the cascode as 
a d.c. amplifier in a voltage stabilizer. 
'° Results obtained in 1944 with the type 7F8 were variable and 

disappointing, but this may have been a vicissitude of early 7F8 
production. 
" E. W. Herold, "An analysis of the signal-to-noise ratio of ultra-

high-frequency receivers," RCA Rev., vol. 6, pp. 302-331; January, 
1942. 

RL = load resistance 
= mean -squared thermal-agitation-noise current, 
4kTB/R, of R. 

ig2 = mean -squared grid-noise current 
= effective absolute temperature of the input load-
ing, defined as 4,2R„14kB 

RI  = mean-squared tube-shot-noise current 
mean-squared thermal-agitation-noise current, 
4kTB/RL, of RL 

ip2=i,,,2-Fi„,.2= mean-squared plate-circuit noise cur-
rent. 

Although the tube in Fig. 2 is shown as a triode, it 
can also be a tetrode or pentode, provided all electrodes 
other than the control grid and plate are by-passed to 
ground over the frequency range to be amplified. 
For convenience of notation, it is common in noise-

factor analysis to replace an actual tube with plate-cir-
cuit noise current i,, by a fictitious noiseless tube, having 
in series with its signal grid lead a noise voltage 

e„, = i„/ g„,  (2) 

which, when amplified by the tube, produces in its plate 
circuit the noise current  It is then possible to define a 
purely fictitious resistance R,„ according to the rela-
tion 

R„ = e„2/4kTB,  (3) 

called the equivalent noise resistance of the grounded-
cathode stage." As a measure of the noisiness of the tube 
and its load resistor, R.9 is a schematic substitute for the 
plate-noise current ip. 
If there is a coupling circuit between the signal source 

and the tube grid, R. and i, are regarded as the source 
resistance and the corresponding noise current referred 
to the output terminals of the coupling circuit. 
The shunt input loading 1/R9 is made up of three 

components: tube loading due to cathode-lead-induct-
ance feedback, transit-time loading, and loading due to 
losses in the input circuit. In noise analyses, the cath-
ode-lead inductance can be considered to be zero or 
tuned out by a suitable series capacitor, for it has been 
shown" that if this were not the case the resulting input 
loading would have only second-order effect on amplifier 
noise factor, because it degenerates tube noise as well as 
input noise. Cathode-lead-inductance loading does, how-
ever, affect the input bandwidth. 
Tube loading due to transit time is, on the other hand, 

of utmost importance in noise-factor considerations be-
cause it is found to have a large noise current associated 
with it. For transit angles less than one radian, cor-
responding to frequencies less than about 200 Mc. for a 

" The equivalent resistance r., of the tube itself neglects i„, 
and is defined by r.,...(i./g..)2/4kTB (cf. (3) ); it is related to 
R., by R.,=r.,7+11/(g.,2RL)J, and because the bracketed term is 
usually negligible, R., and r., are usually very closely equal. 
" M. J. 0. Strutt and A. Van der Ziel, "Methods for the com-

pensation of the effects of shot noise in tubes and associated circuits," 
Physica, vol. 8, pp. 1-22; January, 1941. 
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tube such as the 6AK5, it has been observed"35 that the 
effects of electron-transit time can be represented by a 
shunt resistance R, from grid to cathode in parallel with 
a noise current i, such that 

(a) the ratio T, of it2 to 4kBIR, is constant, that is, 

independent of frequency, and 

(b) T, g•--: 5T. (4) 

This representation assumes that transit-time grid noise 
is statistically independent of plate noise, or, in any 
event, that their effects add in the mean square. For 
large transit angles, this assumption is incorrect.'6 
By careful design, the third source of input loading, 

circuit losses, can be kept small enough to have negligi-
ble effect on amplifier noise factor compared to transit-
time loading, except possibly at very low frequencies 
where the noise factor is extremely good in any case. 
For example, the transit-time loading for a 6AK5 at 30 
Mc. is about 15 µmho. Because of its high effective 
temperature, the effect on noise factor of the transit-
time loading completely dominates that of circuit losses 
even if circuit losses introduce equal loading, corre-
sponding to an input coil Q of about 120, which is very 
moderate. At higher frequencies, the coil Q required to 
make coil losses negligible is even smaller. 
In the following discussion of noise performance, 

therefore, the grid loading can be assumed to consist of 
transit-time loading only, and ig to be equal to it. 
The noise factor of the circuit of Fig. 2 is 

1 -4-
Tr0-2 (R,  Rgy  1 

or 
is2  ja2  ReR,  g.,2 

R,  T  R.\  R, 

Because the source resistance R, can usually be varied 
by suitable impedance-transforming schemes, it is de-
sirable to determine the value of R. that makes the 
noise factor of the amplifying stage a minimum. Dif-
ferentiating (5) shows that this is" 

V&opt =  Vg,.2R02 + iP2 

i2142 

For most cases of interest, 

ig2ges2Rig2 >> ip2) 

(5) 

(6) 

(7) 

14 C. J. Bakker, "Fluctuations and electron inertia," Physica, 
vol. 8, pp. 23-43; January, 1941. 
II II. 0. North and W. R. Ferris, "Fluctuations induced in vacu-

um-tube grids at high frequencies," PROC. I.R.E., vol. 32, pp. 419-
423; July, 1941. 

14 There is some evidence, both theoretical and experimental, 
that the noise factor is slightly improved by tuning the input circuit 
somewhat below band center, about 2 Mc. at 30 Mc. and 15 Mc. 
at 180 Mc. The reason is the existence of a certain amount of coher-
ence between grid and plate noise. This point is discussed in sec. 
13.13 of vol. 18, "Vacuum-Tube Amplifiers," Radiation Laboratory 
Series, McGraw-Hill Book Co., New York, N. Y., 1948. 

which is equivalent to the condition 

(T 0/ T)R,>> R.,. 

This permits simplifying (6) to the form 

35 , 
RR8,0.,  = V R8,  R9 ,,0, 

T,IT 

Equation (9) shows that the optimum source resist-
ance is considerably lower than the value matching the 
input resistance of the tube; the optimum source re-
sistance is rather that value that makes the plate current 
resulting from the grid-noise voltage equal to the plate-noise 
current. For R 8 approximately adjusted to its optimum 
value, Fig. 2 simplifies to Fig. 3. 

1 

Fig. 3—Simplified equivalent circuit for band-center noise-factor 
analysis with R. approximately adjusted to its optimum value, 
(9), so that one can neglect the transit-time loading 1/R, but not 
the transit-time noise current it. Cathode-lead inductance loading 
and input-circuit loss are also neglected. The noise voltage at the 
grid, due to electron-transit time, is i,R., and R. is optimum when 
g„,(1,12.)=-4,. 

Substituting (6) into (5) gives an expression for the 
optimum noise factor, 

R.,   2 V (1? .,   
Fop, = 1+ 2[—z-F )  T 14_1' 

which can be simp ified under the condition of (8) to 

T, R., 
F09 ozs 1 ± 2 i/T , —Rg ,  (10) 

or 
R., 

= 1 -I- 2   (11) 
& opt 

Because T9/ T is constant (see (4)) for the frequency 
range under consideration, (10) permits one to evaluate 
the potential noise performance of a tube without con-
sidering circuit details, but knowing only two tube prop-
erties, namely, equivalent noise resistance and input 
resistance due to transit time. It also indicates the man-
ner in which optimum noise factor increases with in-
creasing frequency. Because 

R. cc 1112,  (12) 

it follows that 

Ramo cc 1/f,  (13) 

and hence 

(F", — 1) cc f;  (14) 

that is, if as the center frequency is varied the source re-
sistance of a grounded-cathode amplifier is continually ad-
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justed to yield the best noise factor, then the excess noise 
factor will be proportional to frequency. 
Experimental corroboration of (14) is shown in Fig. 

4, in which are displayed measured noise factors at 6, 
30, and 180 Mc. (see Table 1). 

10. o 

o 

0 

01 io  100  IOC 

FREQUENCY IN MEGACYCLES/SEC 

Fig. 4—Measured excess noise factors F1 of low-noise cascode 
amplifiers at 6, 30, and 180 Mc. Source resistance adjusted at 
each frequency for optimum noise factor (see Table 1). 

Although the bandwidth of the input circuit, when 
adjusted for optimum noise factor, does not explicitly 
appear in (6) and (9), it is, nevertheless, not arbitrary, 
but is determined for a given type of input circuit by 
the value of Re. opt together with the tube and circuit 
capacitances, and is proportional to frequency (13). For 
many tubes having good noise performance the input-
circuit bandwidth obtained by adjusting the source re-
sistance for optimum noise factor is moderately wide. 
An example is the 6AK5 pentode at 30 Mc., where 

6000 ohms and the bandwidth for a single-tuned 
input circuit with an input capacitance of 10 µµfd. is 
about 3 Mc., permitting an over-all bandwidth of about 
1.5 Mc. Bandwidths about twice as wide can be 
achieved for the same transformed source resistance by 
using a double-tuned input circuit; if, in order to obtain 
even wider bandwidths, the value of R. is reduced below 
R., „t, the noise factor will be degraded. If, for image 
rejection or other reasons, it is desirable to have a nar-
rower input bandwidth, it should be obtained by increas-
ing the input capacitance, leaving the source resistance 
at its optimum value. 
For the grounded-cathode amplifier of Fig. 2, the 

available gain is 

G = g,n2 
( Re),  R.R„2 

U2z,  r„) (R. ± R9)2 
(15) 

The various equations derived in this section are sub-
ject to the assumption that the tube and circuit ca-

pacitances are tuned out. Therefore, the noise-factor 
expression of (5) is accurate only for the single frequency 
at the center of the amplifier pass band. Some discussion 
of how the noise factor varies over the pass band is given 
in Part IV. One usually finds that variations in noise 
factor over the pass band are small enough to be ne-
glected in rough design calculations. The notable excep-
tion to this statement occurs in the case of the grounded-
grid amplifier. 

Noise Factor of 6AK5 Pentode 

One of the best pentodes now available as a first-stage 
amplifier is the type 6AK5. For this tube, g„,= 5000 
µmho, 1/R, = 16 X 10-" f2 µmho/(c.p.s.)2, and r„= 2500 
ohms. If the load resistor for the stage is chosen to be 
2000 ohms, R„=2520 ohms." At 30 Mc. (9) shows, tak-
ing R.= Rs, that 

= 5900 ohms.  (16) 

Using the value of (16) in (11), the optimum noise 
factor is found to be 

2520 
F„t 1  21  1 = 1.85, or 2.7 db.  (17) 

5900 

Although the noise factor of (17) was derived for band 
center, it is in fairly close agreement with measured in-
tegrated noise factors of 6-Mc.-wide amplifiers at 30 Mc. 
using 6AK5 pentodes; these averaged about 3.2 db. 
For the 2000-ohm load resistor, the available gain 

(15) is 

G  (5000)2 X 10-" (2000)(5900) =4 300.  (18) 

The gain given by (18) is so high that even a second-
stage noise factor of 10 times will not appreciably de-
grade the over-all noise factor of the amplifier. 

Noise Factor of Hypothetical Triode 

Let us now consider the performance that could be 
achieved if it were possible to operate the same 6AK5 
tube as first stage of the 30-Mc. amplifier, but connected 
as a triode. For the triode connection, R.5=400 ohms 
and g„,= 6700 µmho, but the transit-time loading re-
mains unchanged. Using these data, one finds that 

R„,„5 = 2350 ohms, 

F„5 = 1.35, or 1.3 db, 

G = 137. 

(19) 

(20) 

(21) 

Comparing these values with those calculated for the 
pentode connection (16), (17), and (18), we see that the 
noise factor is substantially improved. Moreover, the 
optimum source resistance is appreciably lowered; this 
permits wider input bandwidths at the optimum noise 
factor. The available gain remains high enough to ren-
der negligible the noise contribution of all but the noisi-
est second stage. 
The difficulty with this plan lies in the fact that a 

triode-connected 6AK5 operated at 30 Mc. with the in-
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dicated source and load resistances would oscillate, and 
thus would be valueless. 
It will be shown, however, that, through suitable con-

nection of two triode tubes, it is possible to achieve the 
stability of a single pentode stage. Furthermore, the 
noise factor, optimum source resistance, and available 
gain of this combination are determined almost entirely 
by the first triode alone. In particular, if a triode-con-
nected 6AK5 is used for first tube, the values given in 
(19), (20), and (21) can be achieved. 

III. THE CASCODE LOW-NOISE CIRCUIT— 
QUALITATIVE EXPLANATION 

In preparation for the precise discussion of the cas-
code low-noise circuit contained in Part IV, a qualita-
tive exposition will now be given. This discussion is re-
stricted to band center. 
Referring to Fig. 1, let g„,,, re, g„,2, re be the transcon-

ductance and plate resistance of the first and second 
tubes, and let R2 be the load resistance of the second 
tube. Assuming, for simplicity, that R2 is considerably 
smaller than re, as in wide-band amplifiers, then one 
knows that the input resistance of the grounded-grid 
stage is approximately lig„,2; this is the resistance look-
ing to the right at points AA' of Fig. 1. 
The resistance looking to the left at AA' is r„1. Typi-

cal values are about 200 ohms for 1/g,,,, and 4500 ohms 
for rpi. It is this combination of very low resistance to 
the right and very high resistance to the left that is 
the crucial characteristic of the grounded-cathode, 
grounded-grid combination, with regard to both stabil-
ity and noise factor. 

a. Stability 

The amplification from the grid of tube 1 to its plate 
is g,„21g.2. If g„,i and g„,2 are about equal, as is usually the 
case, the amplification is about unity. This low amplifi-
cation makes the grounded-cathode stage stable. If g.2 
is twice g,„1, say (for tube 1 a triode-connected 6AK5 and 
tube 2 a 6J4), the amplification of tube 1 is only one-half. 

1). Amplification 

For a 1-volt signal applied to the input grid, the plate 
current of tube 1 is g„,,, ampere. Because this current 
flows through the plate circuit of tube 2, the voltage 
across R2, and hence the amplification of the cascode, 
is approximately gmiR2. With regard to amplification, 
the cascode circuit is thus equivalent to a pentode of 
transconductance gm,. 
Observe that the amplification of the cascode does not 

depend on g„,2. The motivation for large g„,2 is essentially 
only this: the larger g„,2, the smaller is the amplification 
of the grounded-cathode stage, and hence the greater 
the stability of the grounded-cathode stage. 
The transconductance of a pentode is increased when 

it is connected as a triode, approximately in the ratio of 
cathode to plate current. For this reason, the amplifica-
tion of a cascode employing a triode-connected 6AK5 as 

first stage is actually about a third larger than that of a 
single pentode 6AK5 stage. 

c. Noise factor 

The available gain of the first stage is 

mi2 /  mi 2R.  
GI =  1 (22) 

451 / 4R,  rpi 

where µ, is the amplification factor of tube 1 and R. is 
the source resistance. 
The noise factor F2 of the grounded-grid stage, re-

garding R2 as part of that stage, can be shown to be 

T g2  r pi  r 4,2  rpl 

F2 -  1 = -  -  +  - - +  — 
T R92 rpl  R2 

where T‘,2 is the effective temperature of the second-tube 
grid-noise resistor Re2, and re,2 is the second-tube equiv-
alent plate-noise resistance." In the right side of (23) the 
first term represents the contribution of grid noise; the 
second term, plate-shot noise; and the third term, ther-
mal-agitation noise in Rg. 

Typical values, pertaining to a 6AK5-half-6J6 cas-
code (Fig. 7) at 30 Mc. are Ai =30, R.=2350 ohms, 
T./ T =5, rpi =4500 ohms, R,,=60,000 ohms, r4,2= 500 
ohms, and R2 = 2000 ohms; for that case 

G1 = 470,  (24) 

(23) 

which is extremely high, and 

F2 -  1 = 0.38 -1- 0.11 + 2.25 = 2.74.  (25) 

Equations (1), (24), and (25) show that, in this typi-
cal case, the noise factor Fig of the cascode is 

F12 = F1 +  0.01.  (26) 

In the same typical case, F1 is about 1.35. Equation 
(26) thus validates the assertion that the noise factor of 
the cascode is extremely close to that of the grounded-
cathode stage alone. 
It follows that, although the grounded-cathode tube 

type should be chosen for low noise factor, noise per-
formance is irrelevant in the choice of tube type for the 
grounded-grid stage. 

d. Available Gain 

The available gain G12 of the cascode, regarding R2 as 
part of it, is that of a pentode of transconductance grni, 
source resistance R., and load resistance RI; i.e., 

G12 (g.IR2)2 / 1 
4R2 / 

= gmi2R.R2.  (27) 
4R, 

In the typical case above, Glg '41 200; this is enough to 
make any usual third-stage noise negligible. 

IV. SINGLE-FREQUENCY NOISE FACTOR 
OF THE CASCODE 

For small-signal analysis, the low-noise cascode can be 
replaced by the equivalent circuit of Fig. 5, where 
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Ygpj = grid-to-plate admittance of tube 1 

too) 
= iwo copi (._ 

coo  0.) 

C„1= grid-to-plate capacitance of tube 1 
Jo =band-center frequency =w0/27r 
17gci =grid-to-cathode admittance of tube 1 

( .0) = g. + jw0c..,— - — .0 
Cga  =grid-to-cathode capacitance of tube 1 
g. = transformed signal conductance at grid of 

tube 1 
Yinter = interstage admittance 

1  wo) 
=  j(00(Cpci  C 00 2) ( W  -- — — 

rpi  0.1 

C„ci = plate-to-cathode capacitance of tube 1 
Cgc2=grid-to-cathode capacitance of tube 2 

= plate resistance of tube 1 
17„e2= plate-to-cathode admittance of tube 2 

1 
=  iWOCpe2 

rp2 

C„c2 = plate-to-cathode capacitance of tube 2 
rp2 = plate resistance of tube 2 
Y09 2 =grid-to-plate admittance of tube 2 

1 CO  WO) 

=  -- jW0C p2 ( 
R L 

C092  = grid-to-plate capacitance of tube 2 
R L = load resistor of second stage of cascode 

= mean-squared thermal-noise current 4kTBg, 
of g, 

= grid-noise current of tube 1 
in22 =shot-noise current of tube 1 = 4k TBr.og.12 
i„32 = shot-noise current of tube 2 = 4k TBreo g„,22 

[
is ±  inl  (Ygel  Ygpl) 

in2  in3  =  [ (gml  Ygpl) 

in3  in4  0 

In analyzing the cascode by the equivalent circuit of 
Fig. 5, a number of approximations are made: 
(a) The grid-noise current of tube 2 is neglected com-

pared with the plate-noise current of tube 1. These two 
currents flow between the same two terminals and can 
thus be compared directly. 
(b) The admittance of the grid loading of tube 1 is ne-

glected, but the noise current associated with this load-
ing is not. 
(c) All tube and circuit capacitances with the excep-

tion of C„,,2 are assumed to be tuned to parallel resonance 
by suitable parallel inductances. 

Fig. 5—Equivalent circuit for cascode noise-factor analysis. 

(d) The losses associated with these inductances are 
assumed to be negligible, with regard to both loading 
and thermal noise. 
(e) The grid-noise current of each tube is statistically 

independent of its plate-noise current. 
Assumptions (a) and (e) are observed to hold for most 

receiving tubes at frequencies below 200 Mc. Assump-
tion (b) is justified for most tubes by (7). Assumption 
(c) means that the input, interstage, and output circuits 
are single-tuned, and the grid-plate capacitance of tube 
1 is neutralized at band center. The results obtained for 
this case are indicative of the behavior to be expected in 
general and are yet simple enough to be easily manipu-
lated. Assumption (d) is met in practice provided care is 
taken to employ reasonably high-Q coils. 
The node equations for the cascode equivalent cir-

cuit, written in matrix form, are 

170p1  0  1  red 

Una +  pp,  Yinter  I 7 pa)  V,,,,2  X epi • 

— (g.2  Ype2)  (Ype2 +  1'g p2)]  e,,2 

in42 = thermal-noise current of load resistor 
= 4kTB/RL 

T =absolute room temperature 
T,= effective absolute temperature of grid loading 

= it,2Ral4kB 
B= noise bandwidth 
k= Maxwell-Boltzmann constant 
= equivalent noise resistance of tube 1 

rig:  =equivalent noise resistance of tube 2 
gmi = transconductance of tube 1 
&is= transconductance of tube 2. 

We define 
ep2„ =output voltage with all currents applied 
ep2,3= output voltage with the noise currents inu 

ina, and in, set equal to zero. 
Then the noise factor of the cascode circuit is 

The voltage ej,2„ is 

2 .p2n 
F —   

ep2.2 

(28) 

441 

(29) 
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where 

and 

e 20 

Usually, 

ep2n = 

grni >> Yopi, 

+ 

(gml  Ygpl) 

Ygpl (i. + in1) 

(gm2  Yppl  Yinter  Ypc2)  (in2  in3) 

( m2  Ype2)  (in3  in4) 

(Ypel  Yppl) 

(gmi — Yppl) 

0 

Yppl)(gm2  Yps2) 

I Y I 

g.,2>> Ype2 + Y inter ± 

Then, from (30) and (32), 

(Ygc1+1700)  — 17 5p1  (is + in1) 

ep2n = 
ep2„ 

gml  ppl  Yinte;) (in2 + in4) 

0 gm2 (ins+ in4) 

— Ygpi 

(g,,,2 + V 1 + 'Tinter + Y9,2) 

— (g.2  Ypc2) 

isgmlgm2 

which, when expanded, becomes 

= 1 ± inl  in2 [ Ypel + Yppl ep2n 

92o is  gml 

in3 [-(Yas ± Yppl)( Yppl + Yinter) +gml Yppl] 

L gmig.2 
[ gonl Yppl ±gm2( Ypel + Ygp1) 

i. gmlgm2 

Equation (36) can be written 

ep2n  inl  in2  gs 

ep u  Is  Is gml 

where 

[1+Nia] 

0 

Yre2 

(Visa 4" Yup2) 

(30) 

(31) 

In the mean square of e2/e 20, which is the desired noise 
factor, all the cross products of noise currents are zero 

(32)  because of the incoherence" of the respective noise cur-
rents. After substitution of the appropriate values for 
the mean-squared noise currents, the single-frequency 

(33 ) noise factor is found to be 

(34) 

(35) 

(36) 

in3  g, 
—  —  [(1+jQ la) (1 + i'22a) + N30 1 (37 ) 
15 

in4 

[1- Fi Q4a ] 
is  gml 

WO( Cppl  Cpc1) 

Q 1 = 
gs 

Q 2 =  WOrpl( Cppl  Cpc2  Cpc1), 

WOCopl 

Q3 = P1   

Q 4 = Q1 + Q3/ (g nor pi) 

Cep 

WO  CO 

(38) 

(39) 

(40) 

(41) 

(42) 

F(f) = 1 

where 

+ (TA  1 ± gaRegio  +4212a2)  

g„Ro 

g,R.,2 
  [(1 — M2a2)2 + Q221 
P1 2 

g.  
(1 + Q42a2) 

12R L 
(43) 

G = Q + Q2 + Q. 

A plot of [F(f)-1] for a typical 30-Mc. band-pass cas-
code amplifier using a 6A K5 first stage and a 6J4 second 
stage is given in Fig. 6. The various excess noise-factor 
contributions due to the two tubes and the output load 
resistance are also plotted. One notes that, over an 11-
Mc. band, the noise contribution of the grounded-grid 
tube is less than the noise contribution of the output 
load resistor. Inspection of curves such as those of Fig. 
6 shows how the integrated noise factor can be expected 
to deviate from the band-center value. 
For the case plotted in Fig. 6, the 3-db bandwidth of 

the cascode circuit is about 6.5 Mc., so that at the 3-db 
frequencies the noise factor has increased about 0.1; 
if the balance of the amplifier has a bandwidth of about 
7 Mc., one would expect the integrated noise factor to 
lie between 1.5 and 1.6 db. 
If desired, the integrated noise factor can be exactly 

calculated, following Schremp18: 
(a) Calculate the single-frequency noise factor F(f). 
(b) Calculate the transfer impedance Z12(f) of the cas-

code plus the balance of the amplifier. This is the voltage 
appearing at the output terminals of the amplifier when 
is is one ampere. 

17  See footnote 16. 
11  E. J. Schremp, "Vacuum-Tube Amplifiers," Radiation Labora-

tory Series, vol. 18, McGraw-Hill Book Co., New York, N. Y., 
1948; sec. 12.7. 
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(c) Calculate a weighting factor W12(f) according to 
the relation 

Z,22(f) (   
W12(f) = 

Ez 2 2 ( f) di 

0, 

001 

(44 ) 

0001   
23  24  25 26  27  28  29  30 N  32  33 34  35  36 37 

FREQUENCY M MEGACYCLES/SEC 

Fig. 6—Calculated single-frequency excess noise-factor components 
for a typical low-noise cascode. Tube data approximately those 
of a 6AK5-6J4 combination; source and load resistances equal to 
2000 ohms. 

(d) Determine the integrated noise factor from the 
relation 

F = f  F(J) W 1 2( n df•  (45) 

V. PRACTICAL CIRCUITS AND 
EXPERIMENTAL RESULTS 

A practical embodiment of the low-noise cascode 
which gives excellent results is shown in Fig. 7. 

6465 

°' 

HALF 
6 J 6 

TO PENTODE 
AMPuFiER 

TAGES 

Fig. 7—Practical low-noise cascode circuit. 

The grounded-cathode stage is a triode-connected" 
6AK5. This type was found superior to the 6AG5 and 
6J4 as first stage (for reasons that are not clear; there 

" Equal performance was obtained with a type 6AS6 when tri-
ode-connected by strapping grids 2 and 3 to the plate; this showed 
that no harm results from the grounded suppressor interposed be-
tween grid and plate of a triode-connected 6AK5. 

may be some connection with the fact that the 6AK5 
has a gold-plated control grid, and hence small grid 
emission). 
As the grounded-grid stage, half of a 6J6 is used, with 

socket pins connected as shown in Fig. 8. Strapping pins 
1, 3, 5, and 6 to the center post of the socket in star 
fashion and grounding the combination furnishes a 
grounded-grid stage with a g„, of 5000 µmho and a cath-
ode-to-plate capacitance of 0.25 µµfd. 

HEATER 

PLATE 

Fig. 8—Grounded-grid 6J6 socket connections. 

A 6AK5 makes an unsatisfactory grounded-grid stage 
because the internal connection of suppressor grid-to-
cathode leads to a very high cathode-to-plate capaci-
tance, about 3.1 µµfd. A 6J4 is a very good grounded-grid 
stage but its expense is probably squandered in the 
cascode. 
Resistors R kl and R k2 are cathode-bias resistors of con-

ventional magnitude, and Ckl and Cs 2 are their by-pass 
capacitors. 
Coil LI resonates with the input-circuit capacitance at 

the desired band center."' It should be kept in mind that 
the input impedance of the first tube includes, by Miller 
effect, a capacitance (1+A) C„ in parallel with an in-
ductance L./(1 +A), where A is the amplification of the 
first stage. In Fig. 7 the value of A is about unity. 
The resistance R is stepped up to the value R., 09t  (see 

Table 1) by locating the tap on LI. If the input-circuit 
bandwidth so obtained is inadequate, the single-tuned 
input circuit can be replaced by a double-tuned circuit; 
this is more complicated and critical and has no ad-
vantage in noise factor, but allows about twice the band-
width for the same impedance step-up. 
The coil L2 tunes the interstage capacitance of about 

10 µlid. The interstage circuit is extremely wide, about 
80 Mc. in Fig. 7, because of the heavy input loading of 
the grounded-grid stage. For this reason, L 2 is extremely 
noncritical.2° 
The standing current of the grounded-grid stage flows 

to ground through Rid, L„, and LI. With this arrange-
ment, use of L. requires no additional parts. The coil L. 
tunes the grid-plate capacitance of the grounded-cath-
ode state (1.2 µµfd. for the triode-connected 6AK5 of 
Fig. 7). It is not critical, as shown by the fact that sta-
bility is preserved if it is left out entirely, and noise fac-
tor is degraded only 0.2 db at 30 Mc. and 2.5 db at 180 
Mc. However, if it is desired to adjust L. accurately in a 
production prototype for resonance at band center, a 
signal generator can be applied to the grid terminal of 

" This is illustrated by the fact that, in an amplifier at 30 Mc., 
there was no noticeable change in noise factor, amplification, or band-
width when the value of L2 was inadvertently tripled. 



708 PROCEEDINGS OF THE I.R.E.  June 

the cold" grounded-cathode stage and L„ proportioned 
for minimum transmission. 
For best noise factor, L1 and L. should have fairly 

high Q's, about 200. 
The photographs of Fig. 9 show a 30-Mc. amplifier 

consisting of a 6AK5—half-6J6 low-noise cascode fol-
lowed by two 6AK5 pentode stages. 

(a) 

(b) 
Fig. 9—Photographs of a 30-Mc. amplifier consisting of a 6AK5— 
half -6J6 low-noise cascode followed by two 6AK5 pentode stages. 
The 6AK5 of the cascode is at the left in (b). 

having 100-db gains employing the cascode low-noise in-
put circuit, at several frequencies. The noise factors 
were measured with noise diodes" and represent the in-
tegrated noise factor over the whole amplifier pass band. 
The 6- and 30-Mc. amplifiers were constructed by 

Lawson and Nelson with every precaution to obtain least 
noise factor. The Q's of the input and neutralizing coils 
were over 200, and the 6AK5 bias was adjusted for best 
average noise factor (Rki = 70 ohms for 105 plate volts). 
Lawson and Nelson measured noise factors for 100 dif-
ferent 6AK5 first tubes in the 30-Mc. amplifier; the 
quoted 1.35-db noise factor was the median of these 
measurements, the range having extended from about 
1.1 to 1.9 db. Changing tubes in the second stage did not 
affect noise factor, nor was stability affected by changes 
in either stage. In the 6-Mc. amplifier, there was very 
little variation of noise factor even with first-tube re-
placement. 

Radar Receiver Noise Factor 

By using a 30-Mc. intermediate-frequency amplifier 
with cascode low-noise input stage, the authors ob-
tained, in 1945, a 3000-Mc. radar receiver with a radio-
frequency noise factor Fri of 7.4 ( = 8.7 db), as measured 
with a 3000-Mc. klystron noise source." Frf has the fol-
lowing form: 

= Lorystal X Ler X (Fif  Terystal — 1)  (46) 

where Lorystai is the conversion loss and Li,. is the loss 
in the transmit-receive switch, given as ratios, and 
Torysta is the crystal temperature index; i.e., the ratio 
of crystal intermediate-frequency noisiness to that of a 
resistor of equal intermediate-frequency resistance. In 
the case under discussion, Lerysta and Tcrystal were about 
3.6 and 1.1 (good values, but not the best ever obtained) 
and Le, was about 1.4. 
Newer transmit-receive switch designs permit reduc-

tion of Lt, to about 1.2. If the intermediate frequency 
were lowered to 6 Mc., as would be practical with a bal-
anced mixer, 3000-Mc. radar receivers with noise factors 
of 5 ( = 7 db) could become common, even without im-
provement in crystal converters. 

TABLE 1 

NOISE FACTORS OF AMPLIFIERS HAVING LOW-NOISE CASCODE FIRST STAGE 

Band center, 
Mc. 

Over-all noise factor 

Ratio  db 

R.. opt. 
ohms 

6 
30 
180 

1.06 
1.35 
3.5 

0.25 
1.35 
5.5 

15,000 
2,500 
400 

Bandwidth, Mc. 

Input 
circuit 

2' 
12" 
30 t 

Over-all 

Tubes used in 
cascode 

Degradation of 
noise factor 
when L. is 
omitted, db 

1 
6 
2.5 

6AK5-6J4 
6AK5-6J4 
6J4-6J4 

not measured 
0.2 
2.5 

Double-tuned. 
t Single-tuned. 

Results 

In Table 1 are listed experimentally obtained noise 
factors and optimum source resistances of amplifiers 
1 Heaters disconnected. 

22 Radiation Laboratory Series, "Vacuum-Tube Amplifiers," 
"Measurement of Noise Figures," vol. 18, McGraw-Hill Book Co., 
New York, N. Y., 1948; chap. 14. 
" M. C. Waltz and J. B. H. Kuper, M.I.T. Radiation Laboratory 

Report 443, September 17, 1943. 
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The Application of Projective Geometry to 
the Theory of Color Mixture* 

FRANK J. BINGLEY,t SENIOR MEMBER, I.R.E. 

Summary—Consideration is first accorded to the basic problem 
of the mixture of two colors of given luminosities. It is shown that a 
simple geometric construction will enable determination of the point 
on the chromaticity diagram corresponding to the mixture for any 
values of relative luminosities of the two component colors forming 
the ingredients of the mixture. 
The method is next expanded to consider the case of color repro-

duction by the three-color process using three primaries. Laws gov-
erning the amount of luminosity contributed to a color mixture by 
each of the three primary components are deduced and shown to be 
of simple type. Comparison of the results of choice of different sets of 
primaries are discussed and illustrated. 
The performance of equiluminous primary systems, such as have 

been proposed for sequential color television, is examined critically. 
The color-fidelity limitations inherent in such a system are demon-
strated and discussed. 
The luminosity demands of each primary in a three-color tele-

vision system are next examined, using the geometric method of 
analysis. For two given primary systems (those known as primaries 
A and primaries C, respectively), curves are shown indicating the 
contours of maximum luminosity demand of each primary when func-
tioning in the reproduction of the full gamut of reproducible colors on 
the chromaticity diagram. It is shown that the maximum luminosity 
demand of any primary does not necessarily occur during the repro-
duction of white. As much as 41 per cent additional luminosity may 
be demanded of a given primary at a certain color as compared to its 
luminosity when reproducing white. In a television system, allowance 
must be made for this additional demand in the form of additional 
available undistorted voltage swing in the corresponding primary am-
plifier channel, if color distortion is to be avoided. 
The possibilities of the method of geometric analysis discussed 

are pointed out, not only with regard to its use for purely theoretical 
analysis with a simple, direct, and pictorial approach, but also as the 
basis for a wide range of graphical design methods which should be 
capable of wide application. 

I. INTRODUCTION 

THE LAWS of colorimetry have been well estab-
tablished over the past fifty years. The result of 
this work culminated with the adoption by the 

International Commission on Illumination of a standard 
observer and a standard chromaticity diagram based 
on the standard observer with trichromatic vision. The 
laws of color mixture for such a standard observer are 
known, and may be found widely noted in the litera-
ture.1'2 
It has been known for some time that the laws of 

color mixture could be expressed geometrically using an 
analogue between the light sources and appropriate 
corresponding weights supposedly located at the points 
on the chromaticity diagram corresponding to the colors 

* Decimal classification: R583.17. Original manuscript received 
bjr the Institute. November 5, 1947. Presented, 1948 I.R.E. National 
Convention, New York, N. Y., March 23, 1948. 
t Nalco Corporation, Philadelphia, Pa. 
1 W. D. Wright "Measurement of Color," Adam Hilger, London, 

1944. 
2 A. C. Hardy, "Handbook of Colorimetry," Technology Press, 

Cambridge, Mass., 1936. 

being mixed. It is the purpose of this paper to develop 
some general theoretical considerations of a geometric 
nature, which are believed to represent a new analytical 
technique. By use of the method, it is possible to un-
cover general properties of color mixture which might 
not otherwise be apparent. Additionally, useful geo-
metric constructions for the solution of color-mixture 
problems, without laborious arithmetical computation, 
will be presented. 

II. MIXTURE OF TWO COLORS OF 
GIVEN LUMINOSITIES 

Assume that the two colors are specified by their 
co-ordinates on the chromaticity diagram and by their 
luminosities. Let the two colors then be 

xiy2Y2. 

Let them be represented on the diagram, Fig. 1, as 
points C1C2. 

520 

Fig. 1—Mixture of two colors. 

Now we know that the point C representing the mix-
ture will be located on the line CiC2 and the same loca-



710 PROCEEDINGS OF THE I.R.E.  June 

tion as the center of gravity of weights' Ydyi at C1 and 
Y2/Y2 at C2. Further, we know that the luminosity of the 
mixture Y= 171-1- 172. 
Let CiC2 intersect OX at Q. Now, regarding the two 

light sources being mixed as weights, we have, by taking 
moments about C, 

171  Y 2 
—  ("IC. = —  CC2 
Yi  Y2 

Also, because the luminosities are additive Y= 171+ 172. 

Thus we have 

CIC l'2 yl = _. _ . 
CC2 171 y2 

Now, from similar triangles, obviously 

yl CIQ  
=  . 

Y2  C2Q 

Thus, 

GIG* C 1Q  Y2 
=  • -... . • 

CC2 C2Q  171 

If we assume the positive direction of measurement to —+ 
be the direction CIQ, we can write the above equation 
as 

GIG' .  CI() 17 2 
.   =  

C2C C2Q  171 

Each term on the left-hand side expresses the ratio of 
division of C2C2, the first term by the point C, the second 
by the point Q. The division by Q is external, that by C 
is internal. The latter division results in a negative 
ratio, in accordance with the usual geometric conven-
tions. The left-hand side may be termed a "ratio of 
ratios" and is known in projective geometry as the 
"anharmonic ratio" of the points° CiC2 C and Q. It is 
written ( C1 C2 CO • 
We may then write 

Y2 n 
(C1C2CQ) = — -7 1, _ — 

where n is the ratio of the luminosity of C2 to that of Cl• 
Now an anharmonic ratio is a projective form. If we 

take any point S and join it in turn by straight lines to 
each of the points CiC2CQ, the resulting bundle of 
rays is called a pencil, and the pencil is said to have an 
anharmonic ratio (C1C2CQ). It has the property that, 
if any other line is drawn to intersect the pencil in points 
CliC2'C'Q', the anharmonic ratio of these points is 
equal to that of the pencil; that is, 

(C2'C2'C'Qi) = (CIC2C0. 

Thus, from a center of projection S we have projected 
the four original collinear points into four new collinear 
points, and the anharmonic ratio has been unchanged 

by this projective process. Obviously, the process may 
be repeated indefinitely, and the anharmonic ratio will 
remain unchanged. Proof of this property is simple, 
but beyond the scope of this paper; it will be found in 
texts on projective geometry. ° It is because of this prop-
erty that an anharmonic ratio is called a projective 
form. An array of points along a straight line is referred 
to as a range. Thus we may say that a given pencil 
intersects any straight line in a range of points having 
the same anharmonic ratio. 
It is customary to refer to the ray by lower-case 

letters; thus SC1 would be referred to as the ray "c1", 
SC2 as the ray "c2," and so on. The anharmonic ratio 
of the pencil is often written (cic2cg)• There is a gen-
eral duality between points and lines which makes this 
convenient in certain of the theory of projective 
geometry. 
The projective properties of anharmonic ratios can 

be used to enable some interesting geometric construc-
tions to be applied to the chromaticity diagram. For 
example, if we wish to find the color resultant of a mix-
ture of colors CI and C2 in which the luminosity of C2 
is n times that of C1, all we have to do is to first join 
CiC2 intersecting OX in Q and find the point C on C1C2 
such that (C1C2CQ)= —n. This is easily done by 
first constructing an anharmonic pencil of this ratio, 
which could be made on a separate transparent or trans-
lucent sheet, and then laying it over the diagram of 
Fig. 1. It is then oriented so that three of the rays of the 
pencil pass through CI, C2, and Q, respectively. The 
intersection of the fourth ray will give the point C. Of 
course, in practice it is more convenient to make the 
original chromaticity diagram on translucent paper and 
lay it over the anharmonic pencil. The point C then can 
be directly marked on the chromaticity diagram. The 
principle is illustrated in the diagram of Fig. 2. 
The powerful nature of the method should now be ap-

parent. Obviously, a pencil could be constructed with 
fixed rays corresponding to Ci, C2, and Q, and a number 
of rays corresponding to C, each one marked for a specif-
ic value of the luminosity ratio n. Thus the resultant 
color for any luminosity ratio can be easily determined. 

III. CONSTRUCTION OF ANHARMONIC 
PENCILS OF GIVEN RATIO 

To be able to effectuate the method described above, 
we must be able to construct suitable anharmonic pen-
cils of any desired ratio. This can be done readily as 
follows: Let ABCD (Fig. 3) be a range of points. Let 
AC= CB. 

AC AD 
(ABCD) = —: 

BC BD 

=  - BD 

AD 
• 

$ J. S. Hatton, "Principles of Projective Geometry," Cambridge 
University Press, Cambridge, England, 1913. 
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Fig. 3—Construction of an anharmonic pencil. 

Thus the anharmonic ratio is — (BD/AD), and to each 
location of the point D will correspond a definite known 
value of the ratio BD/AD, and hence, also, of the an-
harmonic ratio (ABCD). 

520 

THIS IS THE  OTHER COMPONENT, 0 ITS LuI4INOSITY IS M.  TIMES 

THAT  OF  C, 

Now take any point Sand draw the rays SA, SC, SB, 
and SD. These rays form the desired anharmonic pencil, 
and any secant will cut them in a range of points having 
anharmonic ratio = (ABCD)= — (BD/AD). 

C-5 ANHARMONIC  PENCIL 

OF RATIO  (c,c,c7). - n 

ALIEN  THESE  RAYS 

4OTO  PASS  THROUGH 

POINTS  C, C,11 Q 

AS  SHOWN 

THIS RAY THEN  INTERSECTS CC, 

®  AT  C , THE  RESULTANT 

COLOR  OF THE  MIXTURE 

Fig. 2—Determination of the color of a mixture by means of an anharmonic pencil. 

In drawing the pencil it is often useful to make the 
angles CSA and CSB equal, and perhaps of some read-
ily measured value such as 30° or 45°. This is particu-
larly convenient when using a drafting machine to lay 
out the anharmonic pencil. 
The pencil, as drawn, while it can be used for the solu-

tion of mixtures of variable luminosity ratios, is not in 
the most convenient form for that purpose. This is be-
cause we have made d the variable ray, and this would 
be the one that is required to pass through point Q in 
Fig. 2. Obviously, it would be better for our purpose to 
have the rays a, b, and d fixed, since these would be 
required to pass through the fixed points C1, C2, and Q, 
respectively. If the ray c is made variable, it will indi-
cate directly the resultant mixture point for various 
ratios of luminosities between the two component colors 
C1 and C2, with a single alignment setting. To draw 
such a pencil it is best to make AB =BD, so that 
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FOR VALUES OF  ( AB M  INDIC•T E 

Fig. 4—An anharmonic pencil In ith variable ray. 

Fig. 5—Luminosity contribution of blue primary. 
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AD/BD=2 and (ABCD)=-144C/BC; the pencil is 
then easily constructed, and is shown in Fig. 4. The 
fixed rays are a, b, and d, while c is variable, covering a 
range of from n =0.1 to n =10. 

IV. APPLICATION OF THE METHOD TO THE THEORY OF 
THREE-COLOR REPRODUCTION 

Let us consider the subjective reproduction of colors 
using three primary colors, adding them in appropriate 
luminosities to reproduce the desired color. This tech-
nique is used in color photography and color television. 
It is obvious from the properties of the chromaticity 
diagram that a match of a given color will be possible 
provided the co-ordinates of the color to be reproduced 
lie within the triangle formed by the three primaries 
chosen. For this reason it is obvious that a necessary 
condition for wide-range color reproduction is that the 
triangle of primaries should encompass as large an area 
as possible. There are other limitations at the camera 
which impose further ceilings on the over-all gamut of 
colors that can be reproduced, but these will not be 
considered at this time. 
Let us first consider the locus of reproduced colors to 

which a given primary contributes a fixed fraction of the 
total luminosity. We will show that this locus is a fixed 
straight line. 

A. Locus of colors to the luminosity of which a given 
primary contributes a fixed fraction 

Consider three primaries indicated by the points 
R, G, and B (red, green, and blue, respectively) on the 
diagram of Fig. 5. Let it be required to find the locus of 
colors to which the blue primary contributes a certain 
fixed fraction of the total luminosity. Let GR intersect 
OX in G. Each color on the locus will be composed of 
certain proportions of R, G, and B. We can first combine 
G and R to produce a color C1 located on the line GR. 
This color C1 will have a luminosity Y0+ YR where 
YG and YR are the individual luminosities of its green 
and red primary components, respectively. 
Now let us combine C1 (with luminosity Y0+ YR) 

with the blue primary having luminosity YB. We then 
get a new color C lying on the line CIB, and having 
luminosity ( Ya+ YR+YB)• 
Now we have a color C of luminosity ( Yo+ YR+YB), 

to which the blue primary is contributing a luminosity 
YB. That is, if the blue primary contributes a fraction 
fB to the total luminosity, then 

fB 
YB 

YG + YR + YB 

Let CLB intersect OX on the point N2. Then the posi-
tion of C on the line B Ci is, as previously demonstrated, 
determined by the condition 

(CBCN2) 
+ YR 

1.13 

YB 

1 — fB 

For a given value of fB, this is a constant. Now we 
have a pencil of rays with vertex at (21. There are four 
rays, namely QIG, (21/3, Q10, and Qi C. Of these four rays, 
the first three named are fixed in position. Hence, the 
fourth ray must also be fixed for a given value of fB. 
Thus GC is a fixed ray, and is the locus of all colors to 
which the bue primary contributes a luminosity fraction 

Thus we could draw a number of straight lines 
through Qi, each one corresponding to a certain frac-
tional luminosity contribution from the blue primary. 
In particular, (21G would correspond to fB =0 (no blue 
primary required) ; and GB would correspond to fB =1 
(nothing but blue required). 
The manner in which the family of loci can be drawn 

is based upon a simple extension of the principles al-
ready outlined. First, we draw an anharmonic pencil 
having the value —fB/(1—fB). There can be three fixed 
rays and a variable ray marked with values of fa ap-
propriate to its positions. A pencil of this type is shown 
in Fig. 6. Then, by applying this pencil to the line 

Fig. 6—Fractional luminosity pencil. 

CiN2 and aligning appropriate rays with the points 
CI,B and N 2, successive positions of C corresponding to 
various values of fB can be marked off. Joining these 
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Fig. 7—Loci of constant luminosity contribution of blue primary—primaries C. 

points to G gives the family of loci. This has been done 
and is illustrated on Fig. 7. We may note in passing 
that CI can, for the above purpose, be just as well 
taken to coincide with G and N2 with Q2, and this will 
incur no loss in generality. This is because, obviously 
(CIBCN2) = (GBC2Q2), since these two ranges are pro-
jective (Fig. 5). 
We may similarly consider the locus of colors to which 

the red primary contributes a given luminosity fraction 
fR. It will be found to be a family of straight lines 
through Q2 of which Q2G will correspond to fR =0 (no 
red needed) and Q2R to fR =1 (nothing but red needed). 
The other rays in the family will be determined as above 
for the blue. The same anharmonic pencil as used for 
the blue primary can also be used for the red. 
Fig. 8 illustrates the loci for the red primary. 
The case of the green primary is similar, but will be 

analyzed in detail since it requires slightly different 
treatment. 
First we combine B and R to produce C1 at luminosity 

YR+ YR (see Fig. 9). Then we combine C1 and G to 
produce C with luminosity YR+ YR+ Y G. To the mix-
ture the green primary contributes a luminosity fraction 

fa 
l'a + Yu + Yo 

176, 

520 

Fig. 8—Loci of constant luminosity contribution 
of red primary—primaries C. 
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Q3 .1 .2  .3  4  .5  6  x 

Fig. 10—Loci of constant luminosity contribution 
of green primary—primaries C. 

Fig. 9—Luminosity contribution of green primary. 

520 
If GC1 intersects OX at N3, the position of C is deter-

mined by 

YR+ YR 
(GC iC N3) — 

1 — fo 

Jo 

Once again, the locus is a straight line. 
If we now write fo=1—f, then f is the fractional 

luminosity contribution of the red and blue primaries 
combined. Making this substitution, 

(GC iC I Vs) =    
1 — f 

and the same anharmonic pencil that was used to deter-
mine the blue and red loci can be used here, if we remem-
ber that the parameter marked on the variable ray now 
represents f, or 1 —fo. 
The resultant family of straight lines for green con-

tribution is shown in Fig. 10. The diagram of Fig. 11 
shows the three families superimposed. 
It should be realized that a definite choice of prima-

ries is implicit in the above derivation. That is to say, 
if primaries other than those located at R, G, and B in 
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2  .3  4  5  6 

Fig. 11—Constant luminosity contribution 
loci superposed—primaries C. 

tions of R, G, and B primary points, but also in the place-
ment of the constant-luminosity-contribution loci. 
Nevertheless, these loci would be obtained from the 
primary locations by the same geometric process using 
the same fraction-of-luminosity pencil (Fig. 6) as was 
used previously. In other words, the method is perfectly 
general and will give the appropriate solution for any 
given set of primaries. Indeed, we will find this univer-
sal-application property very useful in comparing 
various performance factors resulting from a variety of 
possible primary choices. 
The actual primaries used in Figs. 7, 8, 10, and 11 

were those which have been referred to as primaries 
"C".4 This set of primaries is described by the following 
co-ordinates: 

Primary color  x  Y 

Red  0 . 6805  0.3193 
Green  0 . 2500  0 . 6885 
Blue  0.1477  0.0412 

Another possible set of primaries is that designated in 
the above reference as primaries A. These cover a con-
siderably smaller gamut of reproducible colors, but have 
been given some consideration in television for other 
reasons. 

Fig. 12—Loci of constant luminosity contribution of blue primary—primaries A. 

Figs. 7, 8, 10, and 11 had been chosen, the actual dia-
grams would have been different, not only in the loca-

4 Report of Sub-committee on Color of Panel 6 (Television) ol 
Radio Technical Planning Board; issued November 26, 1946, Re-
port No. TS2.1-2144. 
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The corresponding co-ordinates are:  Figs. 11 and 15, the wide difference in location of the 
point E in the two cases is obvious. 

Primary color  x  y 

Red  0 . 675  0 . 326 
Green  0 . 221  0 . 712 
Blue  0.130  0.130 

The corresponding fractional-luminosity-contribution 
loci are shown in Figs. 12, 13, and 14, for blue, red, and 
green primaries respectively. They are shown superim-
posed in Fig. 15. It is interesting to note that in Figs. 
11 and 15, at each intersection of a trinity of red, green, 
and blue fraction rays the sum of the luminosity con-
tributions is unity, as of course it should be. 
Referring to Figs. 11 and 15, we note that the locus 

of colors to which blue and red contribute equally in 
luminosity is a straight line through A passing through 
the intersections of pairs of red and green fraction rays 
corresponding to equal fractions. Particularly, of course, 
the 0.5 ray of red and blue contribution also intersect 
on the line BR, as they should do, since for colors on 
this line there is no luminosity required of the green 
primary. This point of intersection is marked Go, and 
the locus of equal blue and red luminosity contribution 
is then the line GGo. Similarly, there is a locus B/30 for 
equal red and green luminosity contributions, and a 
locus RR0 for equal blue and green luminosity contribu-
tions. These three lines intersect in a single point E, 
which of course corresponds to the color demanding 
equal luminosities of the three primaries. By comparing 

2. 

520 

0  Q2 
.2  .3  • A 

550 

540 

550 

56t. 

70 

590 

90 

Fig. 13—Loci of constant luminosity contribution 
of red primary—primaries A. 

Q3  0  2  .3  4  5  6  X 

Fig. 14—Loci of constant luminosity contribution of green primary—primaries A. 
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Fig. 15 —Constant luminosity contribution 
loci superposed—primaries A. 

It is obvious that Figs. 11 and 15 can be used to cal-
culate the signal voltages required in the red, green, and 
blue channels of a color television system. It is only 
necessary to know the relation between channel voltage 
and relative receiver primary luminosity for each of the 
three primaries. Assuming a linear relation between 
channel voltage and luminosity, we will then obtain for 
each primary channel a factor by which the luminosity 
must be multiplied to obtain the voltage. The luminos-
ity contribution loci can then be relabeled with the cor-
responding channel voltage, thus giving a map display-
ing the relation between color reproduced and the three 
channel voltages. 

B. Equiluminous primaries 

We may note that it was the difference in the equi-
luminous points that led to the consideration of prima-
ries A for sequential color television. In this type of 
color television the colors are built up by successive pres-
entation of red, green, and blue separation images. The 
persistence of vision is then called upon to fuse these 
images into a composite, colored image. The particular 
system under consideration was being operated above 
the flicker threshold, and it was hoped that, at least for 
white objects, the principle of having primary luminosi-
ties more nearly equal when reproducing white would 
raise the flicker threshold. This corresponds to having 

ASSUME RED AN) GREEN PRIMARIES ARE WITHIN THIS AREA, 

AND THAT WHITE (POINT W) IS BEING REPRODUCED 

BLUE PRIMARY MUST LIE WITHIN  THIS AREA IF  Y.  
Ye Y. 

THIS, OF COURSE, WILL APPLY TO THE 

EOUILUMINOUS PRIMARIES CASE 

BLUE PRIMARY MUST LIE WITHIN THIS AREA  IF 

ABOVE  RATIO = 

BLUE PRIMARY MUST LIE WITHIN THIS AREA 

IF ABOVE RATIO 

Fig. 16—Permissible locations of blue primary for various values of Y B/ YR+ Y G when reproducing white. 
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the equiluminous point E (Figs. 11 and 15) closer to 
white. Some increase in flicker threshold brightness was 
indeed noted, but the system was deficient in fidelity of 
color rendition, particularly in the blue. In fact, the 
more nearly equal the three primary luminosities are, 
the worse will be the color fidelity in the blue portion of 
the chromaticity diagram. 
Why this is so can be seen by reference to Fig. 16. 

Here we will first consider the case of equiluminous 
primaries, i.e., primaries which are so chosen as to have 
equal luminosities when reproducing white. Initially, 
let us consider the red and green primaries and assume 
they lie on the line CD. This line certainly represents an 
extreme case because, while the red primary could cer-
tainly fall upon this line, the green filter would have to 
be very narrow so that it would have low visual effi-
ciency. Neither primaries C or A have a green primary 
that is this close to the spectral locus. Nevertheless, the 
line CD represents an extreme that might be used, and 
will provide a useful starting point for the discussion. 
Assuming, then, that the red and green primaries of 

our postulated equiluminous primary system are to be 
on CD, we know that their resultant will also lie on CD 
and will have twice the luminosity of either—let us 
say, then, a luminosity of 2L. Now we have to add 
a blue primary, also of luminosity L, to produce white, 
as indicated by the point W. If CRO  represents the 
red-green resultant point, we join CRo to W and let 
the line CRO W intersect OX in P. Now we have a 
color W which is the resultant of 2L at CRO and L at B, 
where the location of B is determined as previously by 
the relation 

(CRoB WP) = — I. 

This determines the point B. 
Next we note that, if CD intersects OX in S and we 

join WS and BS, we have an anharmonic pencil whose 
ratio = (CRo BWP)= —1 and is therefore fixed. Thus, as 
CRo  assumes various positions along the line CD, cor-
responding to different choices of pairs of red and green 
primaries, the corresponding locus of B is the fixed 
straight line CID,. 
Now let us draw another straight line FE through S, 

to indicate another extreme possibility along which the 
red and green primaries of the postulated equiluminous 
system might be located. This line is intended to indi-
cate the furthest distance within the spectral locus that 
the red and green primaries might be located. Corre-
sponding to this line,'.'we find another locus EiFi for 
the blue primary. 
In order to retain physical meaning, the loci must be 

considered bounded by the spectral locus, since no real 
colors can fall outside the spectral locus. What we have 
just proved, then, is that, for an equiluminous primary 
system for which the red and green primaries lie within 
the area CDEF, the corresponding blue primary must 
always lie within the area CIDIEIFI. Furthermore, the 

line CID' corresponds to the locus of the most saturated 
blue primary that can be used, since it corresponds to 
red and green primaries lying on the line CD. We can 
now examine the available "blues" that correspond to 
the area CIDIEIFI by listing the Wratten filters that 
have colors falling within this area. It will be found that 
filters described as "blue-green," "bluish," and "ma-
genta" represent the only range from which blue pri-
mary filters can be chosen. Examination of these filters 
will show them to be unsuitable for blue reproduction. 
To make the diagram more complete, areas C2D2E2F2 

and CaD3E3F3 are shown. These correspond to 

YB  1  1711  1 
—  and  — 

YR '1- YO  4  YR ± YO 16 

respectively, and represent the conditions for primaries 
A and C, respectively. Bearing in mind that no color 
lying outside the triangle of primaries can be reproduced 
it is obvious how much of the blue area of the diagram 
cannot be reproduced at all with equiluminous primaries 
or with primaries A. It will be seen that primaries C, 
however, have excellent blue reproduction. 

C. Luminosity demands in a three-color reproduction 
system 

In a color-reproduction system based on mixture of 
three primaries (or any number, for that matter), to 
reproduce colors subjectively the luminosities of the 
primaries will vary with the color being reproduced and 
its brightness. In a natural scene we have an array of 
colored objects and a source of illumination. The objects 
are viewed by the light they reflect as a result of the 
irradiation they receive from the illuminating source or 
sources. The only exceptions to this statement occur in 
the case of self-luminous objects, such as lamps, auto-
mobile headlights, fires, and the like. In the following 
discussion we will exclude consideration of such self-
luminous objects. 
An object which is illuminated will reflect light. To 

the extent that it does not reflect light of all wavelengths 
equally, it will appear colored. Its apparent luminosity 
to an observer will depend upon its coefficient of reflec-
tion through the visible spectrum, as well as upon the 
manner in which this coefficient varies through the 
spectrum. MacAdam5 has shown that the greatest lu-
minosity a given colored object can have occurs when (1) 
its reflection coefficient is unity throughout the spectral 
region reflected by it, and (2) it has not more than two 
separate reflection bands within the visible spectrum. 
Based upon these premises, he has demonstrated that 
the maximum luminosity a colored object can have un-
der any given illuminant depends upon its color (as ex-
pressed by co-ordinates on the chromaticity diagram) 
and upon the illuminant. For any given illuminant we 

D. L. MacAdam, "Maximum visual efficiency of colored 
objects," Jour. opt. Soc. Amer., vol. 25, pp. 249 and 361; 1935. 
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can draw sets of contour lines on the chromaticity dia-
gram connecting points representing colors whose maxi-
mum visual efficiencies have stated values. Here the 
term "visual efficiency" means the ratio of the lumi-
nosity of a given colored object to that which the object 
would have were its surface 100 per cent reflective 
throughout the visible spectrum. Expressed mathe-
matically, 

x2 

ErxpiX 

visual efficiency VE 
I' X2  

Es,c1X 
At 

where E = power distribution of the illuminant as a 
function of wavelength, usually (but errone-
ously) referred to as the "energy" distribution 

= reflection coefficient of the object, as a func-
tion of frequency 

5, =the distribution function for the I.C.I. stand-
ard observer, usually called the visibility 
function 

XI, X2 = the two extremes of the visible spectrum. 
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Fig. 17—Maximum possible visual efficiency of materials producing 
indicated chromaticities when illuminated by standard illumi-
nant C. 

The maximum visual efficiency would be the result of 
carrying out this integration when rx consisted of one or 

two reflectance bands throughout which the reflection 
coefficient was unity. 
MacAdam5 has carried out these various integrations 

and has also presented chromaticity diagrams for sev-
eral standard illuminants showing contours of maxi-
mum visual efficiency. Fig. 17 is copied from his paper, 
and shows the contours for illuminant C. It will be 
noted that the contours inclose increasingly large areas 
as the maximum visual efficiency decreases, corre-
sponding to increasingly narrow reflectance bands. The 
spectral locus should really be marked zero maximum 
visual efficiency, since it is the locus of colors com-
prising infinitely narrow spectral bands having, there-

5 s 2  3 

Fig. 18—Maximum luminosity demand contours 
of blue primary—primaries C. 

fore, vanishingly small luminosity. Similarly, the point 
corresponding to the illuminant corresponds to a maxi-
mum visual efficiency of unity. Notice how the high-
visual-efficiency colors are those in the red, orange, and 
green sections of the diagram. This is due in part to the 
high visual sensitivity in this region, and in part to the 
straightness of the spectral locus over some of this 
region. 
The straightness of the spectral locus from 550 to 

700 mg allows quite wide-band-reflectance materials to 
exhibit colors which subjectively are the equivalent of 
pure spectral colors; this is particularly true in the yel-
low and orange red. It should also be noted how low are 
the visual efficiencies in the blue region. 
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2  •  6 

Fig. I9—Maximum luminosity demand contours 
of red primary—primaries C. 

Now let us consider that we wish to reproduce'a 
scene using a three-primary reproducing system. Let 
the scene be illuminated by illuminant C. Then, corre-
sponding to each color that we wish to reproduce, there 
will be a certain maximum visual efficiency in which 
that color may be encountered. Thus, relative to a uni-
formly and completely reflecting white object, colored 
objects will have certain maximum possible luminosi-
ties which will have to be accurately reproduced if dis-
tortion is to be avoided. Now the luminosity of the re-
produced color is the sum of the luminosities of its three 
primary components. We have already shown how to 
determine, for given primaries, what fraction of the 
total luminosity of a given color is contributed by each 
of the three primaries. By superimposing N1acAdam's 
maximum visual efficiency contours in turn upon the 
luminosity-contribution loci pencils (referred to here-
after as LC pencils) for red, green, and blue primaries, 
we can determine at any color how much luminosity is 
demanded of each primary relative to the luminosity of 
a uniform and completely reflecting white object (here-
after referred to as a UCR white object). Thus, for exam-
ple, the intersection of the 0.3 ray of the blue LC pencil 
with the 0.6 maximum visual efficiency will determine 
points corresponding to colors at which the maximum 
demand for luminosity of the blue primary would be 
0.3 X0.6=0.18 of the luminosity of a UCR white object. 

6 

5 

3 

520 

520 

2  3  6 

Fig. 20—Maximum luminosity demand contours 
of green primary—primaries C. 

v 

5 5 .6  X 

Fig. 2I —Maximum luminosity demand contours 
of blue primary—primaries A. 

721 
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By taking intersections of this kind throughout the 
diagram, we can draw a set of contours representing 
maximum demand for the blue primary. Such a set of 
contours for blue primaries C is presented in Fig. 18. 
Similar contours of red and green demand are shown in 
Figs. 19 and 20, respectively. Similar contours for pri-
maries A are shown for blue, red, and green primaries, 
respectively, in Figs. 21, 22, and 23. 

1 2  3  A  5  .6 

Fig. 22 —Maximum luminosity demand contours 
of red primary—primaries A. 

Examining the demand contours discloses some inter-
esting facts. For example, with primaries C, the red, 
green, and blue demands when reproducing white are 
0.23, 0.67, and 0.052, respectively. But the demands for 
these primaries can rise as high as 0.3, 0.72, and 0.06, 
so that the maximum luminosity demand of a primary 
does not occur at white. We can draw up a table illus-
trating this (Table I). 

TABLE I 

TABLE OF LUMINOSITY DEMAND 

Primary 
Demand 
at 

White 

Ratio 
Maximum  Max. demand 
Demand    

White demand 

Primary C Red 
Green 
Blue 

Primary A Red 
Green 
Blue 

0.23 
0.67 
0.052 
0.3 
0.48 
0.2 

0.3 
0.72 
0.06 
0.35 
0.68 
0.20 

1.30 
1.07 
1.15 
1.17 
1.41 
1.00 

Table I shows that the additional luminosity demand 
can be as much as 41 per cent over that demanded 
for white reproduction. This condition occurs with 
the green primary A. Thus, in a color television system 
we must be careful not to fill the available channel 
amplitude characteristic when reproducing white, as 
overload and attendant color distortion would occur for 
other colors. 

Fig. 23—Maximum luminosity demand contours 
of green primary—p-imaries A. 

The above table enables one to calculate the maxi-
mum amount of signal that may be applied to each color 
channel at white reproduction, if distortion at other 
colors is to be avoided. 

V. CONCLUSION 

While the problems to which this method has been 
applied are in the field of color reproduction, it is be-
lieved that there are many other problems in which the 
method will be found useful. A unique feature is its 
ability to provide either a powerful means of theoretical 
analysis coupled with the clearness of perception char-
acteristic of geometric analysis, or a convenient graph-
ical tool for obtaining numerical results with rapidity. 
As such, it is believed to represent a new instrument for 
the use of colorists in all fields. 
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Note on possible values of all anharmonic ratios of four 
points taken in various orders. 

Let (ABCD)=K. 
It is required to find all the possible values that the 
ratio of these four points can assume as the order is 
changed. 

AC AD 
(1)  (ABCD) = — .  _K 

BC • BD — 

AD AC  1 
(ABDC) = — .  _ 

BD • BC — K 

BC BD  1 
(BACD) = 

AC :AD = —K • 

Therefore, interchanging the first and second or third 
and fourth elements changes the value from K to 1/K. 

AB AD 
(2) (ACBD) = —: 

CB CD 

AB  AD 
=  :   

BC BD — BC 

AC —BC BD— BC 
= 

BC  AD 

= _ (AC _ 1\ (BD — BC\ 

\BC  ) \AD  AD) 

_ (1  _ AC\ (BD  BC\ 

\  BC) \AD  AD) 

BD —BC  AC BC 
—   

AD  K  + BC AD 
ABCD 

CD  AC  BADC 
=  + -  - K  CDAB 
AD  AD  DCBA 

APPENDIX  1 
= 1    

1 = (A BCD) 

Similarly 

1 
= 1   

1 — K 

K 
=   
K — 1 

K 
ADC B —   

K — 1 

from (2) 

Thus, interchanging the first and third or second and 
fourth elements changes the value from K to KICK — 1). 
Thus we see that 

(ABCD) = K = (BADC) 

1 
(ABDC) = — = (BACD) 

K 

(ACBD) = (1 — K) = (CADB) 

K 
(CBAD) =  — (BCDA). 

(K — 1) 

Following is a tabulation of the six possible values 
that the anharmonic ratio can assume, and the corre-
sponding element orders: 

TABLE II 

K 
1 

K 

= 1 — K. 

Similarly, 

(DBCA) = 1 — K. 

Thus interchanging the second and third or fiest and 
fourth elements changes the value of the ratio from K to 
1 —K. 

(3) (CBAD) = 1 — (CABD) from (2) 

1 
= 1   from (1) 

ACBD 

ABDC 
BACD 
CDBA 
DCAB 

1-K 

ACBD 
BDAC 
CADB 
DB CA 

I  K  K -1 

1-K  K-1  K 

ACDB  ADCB  ADBC 
BDCA  BCDA  BCAD 
CABD  CB AD  CBDA 
DB A C  DABC  DA CB 

One interesting result is apparent from Table II; 
namely, that (ABCD)=(DCBA). Therefore, if an an-
harmonic pencil is drawn on transparent material, it 
can be used either side up without affecting its value. 
Thus, a pencil having a variable third ray can also serve 
as one with a variable second ray, and one with a vari-
able fourth ray will also serve as a pencil with a variable 
first ray. Thus the solution of all types of color-mixture 
problems can be obtained with just two graduated an-
harmonic pencils. 
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An Approach to the Approximate Solution of 
the Ionosphere Absorption Problem* 

JAMES E. HACKE, P O' 

Summary—A series of parabolic approximations has been ob-
tained for portions of the Chapman distribution and its product with 
the collisional frequency. By their use, an improved approximate so-
lution has been found for the "true" and the group height of reflec-
tion, and for the absorption in the region, under conditions of (1) 
vertical incidence, (2) wave frequency greater than the maximum 
collision frequency and less than the critical frequency for the re-
gion, and (3) with the earth's magnetic field neglected. 
These improved analytic approximations are compared with the 

usual parabolic approximation and with numerical approximations ob-
tained by other workers. 

INTRODUCTION 

THE CHAPMAN  DISTRIBUTION,' derived 
from theoretical considerations with certain 

  simplifying assumptions, has been accepted as 
representing actual conditions at least in the E and the 
F1 layers of the ionosphere. Solution of the problems of 
group delay and of absorption of a wave reflected in such 
a region requires, however, integration of functions of 
this distribution with finite limits; these integrals have 
not yet been analytically evaluated. 
Two approaches to the solution of these problems 

have been attempted in the past. One is to use a para-
bolic approximation to the Chapman distribution. This 
method has the advantage of simplicity, but leads to 
results that are very approximate, especially for the E 
layer and for low ratios of frequency to critical fre-
quency. The other approach is that of numerical integra-
tion; the results are as accurate as one cares to make 
them, but may be extended to oblique incidence only 
with great difficulty. 
This paper extends the parabolic approximation by 

fitting an additional parabola to the lower edge of the 
Chapman distribution, and by fitting a parabola to the 
distribution of the product of ion density and collisional 
frequency. It is possible in this way to obtain analytic 
expressions for the group delay, and for the absorption 
of a wave reflected from the ionosphere, which give 
values much closer than the single-parabola approxima-
tion to those obtained by numerical integration. 
Throughout this paper, the following limiting as-

sumptions are made: (1) the wave is incident normally 
on the layer; (2) the wave frequency is less than the 
critical frequency of the layer, and greater than the 
maximum collisional frequency in the region of appreci-

• Decimal classification: RI13.22. Original manuscript received by 
the Institute, October 20, 1947. Presented, joint meeting U.R.S.I., 
American Section, and 1.R.E., Washington Section, Washington, 
D. C., October 22, 1947. 
't The Pennsylvania State College, State College, Pa. 
1 S. Chapman, "The absorption and dissociative or ionizing effect 

monochromatic radiation in an atmosphere on a rotating earth," 
Part I, Proc. Phys. Soc., vol. 43, pp. 26-45; January, 1931. 

able absorption and refraction; and (3) the effects of 
the earth's magnetic field are ignored. 

NORMALIZATION OF THE CHAPMAN DISTRIBUTION 

Chapman' derived the following expression for rate of 
ion production I versus height h above a rotating earth, 
due to monochromatic ionizing radiation, as a function 
of the sun's zenith angle x: 

I = /0 exp (1 — z — cs sec x)  (1) 

where 

/0=13.3./He 
z = (h—ho)/H 
= the base of Naperian logarithms 
13= the ionization produced by unit quantity of in-
cident radiation 

Soo =the surface density of radiation energy incident 
on the atmosphere 

II= the "scale height" of the atmosphere in the re-
gion where the ionization is produced 

ho =the height at which 1=10. 

Now the equation of mass action in the ionosphere 
may be written: 

dN/dt = I — aN2 

where 

N=the ion density in the ionosphere 
a = the recombination coefficient, assumed inde-
pendent of I and N. 

If the ionosphere is in approximate equilibrium, dN/dt 
-4.-0, and 

N  

From (1), 

N = No exp 4(1 — z — e-' sec x)  (2) 

where No =  
In (2), substitute 

x = z — ln sec x;  (3) 

then, 

where 

N = NoV(sec x) exp  — x —  

N„,Ch(x), 

N„,  NoV(sec x), 

Ch(x)  exp 4(1 — x — cz). 
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Thus (3) and (5) suffice to describe the variation of ion-
osphere characteristics with the sun's zenith angle; this 
variation is separated from that of ion density with 
height at any given instant. This latter variation is 
given, relative to conditions at the maximum for the 
instant, by (6). 

APPROXIMATIONS TO THE CHAPMAN DISTRIBUTION 

Variation of Ch(x) with x is plotted in Fig. 1. Also 
plotted is the usual parabolic approximation, denoted 
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Fig. 1—Parabo ic approximations to the Chapman distribution. 

by Pi(x). This approximation is given by an equation of 
the form 

Pi(x) = 1 — (x/T)2; (7) 

here the value of the "half-thickness" T has been chosen 
to make the parabola coincident with the Chapman 
distribution at the lower point x1 of inflection of the 
Chapman distribution. This yields x1-=- —lnui= —ln(2 
+'3)= — 1.317 ; Ch (xi) = exp 1(1 — —141) = 0.4921 ; 
T= —xl/V1—Ch(x1)= 1.848. This value of T is very 
close to the pragmatic choice of Pierce.2.8 
As will be seen from Fig. 1, this approximation is very 

close near the maximum of the Chapman distribution, 
but fails near the lower limits. A second parabola has 
been fitted in this region, with the conditions that it 
have the same value and slope at xi, as does the Chap-
man distribution. This parabola is of the form 

P2(x) = A(x — x2)2;  (8) 

the parameters are given by Ch(x1); Ch'(x1)=1(141 
—1)Ch(x1); A =(1116)(ul —1)2Ch(xi) =0.2296; x2=x1 
— 4/(ui —1) = —2.781. This parabola is used as an ap-
proximation in the region between x2 and xi. 

J. A. Pierce, "True height of an ionospheric layer," ONR Con-
tract N5-0R1-76, Task Order 1, November 15, 1946. 
a J. A. Pierce, "True height of an ionospheric layer," Phys. Rev., 

vol. 71, pp. 698-706; May 15, 1947. 

The combination of Pa in the region x2 <x <xi, and P1 
in the region xi <x <0, yields values which nowhere in 
these regions are in error by more than 4 per cent of the 
maximum; throughout most of the regions, the approx-
imation is much closer. 
If one assumes, as did Chapman, that the atmosphere 

is chemically homogeneous and isothermal, then the 
collisional frequency 1, of the molecules should obey the 
law 

P =  POE—AI H 

where Po is the collisional frequency at the surface of the 
earth in radians per second. A suitable transformation 
of co-ordinates yields 

where 

V = v„,e—s  

p m  =  ( p o C h 0 / 11 ) / ( s e c  x ) . 

(9) 

The product NI, can therefore be written 

Nv = Nmv„,Ch(x)e-z;  (10) 

this product enters in the expression for the absorption 
coefficient. Fig. 2 shows the variation of this product 
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Fig. 2—Product of ionization and collision frequency. 

with x; it also shows a parabolic approximation which 
has been adopted for the product Ch(x)c. This ap-
proximation is of the form 

P2(x) =  aix  a2x2 (11) 

where the ad's are chosen to make the parabola pass 
through the two points of inflection and the maximum 
of the distribution. Thus, ao= 0.7055 ; a1= —2.382; 
a2= — 1.1696. 

THE "TRUE" AND THE APPARENT HEIGHT OF 
REFLECTION 

If the change per wavelength of the index of refrac-
tion of the ionosphere be small, then the height at which 
the velocity of a vertically incident wave becomes zero 
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is approximately the point at which the index of refrac-
tion becomes zero. If the wave frequency is much greater 
than the maximum collisional frequency in the region of 
appreciable refraction, then the index of refraction µ is 
given by 

1.12 -- 1 — 4rNe2/(mw2) (12) 

where e and m are, respectively, the electron charge and 
mass, and co is the angular frequency of the wave. At 
the critical frequency co„, of the layer, reflection takes 
place at x = 0, where N=N„,: 

0 = 1 — 47N„,e2/(mco„,2); 

co„,2 = 47rN„,e21m.  (13) 

If we set R=w/co,„ and substitute (13) and (12), we 
obtain 

=  — Ch(x)/R2;  (14) 

the approximations to la given by Pi(x) and P2(x) are 

1/1 P2(X)/R2, x2 < x< xi; 

— Pi(x)/R2, xi < x<0. 

The condition ti = 0 for reflection yields the solid curve 
for reflection height xo versus frequency, in Fig. 3, when 
(14) is used, and the dotted curve when (15) are used. 
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Fig. 3—Point of wave reflections. 

These curves show again that the approximations (15) 
are much closer than the single-parabola approxima-
tion. 
The apparent height of reflection h' is obtained by 

multiplying half the elapsed time, between sending and 
receiving the wave at the earth, by the velocity of light. 
It can be obtained by integrating, over the upward 
path, the group velocity of the wave divided by the 
velocity of light. In the x co-ordinates used here, since 
the group velocity is the velocity of light divided by the 
index of refraction, 

z0 

=  XL  f  dXI 

XL 

(16) 

where XL is an arbitrarily chosen lower limit where µ -A 1. 
Quadrature of the integral in (16) in the exact form has 
not yet been achieved when xo is in the layer; use of the 
approximations (15) yield tractable integrals, however, 
and the results are 

x'  x2 + (T/2)(R/V2.), x2< xo < xi; 

-•• x2 + ROI/NIA -F.TR in xo/(xl  Vx12 — xo2), (17) 

xt<xo<0 

where 

01 = cos-1 µ(xi). 

If the single parabola P1 be used as an approximation 
to the Chapman distribution, one obtains 

x'= — T  (TRI2) ln (1 + R)/(1 — R), —T< xo< 0, (18) 

as has been reported by Appleton and Beynon.4 The 
approximations (17) and (18) are plotted in Fig. 4, with 
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Fig. 4—Apparent height of reflections. 

numerical integrations of (16) given by Pierce's and 
Jaeger.2 The results given by (17) agree much more 
closely with the results of the numerical integrations 
than do those given by (18). The two numerical integra-
tions, obtained independently, check within 0.01 "x" 
units over most of the range. 

ABSORPTION AND THE REFLECTION COEFFICIENT 

Under the conditions outlined above, the absorption 
coefficient K is given by 

4 E. V. Appleton and W. J. G. Beynon, "The application of iono-
spheric data to radio-communication problems," Part I, Proc. Phys. 
Soc., vol. 52, pp. 518-533; July, 1940. 

J. C. Jaeger, "Equivalent path and absorption in an ionospheric 
region," Proc. Ploys. Soc., vol. 59, pp. 87-96; February, 1947. 
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K = 21-e2Nv/(mcpxo2), 

= K,,,Ch(x)e-x/(pR2)  (19) 

where, by use of (10) and (13), 

Km = v.12c. 

The reflection coefficient p, which, when divided by 
twice the "true" height of reflection, gives the ratio of 
received to transmitted wave amplitude, is given by 

10p = exp -2 f  Kds 
zL 

(20) 

where ds= Hdx is an element of the path. 
With the aid of (19), the integral on the right of (20) 

takes the form 

ro 
Kds = K„,H f  Ch(x)e-zdx/(µ10).  (21) 

xL  XL 

This integration cannot be performed exactly; but when 
the approximation (11) is substituted for Ch(x)c, and 
the approximations (15) for µ, the integration can be 
performed: 

p exp - (p„,H/c){ Rir/2 - 03)ArA] 

[Pa(x2)/R  a2RI(2A)] 

▪ [µ3/(2A)] [2al az(ora  3x2)]  Xit < Xo < xi (22) 

exp - (v„,///c) (0' - 03)   1-193(x2)   + 
L R  2A 

(1.11 - 123) a2 
[2a1 3a2x2] - —2A  - 1.13x0 

2A 

a2xo2]  X0 
▪  —  [a° ±    In   

2  xi TRAI 

a2x1)} 
- T2p)(ai 

2 
< xo < O.  (23) 

Using the single-Parabola approximation, one obtains: 

1 
p  exp - (vm11/c){—[- ao(T + x3) 

R2 

al a2 
• — (T2 - x3)2 - — (Ts + x33)] 
2  3 

(2ao 4▪ —R 
1 -F R1 

a2x02) In [   
1 - 

- T2[ai - a2T /2]} ,  (24) 

where 
xo = -2.299 is the negative root of P3(x) = 0 

1.4 =1.4x3) N/1- P2 (X3) / R2 

= cos-'µ2. 
The quantity -c(lnp)/(v„,I1) is plotted in Fig. 5 as 

given by the approximations (22), (23), and (24), and 
as Jaeger obtained by numerical integration. 
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Fig. 5—Integral of absorption coefficient 

CONCLUSIONS 

Algebraic approximations to the Chapman distribu-
tion, and to its product with collisional frequency, yield 
integrable expressions for apparent height of reflection 
and for reflection coefficient at vertical incidence, under 
the assumptions outlined. The results agree well with 
those obtained by numerical methods. It is believed pos-
sible to remove some or all of the restrictions assumed 
in this paper, and thus to obtain approximate analytical 
solutions to the general problem of group delay and 
absorption. 
The approximations given are by no means the closest 

that can be obtained. Perhaps the principal value of the 
present treatment is in its pointing out that approxima-
tions of very fair precision can be made to these dis-
tributions. 
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On the Representation and Measurement of 
Waveguide Discontinuities* 
NATHAN MARCUVITZt, ASSOCIATE, I.R.E. 

Summary.—The principal aims of this paper are twofold: (1) to 
discuss and interrelate the various equivalent circuit representations 
of a general 2N-terminal waveguide structure that are obtained on 
different choices of terminal planes; and (2) to describe a precision 
method for measuring the circuit parameters of such structures. Basic 
to both of these considerations is a tangent relation introduced by 
Weissfloch to describe and measure the input-output behavior of a 
four-terminal waveguide structure. 

INTRODUCTION 

IN RECENT YEARS, the treatment of high-fre-quency electromagnetic boundary-value problems, 
involving waveguide discontinuities, has been sys-

tematized into a form of waveguide network analysis 
that forms a natural extension of the familiar lumped-
circuit network analysis. The concept of wave impedance 
introduced by Schelkunoff is basic to this high-frequency 
network analysis. Suitably defined, the impedance point 
of view permits the reformulation of waveguide field 
problems as network problems whose basic elements are 
lumped-constant circuits and distributed-constant trans-
mission lines. The theoretical determination of the net-
work parameters that characterize a wide variety of 
waveguide structures has been accomplished by an 
integral equation method of analysis introduced and 
systematically employed by Schwinger, et al.' A corre-
sponding experimental determination of network param-
eters is possible and has been employed by a number of 
workers. Waveguide network measurements can be 
performed in a variety of ways. One method is based on 
the well-known open- and short-circuit, etc., technique 
employed at low frequencies. An alternative method 
first introduced by Weissfloch2 is based on the expres-
sion of the input-output impedance relation of a four-
terminal network in the form of a tangent or trans-
former relation. The latter method appears more desir-
able in precision waveguide measurements, and is em-
ployed in this paper. The tangent relation will also be 
employed to obtain various equivalent-circuit repre-
sentations for waveguide discontinuities by reference-
plane transformations. 

I. WAVEGUIDE NETWORK ANALYSIS 

As a preliminary to the discussion of waveguide net-
work analysis, it is desirable to recall the well-known 

• Decimal classification: R118. Original manuscript received by 
the Institute, July 21, 1947; revised manuscript received, October 30, 
1947. 
t Polytechnic Institute of Brooklyn, Brooklyn, N. Y. 
1 J. Schwinger, "Theory of Guided Waves," to be published. 
2 A. Weissfloch, "Ein transformation Ober verlustose vierpole und 

seine anwendung," Hochfrequens and Ekktroakustik, vol. 60, pp. 67-
73; 1942. 

analysis of low-frequency networks based on Kirchhoff's 
laws. These laws interrelate the voltages and currents 
at the terminals of a lumped-constant network in terms 
of the impedances (or admittances) of the circuit ele-
ments that compose the network. For waveguide net-
works, there exist voltage-current relations of the same 
general form as the Kirchhoff relations. This, of course, 
is to be expected, since such relations are a consequence 
of the linear and reciprocal nature of the, electromag-
netic field equations and apply equally well to high-fre-
quency waveguide networks and to low-frequency 
lumped-constant networks. 
To employ a waveguide circuit analysis analogous to 

the use of Kirchhoff's laws for lumped-constant networks, 
it is necessary to define explicitly the meaning of volt-
age and current. To do so, we shall first consider how 
certain 'electromagnetic boundary-value problems can 
be reformulated as microwave network problems. An 
electromagnetic boundary-value problem involves the 
determination of the electric field E and magnetic field 
H at every point within a closed region of space. These 
fields are required to satisfy the Maxwell field equations 
and to assume prescribed values on the surface enclosing 
the given region. According to a fundamental theorem,* 
a unique solution to this problem exists provided the 
tangential component of either the electric field or the 
magnetic field is specified at the boundary surface. In 
waveguide problems, one is generally interested in the 
solutions for the fields not everywhere within the given 
region but rather only in certain "far" regions wherein 
the fields are of simple form and easily accessible to 
measurement. 
To take a specific problem, consider the boundary-

value problem associated with the general wave-
guide structure represented in Fig. 1, wherein the 
numbers (1) to (N) represent waveguides of arbitrary 

Fig. 1-2N-terminal waveguide structure. 

s J. A. Stratton, "Electromagnetic Theory," McGraw-Hill Book 
Co., New York, N. Y., 1941; sec. 9.2. 
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cross section bounded by metallic conductors. The 
boundary conditions appropriate to this problem are 
that the electric field components tangential to the 
metallic boundary surface S, indicated by the solid 
lines, vanish, and the magnetic field components tan-
gential to the "terminal" boundary surfaces 7'2, • • • T., 
indicated by dashed lines, assume prescribed but arbi-
trary values. By the uniqueness theorem quoted above, 
the electric field, for example, can be found at every 
point within the given region. In particular, the tan-
gential electric field can be ascertained at any terminal 
surface Ti located relatively "far" from the junction 
region. Because of the linear nature of the electromag-
netic field, it is possible to deduce immediately, with-
out solving any field equations, that the transverse 
electric field at any terminal surface Ti must be linearly 
related to the transverse components of the exciting 
magnetic fields at any or all the terminal surfaces 
Ti • • • Tn. 
Because of the simplicity of the waveguide fields in 

the "far" regions, it is possible to introduce, as measures 
of the amplitudes of the transverse electric field E, and 
the transverse magnetic field H, at the terminal sur-
face Ti, the quantities I. and V; defined by the relations: 

Ift(si,  Iih(xi, yi) 

Et(oci, yi) = Vie(xi, Yi) 
(1) 

where e(oci, yi) and h(xi, yi) are known vector functions 
indicative of the transverse form of the electric and 
magnetic fields (of the one propagating mode) at the ith 
terminal surface. The voltage V. and current I, hereby 
defined, completely characterize the fields at the ith 
terminal surface. There is a certain arbitrariness in 
these definitions dependent on the normalization of e 
and h. Once the normalization is fixed, voltage and cur-
rents have a unique significance in terms of the fields 
just as in ordinary circuit theory. In fact, in cases that 
permit comparison, it is possible to choose the normal-
ization such that the resulting definitions of V. and 
agree with the customary low-frequency definitions. 
However, this point is not to be stressed, since most 
waveguide properties depend on relative impedances 
and these are independent of the particular normaliza-
tion employed. There is one restriction to the arbitrariness 
of normalization that is sufficient to insure the validity 
of the reciprocity relations (Z11=Z11) employed below"*: 
the normalization must be such that the total complex 
power flowing along the waveguide at the ith terminal 
surface is  where V. and I are r.m.s. quantities. 
In view of (1), one may write the linear relations be-

tween the electric fields set up at all terminal surfaces 
and an exciting magnetic field applied only at the ith 
terminal surface as 

4 S. A. Schelkunoff, "Electromagnetic Waves," D. Van Nostrand 
Co., Inc., New York, N. Y., 1943; sec. 11.10. 

171' = Ii i 

V2' T. = Zvi; 
(2) 

= 

where the primes denote partial voltages set up by the 
action of the ith current only. The proportionality 
factors 4,  are called impedance coefficients and for a non-
dissipative structure are purely imaginary. The partial 
voltages set up by excitation with any other current 
can be likewise represented. The total voltage at any 
terminal surface due to the simultaneous action of all 
the currents can then be obtained by superposition. 
Rather than illustrate the resulting form of the net-

work equations for this general case, we shall discuss a 
special case of practical importance wherein geo-
metrical symmetries in the waveguide structure serve 
to impose relations among the Zii. In Fig. 2(a) a sym-
metrical junction of three rectangular guides is illus-
trated. For comparison, an ordinary lumped-constant 
six-terminal network possessing the same symmetry is 
shown in Fig. 2(b). It is assumed that the frequency is 
such that only the dominant mode can be propagated 
in each waveguide and, in addition, that the excitation 
is such that the electric field of the dominant mode is 
perpendicular to the plane of the figure. This is the case 
of the so-called magnetic-plane tee. The following an-
alysis applies also to the case where the angle between 
guides (1) or (2) and guide (3) is other than the right 
angle indicated in Fig. 2(a). 

(3) 
T3 

' 
TI 

(a) (b) 

Fig. 2—(a) Top view of H-plane tee. (b) Equivalent circuit. 

In conformity with the symmetry of the structure, 
terminal planes T1, 7'2, Tg are chosen in the symmetrical 
manner indicated in Fig. 2(a). The voltage and current 
at each of the three terminal planes are defined as 172 
and /I, Vg and —Is, Vg and  /3. The choice of sign is 
such that, in each of the guides, the positive direction of 
power flow is toward the junction. The linear relations 
(2) describe the partial voltages produced by a current /2 
when all terminals other than T1 are open-circuited. The 
corresponding partial voltages produced by /2 follow 
from those produced by /2 because of the symmetry of 
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the structure. For, on a 180° rotation of the structure 
about the symmetry plane T, it is apparent that the 
field configuration produced by /2 becomes identical 
with that produced by /2. Hence, the impedance coeffi-
cients for the former case apply also to the latter case. 
The form of the impedance coefficients defining the 
partial voltages produced by /3 is obtained either by a 
symmetry or reciprocity argument. By superposition, 
the voltages produced by the simultaneous action of the 
currents I, /2, and 13 are, therefore, 

V1 = Z11/1 +  Z12/2 ±  Z13/3 

V2 = Z12/1 ±  Z11/2 +  zi3r3 

V3 = Zi3/1 ±  Z13/2 + Z3313. 

(3) 

These are the network equations descriptive of the 
given symmetrical waveguide structure. It is evident 
that the application of the usual Kirchhoff mesh analysis 
to the circuit in Fig. 2(b) yields exactly the same net-
work equations, thus indicating that this network is the 
equivalent circuit representation of the waveguide 
structure under consideration. 
Although the above analyses have been carried 

through on an impedance basis, corresponding analyses 
are possible on an admittance basis. Whatever the type 
of analysis, it is to be emphasized that the linear and 
reciprocal nature of the field equations permit one to 
write down the network equations for the waveguide 
structure by an analysis of the Kirchhoff type. The 
explicit determination of the impedance (or admittance) 
parameters that characterize the structure may then be 
determined either theoretically or experimentally. 

II. MEASUREMENT OF CIRCUIT PARAMETERS 

(a) Four-Terminal Structures 

The measurement of the impedance parameters of a 
general nondissipative four-terminal structure will be 
considered first, as it is basic to the measurement of 2N-
terminal structures. Such a structure, together with its 
network representation at terminals T1 and Ts, is illus-
trated in Figs. 3(a) and (b). In terms of the impedance 

r—r_ood_ 
VOLTAGE T., 
NULL 

P 1 1 

I   

W HONT 

(a)  (b) 
Fig. 3—(a) Four-terminal waveguide structure. (b) Equivalent circuit. 

parameters Zli, Z12, and Z22, the relation between the 
input impedance Zin at T1 and the output impedance 
Z.,,t at T3 may be expressed as 

Z122 

Zin = Z11  (4) 
Z22 ±  Zona 

This impedance relation can, in turn, be rewritten in 
terms of three new parameters, Do, So, and 7, as the tan-
gent relation2 

tan 2r(D — Do) = y tan 27(S — So) (5) 

where the new input-output variables D and S are de-
fined by 

Z1n = 

V1 
— = — jZi tan 2TD 

V2 

Z 01 t =  =  jZ2 tan 271-..5 
1 2 

Zi and Z2 being the characteristic impedance of the in-
put and output guides, respectively. The relation be-
tween the parameters Zn, Zi2, and Z22 and the param-
eters 7, Do, and So may be obtained on rewriting (4) as 

Zin Znut  Z22Zin  Z11 Zout  (Z11 Z22 — Z122) =  0 

(6) 

(7) 

and on rewriting (5) as 

(0 — a7) tan 2TD tan 27S + (1 + afly) tan 270 

— (03  y) tan 21-.3 — (a — fly) = 0  (8) 

where 

a = tan 27E0o,  = tan 21-50. 
Employing (6) to identify corresponding terms in 
and (8), one then finds that the desired relations 

Z11 

Z1 

Z22 

—  —7  
4,2 

Z11  Z22  Z122 

Z1  Z2 Zi Z2 

al5 + 7 

— ay 

1 ± crOY 
  = c 
0 — a7 

a — fry 

13 — ay 

— a 

(9) 

(7) 
are 

(10) 

Equations (10) are not valid for the degenerate case 
a =0=0 as is to be expected from the corresponding de-
generacy in the impedance representation of an ideal 
transformer. From (10) it also follows that 

Z122 7(1 + a2) (1 + 02) 

ZiZ2  — a7)2 

The indeterminacy in the sign of Z12 is characteristic of 
input-output impedance relations, and implies that 
equivalent circuits differing only in the sign of Z12 yield 
the same input-output relation. The ambiguity can be 
resolved on determination of either the relative phase 
or the transfer impedance between input and output 
terminals. 
Explicit expressions for a, 13, and 7 are found, on inver-

sion of (12), to be 

a = 
[1  a 2  e2  b2] 

2(a — bc) 
±  [  12  1 

I-  a 2  e2  b2]  

2(c — ab) 
v[  ]2 +  1 (12) 
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— 7 = 

a 2  c2  b21 

L 2(b  ac) 

In each equation, the bracketed expressions within and 
outside the square root are identical. The ± indicates 
that either the upper or the lower signs in the expres-
sions for a, I3, and 7 yield a tangent relation (5) equiva-
lent to the impedance relation (4). From the form of 
(12), it is evident that the two sets are positive or nega-
tive reciprocals of one another. In the following, the 
upper set of signs for which —7 >1 will always be em-
ployed. 
Equations (4) to (12), excluding (6), are expressed in 

terms of impedances but apply equally well to a repre-
sentation in terms of admittances if Z is everywhere 
replaced by Y, and if 

a = — cot 2TD,  /3 = — cot 275.  (13) 

The definitions of D and S, given in (6), still apply to 
this case. 
As noted by Weissfloch,2 the equivalence between (4) 

and (5) can be clearly interpreted physically. In the 
first place, it is apparent from (6) that, if the output 
impedance Zo„,, is produced by a short circuit, a distance 
S away from the terminal plane 7'2, then D is the 
distance from the terminal plane T to the voltage mini-
mum; i.e., zero, in the input line (Fig. 3(a)). The 
distances D and S (as likewise the distances Do and So, 
to be interpreted below) are all measured in guide wave-
lengths; i.e., D is the geometrical distance divided by 
the guide wavelength in the input line, and S is the 
geometrical distance divided by the guide wavelength 
in the output line. All distances are counted positive 
in the direction away from the junction. As a conse-
quence, (5) states that, at terminal planes T10 and 7'20, 
located a distance Do and So away from T1 and 7'2, the 
relative input impedance, tan 22r(D —Do), is a con-
stant, n2= —7, times the relative output imped-
ance-1-j tan M S—So). Therefore, if the terminal 
planes T10 and T20 are chosen as the input and output 
terminals, respectively, the equivalent circuit repre-
sentation of the structure in Fig. 3(a) is an ideal trans-
former of transformation ratio n2. 
Although the change in variable in the transition 

from (4) to (5) is valid for both dissipative and non-
dissipative networks, the simple transformer interpre-
tation in which D and S appear as real geometrical 
distances is valid only in the lossless case. In the dissipa-
tive case, the variable D as well as the parameters Do, So, 
and 7 are complex quantities. 
For nondissipative waveguide discontinuities of the 

four-terminal type, the simple interpretation of D and 
S as geometrical distances provides the basis for a 
simple method of measurement of the unknown param-
eters Do, So, y in (5), and hence of the equivalent circuit 
parameters Z11, Z12, Z22 of (4). The former parameters 
may be measured,2 for example, by placement of 

matched terminations on one side of the discontinuity 
and measurement of the standing-wave ratio and mini-
mum position on the other side by means of a standing-
wave detector, and conversely. The accuracy of such 
measurements is subject to the usual criticism associated 
with isolated point measurements. When a more pre-
cise method of measurement is desired, it is necessary to 
automatically utilize a whole series of point measure-
ments. A calibrated shorting plunger is placed at a 
distance S away from an arbitrarily chosen output refer-
ence plane of the discontinuity and the distance D 
between the minimum of the standing-wave pattern (of 
infinite standing-wave ratio), and an arbitrarily chosen 
input reference plane is measured by some detecting 
means.' 
The resulting variation of D versus S may have either 

of the forms shown in Fig. 4, depending on the mag-
nitude of 7. The curves are repetitive in D and S with 

(a) (b)  (c) 
Fig. 4—Tangent relation for various values of --y; (a)  

(b) --y >I, (c) —7 > >1. 

a period of a half wavelength. The dependence of 
the shape of the above curves on the parameters Do, So, 
7 can be readily ascertained by taking the derivative of 
(5) to find the slope 

dD  1 + tan2 22r(5 — So)  
—  = 7 

d5  1 + 72  tan2 2r(S — So) 

The quantity 'y (of absolute magnitude greater than one) 
is seen to be the maximum slope and occurs at the point 
S = So and D = Do. The minimum slope is 1/7 and occurs 
at a point a quarter wavelength away from Do, So. As a 
result of these or other identifications, approximate 
Nz,lues of Do, So, 7 are immediately ascertained. 

lie precision analysis of the experimental data re-
quires the determination of a set of values 7, Do, So 
which, on insertion into (5), furnishes a tangent curve 
identical to the experimental curve within the ac-
curacy of the experiment. The required parameters are 
evaluated by a successive approximation analysis which 
depends on the magnitude of 7. Almost-matched wave-
guide structures have a --y value of approximately 
unity and, consequently, give rise to a tangent curve 
(Fig. 4(a)) from which it is difficult to evaluate and lo-
cate the points of maximum or minimum slope. To ob-
tain a first approximation to the values of 7, Do, So, in 

If a slotted section detector is employed, it should be calibrated 
to compensate for the presence of the slot. 

(14) 
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such cases, it is convenient, to consider the form (5) 
assumes for 7 = —1 — (€ small). Adding tan 27(S — So) 
and dividing through by 1 — tan 2T(D —Do)  tan 
27(S— So) on both sides of (5), one obtains 

tan 27(D  S — Do — So) 

e  sin 47(S — So) 

2 1 + sin2 27(S — So) 

or, for small e, 

D-I-StsDo-FSo — 

(15a) 

— sin WS — So).  (15b) 
47 

Thus, if the experimental data is plotted in the form 
D - S versus S instead of D versus S, the curve shown 
in Fig. 5 is obtained. The values of Do+So, So, e/27 
can be easily read from this curve and furnish first ap-
proximations to the required parameters 7, Do, and So. 

D+S 

Dol. So 

so 
Fig. 5—Plot of data for —y1. 

For waveguide discontinuities with —7 greater than 
unity, it is convenient to obtain a first approximation 
to the parameters 7, Do, So with the aid of the experi-
mental plot (Figs. 4(b) and (c)) of D versus S. The first 
approximation to 7 may be found by averaging the 
maximum slopes and reciprocals of the minimum slopes. 
An additional value for the average may be obtained,2 
using (14) and some trigonometry, as 

1  VI 
—  = cot2 (— —  w)  (16) 

8  4 

where, as shown in Fig. 4(b), w is the width of the tan-
gent curve between the points of slope —1. First ap-
proximations to Do and So may be obtained from he 
location of the points of maximum and minimum slope 
by appropriate averages. 
In the above, it has been most convenient to consider 

curves of relative rather than absolute values of D and S, 
since this avoids the introduction of cumbersome factors 
when the input and output guides are different. Prac-
tically, however, it is most expeditious to plot the 
absolute measured values of D and S. The determina-
tion of 7, etc., from the latter curve involves the use of 
suitable factors of X,i/N,2, the guide wavelengths, in the 
input and output guides. 
With the knowledge of the first approximations to 7, 

Do, So, a tangent curve of D versus S can be computed 
by (5) and compared with the experimental data. A 

convenient mode of comparison that facilitates the de-
termination of a second approximation, if the first is 
not sufficiently accurate, is provided by a plot of the 
difference between the experimental and computed 
values of D against values of S corresponding to the 
experimental points. The resulting error curve of 
AD =  D.,„„ versus S may or may not possess 
any regularity. If the error curve exhibits no regularity, 
the accuracy of the data does not warrant further ap-
proximations. If regularity is exhibited, the error curve 
can be further analyzed to obtain corrections A7, 
AD0, AS0 to the first approximation values. 
The corrections may be determined by first finding the 

theoretical curve of AD versus S arising from variations 
AT, ADo, AS0 in (5). This curve, as obtained by taking 
the differential of (5), may be put into the form 

sin 47(S — So) 
7ASO   A7 

47 
AD = AD0   (17) 

cos2 2r(S —  ± 72 sin' 2r(S — So) 

The desired corrections are given by those values of A7, 
AD0, AS0 which, on substitution into (17), best repro-
duce the error curve. If values of AD obtained from the 
error curve at S —S0= 0, 1/8, 1/4 are designated by 
Lo, iIo, Aim respectively, then a typical set of values 
for the corrections are found from (17) to be 

A7 = 24(1 ± 72)Alio — (AO + 72A1/4)1 

AO — *Y2A1/4 
ADo = 1  72 

ASo =  (AO — A1/4). 1  72 

(18) 

Alternative ways of determining the corrections from 
the error curve may be devised, depending on the mag-
nitude of 7. For example, if 7 is not too large, it is some-
times convenient to use the fact that A7 is the slope of 
the error curve at S= S. The addition of the correc-
tions (18) to 7, Do, So yields the second approximation 
to these parameters. If necessary, additional corrections 
may be obtained by repetition of the above outlined 
process. 
In typical measurements at X=3.2 centimeters, 

the procedure described above has yielded values of 
7, Do, SO which provide a tangent curve that re-
produces the experimental data to within 0.0005 X, 
on the average; that is, the error curve has an average 
amplitude of 0.0005 X,. Incidentally, an accuracy of this 
magnitude implies that the limitation in the accuracy 
of equivalent circuit parameters lies not in the electrical 
measurement but rather in the mechanical measurement 
required to locate the reference planes. It is desirable, 
as indicated in the above procedure, to determine the 
first-approximation values as accurately as possible by 
averaging a number of determinations. The extra effort 
hereby required is more than offset by the avoidance of 
the need for plotting more than one error curve. With 
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the determination of -y, Do, and So relative to the chosen 
reference planes, the impedance parameters of a T-type 
equivalent circuit for the waveguide discontinuity fol-
low from (9) and (10). The admittance parameters of a 
r-type equivalent circuit follow from (13) and (10) 
with Z replaced by Y. 

(b) Six-Terminal Structures 

The measurement of the equivalent circuit param-
eters of a six-terminal waveguide structure of the type 
shown in Fig. 2 consists basically in the reduction of the 
six-terminal structure to a four-terminal structure by 
placement of a known terminating reactance in one of 
the waveguides. In the case of the magnetic plane T, it 
is evident from Fig. 2(b) that the placement of an 
infinite impedance or quarter-wavelength line at the 
reference plane T2 reduces the structure to a four-ter-
minal network between the reference planes T1 and T3. 
The circuit parameters of the reduced four-terminal 
network are seen to be 

zu 
a = — — 

Zi 

z33 
=  and 

Z3 

Z11 Z33 7 b =  132 — 
zi Z3 ZIZ3 

(19) 

The circuit parameters of this four-terminal structure 
are found by plotting a curve of D versus S relative to 
the reference planes T1 and T3 and analysis of the data 
for  Do, and So as described above. The circuit param-
eters of (19) then follow from (9) and (10). The remain-
ing circuit parameter Z11— Z12 can be found as the nega-
tive of the reactance at T2 required to reduce the power 
output at T3 to zero, the power source being at T1. As a 
check, an alternative measurement with the reactance 
at T1 and the power source at T2 should be made and 
averaged with the previous result. The last two measure-
ments are subject to the criticism of being point meas-
urements, but this is partially compensated by the fact 
that zero power measurements are highly accurate ones. 
The equivalent circuit parameters of a general 2N-

terminal waveguide structure may be determined by a 
method similar to that sketched for the six-terminal 
network. In the 2N-terminal case, known reactances 
are placed in all but two of the guides. The over-all 
structure is thereby reduced to a four-terminal struc-
ture which can be measured as above. The use of a suit-
able number of known reactances permits the determina-
tion of all unknown parameters of the 2N-terminal 
equivalent circuit. In many cases, symmetries in the 
over-all structure suggest the type of known reactances 
to be employed for the purposes of both accuracy and 
simplification of the over-all equivalent circuit. 

III. EQUIVALENT REPRESENTATIONS OF WAVEGUIDE 
STRUCTURES BY REFERENCE-PLANE TRANSFORMATIONS 

Since the choice of terminal planes for a waveguide 
structure is purely arbitrary, it is evident that, depend-

ing on the choice of terminal planes, there exists a 
variety of impedance representations and hence equiva-
lent circuits for a waveguide discontinuity. Any one of 
these circuits completely characterizes the "far" field 
behavior. There exists no general criterion to deter-
mine which of the equivalent circuits is most appropri-
ate. This ambiguous situation does not prevail for the 
case of lumped circuits because there is generally no 
ambiguity in the choice of terminals of a lumped circuit. 
Although, at low frequencies, there are, in general, many 
circuits equivalent to any given one, there is usually a 
"natural" one distinguished by having a minimum num-
ber of impedance elements of simple frequency varia-
tion. It is doubtful whether a corresponding "natural" 
circuit exists in general for a waveguide structure. In 
special cases, however, the same criterion of a minimum 
number of circuit parameters, simple frequency de-
pendence, etc., can be employed to determine the best 
circuit representation. 
For a four-terminal structure, a relatively simple 

means of determining an equivalent circuit representa-
tion at one set of reference planes from that at another 
is afforded by the tangent relation (5). One representa-
tion, mentioned previously in connection with (5), is 
that of an ideal transformer of transformation ratio 
n2= —1, at the reference planes T10 and 7'20. Other rep-
resentations can also be obtained. For example, if the 
reference planes T1 and T2 of the general four-terminal 
network shown in Fig. 3 are shifted a distance d and s 
away from the junction to reference planes T1' and T2', 
the tangent relation relative to the new reference planes 
may be written as 

tan 22,-  — d) — (Do — d)] 

= 7 tan 24(S — s) — (So — s)].  (20) 

By comparison of (5) and (20), it is evident that param-
eters a',  , 7' relative to the new terminals are given by 

where 

a' = tan 2r(Do — d) = 
1 ± aao 

Po 
13' = tan 2r(So — s) =  —   

1 ± 

a — a° 

= 

ao = tan 270,  00 = tan 22-s. 

(21) 

(21a) 

At the new terminals, the equivalent circuit parameters 
a', b', and c' are given by (10) with all quantities primed. 
The insertion therein of a', /3', -y' from (21) and substi-
tution for a, )3,7 in terms of a, b, c, as given by (10) then 
yield the fundamental transformation equations 

a -I- ao  flob — aofloc 
d =   (22a) 

1 — aoa — fioc — aotiob 

c aob 130 — adioa  

1 — aoa — floc — ceofiob 
C' = (22b) 
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b — aoc — (loa — aoPo  
b' =  (22c) 

1 — aoa — floc — aotiob 

for the relation between parameters of the T(r) equiva-
lent circuit at the reference planes 7.1'7.2' and that of 
the T(r) at T1T2. This relation is also valid if a', b', c' 
refer to a (r)T representation at 7-172' and a, b, c to 
aT(r) at TiT2, provided in this case that 

ao = — cot 27d, (30 = — cot 2rs.  (22d) 

To illustrate the use of (22), let it be required to find 
the shift s of the output reference plane so as to make 
the resulting equivalent circuit pure shunt. Since in this 
case b' =0, it follows from (22c) that 

b — aoc 
Po —   = tan 27s 

a  ao 
(23) 

gives the desired shift. The parameters of the "shifted" 
equivalent circuit are, on substitution of (23) into (22), 

(ao  a)2 (aoc — 

(ao a)(1 — aao)  (aoc — b)(c  aob) 

jZ' 

Z1 

(ao  a)2 (aoc — b) 2 z2 

(1 ±  ao2)(b  ac)  Z 

(24) 

where it is to be noted that ao may be chosen arbitrarily. 
Special values for ao of importance are ao = 0 or ao =i9o. 
The new circuit can be schematically represented as 

in Fig. 6(a), which is a combination of an impedance Z' 
and an ideal transformer of turns ratio n. The circuit 
joins together transmission lines of characteristic im-
pedance Z1 and Z2, representing the input and output 
waveguides. The use of an ideal transformer may be 
avoided by changing the characteristic impedance of the 

r4 

(a) 

z, z' /re Z2 

(b) 

Fig. 6—Equivalent representations of a shunt structure. 

Tj 

output line to n2Z2 as in Fig. 6(b). In addition to the 
above, many other equivalent circuit representations of 
a four-terminal waveguide structure can be readily 

evaluated by employing reference plane shifts d and s 
other than those illustrated above. 

(a) Transformation of Six-Terminal Structures 

The determination of equivalent representations of 
six-terminal waveguide structures is based on a con-
sideration of the four-terminal networks that compose 
the over-all equivalent network. For the case of sym-
metrical magnetic-plane tee structures of the type shown 
in Fig. 2, it is apparent that a large variety of equivalent 
circuit representations can be obtained by shifting refer-
ence planes. This shifting is considerably simplified 
if the waveguide structure possesses geometrical sym-
metries. In such cases, the over-all structure can be 
readily reduced to a number of four-terminal structures 
for which the desired reference plane shifts can be 
effected by the methods described in the preceding sec-
tion. This procedure will now be illustrated for the case 
of the magnetic-plane tee shown in Fig. 2. 
If the arbitrary currents impressed on the network 

shown in Fig. 2(b) are chosen in the antisymmetric 
manner /1= — /2, /3 = 0, the network equations (3) reduce 
to 

V1 =  —  V2 =  (ZI1  Z12)/1 

V3 = 0 
(25) 

or, if they are chosen in the symmetric manner Ii = +12, 
(3) reduce to 

/3 

V1 =  V2 =  (Z11 + Z12)1.1+ 2Z13 — 
2 

/3 
V3 = 2Z1311  2Z22  • 

2 

(26) 

The reduced network equations (25) and (26) are seen 
to be descriptive of the circuits shown in Figs. 7(a) and 
(b), respectively. These two circuits result from the 
placement of a short or open circuit, respectively, at the 
electrical center of the equivalent circuit shown in Fig. 
2(b). 

v, 

(a) (b) 

Fig. 7—Bisections of equivalent network for H-plane tee. 
(a) Antisymmetric case, and (b) symmetric case. 

The reduction of the over-all network to these rela-
tively simple component circuits follow (by bisection) 
from the symmetry of the original structure. Geo-
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metrical symmetry implies that antisymmetric excita-
tion at T1 and T2 (Fig. 2(a)) will produce an electric 
field distribution antisymmetric about the symmetry 
plane T; hence, for this excitation, the transverse electric 
field at T is 0. Correspondingly, symmetrical excitation 
produces an electric field distribution symmetrical 
about T; hence, in the air space, the electric field at T 
is a maximum or equivalently the magnetic field trans-
verse to T is 0. Thus, for antisymmetric excitation, the 
structure in Fig. 2(a) has a short circuit (electric wall) 
at T, and, correspondingly, for symmetric excitation, 
there is an open circuit (magnetic wall) at T. Since, in 
the former case, the dominant mode cannot be propa-
gated in guide (3), the equivalent circuit is seen to be 
of the two-terminal type indicated in Fig. 7(a). 
The reduced circuits" shown in Figs. 7(a) and (b) are 

equivalent to the circuit indicated in Fig. 2(b) in the 
sense that the one follows from the other, and con-
versely. This equivalence may be usefully employed in 
the determination of the various equivalent circuits 
that result from the shift of the terminal planes from 
T1, T2, T3 to different locations T11, T2', Tst. The 
simplification obtained in treating reference-plane trans-
formations of two- or four-terminal networks rather 
than of six-terminal networks should be apparent. For 
example, if the reference plane T1 in Fig. 7(a) is shifted 
to T1' a distance d in wavelengths away from the junc-
tion such that 

(Z11 — Z12)  
tan 2rd = j  — ao, (27) 

then at the new reference plane, T1', Z22' —Z12' =0. Thus 
the new equivalent circuit for the antisymmetrical case 
is simply a short circuit. By the reasoning of (20) to 
(24) it follows that, if in addition to the above shift in 
Ts the reference plane T3 in Fig. 7(b) is moved a dis-
tance s, in wavelengths, away from the junction such 
that 

where 

tan 2rs = 
b — aoc 

a -I- ao 

(Z11 ± Z12) 
a =  j   

Z2 

02  (28) 

b= 
Z1 Z2  Z22 

Z1 

(Z11 ± Z12) (2Z33)  (2Z13) 2 

2 Z33 

(29) 

then at the new reference planes, T1' and Ts', the equiva-
lent circuit of Fig. 7(b) becomes a pure shunt circuit of 

(a) (b) 

the type indicated in Fig. 6. The circuit parameters of 
the new circuit can be obtained from (24) by use of 
(29). 
In summary, it is seen that the reduced circuits 

indicated in Figs. 7(a) and (b) become, at the new 
terminals, T1', T2', TV, those shown in Figs. 8(a) and (b). 
The indicated shunt impedance has the value 2Z' in-
stead of Z' as employed in (24). The characteristic im-
pedances rather than the new voltages and currents are 
indicated at the terminal planes. The over-all circuit, 
composed by a process inverse to that employed in ob-
taining the reduced circuits, is then that shown in Fig. 
Fig. 8(c). This simple circuit rather than its equivalent 
in Fig. 2(b) is often advantageously employed for the 
representation and measurement of the electrical per-
formance of the given waveguide structure. The latter, 
however, is more .convenient for the theoretical de-
termination of the circuit parameters. 

2 
Z, 

Fig. 8—Composition of shifted equivalent network for H-plane tee. 
(a) Shifted antisymmetric case; (b) shifted symmetric case; and 
(c) shifted composite network. 

The above-illustrated technique of transformation 
of reference planes to obtain simple equivalent circuits 
can also be employed in the case of a 2N-terminal cir-
cuit. The essence of this method is the reduction of the 
original 2N-terminal network to a number of four- (or 
less) terminal networks for which the transformations 
can be readily effected. As in the case above, this re-
duction can be obtained simply if there exist certain 
symmetries in the original network. 
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The Radiation Resistance of End-Fire 
and Collinear Arrays* 

CHARLES H. PAPASt, ASSOCIATE, I.R.E., AND RONOLD KINGt, SENIOR MEMBER, I.R.E. 

Summary. —Expressions for the radiation resistances of end-fire 
and collinear arrays of half-wave dipoles are obtained in terms of 
circular functions in a form convenient for computation. No mathe-
matical approximations except for a Fourier representation' of the 
field of a single half-wave dipole are used. The first integral theorem 
of Sonine and an integral representation of the Bessel function due 
to Hansen' are involved in the integration of the normal component 
of Poynting's vector. 
Results computed from the new formula for the radiation resist-

ance of an n-element parallel array in which the spacings and suc-
cessive phasings of the dipole elements are 180 degrees (bilateral 
end-fire) agree closely with those of Pistolkors,' who used Brillouin's 
e.m.f. method; they are a little less than the figures of Bontsch-
Bruewitsch,5 who numerically integrated Poynting's vector. Calcula-
tions for the radiation resistance of an n-element collinear array 
using the new formula are compared with those of Bontsch-Brue-
witsch, with which they are in satisfactory agreement. The new for-
mula is also used to compute the radiation resistance of an n-element 
unilateral end-fire array (i.e., an n-element parallel array in which 
the spacings and successive phasings of the dipole elements are 90 
degrees). 

INTRODUCTION AND COMPARISON OF RESULTS 

/N HIS PATENT Campbell' has calculated and plotted the radiation patterns of rectilinear arrays 
composed of 16 elements for spacings from 0 

to 4 wavelengths in steps of one-eighth wavelength 
and successive phasings from 0 to one-half period in 
steps of one-eighth period. From these patterns it is 
seen that, when the elements are spaced one-half wave-
length apart and successively phased one-half period, a 
bilateral end-fire is obtained. By reducing the spacing 
to one-quarter wavelength and the phasing to one-
quarter period, a unilateral end-fire is obtained. 
The radiation resistance of bilateral end-fire arrays 

has been calculated by Pistolkors4 using the e.m.f. 
method for arrays having 2, 3, 4, 5, 6, and 7 elements. 
Bontsch-Bruewitsch' has calculated the radiation re-

* Decimal classification: R325.113 X R221. Original manuscript 
received by the Institute, January 21,1948. The research reported in 
this document was made possible through support extended Cruft 
Laboratory, Harvard University, jointly by the Navy Department 
(Office of Naval Research) and the Signal Corps, U. S. Army, under 
Contract N5ori-76, T.O.I. 
t Cruft Laboratory, Harvard University, Cambridge, Mass. 
Ronold W. P. King, "The approximate representation of the 

distant field of linear radiators," PROC. I.R.E., vol. 29, pp. 458-464; 
August, 1941. 

2 N. J. Sonine, "Recherches sur les fonctions cylindriques et le 
development des fonctions continues en series," Math. Ann., vol. 16, 
pp. 1-80; 1880. 
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sistances of bilateral arrays by numerically integrating 
Poynting's vector for arrays consisting of 2, 3, 4, and an 
infinite number of elements. Table I shows the results 
of Pistolkors (P), Bontsch-Bruewitsch (BB), and those 
of this paper (PK), the last named computed from (26). 

TABLE I 

AVERAGE RADIATION RESISTANCE* OF BILATERAL ARRAY 

Number of 
Elements BB  PK 

2 
3 
4 
5 
6 
7 

Infinite 

85.7 ohms 
92.5 
96.8 
99.8 
102.1 
103.9 

88 ohms 
95 
100 

120 

82.30 ohms 
87.72 
91.04 
93.30 
94.95 
96.22 

* Average radiation resistance means the total radiation resistance 
divided by the number of elements: (Re/n). 

The radiation resistance of n collinear dipoles has 
been calculated by Bontsch-Bruewitsch,' who obtained 
the following formula: 

nr  (n — 0  (n-2) r 

R = (-1)̂ -160[S — 4  S  ±  8S  • • .1 (1) 

where 

nr  f mi sin2 µ 
S =   du.  (2) 
o  o  A 

The results obtained from (1) for n =1, 2, 3, 4, and 5 
and from the new formula (38) are shown in Table II. 

TABLE II 

AVERAGE RADIATION RESISTANCE* OF COLLINEAR ARRAYS 

Number of 
elements BB  PK 

n=1 
2 
3 
4 
5 
6 
7 

98 ohms 
103 
106 
108 

71.44 ohms 
93.15 
96.77 
99.78 
101.05 
102.18 
102.82 

• Average radiation resistance means the total radiation resistance 
divided by the number of elements: (Re/n). 

The radiation resistances of unilateral end-fire arrays 
computed from (26) for spacings and phasings of 90° 
are shown in Table III. 
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TABLE III 

AVERAGE RADIATION RESISTANCE* OF UNILATERAL 
END-FIRE ARRAYS 

Number of 
elements PK 

2 
3 
4 
5 
6 
7 

71.44 ohms 
78.68 
82.30 
85.55 
87.72 
89.62 

• Average radiation resistance means the total radiation resistance 
divided by the number of elements: (Re/n). 

CALCULATION OF THE RADIATION RESISTANCE 

OF END-FIRE ARRAYS 

In the derivation of the new formulas for the radia-
tion resistance, it is tacitly assumed that changes in 
spacing and phasing between the dipoles have a negli-
gible effect upon the current distribution in the indi-
vidual dipoles. This is a good approximation for 
center-driven half-wave dipoles for all spacings. (It is a 
poor approximation for full-wave dipoles.) 
The total radiated power is obtained by integrating 

the normal component of the Poynting vector S over a 
large sphere of radius R. If W is the total radiated power 
in watts, 

w = f 
r 2r j  r r 
0 0 SW sin 0. dO • d4, 

30/02 1.2r 

2r J  r 172 (0) • A2(0, 4)) sin 0 • r/0 
o  0 

(3) 

where V(0) is the field factor of a single dipole, A (0, 4)) is 
the array factor, and /0 is the current amplitude at a 
loop position. They are contained explicitly in the fol-
lowing formula for the Poynting vector: 

30/02 
S=   

27/22 

cost ir —  • COS 0) 

2 

sin 0 

sin n ( r -s— sin 0 cos cb + r —s) X  X 

s  s 
sin  — sin 0 cos 4, + 7 — 

X  X 

2 

(4) 

In this expression, n is the number of half-wave dipoles 
in the array, s is the uniform spacing of the radiators, R 
is the radial distance from the center of the array to the 
point of calculation, and 0 and 4) are the polar and 
azimuthal angles, respectively. The quantity in brackets 
is the product of the two functions V(0) and A(0, 4)). 

V(0) = 

cos ( — cos 
2 

sin 0 

sin fly 
A(0,  =   (5) 

sin y 

where 

s 
y = — sin 0. cos  + r —  Ki cos (1) + K 2.  (6) 

X  X 

In order to integrate the square of the array factor, 
it is expanded in a series of cosine terms and integrated 
term by term. Since the series contains only a finite 
number of terms, no difficulty arises in the term-by-
term integration. 

sin' fly  2n-2 
A2(0,    n + E (2n — r) cos ry 

sin- y (7) 

where r = 2, 4, 6, 8, • • • even integer. Now, integrate 
both sides of (7) with respect to 4): 
jr:  2 

A2(0, 404 

2r  2n-2  2r 

=  nd4,  E (2n — r) fo cos (ry) • thfi.  (8) 10 r=.2 

Hansen'ss integral representation of a Bessel function is 

10 
2r 2r 

cos (ry)c14, = f  cos r(Ki cos 4, + K2)(14, 

= 2/0(r/C1) cos (rIC2).  (9) 

Therefore, the integral of (7) with respect to 4) is 
f o 2r 2n-2 

A2(0, 404 = 2rn + E (2n — r) 

• 27./0(r/Ci) cos (r./C.2) = H(0).  (10) 

Note that each term on the right is a function only of 
the polar angle 0. It is represented by H(0). 
The integral representation of W in (3) now becomes 

30/02  r 

W = —  V2(0) • H(0) sin Ode.  (11) 
2r  0 

Introduction of the Fourier approximation' 

V(0) a-- 0.945 sin 0  (12) 

in (11) gives 

W = 30/02 f  
. 945)2' HO) sins 0. dO.  (13) 

0 2r   

H(0) sins 0 is a finite series, each term of which must be 
integrated with respect to 0: 

10 H(0) sins Od0 = 27rn f sins Od0 0 

2n-2 

+ 2r E (2n — r) • cos (rK2) f Jo(rK2) sins Ode. 
0 

The next task is to evaluate the integral 

IT 
a Jo(rIfi) sin' O•d0.  (14) 
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From symmetry considerations of the integrand, this 
may be rewritten in the following way: 

fo Jo(r/Ci) sin' 0d0 
r/2 

= 2f  Jo (rr — sin  sin' 0. dO. 
s 

(15) 
X 

Since sin' 0=1 —cos2 0, the integral (15) is the dif-
ference of two integrals of which each is in Soninel form. 
Sonine's first integral' is given by 

10 
r/2 

f a sin 0) • cos2P+1 0. sin'+' Od0 

= 2PF(µ + 1) -4+0+1(Z) (16) 

With II= —1 and v=0 and substituting rr/sX for Z, 
the result is 

10 
r/2 

Jo (rr — sin 0) 
X 

sin Od0 = 

71- —x 

(17) 

Similarly, if with Ij=  and v=0 and substituting 
rr(s/X) for Z, 

10 
r/2 

Jo(rlr — sin e cos' 0-sin 0 - do 
X 

r(a)./3/2(rr 

therefore, 

r/2 

21  Jo (Fr — sin 0) sin3 0 dO 
X 

21' ()J1/2 (rr —5) 
X 

V rr — 
X 

xs ) 3/2 

I Fir — 

rq-)J8/2(rr —5) 
X 

s 8/2 

(rr 

(18) 

(19) 

The expression for the radiated power then takes the 
form: 

w = 
30102 8rn  2n-2 

  (0.945) 2[ — ± 2r E (2n — r) cos (rIC2) 
2r  3  r-2 

r(1)./1/ 2rr (  X ) 

i /rif 

2 0  
X 

s )3/2 

rr — 
X 

(20) 

and the external or radiation resistance Re = 2W//01 
becomes 

60 8r  2n-2 

Re = — (0.945)2(— n  2r E (2n — r) cos (rK2) 
2r  3  r-2 

,72 ravin(rir 

r(1).73,2(rr 
As ) 

3/2 

This expression involves Bessel functions with frac-
tional indexes which are not convenient for computa-
tion. It is possible to transform them into circular func-
tions using 

J1/2 (Tr 

and 

.13/2(3.7r TS ) 

sx ) = V  2 

sin ( s rr —) 

s ) 312  

rr — 
X 

Evidently, 

(r7r —S ) 

X 

i/rir 

and 

J3/2 (rr —s) 
X 

s )312  
7.7r — 
X 

sin (  5 rr —) 

/1/rir —5 

cos (rr — 
X 

S 

Vrr —5 

sin (rr —s) 
X 

fir - 

A 

sin (r r — 
s 

cos (rr —5) 
/ 2 

= 3 A/ 
'Y 7r 

fir —A) 

Since r(1) = N./7r and F(3/2) = \AT-, the final expression 
for the radiation resistance is 

(22) 

. (23) 

(24) 

2 
(rr —5 ) 

(25) 
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where 

60 8rn  2n-2 

Roe = —  (0.945)2 [--  47 E (2n — r) 
27  3  r-2 

• cos (rK2)A (rir 

sin (  s  srr —  sin (7 — 

A ( s  X r7  =   
s 3 

rir    rr — 
X  X) 

(26) 

cos (  s rr — 
X 

(27) 
s r )2 

r — 
X 

This formula is readily evaluated numerically. The re-
sults are shown in Tables I, III, and IV. 

CALCULATION OF THE RADIATION RESISTANCE 
OF COLLINEAR ARRAYS 

The radiation resistance of an n-element collinear an-
tenna is given by the well-known integral: 

r  w 

( 
cos2 — cos 0  sin' n — cos 0 

2  2 
Roe = 60 fo r sin2 6 r 

sin2 (— cos 0) 
2 

• sin 0. de. 

With (12), this becomes 

sin2 n (2-r- cos 0) 
2 

Roe = 60(0.945) 2 .1 0 

sine (2-r cos 0) 
2 

(28) 

sin30- de. (29) 

In order to solve this integral, it is convenient to expand 

sin2 ny 

sine y • 

sine fly  2n-2 

  - n  E (2n - r) cos ry  (30) 
sin2 y 

where y = (r/2) cos 0 and r =2, 4, 6, 8 • • • even integer. 
With (30), the expression for radiation resistance takes 
the form: 

Roe = 60(0.945) 2 •{n f sine Od0 
0 

2n-2 

E (2n — r) f cos (r — cos 0) sine 0.  . (31) 
0  2 

1. sine Od0 = 4. (32) 

The second integral can be evaluated by Hankel's 
integral theorem: 

fir COS (Z cos 0)• sin', 0. d0  J,(Z)r (i)r (v + 4)  
(4Z)„  (33) 

This evaluation holds for v> -4. With 2v=3 and 
Z=r(r/2), and recalling that the gamma functions 
F(4) and T(3/2-1-4) have the values NAT and 1, re-
spectively, (33) becomes 

fo cos (r — cos 0) sine 0. dO 2 

It is well known that 

J3/ 2 (r —7 ) 
2 

.1312 (r —) • Vi• 
2 

-  32 

F 2) 

sin (r —72) cos (r 1±) 2 
(  ) Ir r —3/2 
r — 2  2 r )3 ( r — 2 

Since r is always an even integer, sin [r(r/ 2) ] =0, and 

(34) 

(35) 

cos (r 
2 

2  2 

Hence, 
r 

2 foT cos(r — 
cos ( t• — cos 0) sin' 0. d0 =  (37) 4 

2 ( 7 )2 

(36) 

2 

If this result is substituted in (31) with (32), the formula 
for Roe in ohms is obtained: 

Roe = 60(0.945)2 

cos — 
4n  2n-2  2 
— - 4 E (2n  r) 
3  r...2 

/1.7\ 2 . (38) 

For purposes of numerical calculation this formula is 
much simpler than (1) previously derived by Bontsch-
Bruewitsch. The results are compared in Table II. 

CALCULATION OF THE RADIATION RESISTANCE 
OF A BROADSIDE ARRAY 

The first integral is immediately integrable. It is  The general radiation resistance formula 

60  8rn  2n-2 

Roe =  (0.945) 2[ —  E (2n — r) cos (rK2)A (r7r 2-)]  (26) 
2r  3 
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gives the radiation resistance of any parallel array 
consisting of center-fed half-wave dipoles, provided the 
spacing s between the elements is uniform and the 
phasing K 2 is uniformly progressive or zero. 
The radiation resistance of a broadside array, 
[s = (X/2), K 2 = 0  is, therefore, given by the specialized 
case of (26): 

60  87n  2n-2 
7r  =- (0 . 945)2 [   E (2n- r)A (r  . (39) 

27r  3  r-2  2 

60  8rn  2,4-2  7 
R0C= _ (0. 945) 2 [ - -  2., (2n— r)A (r .  (38)7 

2r  3  r-2  2 

The average, radiation resistances (Reln) are computed 
for n=1, 2, 3, 5, 6, 7 and shown in Table II. 
In addition, a general formula (26) for the radiation 

resistance of any uniformly spaced (s) parallel array of 
half-wave dipoles with uniform progressive phasing 
(K2), including zero, is derived. 

60  87n  2n-2 
Roe = —22.  (0.945) 2 [ -3 + 47r E (2n — r) cos (rK2)A (re- —x)] 

The radiation resistances of broadside arrays consisting 
of 2, 3, 4, 5, 6, and 7 elements are computed and shown 
in Table IV. 

TABLE IV 
AVERAGE RADIATION RESISTANCE* OF BROADSIDE ARRAYS 

Number of 
elements BB  PK 

n 
3 
4 
5 
6 
7 

Infinite 

60.9 ohms 
59.5 
58.0 
57.4 
56.9 
56.5 

56 ohms 

60.58 ohms 
58.78 
57.27 
56.63 
56.07 
55.75 

• Average radiation resistance means the total radiation resistance 
divided by the number of elements: (Roln). 

Fig. 1-Collinear array. Radiation resistance for n-element collinear 
array: 

Re = 60(0.945)2 (2n  r) 
3  1..1 

CONCLUSIONS 

A formula (38) is derived for the radiation resistance 
of a collinear array consisting of n in-phase half-wave 
dipoles spaced one half wavelength between centers 
(Fig. 1). 

where 

sin (rr - 
X 

(rir  = 
X 

(rir —s) 

S 
COS (Fr — 

X 

rir — (  sX )2 

1/1 

sin (r7r —s) 
X 

111 

a 
(r7r —s) 

(26) 

Fig. 2-Broadside end-fire. Radiation resistance for n-element 
broadside array: 

and 

87rn  2n-2 

= —22.  (0.945)2 411- E (2n - r)A (r -2)1 
1.4   

1 \ I 

ir 
Cos; (r: — 

lk 2 
A (r 2 = 

-2.2 

/ 11 [1) 

6 1-.4 

Fig. 3-Unilateral end-fire. Radiation resistance for n-element uni-
lateral array: 

60  8wn  7:47 7 
Re = —27r (0.945)2 [ —  4r 2_, (2n - r) cos (r -4-) A (r -0] 

3 

and 

sin (r 1-) 4 
A (r Tr ) 

(r 

7 This equation equals (38) found in an earlier part of this paper. 
It has been written in this form to place in evidence its similarity to 
(26). 
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By giving K2 and s appropriate values, the average  The values of K2, s, and A used in the calculation are 
radiation resistances of broadside, unilateral end-fire,  shown in Table V. 

TABLE V 

Fig. 4-Bilateral end-fire. Radiation resistance for n-element bilat-
eral array: 

60  8rn  2n-2 

Re= - (0.945)2 [ — + 4r E (2n - r) cos (r  A (r 
21,  3 

and 

cos ( (  r - 2  
A r  = 

2 I r )2 
r - 
2 

and bilateral end-fire arrays with 2, 3, 4, 5, 6, and 7 
elements (Figs. 2, 3, 4) are computed and shown in  The authors acknowledge the aid of Miss M. L. 
Tables I, III, and IV.  Richardson, who performed all the calculations. 

K2* 

Phase 
A  Difference 

in Periods 

Nature of 
Pattern 

r/2 
r/4 
0 

X/2 
X/4 
X/2 

A[r(r/2)1 
A[r(r/2)] 
A[r(r/2)] 

Bilateral end-fire 
Unilateral end-fire 
Broadside 

A[r(r/4)]  A[r(r/2)] 

2 
4 
6 
8 
10 
12 

0.3786 
-0.1013 
- 0.2026 
0.02533 
0.1252 
-0.01126 

-0.1013 
+0.02533 
-0.01126 
+0.006333 
-0.004053 
+0.002814 

according to (6), equals r times phase displacement measured 
in fractions of a period. 
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Institute News and Radio Notes 

Board of Directors 

March 25, 1948 
Report of Committee on Professional 

Groups. Dr. W. L. Everitt, Chairman of the 
Committee on Professional Groups, pre-
sented to the Board the report of the Com-
mittee on Professional Groups, dated March 
25, 1948. The Committee on Professional 
Groups held its first meeting on Monday, 
March 22, 1948, and at that time drew up a 
set of Bylaws. The Committee recom-
mended the early adoption of a set of Bylaws 
substantially like those proposed. It also 
recommended the addition of a Committee 
on Professional Groups to the Standing 
Committees in the Bylaws of the Institute; 
the appointment of a Standing Committee 
on Professional Groups, constituted as out-
lined in the proposed Bylaw A, to super-
sede the ad-hoc Committee on Profes-
sional Groups making the report; and im-
mediate publicity on the Professional 
Group System through the PROCEEDINGS 
and through the technical press. Dr. Ev-
eritt commented briefly on the details of the 
several recommendations, and the matter 
was placed before the meeting for discussion. 
Mr. Coleman inquired as to the possibility 
of the Group setup interfering with the op-
eration of Sections. Dr. Everitt replied that 
the Group system could be of use to Sections 
and facilitate their operation rather than to 
hinder it, and was confirmed by Dr. Heising. 
After further discusbion, Dr. Goldsmith 
moved that the Executive Committee be in-
structed to proceed in accordance with the 
recommendations of the March 25, 1948, 
memoranda submitted by the Chairman of 
the Committee on Professional Groups, and 
that the Constitution and Laws Committee 
be instructed to prepare such Bylaws and 
sample Constitution as may be needed in 
accordance therewith. (Unanimously ap-
proved.) 
American Standards Association. Dr. 

Baker reported that an agreement had been 
reached with the American Standards Asso-
ciation whereby the A.S.A. will entirely elim-
inate any standardization work on its own 
initiative, and a plan had been proposed 
whereby bodies such as the I.R.E. and the 
RMA would submit their Standards to the 
Communication and Electronics Division of 
the A.S.A. Electrical Standards Committee, 
so that all I.R.E. or RMA Standards could 
be published as A.S.A. Standards at the same 
time they were published as I.R.E. or RMA 
Standards. Standards would be completely 
prepared and formulated by I.R.E. before 
going to A.S.A. for processing, and A.S.A. 
would stay completely out of the opera-
tional work. I.R.E. would always publish 
its own Standards, independently of A.S.A., 
but the plan would give A.S.A. the oppor-
tunity to act with dispatch on the Standards 
—within 60 to 90 days—before I.R.E. pub-
lishes them. 
Joint Technical Advisory Committee (of 

RMA and I.R.E.). Dr. Baker discussed the 
following existing situations which require 

I.R.E. and RMA action and proposed their 
solution by the formation of a Joint Techni-
cal Advisory Committee: 
Radio Technical Planning Board. Dr. 

Baker stated that in his opinion the 
RTPB should be disbanded. It has per-
formed its function and only three commit-
tees are at all active. These are No. 6, Televi-
sion; No. 7, Facsimile; and No. 13, Portable, 
Mobile, and Emergency Service Communi-
cations. These activities could be allocated 
to I.R.E. or RMA, or jointly to both. Dr. 
Sinclair,  representative  of  I.R.E.  on 
RTPB, confirmed Dr. Baker's statement. 
Co-operation with F.C.C. Dr. Baker dis-

cussed two problems which Wayne Coy, 
chairman of the F.C.C., brought up in his 
speech at the President's Luncheon on 
Tuesday, March 23, during the National 
Convention. These were: (a) The necessity 
for action by industry with respect to radia-
tion from television receivers. RMA has ob-
tained Board approval to set Standards 
which will be distributed to the industry 
and sent to F.C.C. (b) The F.C.C. lacks in-
formation in regard to characteristics and 
equipment in the high frequencies from 270 
to 1000 Mc. Dr. Baker suggested that some 
industry group should take over this prob-
lem, not making a monetary expenditure, 
but simply by getting the manufacturers to-
gether, accumulating all information avail-
able, finding out from industry to what ex-
tent it is able to build transmitters and de-
sign receivers within this frequency range. 
Dr. Baker suggested that a procedure 

should be set up by the I.R.E. and RMA to 
take over the work of the three active 
RTPB Panels and the two other projects 
noted above. After discussion by the Board, 
it was decided that the best solution to the 
problems involved was to set up a Joint 
Technical Advisory Committee of the RMA 
and I.R.E., whose function would be to 
serve the F.C.C., to maintain contact with 
the F.C.C., and find out what information 
they want. Therefore, the following actions 
were taken on Dr. Baker's suggestions: 
Dr. Goldsmith moved that there be 

formed, with the assent of the RMA En-
gineering Department, a joint Standing 
Committee of the RMA-I.R.E., to be known 
as the "Joint Technical Advisory Committee 
(of RMA and I.R.E.)." This committee will 
be authorized to initiate or to receive re-
quests for technical and industrial informa-
tion from Governmental bodies and to rec-
ommend to the RMA or I.R.E., or both, the 
establishment of corresponding individual 
working or task committees to assemble the 
desired information, this in turn to be 
transmitted to the Governmental group in 
question. Notice of the above action shall be 
promptly transmitted to the Chairman of 
the F.C.C. (Unanimously approved.) 
Mr. Guy moved that the Executive Com-

mittee be authorized to appoint on an ad-
hoc basis the I.R.E. portion of this joint 
committee and instruct them to begin func-
tion. (Unanimously approved.) 
Mr. Hogan moved that it be resolved 

that the representative of I.R.E. on the 

RTPB Administrative Committee be in-
structed to report to that committee that 
the I.R.E. considers the work of the RTPB 
to have been substantially completed, that 
RMA and I.R.E. propose the formaticn of a 
Joint Technical Advisory Committee, which 
will render any further needed assistance to 
Government agencies, that the I.R.E. Board 
recommends the dissolution of the RTPB, 
and that the I.R.E. Board proposes to with-
draw its financial support of RTPB. (Unani-
mously approved.) 
Dr. Baker moved that the Joint Ad-

visory Committee be instructed to consider 
working groups on Facsimile, Emergency 
Communications, and spectrum utilization. 
The characteristics and availability of equip-
ment shall be prime portions of such studies, 
and immediate attention shall be particu-
larly concentrated on spectrum utilization 
and equipment in the region of 250 to 1000 
Mc. (Unanimously approved.) 
Mr. S. L. Bailey moved that the Minutes 

referring to the establishment of the Joint 
Technical Advisory Committee be trans-
mitted to the Constitution and Laws Com-
mittee, with a request that they prepare the 
proper Bylaws for the approval of the 
Board. (Unanimously approved.) 
Committee on Professional Groups. Dr. 

Goldsmith moved that the recommendation 
of the Executive Committee that the Board 
accept the recommendation of the Planning 
Committee in which it desires to amend its 
report of November 12, 1947, to the extent 
of changing the name "Audio Group" to 
"Audio, Video and Acoustic Group," and 
adding the following names to the Commit-
tee: Howard A. Chinn, 0. L. Angevine, Jr., 
A. A. Pulley, J. L. Hathaway, and J. E. 
Keister, be accepted, and that the request 
by W. L. Everitt, Chairman of the Commit-
tee on Professional Groups, for the appoint-
ment of two additional members to the Ohio 
State Broadcast Group, Lynne C. Smeby 
and Royal V. Howard, be approved. (Unani-
nously approved.) 
New Committee on Planning. President 

Shackelford presented to the Board for con-
sideration the following recommendation of 
the Executive Committee with regard to 
the re-organization of the Planning Com-
mittee: 

"The Executive Committee recom-
mends to the Board that the Planning 
Committee be discharged and discon-
tinued, and that a new committee be set 
up to make studies for the Board and 
recommend to the Board for consideration 
matters of long-term planning and policy 
development. The agenda for the new 
committee would be composed of such 
subjects referred to it by the Board, or 
which may originate from other sources. 
"It is suggested that the membership 

of the committee be of two classes; that 
one class consist of six members, serving 
three-year terms, two to be appointed 
each year, with the necessary short terms 
for the initiation of the committee. It is 
suggested that there be a second class of 
three members appointed for a term of one 
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year, one each to represent Institute Sec-
tions, Student Branches, and Regions. 
"It is proposed that the membership 

of the committee be approximately 50 per 
cent members or recent members of the 
Board, and that reasonable geographical 
distribution be provided for. 
"It is recommended that the member-

ship of this committee be selected by the 
the Board upon recommendation of the 
President. The Chairman also would be 
named in the same manner." 
Dr. Shackelford commented that the 

function of the above-outlined committee 
would definitely be the development of pol-
icy to enable the Board to have data avail-
able when it gives policy decisions; that 
there are matters of Institute policy which 
need resurveying because of the growth of 
the industry and of the Institute; that the 
committee should have enough continuity 
of membership to give continuity of policy 
and yet enough provision for the admission 
of new members to bring in new ideas; that 
the membership of the committee should 
consist not only of appointed members, but 
also of representatives of the various Insti-
tute special activities, such as Sections, 
Student Branches, and Regions, as noted 
above, and perhaps,  also, Professional 
Groups, Editorial Policy, and Technical 
Committees. 
After discussion by the Board, Dr. Sin-

clair moved that the present Planning Com-
mittee be discharged, with thanks for its 
work, and dissolved. (Unanimously ap-
proved.) 
Dr. Terman moved that the Board in-

struct the Executive Committee to proceed 
to formulate the details of a plan of forma-
tion of a committee, such as had been out-
lined by Dr. Shackelford, with a rotating 
membership and representative member-
ship, operating under a suitable name, to 
provide advice as to policy. (Unanimously 
approved.) 
Dr. Terman moved that the President 

be empowered to appoint, with the approval 
of the Executive Committee, an ad-hoc com-
mittee to operate on an interim basis and 
carry out the functions of this advisory com-
mittee. (Unanimously approved.) 
Mr. Guy moved that the Board instruct 

the Constitution and Laws Committee to 
draft the necessary Bylaws change to cover 
the formation and scope of the committee 
referred to in the two previous motions. 
(Unanimously approved.) 
San Antonio Section. Dr. Sinclair moved 

that the petition of the San Antonio Section 
be accepted, and that the boundaries of the 
Section be set according to the map included 
with the petition. (Unanimously approved.) 
M.K.S. Rationalized System of Measuring 

Units. Dr. Heising moved that the Board 
approve the Standards Committee recom-
mendation of January 8, 1948, that the 
I.R.E. promote the general use of the m.k.s. 
rationalized system of measuring units. 
Planned methods of promotion will include 
an editorial on the m.k.s. system to be pre-
pared by Chairman Schelkunoff of the Wave 
Propagation Committee for publication in 
the PROCEEDINGS. (Unanimously approved.) 
Finance Committee. Mr. Hogan moved 

that the Board approve the recommendation 
of the Executive Committee that there be 
appointed a Finance Committee of three 
members to maintain continuous familiarity 
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with the finances of the Institute and to 
make recommendations thereto from time 
to time as may seem desirable. (Unani-
mously approved.) 
Institution of Radio Engineers (Austra-

lia). Dr. Goldsmith reported that a recipro-
cal arrangement has been concluded with 
the Institution of Radio Engineers (Aus-
tralia), whereby any papers appearing in 
their journal become available for publi-
cation in the PROCEEDINGS OF THE I.R E., 
without further notice, but with acknowledg-
ment of their source, and conversely, papers 
appearing in the PROCEEDINGS become avail-
able for publication to the Institution of 
Radio Engineers (Australia). 
Bylaw Section 89. Mr. Coleman moved 

that the following modified Bylaw Section 
89 be adopted: 
"Section 89—The Executive Secretary is 
authorized to accept orders received after 
April 1, 1948, for annual subscriptions to, 
or individual copies of, the PROCEEDINGS, 
at the following rates, including postage: 

Annual Subscriptions 
U. S. and 
Canada 

Individual non-mem-
bers 

Public Libraries 
Colleges 
Subscription  Agen-
cies 

Institute  members, 
additional  sub-
scriptions 

$18.00 
13.50 
13.50 

Other 
Countries 

$19.00 
14.50 
14.50 

13.50  14.50 

9.00  10.00 

Individual Copies 
Individual non-mem-
bers 

Public Libraries 
Colleges 
Subscription  Agen-
cies 

Institute  members, 
additional copies 

$2.25 
1.65 
1.65 

1.65 

1.00 

$2.35 
1 .75 
1.75 

1 .75 

1.10 

(Unanimously approved.) 

NEW TABLES OF BESSEL FUNCTIONS 

Of interest to nuclear technologists, as 
well as other design engineers and physicists, 
is the recent publication of extensive tables 
of the Bessel functions Yo(x), Yi(x), Ko(x), 
and Ki(x) in the region between 0 and 1. 
These tables, prepared by the National 
Bureau of Standards, are now available as a 
71-page booklet, constituting the first in the 
new Applied Mathematics Series, which will 
include mathematical tables, manuals, and 
studies by the National Applied Mathe-
matics Laboratories of the Bureau. 
Because of the frequent need for numeri-

cal values of the Bessel functions in many 
physics and engineering problems, the tables 
have been computed at much closer intervals 
than previous tabulations of these functions, 
thus enabling the user to obtain almost the 
full accuracy of the table, over most of the 
range, by linear interpolation. Specifically, 
the tables give the values of Yo(x) and Yi(x) 
with first and second differences for, 
x=0(0.0001)0.05(0.001)1 and the values of 
Ko(x) and Ki(x) with first and second differ-
ences for x=0(0.0001)0.03(0.001)1. To sim-
plify interpolation in the table of Yo(x) and 
Yi(x) in the small region between 0 and 
0.0050, auxiliary functions have been tabu-
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lated at an interval of 0.0001. Similarly, aux-
iliary functions related to Ko(x) and Ki(x) 
have been tabulated for x =0(0.001)0.030. 
"Applied Mathematics Series 1, Tables 

of the Bessel Functions Yo(x) Yi(x), Ko(x), 
Ki(x) 0  61," may be obtained only from 
the Superintendent of Documents, Govern-
ment Printing Office, Washington 25, D. C., 
at 35 cents per copy. 

AIEE Electron-Tube 
Conference 

More than 280 people attended the 
AIEE conference on electron tubes for in-
strumentation and industrial use, which was 
held at the Benjamin Franklin Hotel, in 
Philadelphia, Pa., March 29 to 30, 1948. 
The AIEE subcommittee on electronic 

instruments sponsored the conference, which 
stemmed out of a discussion about a year 
ago at which the need for improved electron 
tubes for industrial purposes was recognized. 
An extensive survey was made of the re-
quirements for such improved tubes, and 
the conference was planned to present the 
result of this survey to all interested parties. 
This survey, the "Report on Electron-Tube 
Survey of Instrument Manufacturers and 
Laboratories," prepared by the AIEE joint 
subcommittee on electronic instruments, 
thus became the basis of the conference. 
Five different sessions, covering various 
aspects of tube-improvement problems, were 
held during the conference. 
A dinner was held at 6:30 P.M. during 

which W. G. Dow (M'39—SM'43), of the 
University of Michigan, who is also vice-
chairman of the AIEE electronics com-
mittee, acted as toastmaster. 
The main speaker of the evening was 

W. R. G. Baker (A'19—F'28), Past-Presi-
dent of I.R.E. and vice-president of the 
General Electric Company, who is chair-
man of the AIEE communication and sci-
ence co-ordinating committee. Dr. Baker's 
topic was "Manufacturing Policy With Re-
lation to Special Tubes." This talk was the 
keynote for the subjects which were dis-
cussed at the third session, which immedi-
ately followed the dinner. 
The after-dinner program, under the 

chairmanship of Professor Dow, was de-
voted to a discussion of design, manufactur-
ing, and economic considerations regarding 
improved electron tubes for instrumentation 
and industrial use. 
The "Report on Electron Tube Survey 

of Instrument Manufacturers and Labora-
tories," prepared by the AIEE joint sub-
committee on electronic instruments, the 
material on which much of the information 
discussed at the conference was based, is 
available from the AIEE Order Depart-
ment, 33 West 39 Street, New York 18, 
N. Y., at $1 to AIEE members and $2 to 
nonmembers. 
The "Proceedings of the Conference on 

Electron Tubes," which will include the full 
text of all the talks presented as well as all 
the discussion that took place during the 
conference, is in preparation and soon will 
be available. It also may be ordered from 
the AIEE Order Department, and the price 
is $1.50 to AIEE members, and $3 to non-
members. 
When ordered together, the two publica-

tions may be secured for $2 to AIEE mem-
bers and $4 to nonmembers. 

.1 
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Report of the Secretary 
'401, THE INSTITUTE OF RADIO ENGINEERS 

To THE BOARD OF DIRECTORS, 

it Gentlemen: 
•I• .  Another year of Institute progress has 
111" marched on, making it necessary for your 

Secretary, as provided in the Bylaws, to 
'VT send you another report, covering the 

,activities of the calendar year 1947. The 
- customary statistics and charts are sub-
mitted with information concerning the 
basic factors affecting our affairs. 
Four significant accomplishments must 

< be mentioned. First, Institute growth con-
tinued at the unprecedented pace set during 

•  the years immediately preceding. This not 
only reflects the growing importance of the 
fields of radio and its allied activities, but 
demonstrates that our society is filling a 
need and has met, in considerable measure, 
the increased demands set by this postwar 
era of expansion in Communication and 
Electronics. A significant example of this 
was the unprecedented size of the 1947 An-

ft, nual Convention and its exhibit activities. 
Second, a revised Constitution was adopted 
and put into effect, making it possible to 
activate important measures necessary for 
continued successful service to members 
and for a strengthening and broadening of 
our organization, scope, and fiscal condition. 

A' 1 These include: making the Regional Repre-
I  sentation Plan realistic through providing 
•  ;  travel expenses to Regional Directors; con-

tinuing the PROCEEDINGS OF THE I.R.E. On 
;an enlarged basis; an increase in financial 
assistance to Sections. Thus were solved 

'V  some hitherto unsolved problems. Third, 
means were found to secure some extra 
funds, permitting the printing during 1947 

•  y of an expanded PROCEEDINGS, increasing in 
size month by month, absorbing a very 

,  significant portion of the backlog of tech-
nical papers resulting from the cessation of 

t$e 

war. It was felt that this accumulation must 
'IC  be released with a minimum of delay to 

contribute promptly to the benefit of the 
engineer and the public. And fourth, 1947 

•  'saw the final completion of the Institute's 
new headquarters building, with its interior 
appointments and furnishings in all details, 

. crystallization of its staff organization into a 
-14If  more rounded out and stable condition, 

better administration with all adequately 
housed under a single roof, and improved 
relations with Sections through visits of 
officers and staff members. 

The Institute thus enters year 1948 
with confidence, better fitted to meet and 
discharge its responsibilities than ever be-
fore. 

Respectfully submitted, 

Haraden Pratt, Secretary 
April 15, 1948 

Membership 
At the end of the year 1947, the member-

ship of the Institute, including all grades, 
was 21,037, a 16 per cent increase over the 
previous year. Before the war, the annual 
increase in the number of members was less 
than 5 per cent; in the first three years of the 
war, it was about 25 per cent. In 1944 and 
1945, the figure dropped to 20 per cent, and 
to 15 per cent in 1946. The membership 
trend from 1912 to date is shown graphically 
in Fig. 2. 
The distribution of members in the vari-

ous grades for the years 1945, 1946, and 1947 
is shown in the accompanying plot, Fig. 3. 
Actual figures are shown in Table I. Note 
that the percentage of Associates has 
dropped and that the percentage of Mem-
bers and Senior Members has increased. The 
membership ratio of (Associates) to (Higher 
Grades) was 6 to 1 in 1944, 4 to 1 in 1945, 
less than 3 to 1 in 1946, and about 2 to 1 
in 1947, a very satisfactory trend. 
Table II shows an analysis for the past 

five years of the distribution of members at 
home and abroad. It may be noted that the 
foreign membership has increased rapidly 
since the end of the war. 
It is with deep regret that this office re-

cords the death of the following members of 
the Institute during the year 1947: 

Fellows 

G. W. Kenrick (A'23-M'29-F'33) 

Senior Members 

Ralph R. Beal (A'15-SM'45) 
W. E. Branch (M'25-SM'43) 
L. Peter Graner (SM'44) 
John L. Preston (M'39-SM'43) 
Henry Shore (A'27-M'30-SM'43) 
W. Van Nostrand (A'15-M'27-SM'43) 

TABLE I—MEMBERSHIP DISTRIBUTION BY GRADES 

Grade  As of Dec. 31, 1947 As of Dec. 31. 1946  As of Dec. 31, 1945 
Number  %of Total  Number  %of Total   Number % of Total 

, 
Fellow 
Senior Member 

< l Member Associate a  
Student 

Totals 

239  1.1  218  1.2  210 
2,068  9.8  1,763  9.7  1,288 
3,017  14.4  2,330  12.8  1,238 
12,079:  57.4  11,591:  63.9  11,145* 
3,634  17.3  2,252  12.4  1,898 

----  ----
21,037  18,154  15,779 

1.2 
8.2 
7.9 
70.6 
12.1 

*Includes 2,048 Voting Associates. 
: Includes 1,701 Voting Associates. 
: Includes 1,490 Voting Associates. 

TABLE II —FIVE-YEAR ANALYSIS OF U. S. AND FOREIGN MEMBERSHIP 

1947  1946  1945  1944 1943 

I OTAL 
U.S. and Possessions 
Foreign (including Canada) 
Per Cent Foreign 

21,037 
18,723 
2,314 
11.0 

18,154 
15.898 
2,256 
12.4 

15,779 
14,053 
1,726 
10.9 

13,137 
11,596 
1,541 
11.7 

11.079 
9,892 
1,187 
10.7 
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1947 
Members 

Louis N. Persio (A'30-M'46) 

Associaks 

Thomas M. Annis (S'43-A'43) 
Frederic R. Ashley (A'46) 
A. Cartier (A'45) 
Jack H. Cooper (A'44) 
Albert W. Glazier (A'47) 
Frank C. Gow (A'44) 
George L. Greves (A'20) 
Hammond V. Hayes (A'21) 
H. K. Huppert (A'23) 
Erwin W. Kreis (A'45) 
Edward M. Sorensen (A'42) 
Lee Stann (A'43) 
George I. Stetzel (A'46) 
B. L. Weinberg (A'3I) 
N. A. Woodcock (A'14) 

Students 
Vernon J. Hentges (S'46) 
R. E. Hickman (S'44) 

Editorial Department 
In 1947 there were published in the PRO-

CEEDINGS OF THE I.R.E. a total of 2576 
pages (including covers). Of these, 1636 
were editorial pages and 940 advertising 
pages. Of the editorial pages, 1183 were de-
voted to technical papers (including discus-
sions and correspondence), 170 to Abstracts 
and References, and 283 to nontechnical 
material. Of the advertising pages, 822 rep-
resented paid advertising, while the remain-
ing 118 contained useful editorial material 
in the form of Institute membership, Sec-
tions-meetings lists, and news of new prod-
ucts and of the industry in general. 
The total of 2576 pages published dur-

ing the year compares with 2240 in 1946 
and 1912 in 1945. 
The cost of printing the PROCEEDINGS 

during 1947 averaged $42.90 per page for an 
average quantity of 22,767 copies per issue. 
This compares with $40.45 per page for an 
average printing of 20,919 copies in 1946. 
These figures are printing costs only, and 
do not include salaries or overhead at Insti-
tute headquarters. 
A total of 172 technical papers was 

published during the year. These papers 
were submitted by 266 authors, of whom 205 
were members and 61 were nonmembers of 
the Institute. This contrasts with 122 papers 
published in 1946 by 113 member and 47 
nonmember authors. 
On January 2, 1947, the backlog of 

papers on hand in the Editorial Department, 
including those accepted and those under 
consideration, totalled 144 papers represent-
ing an estimated 1072 PROCEEDINGS pages. 
This figure peaked on May 29, 1947, at 171 
papers totalling 1225 pages. But by Decem-
ber 30, 1947, the backlog had been reduced 
by nearly one-half to 95 papers representing 
651 pages. 
Stated another way, during 1947 the 

Institute was able to deliver into the hands 
of the membership the major residue of the 
accumulated wartime knowledge which had 
overloaded the publication machinery fol-
lowing the cessation of hostilities and the 
lifting of security restrictions. This was ac-
complished through an expanded publica-
tion program authorized by the Board of 
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VOLUME OF TECHNICAL AND EDITORIAL MATTER 
PUBLISHED  IN THE PROCEEDINGS 
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Directors in mid-1947, in anticipation of the 
revisions in the dues and general budget of 
the Institute which became effective Jan-
uary 1, 1948. 
Toward the end of the year, under this 

program, there were delivered to the mem-
bership what are believed to be the largest 
regular journal issues (in terms of editorial 
content) ever published by an engineering 
society in the field of electrotechnology. In 
the issues from January through August, 
1947, the average number of editorial pages 
was 107. Beginning with the September 
issue, which contained 144 pages, the ex-
panded publication program increased this 
figure progressively to 176 in October and to 
224 pages in the November and December 
issues, respectively. 
It is a source of some pride that this ex-

panded publication was achieved without 
increase in the size of the permanent staff. 
The number of Editorial Department em-
ployees was nine as of January 1, 1947, and 
eight on December 31, 1947, in addition to 
two temporary assistants engaged for 1943-
1947 Cumulative Index and 1948 Yearbook 
work. 
Publication of the Abstracts and Refer-

ences section was continued during the 
year, and remained a popular feature. Be-
ginning with the September issue, the pub-
lication of a section devoted to "Indus-
trial Engineering Notes" was inaugurated 
through the co-operation of the Radio 
Manufacturing Associations of the United 
States and of Canada. 
During the year, "Standards on Tele-

vision: Methods of Testing Television Re-
ceivers" were issued, and "Standards on 
Radio Receivers: Methods of Testing Fre-
quency-Modulation Broadcast Receivers" 
were prepared for distribution in January, 
1948. Copy was delivered to the printer for 
a five-year cumulative index, covering the 
period 1943-1947, for distribution in Febru-
ary, 1948. Work also was commenced on the 
1948 I.R.E. Yearbook. 
The Editorial Department is directed by 

Editor Alfred N. Goldsmith in matters of 
editorial policy, content, and format, and by 
Executive Secretary George W. Bailey in 
matters of administration, both func-
tioning through Technical Editor Clinton B. 
DeSoto. It has been greatly assisted by 
counsel and co-operation unstintingly given 
by the members of the Board of Editors, 
Papers Review Committee, Papers Procure-
ment Committee, and the Editorial Ad-
ministrative Committee. 

Fiscal 

A condensed summary of income and 
expenses for the years 1946 and 1947 is 
shown in Table III, and a comparative 
balance sheet for these years is shown in 
Table IV. 

TABLE III—SUMMARY OF INCOME AND EXPENSES 

Income 
Dues 
Advertising. etc. 
Other, such as sales of 
emblems, binders, con-
vention booth space, 
securities. etc. 

Total Income 

1947 
$153,986.07 
166,820.21 

1946 
$133,715.64 
172,166.59 

146,499.50  76,120.75 

$467,305.78  $382,002.98 

Expenses 
Salaries 
Printing Costs 
Printing Year Book 
Advertising  Expenses 
(Promotion and Com-
missions) 

General Administrative 
and Operating Ex-
penses 

Other, such as costs of 
emblems, binders,con-
vention rent, admin-
istration and labor, 
diplomas, etc. 

Total Expenses 
Net Income 

$129,601.08 $108,266.61 
92,057.48  81,084.91 

169.50  14,486.55 

81,471.49  61,073.29 

56,395.53  50,438.71 

98,533.71 62,452.75 

$458,228.79 $377,802.82 
9,076.99  4,200.16 

TABLE IV—COMPARATIVE BALANCE SHEET 

Current Assets 
Cash 
Accounts Receivable 
Inventory 

Dec. 31,1947 Dec.31,1946 
$127,857.53 $133,333.62 
6,572.28  9,841.82 
12,475.66  9,227.22 

Total Current Assets $146,905.47 

Investments at cost  $138,796.50 
Furniture and Equip-
ment  6,168.30 

Prepaid Expenses  13,409.57 
Other Assets  2,664.79 

$152,402.66 

$ 90,660.69 

5,484.86 
5,182.76 
3,513.53 

Total  $307,944.63  $257,244.50 

Funds Assets 
Building Endowment 
Morris Liebmann 
B. J. Thompson 

$594,946.81  $593,729.53 
10,687.02  11,477.79 
5,220.62  5,185.27 

Total Funds Assets  610,854.45  610,392.59 

Total Assets  $918,799.08 $867,637.09 

Liabilities 
Accounts Payable 
Accrued Salaries 
Advance Payments 
Income Tax Withheld 

Total Liabilities 

Surplus 

Total 

Funds 
Building Endowment 
Morris Liebmann 
B. J. Thompson 

Total Funds 

Total Liabilities 
and Surplus 

$ 18,521.30 $ 15,091.51 
1,316.98  701.20 

101,337.54  47,618.49 
1,832.69  1,269.08 

$123,008.51  $ 64,680.28 

$184,936.12 $192,564.22 

$307,944.63  $257,244.50 

$594,946.81 
10,687.02 
5,220.62 

$593,729.53 
11.477.79 
5,185.27 

$610,854.45  $610,392.59 

$918,799.08 $867.637.09 

The above statement was prepared from the an-
nual report ot our amitors. Messrs. 1i:huger and Todt. 
Certified Public Accountants. 

Section Activities 
We were glad to welcome five new Sec-

tions into the Institute during the past year. 
They are as follows: 

Sacramento  (March) 1947 
Princeton  (July)  1947 
Louisville  (Aug.)  1947 
Beaumont-Port Arthur  (Nov.)  1947 
Des Moines-Ames  (Nov.)  1947 

The total number of Sections is now 43. 
There has been a substantial increase in 
membership of these Sections, with a few 
exceptions where there has been a slight de-
crease. In addition, during the year there 
have been formed the following groups, un-
officially designated as Sub-Sections: 

Akron 
Lancaster 
Long Island 
Northern New Jersey 
Toledo 
Urbana 

(Cleveland) 
(Philadelphia) 
(New York) 
(New York) 
(Detroit) 
(Chicago) 

Student Branches 
During 1947, the Institute's program 

with respect to Student Branches was re-

activated and strengthened. The total num-
ber of Student Branches formed during 1947 
was 27, twelve of which operate as joint 
I.R.E.-AIEE Branches. Student interest in-
creased rapidly during the year and addi-
tional applications for the establishment of 
Branches are now in process. This work, 
under the direction of E. K. Gannett, 
Assistant Secretary, is very productive in 
building the foundations upon which future 
Institute progress will depend. 
Following is a list of the Student 

Branches: 
University of Alberta; University of 

Arkansas; California Institute of Tech-
nology; University of California; *Carnegie 
Institute of Technology; Case Institute of 
Technology; George Washington Univer-
sity; *University of Illinois; State Univer-
sity of Iowa; Kansas State College; ;Uni-
versity of Michigan; *University of Minne-
sota; College of the City of New York; 
New York University; North Carolina State 
College; *Northwestern University; Pratt 
Institute; Purdue University; *Rutgers 
University; *Stanford University; Univer-
sity of Syracuse; University of Tennessee; 
*University of Texas; *University of Utah; 
University of Washington; *Wayne Uni-
versity; and *Worcester Polytechnic In-
stitute. 

Technical Activities 
The I.R.E. National Convention con-

vened from March 3 to 6, 1947, at the Hotel 
Commodore, New York City. Equipment 
displays were held on the first, second, and 
third floors of Grand Central Palace. A total 
of 11,895 persons registered and 118 tech-
nical papers were presented during the vari-
ous technical program meetings. Nineteen 
Technical Committees of the Institute held 
meetings at the Hotel Commodore during 
this Convention. The sessions of the Stand-
ards Committee during the Convention pro-
vided an excellent occasion to introduce the 
1947 Standards Co-ordinator (Mr. A of the 
Institute's Executive Committee) to the 
several Technical Committee chairmen. This 
meeting further provided an opportunity 
for newly appointed chairmen to familiarize 
themselves with I.R.E. procedure and to 
draft tentative programs for the year. Ex-
hibition of products by a large number of 
manufacturers and displays by the Army, 
Navy, and Army Air Force at Grand Central 
Palace disclosed many new techniques and 
components which had become available 
due to the relaxation of wartime security. 
This freedom of thought and production 
resulted in many displays of new commercial 
adaptations of components produced for 
wartime purposes. 
During the year, the Technical Com-

mittees have shown much increased activity. 
Several new standards on test methods are 
to be made available as a result of the pace 
set in 1947. Standards published in 1947 in-
cluded those on Television Transmitters and 
Frequency Modulation Receivers. 
A total of 73 Technical Committee meet-

ings, including subcommittees, were held in 
1947. These involved about 495 persons for 
a total of approximately 95,000 engineer 
man-hours (not including Institute staff 

• Joint I.R.E.-AIEE Student Branches 
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people) which, on a fifty-week year, forty-
hour week basis, amounts to 47.5 engineer 
man-years. 
The new Headquarters building pro-

vided excellent facilities for committee 
activities and was very conducive to hard 
work and concentration by committee mem-
bers. During the year, several joint meetings 
were planned and held at Headquarters, 
including American Standards Association-
I.R.E. Technical Committees. In addition, 
the Institute's facilities were extended for 
meetings of Radio Technical Planning 
Board groups, a Panel of the Research and 
Development Board, and an annual meeting 
of the Board of Directors of the Radio 
Manufacturers Association. Three new im-
portant Technical Committees, i.e., the 
Nuclear Studies Committee (which will 
sponsor a Nuclear Symposium at the 1948 
National Convention), the Audio and Video 
Techniques Committee, and the Electronic 
Computers Committee, were created, which 
indicates an increased trend in Technical 
Committee activities for the future. 

WEST COAST CONVENTION 
OF THE I.R.E. 

Professor R. A. Millikan, retired director 
of the California Institute of Technology, re-
nowned physicist and author, will be the 
speaker at the I.R.E. 1948 West Coast Con-
vention, to be held September 30, to October 
2, in the Biltmore Hotel, Los Angeles. 
"Release and Utilization of Atomic 

Energy" is Professor Millikan's interesting 
and timely topic. 
In addition to the many technical papers 

being scheduled, there are field trips being 
planned to Mount Wilson, and to broadcast, 
f.m., and television transmitters in the Los 
Angeles area. A luncheon will be held honor-
ing all West Coast Fellow members of the 
I.R.E. 

Calendar of 
COMING EVENTS 

Electron-Tube Conference, 
Ithaca, N. Y., June 28-29, 1948 

1948 West Coast Convention of the 
I.R.E., Los Angeles, September 30-
October 2, 1948 

National  Electronics  Conference, 
Chicago, November 4-6, 1948 

Industrial Engineering 
Notes' 
GERMAN ELECTRICAL DICTIONARY 

A dictionary of German electrical sym-
bols, including those pertaining to radio, 
television, and radar equipment, is now 
available at the Office of Technical Services, 
U. S. Department of Commerce. Printed 

The data on which these NOTES are based were 
selected, by permission. from 'Industry Reports," is-
sues of March 19 and 26. and April 2 and 12. 1948, 
published by the Radio Manufacturers' Association. 
whose helpful attitude in this matter is here gladly 
acknowledged. 

copies of the dictionary (PB-85121) are 
available at $3.00 each. Orders should be 
accompanied by check or money order pay-
able to the Treasurer of the United States. 

DRY CELLS 
CORROSION DEVELOPMENT 

A report of the National Bureau of 
Standards describes a recent investigation 
seeking more effective substitutes for mer-
cury and chromate in curtailing corrosion in 
unused dry cells in the tropics. The Bureau's 
research in this matter was described in the 
May issue of "The Technical News Bul-
letin." Copies of the publication may be ob-
tained from the Superintendent of Docu-
ments, Washington 25, D. C., at 10 cents 
each. 

MAGNETIC FLUID CLUTCH 

A new type of electromagnetic clutch 
having extensive applications, including the 
control of radar antennas, range finders, and 
high-speed electronic computers, has been 
developed by the National Bureau of Stand-
ards. The magnetic fluid clutch, described 
as "characterized by ease of control, high 
efficiency, smooth operation, long life, and 
simplicity of construction," was described in 
detail in the May issue of "The Technical 
News Bulletin." Copies may be obtained 
from the Superintendent of Documents, 
Washington 25, D. C., at 10 cents each. 

PROTECTIVE FILMS FOR METAL 

Chromated protein coatings offering a 
convenient, inexpensive means of protecting 
metals (especially zinc, iron, brass, and 
aluminum) during outdoor storage in mildly 
corrosive atmospheres have been developed 
by the Bureau of Standards. "The protec-
tive value of such films," the Bureau says, 
"is somewhat better than that afforded by 
chemical surface treatments, and is much 
superior to that of corrosion-inhibited oils 
and waxes." A detailed description of the 
new process will be found in the June issue 
of "The Technical News Bulletin," monthly 
publication of the Bureau. Copies of the Bul-
letin may be obtained from the Superinten-
dent of Documents, Washington 25, D. C., 
about June 10, at 10 cents a copy. 

SYNTHETIC QUARTZ 
CRYSTAL REPORTS 

German attempts at making synthetic 
piezoelectric crystals are described in five re-
ports released by the Office of Technical 
Services. The reports are PB-34040, 25 
cents, which describes a process for growing 
synthetic rock-salt crystals; PB-8128I, 25 
cents, preparation of Rochelle-salt crystals; 
PB-I8784, 50 cents, which describes the 
work of German scientists; PB28322, 10 
cents, crystal detectors, fluorescent screens; 
PB-28326, 10 cents, questioning of Dr. 
Schrieber, et al. The reports are available at 
the Office of Technical Services, Department 
of Commerce, Washington 25, D. C. 

OTS RECTIFIER REPORT 

A final report on American wartime re-
search on point-contact rectifiers made from 
germanium-tin composition for use as second 
detectors and d.c. restorers in wide-band 
radar receivers is now on sale. The report 

(PB-85501; photostat, $7; microfilm, $2.50) 
describes the research in detail and includes 
supporting graphs, diagrams, photographs, 
and tables. Orders should be addressed to the 
Office of Technical Services, U. S. Depart-
ment of Commerce, Washington 25, D. C., 
and should be accompanied by check or 
money order payable to the Treasurer of the 
United States. 

MEASURING-EQUIPMENT STUDIES 

The following reports, prepared by 
British sources, were announced by the 
Office of Technical Services, U. S. Depart-
ment of Commerce, and are available at the 
OTS offices in Washington. 
PB-32572—Industrial electronic measur-

ing equipment; mimeographed, 75 cents, 22 
pages; prepared by two members of the 
British Intelligence Objectives Subcommit-
tee, describes an acoustic strain gage, timber 
and wheat moisture indicators, and other 
electronic measuring equipment. The in-
vestigators visited four German firms spe-
cializing in the construction of this type of 
equipment. The report describes several 
other electronic measuring devices, includ-
ing a cable-fault locator, a field-strength 
measuring set for a.m. and f.m. which gives 
readings directly in microvolts, and an in-
ductance meter, harmonic analyzer, and 
sweep oscillators and indicators. The report 
contains several circuit diagrams of the 
meters. 
PB-42770—The manufacture of elec-

trical measuring instruments in Germany 
(mimeographed, $2.25, 90 pages), a British 
report based on investigations of eleven 
German firms. Some of the instruments de-
scribed are: wattmeters, light meters, fre-
quency meters, insulating testers, radio test-
ing apparatus, potentiometers, and distance 
transmission equipment. The repo:t con-
tains information and technical specifications 
for highly successful miniature motors (2 
watts and under) which were made during 
the war by the Contessa Works of Zeiss 
Ikon Company at Stuttgart. Photographs, 
drawings, and charts are presented. 

INTERNATIONAL TELEVISION 
MEETING 

Following a meeting of the Comite Inter-
national de Television in Paris recently, 
plans are under way for an international 
meeting on television at Zurich, Switzerland, 
to be held September 6 to 11, 1948. Accord-
ing to the Department of Commerce, a 
television exhibition will be held in connec-
tion with the meeting at the Federal Insti-
tute of Technology from September 3 to 
15. It is understood that foreign exhibitors 
will be invited to participate in the meeting 
and exhibition. 

VERY SMALL 
STANDARD CAPACITANCES 

The National Bureau of Standards "in 
response to requests from manufacturers and 
users of electron tubes" has established 
standards and equipment for testing and 
certifying small fixed standards of capaci-
tance ranging in value from 100 down to 
0.001 oofd. This work has involved the de-
velopment of a series of primary reference 
standards and the construction of several 
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fixed secondary standards and variable ca-
pacitors. "For values below 0.1 Aspfd., a new 
type of primary standard capacitor has been 
designed, utilizing a principle which makes 
practical the construction of units having a 
capacitance as small as may be desired," the 
Bureau says. 
Details of the development are to be pub-

lished in the May issue of "The Technical 
News Bulletin," monthly publication of the 
Bureau of Standards. Copies of the publica-
tion may be obtained from the Superin-
tendent of Documents, Washington 25, 
D. C., at 10 cents each. 

CITIZENS RADIO 
GETS GREEN LIGHT 

On March 23, at the 1948 I.R.E. Na-
tional Convention, F.C.C. Chairman Wayne 
Coy announced that the Citizens Radio 
Service had been given the green light with 
the Commission's issuance of the first cer-
tificate of type approval for a transceiver. 
Since the general frequency allocation, more 
than three years ago, the new radio service 
has been portrayed by the F.C.C. as po-
tentially expansive. 
Chairman Coy said, "As soon as this first 

type-approval-set gets into production, the 
public can start enjoying this radio service. 
Having given type approval, the Commis-
sion will make it very simple to get a station 
license." 
Technical-requirement rules setting forth 

the standards for manufacturing the trans-
ceivers have been adopted, and service rules 
governing the operation of the service will 
be promulgated in the near future. Tests 
conducted in the Commission's Laboratory 
indicate the set's compliance with the pro-
visions of Part 19 of the Commission's rules 
governing this service. Several years of en-
deavor on the part of both industry and the 
Commission are behind this new develop-
ment, which presages the advent of a service 
which will be available in the 460- to 470-Mc. 
band. The entire apparatus weighs approxi-
mately 2i pounds, with batteries, and is 
comparable in size to a camera and carrying 
case. 
The F.C.C. said: "Because equipment 

particularly adapted for this service has not 
been generally available to the public, those 
stations now in operation are authorized as 
Class 2 experimental stations. However, the 
initial approval forecasts the early avail-
ability of manufactured units suitable for 
this service, and the Commission has under 
consideration the establishment of addi-
tional rules to provide for simplified licensing 
for operation by individuals. The certificate 
for type approval was issued pursuant to 
the Citizens Radio Service rules, effective 
December I, 1947, which provide for such a 
procedure in order to permit the manufac-
ture of suitable equipment prior to the 
promulgation of additional provisions estab-
lishing regular licensing. Provisions govern-
ing private short-distance communication, 
radio signaling, and control of objects by 
radio are in preparation." 

NEW AMATEUR FREQUENCIES 

The F.C.C. proposes to amend its rules 
governing the Amateur Radio Service to 
permit "hams" to use the frequency band 
220 to 225 Mc. under conditions to prevent 

interference to present British and Canadian 
temporary operations with radar distance-
measuring equipment in the 220- to 231-Mc. 
band. The new band would be in addition to 
those already authorized for amateur use. 
Copies of the proposed rule (Mimeograph 
No. 17899) may be obtained from the Secre-
tary of the Federal Communications Com-
mission, Washington 25, D. C. 

SHIP RADIO CALL 
SIGNS REASSIGNED 

The F.C.C. proposes to reassign call signs 
to radio stations aboard ships and to amend 
its rules and regulations to specify the calls 
which will be assigned to certain existing 
ship radio and radar stations and to new 
stations of the same type. 
An alphabetical list of the changes in-

volved, including old and new calls, and the 
dates involved, will be available generally 
about July I, the F.C.C. said, through sale 
by Cooper Trent, 1130 19th Street, N. W., 
Washington 6, D. C. 

RADIO TELEPHONE 
ANSWERING SERVICE 

Toward the end of March the F.C.C. re-
ceived an application for a Class I experi-
mental construction permit from Telenser-
phone Inc., of New York, to conduct radio 
experiments in connection with a telephone 
answering service for doctors. The concern 
proposes to use frequencies between 71,800 
to 76,000 kc. 

CIRCUS TO USE MOBILE RADIO 

Ringling Brothers and Barnum & Bailey 
Shows, Inc., was granted a construction 
permit by the F.C.C. for fifteen portable 
and mobile radio units in the Experimental 
(General Mobile) Service to be used in di-
recting the loading, unloading, and trans-
porting of equipment in connection with 
exhibitions throughout the country. Radio 
transmitters-receivers will be installed on 
the circus railroad cars, automobiles, and 
"wagons" for nonpublic and nonentertain-
ment purposes in moving equipment be-
tween railroad sidings and show grounds. 

INSTALLATION OF V.H.F. 
OMNIDIRECTIONAL RANGES 

The CAA, encouraged by recent im-
provements which have brought the omni-
directional v.h.f. radio range to a new high in 
accuracy and reliability, is moving ahead to 
complete by July 1, 1948, installation of the 
396 such facilities for which funds have been 
appropriated. 

NEW BATTERY SPECIFICATIONS 

The U. S. Bureau of Standards has issued 
new specifications for dry cells and batteries. 
The new specifications, to be known as 
American Standard C18-1947, cover all 
types of batteries commonly used by the 
public. Included are specifications for radio 
battery packs combining low voltage for the 
A circuit and a higher voltage battery for the 
B circuit, a more complete standardization 
for hearing-aid batteries, and standardized 
socket connections for radio A, B, and C bat-

teries. Copies of the specification (Circular 
466) may be obtained from the Superintend-
ent of Documents, Washington 25, D. C. at 
ten cents each. 

INDUSTRIAL MOBILIZATION PLAN 

The National Military Establishment 
Munitions Board, formerly the Army and 
Navy Munitions Board, has released a re-
port on the Military Aspects of Industrial 
Mobilization under the heading, "Allocation 
of Private Industrial Capacity for Procure-
ment Planning of the Armed Services," 
(Operating Procedure, Annex No. 47, Draft 
of March 1, 1948). 
The program is designed to provide the 

armed services with accurate information on 
the industrial capacity of the country and 
sources of supply. From a plant survey an 
up-to-date inventory will be secured and 
maintained on American industry's "ca-
pacity for production for the wartime re-
quirements of the armed services." "In addi-
tion," the Munitions Board said, "the re-
sults of the program ultimately will eliminate 
competition for the output of a single plant 
between procurement agencies of the armed 
forces, thereby enhancing wartime procure-
ment, eliminating much confusion, and pro-
viding greater efficiency and economy in 
procurement." 
The report includes several large radio 

and electric manufacturers in a list of "Major 
Multiservice Suppliers," but under the 
heading, "Products,  the  Manufacturing 
Capacity of Which will not be Converted 
nor at this Time Allocated," the Munitions 
Board lists the following classifications of 
electronic and communications equipment 
producers:  electronic  tubes,  capacitors 
(paper, mica, and electrolytic), resistors, 
inductors, converters, amplifiers, and crystal 
assemblies. This category, it was explained, 
"covers plant capacity used in producing 
certain end items and components having 
wide use in both civilian and military fields." 
Copies of the report may be obtained 

from the National Military Establishment 
Munitions Board, Washington 25, D. C. 

NEW MARINE RADIO SERVICE 

A v.h.f. radiotelephone maritime-mobile 
service to serve the operational and business 
needs of ships will be set up at the earliest 
opportunity, the F.C.C. announced early in 
April. In connection with the decision, the 
F.C.C. granted applications for certain land 
radiotelephone stations and a number of 
associated radiotelephone stations aboard 
tugboats. 
The Commission explained that its cur-

rent action was exceptional in the marine 
field, although experimental grants have pre-
viously been made to communication com-
mon carriers looking toward the develop-
ment of regularized v.h.f. operation in the 
established public maritime-mobile service 
in direct connection with public-service land-
wire telephone systems. 

MILITARY NEEDS MAY 
AFFECT RADIO PROCUREMENT 

It is expected that the requests for elec-
tronic and radio procurement funds of the 
armed services will necessarily be increased 
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for the coming fiscal year in the light of the 
new program. Secretary of National Defense 
James V. Forrestal presented to Congress a 
proposal to increase the country's military 
budget by three billion dollars above the 
eleven-billion-dollar fund requested, which 
is now before the legislature. Secretary 
Forrestal estimated that one-fourth of the 
extra appropriation for 1949 would be ex-
pended on air power, one-fourth on person-
nel, and the remaining one-half on "procure-
ment, support, maintenance and operations 
of the three services." 
Under the national-defense budget previ-

ously submitted to Congress, the Signal Corps 
requested approximately thirty-eight million 
dollars for electronic equipment and supplies 
and the Bureau of Ships' Electronic Division 
sought about forty-seven million dollars for 
electronics "maintenance and procurement." 
These services, together with the Air Force, 
would be expected to increase their pur-
chases of electronic equipment under the 
new procurement plan submitted by Secre-
tary Forrestal. 

ARMY DEVELOPS 
NEW RADIO VEHICLE 

A new 2i-ton radio and voice com-
munication truck, from which telephone 
and typed messages may be sent simul-
taneously a distance of 1000 miles or more, 
has been developed by the U. S. Army Signal 
Corps. The new unit, according to the Signal 
Corps, eliminates delay in assembling and 
installing equipment, and its components 
are designed to withstand all climatic con-
ditions. 

NEW TELEVISION 
RELAY RATES 

Revised rates for television network facil-
ities became effective May 1, 1948. This 
establishes on a commercial basis the Bell 
System's television relays. Under the pro-
posed rates, a television relay between two 
cities will cost the broadcaster $35.00 a 
month per airline mile for eight consecutive 
hours each day, and $2.00 a month per mile 
for each additional consecutive hour. For 
occasional or part-time service the rate will 
be $1.00 per airline mile for the first hour of 
use, and one-quarter of that amount for each 
additional consecutive fifteen minutes. 

21 COMMERCIAL 
TELEVISION STATIONS 

F.C.C. records, early in April, show 
21 commercial television stations on the air; 
185 applications for permission to construct; 
and 86 authorized construction permits out-
standing. 

ARMSTRONG FILES 
FOR TELEVISION 

Major Edwin H. Armstrong last week 
filed an application with the F.C.C. for an 
experimental television station at Alpine, 
N. J., to operate with 50 kw. on 480 to 500 

Mc. The application states that Major 
Armstrong seeks to permit the development 
and perfection of a new and better television 
system, to assist in the development of rela-
tively high-powered transmitting equipment 
for such a system, and to study its service 
properties and the frequencies involved. 

STUDIO-TRANSMITTER 
EQUIPMENT AVAILABLE 

Equipment for studio-transmitter broad-
cast service on the 940- to 952-Mc. band is 
now available, and the F.C.C. recently ad-
vised f.m. station operators which have been 
granted temporary authority to operate 
such circuits on other bands, to make im-
mediate transfer to the authorized fre-
quencies. The ST broadcast service is allo-
cated pursuant to action in Docket No. 6651. 
The F.C.C. stated: "Equipment for this fre-
quency band has not heretofore been readily 
available and for this reason a number of 
f.m. stations which desired to use studio-
transmitter circuits have been granted spe-
cial temporary authorization to operate 
such circuits temporarily on other frequen-
cies where interference would not result, 
particularly on television channels not yet 
in use for television broadcasting. Like-
wise, the prewar ST stations, which were 
experimental, have been continued tempo-
rarily although the frequencies on which 
they operate are no longer allocated to this 
service. 
"Several manufacturers have recently 

announced that they are producing equip-
ment for the 940 to 952 Mc. band, and one 
installation in this band is now being com-
pleted under a construction permit granted 
to the permittee of an f.m. broadcast sta-
tion in New Hampshire. It appears now that 
equipment for this band will become gen-
erally available within the next few months. 
At the same time the demands of other 
services for frequencies and the increasing 
number of f.m. and television stations in 
operation make it increasingly difficult to 
provide ST operation without interference 
on any frequencies not in conformance with 
the frequency-service allocation. For this 
reason stations holding temporary authoriza-
tion for ST operation on such frequencies 
should plan to change operation to the band 
940 to 952 Mc. at an early date, and f.m. 
broadcast stations contemplating initial 
ST operation should plan to begin such 
operation in this band." 

471 F.M. STATIONS 
ON THE AIR 

Nine conditional grants were issued by 
the F.C.C. for new f.m. stations as the Com-
mission records showed 471 f.m. stations on 
the air early in April. There were also 904 
outstanding f.m. authorizations, 151 condi-
tional grants for f.m. stations, and 119 ap-
plications were pending. 
Following is a list of f.m. stations re-

cently: KRLD-FM, Dallas, Texas; WATL-
FM, Atlanta, Ga.; WKOK-FM, Sunbury, 
Pa.; KBTR, Minneapolis, Minn.; WKWK-
FM, Wheeling, W. Va.; WVUN, Chatta-

nooga, Tenn.; KOA-FM, Denver, Colo.; 
KFYO-FM, Lubbock, Texas; WOTVV-FM, 
Nashua, N. H.; KNX-FM, Hollywood, 
Calif.; KNBC-FM, San Francisco, Calif.; 
KFAC-FM, Los Angeles, Calif.; WFNC-
FM, Fayetteville, N. C.; WCHA-FM, 
Chambersburg, Pa.; WESB-FM, Bradford, 
Pa.; WHKY-FM, Hickory, N. C.; WLEL 
Elmwood Park, Ill.; KGPO, Grants Pass, 
Ore.; WAMS-FM, Wilmington, Del.; WSIX 
FM, Nashville, Tenn.; KVEC-FM, San 
Luis Obispo, Calif.; WTTR, New Lon-
don, Conn.; WBOC-FM, Salisbury, Md.; 
WDHN, New Brunswick, N. J.; WVMH, 
Hillsdale, Mich.; KDTH-FM, Dubuque, 
Iowa; KCMO, Kansas City, Mo.; WAPJ, 
Altoona,  Pa.; WLAB,  Lebanon,  Pa.; 
WARM-FM, Scranton, Pa.; WBYS-FM, 
Canton, Ill.; WEXL-FM, Royal Oak, Mich.; 
WDLB-FM, Marshfield. Wis.; WKAP-FM, 
Allentown, Pa.; KBEE, Modesto, Calif.; 
WFM I , Portsmouth, N. H.; WDXY, 
Spartanburg, S. C., and WRVC, Norfolk, 
Va. 

FACSIMILE COMMERCIALIZATION URGED 

The adoption of operating rules and 
transmission standards for facsimile broad-
casting was urged by both manufacturers 
and broadcasters at a two-day hearing in 
Washington. Standards recommended by the 
RMA and the RTPB were made a part of 
the record, after being presented to the 
F.C.C. by W.G.H. Finch, chairman of the 
RMA Facsimile Committee. These stand-
ards were drawn up after extended engin-
eering conferences of industry representa-
tives, but adoption by RMA has been 
delayed until after the F.C.C. acts to com-
mercialize facsimile broadcasting. 
Witnesses discussed the several types of 

facsimile recorders, the comparative ad-
vantages of the Simplex, Multiplex, and the 
new Colorfax systems of transmission, and 
the advantages and disadvantages of the 
alternative recommended recording widths 
of 8.2 and 4.1 inches. One of the problems 
the Commission will have to solve is whether 
facsimile broadcasting will be permitted to 
remain temporarily in the f.m. upper band, 
88 to 108 Mc., or will be moved into a higher 
band. The belief was expressed by several 
that, through use of the Multiplex trans-
mission system, facsimile could remain in 
this band without disturbing f.m. The FM 
Association, however, while recommending 
the commercialization of facsimile, asked 
that it be moved out of the f.m. band. 

WEATHER FACSIMILE SERVICE 

A weather facsimile service for the trans-
mission of weather maps for the Air Force 
Air Weather Service has been instituted by 
the Air Force with the co-operation of the 
Signal Corps. It is the first system of its 
kind and will put at the disposal of Air 
Force ground and flight personnel factual, 
up-to-the-minute weather data. The ma-
chines used to transmit and receive the 
weather maps are identical with those used 
in daily newspaper offices for the transmis-
sion and receipt of telephotos and facsimile 
newspapers. 
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RTCA TRAFFIC CONTROL 
PLAN APPROVED 

A further step toward putting into effect 
the one-billion-dollar integrated system of air 
traffic control proposed by the RTCA was 
taken in March when the President's Air 
Co-ordinating Committee gave its approval 
to the plan. This had been previously sanc-
tioned by the Congressional Aviation Policy 
Board. In accepting the report, the ACC 
highly commended members of the RTCA 
Special Committee 31, which drew up the 
program. The Committee's announcement 
pointed out that in carrying out the recom-
mendations of the RTCA report it may be 
necessary to modify the program from time 
to time, depending upon the results of 
specific research and development projects 
and upon changing operational require-
ments. The committee has requested the 
concurrence of the Research and Develop-
ment Board with the ACC's action. 

INCREASED BUSINESS 
IN TRANSMITTING EQUIPMENT 

Sales of broadcast transmitter equip-
ment, including a.m., f.m., television, and 
studio apparatus, totalled $25,800,000 in 
1947, according to a tabulation of RMA 
member-company reports. Domestic trans-
mitter equ ipment sales amounted to $24,015,-
677, and export sales totalled $1,853,104. 
A.m. transmitter equipment sales for the 

year amounted to $5,762,782; f.m. apparatus 
totalled $4,471,042, and television trans-
mitting apparatus aggregated $5,304,373. 
Exports of transmitter equipment amounted 
to $932,627; studio equipment to $872,735; 
antenna equipment to $15,748; and miscel-
laneous apparatus to $31,994. U. S. Govern-
ment business alone by RMA transmit-
ter equipment manufacturers last year 
amounted to $135,623,975. This included 
$85,782,406 in sales of shipboard trans-
mitting equipment; $26,563,668 of airborne 
apparatus; and $23,277,901 of all other 
equipment. 
Domestic sales of airborne transmitting 

equipment in 1947 totalled $3,971,025. 
Sales of ground equipment amounted to 
$212,356. Export sales of airborne and 
ground transmitting equipment amounted 
to $655,152. Reports of the General Com-
munications Section, of the RMA Trans-
mitter Division, show a total of $9,631,332 
in sales during 1947 of medium and v.h.f. 
transmitting equipment. A breakdown of the 
total communications equipment sales shows 
$4,321,979, including $496,277 in export 
sales of medium-frequency transmitters, re-
ceivers, and transceivers, and $5,309,353 of 
v.h.f. equipment, including export sales of 
$777,385. Marine transmitting equipment 
sales in 1947 totalled $3,536,312, including 
export sales of $1,062,132. Domestic sales of 
radar equipment amounted to $1,073,780. 
Export and domestic sales of quartz crystals 
last year amounted to $1,086,439, of which 
$1,038,941 were domestic sales. 

BROADCASTERS' EMPLOYMENT 

RISES 

The F.C.C. released an analysis of em-
ployment by broadcasting stations and net-
works during 1947. The report showed that, 

during a sample week in October, the seven 
networks and 1260 stations reported a total 
of 34,720 full-time employees, an increase of 
15 per cent over the 30,100 reported by the 
same networks and 924 stations in February, 
1947. Aggregate scheduled compensation 
for full-time staff personnel increased by 
17 per cent, from about $2,140,000 in Febru-
ary to $2,508,000 in October, the F.C.C. 
said. 

FEBRUARY EXCISE COLLECTION 

February collection of the 10 per cent 
excise tax on radios and phonographs and 
component parts totalled $6,173,908.34, an 
increase of $1,300,000 over the February, 
1947, collections of $4,823,700.62, according 
to statistics of the Bureau of Internal Reve-
nue. Excise tax collections on radios in 
January, 1948, were $6,186,393.68. 

CANADIAN RADIO SALES 

According to information received by the 
Office of International Trade, Department of 
Commerce, sales of radio receiving sets by 
Canadian producers during December, 1947, 
totalled 86,946 units valued at $8,838,545 
at list prices. Manufacturers sold 836,419 
radios of all types valued at $60,399,221, 
compared with 568,320 units, valued at 
$28,849,115, in 1946. Producers' inventories 
of radio sets at the end of December, 1947, 
totalled 108,174. Radio receivers imported 
during 1947 totalled 112,029, valued at 
$3,782,585, while exports of sets numbered 
52,643, valued at $1,605,078. 
Receiving tubes produced in Canada 

during 1947 totalled 7,975,621, valued at 
$3,684,990, and 3,702,593 tubes valued at 
$1,751,957 were imported. Tube parts 
valued at $511,747 were imported during 
1947. 

U.S.-CANADIAN 

RMA CONFERENCE 

A joint I.R.E.-RMA engineering study 
of the future adaptability of the upper bands 
for television broadcasting, as suggested 
recently by F.C.C. Chairman Wayne Coy, 
and a "Town Meeting for Electronic Tech-
nicians" in New York City were among new 
projects authorized by the RMA Board of 
Directors on Thursday, April 8, at the Royal 
York Hotel in Toronto, Canada, during the 
fifth U. S.-Canadian RMA conference. The 
meeting was the first of a two-day business 
and social session during which the Cana-
dians entertained their American guests at 
a dinner and reception and two luncheons. 
The Canadians were guests and observers at 
the U. S. RMA board meeting Thursday 
afternoon, with President Max F. Balcom 
presiding, and on Friday morning the Ameri-
cans attending the meeting of the Canadian 
RMA board of directors at which President 
S. L. Capell presided. 
The RMA board of directors approved 

the dissolution of the Radio Technical Plan-
ning Board panels, which formerly have 
acted as industry advisors to the Federal 
Communications Commission. The RMA 

Engineering Department will take over tele-
vision, facsimile, and other former fields of 
RTPB, and on broad industry technical 
problems a new F.C.C. advisory group of 
engineers from RMA and I.R.E. will be 
formed. The I.R.E.-RMA advisory commit-
tees will be established as needed to study 
particular projects, Dr. Baker said. The 
first committee will be assigned the task of 
studying the upper frequencies from 216 to 
500 Mc. for possible future television ex-
pansion. 
The New York "Town Meeting for 

Electronic Technicians" was authorized 
upon recommendation of Chairman J. J. 
Kahn of the RMA Parts Division. The 
metropolitan clinic for radio and television 
servicemen will be similar to the first 
"Town Meeting" held last January in Phila-
delphia. Chairman Kahn said that requests 
had been received from four other cities 
which want RMA "Town Meetings," but 
the board deferred action on these until the 
New York clinic is held. The other cities are 
Boston, Los Angeles, Chicago, and Atlanta. 

RMA M EETINGS 

The following RMA engineering meet-
ings were held: 
March 23—Subcommittee on Transmitters 

March 23—Subcommittee on Capacitors 

March 23—Subcommittee on Loran 
March 23—Subcommittee on Magnetic Re-

corders 

March 23—Committee  on  Cathode-Ray 
Tubes 

March 24—Committee on Acoustic Devices 
March 24—Committee on Thermoplastic 

Hookup Wire 

March 24—Committee  on  Components 
Standardization 

March 24 & 25—Subcommittee on System 
Standards of Good English 
Practice 

March 25—Subcommittee on Depth Sound-
ing 

March 25—Subcommittee on Phonograph 
Records 

March 25—Committee on High-Frequency 
Cores 

March 25—Subcommittee on Electrolytic 
Capacitors 

March 26—Subcommittee on Studio Facili-
ties 

March 26—Subcommittee on  Gas-Filled 
Microwave Transmission Lines 

March 26—Subcommittee on Crystals 
March 30—Subcommittee on Flame-Hazard 

Investigation 
April  2—Subcommittee on Flame-Hazard 

Investigation 
April  2—Subcommittee on Studio-Trans-

mitter Links 
April  6—Committee on Dry-Disk Recti-

fiers 
April  8—Committee on Sampling Pro-

cedure 
April 10—Committee on Citizen Radio 
April 15—Subcommittee on Standards of 

Good Engineering Practice. 



754 PROCEEDINGS OF THE I.R.E. June 

SPEAKER'S TABLE AT THE THIRTY-SIXTH ANNIVERSARY I.R.E. BANQUET 

Left to right—Alois W. Graf, chairman, Sections Committee; George W. Bailey, Executive Secretary, I.R.E., and Convention General Chair-
man; John C. Steinberg, president, Acoustical Society of America; Everitt Dillard, president, FM Association; William H. Huggins, recipient 
of the Browder J. Thompson Memorial Award; Lawrence C. F. Hone, recipient of the Medal of Honor; Alfred N. Goldsmith, Editor and Co-
Founder of I.R.E.; Walter R. G. Baker, Junior, Past-President, I.R.E.; and Max Balcom, president, Radio Manufacturer's Association. 

Greatest I.R.E. Convention Ever Held 
The greatest I.R.E. Convention and 

Radio Engineering Show of record passed 
into the annals of history on March 25, con-
cluding a four-day gathering that surpassed 
all expectations. A registration exceeding 
15,000, larger by nearly 25 per cent than any 
previous attendance, attested the magnitude 
and success of the event. 
A total of 140 technical papers were pre-

sented in 27 sessions and two special sym-
posia. The program was essentially as an-
nounced in the March issue of the PROCEED-
INGS, with the addition of a special added 
session on synthetic crystals. Some of the 

papers presented are currently being pub-
lished in the PROCEEDINGS, and indications 
are that practically all of the significant 
papers ultimately will find their way into 
these pages. 
Particularly notable among the features 

of the Convention were the symposium on 
"Nuclear Science," which was attended by 
some 1500 and included as a special attrac-
tion a British film on the development of 
atomic energy, and the forward-looking 
symposium on "Advances Significant to 
Electronics," which appears destined to be-
come known in future years as one of the more 

important I.R.E. sessions ever to be held. 
The Radio Engineering Show consider-

ably transcended any previously held, its 
190 exhibitors overflowing onto a sub-
stantial portion of the third floor of vast 
Grand Central Palace. Over $6,000,000 
worth of radio engineering gear, from 10-kw. 
transmitters to microscopic components, 
was on display, according to Exhibits 
Manager W. C. Copp. Notable among the 
exhibits were those of the Army, Navy, and 
Air Force. 
The featured speaker at the President's 

Luncheon was Wayne Coy, recently ap-

W. R. G. Baker, 1947 I.R.E. President, presents the gavel of office to Wayne Coy, Chairman of F.C.C., speaking on "Fundamental Prob-
his 1948 successor, B. E. Shackelford, at the President's Luncheon.  lems of Radio Engineers and the F.C.C." at the Luncheon. 
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SPEAKER'S TABLE AT THE ANNUAL BANQUET (CONTINUED) 

Left to right— William L. Everitt, Past-President, I.R.E.; Willis Jackson, Imperial College of Science and Technology; Benjamin E. Shackel-
ford, President, I.R.E.; John V. L. Hogan, Past-President and Co-Founder of I.R.E.; Stuart W. Seeley, recipient of the Morris Liebmann 
Memorial Prize; James E. Shepherd, who responded on behalf of the newly elected Fellows; Jack R. Poppele, president, Television Broad-
casters Association; Stuart L. Bailey, Treasurer, I.R.E.; and Ivan S. Coggeshall, Vice-Chairmar of the Convention General Committee. 

pointed Chairman of the Federal Com-
munications Commission, making his first 
major address since his appointment. This 
address is reproduced in full elsewhere in 
this issue, as is the thoughtful analysis by 
H. B. Richmond delivered at the Annual 
Meeting of the Institute. 
A veritable galaxy of speakers graced the 

Annual Banquet program. The remarks of 
those who spoke from prepared manuscript 
will be reproduced in the Waves and Elec-
trons section of the July, 1948, issue of the 
PROCEEDINGS. 

The Women's Program this year was run 
off with neatness and dispatch, and the 274 
women registered at the Convention found 
their time well and profitably occupied. Of 
this number, approximately 125 attended 

the Tuesday-afternoon tea at I.R.E. Head-
quarters, a popular feature of which was an 
escorted tour of the building under the 
guidance of Editorial Department staff 
members. 
That morning 80 ladies in two busses 

had journeyed out to United Nations and 
Lake Success, while 40 others listened to a 
lecture at the Frick Museum. Wednesday 
morning 150 ladies attended the fashion 
show given by Bonwit-Teller. Two popular 
plays occupied the same group for the after-
noon. Thursday morning 35 ladies were still 
able to be up bright and early to leave on 
the bus for an all-day trip to West Point. 
Special mention is made of the "hospi-

tality group" of the Registration Committee, 
whose members were recruited after the 

Convention Program had gone to press, and 
who functioned with exceptional effective-
ness under Registration Committee Chair-
man Frank A. Polkinghorn and Roscoe 
Kent, Vice-Chairman in Charge of Hospi-
tality: Ralph W. Brown, Abner Budleman, 
J. R. Burns, J. T. Cimorelli, George H. 
Clark, F. A. Cowan, F. A. Darwin, C. E. 
Dean, W. H. Doherty, D. D. Donald, 
Beverly Dudley, Albert C. Embrechts, Carl 
Englund, H. C. Gawler, J. A. Hansen, John 
Lester, Donald McNicol, Conrad Muller, 
Louis Pacent, L. A. Pulley, W. Radcliff, 
Donald Richman, J. W. Scharge, J. E. Shaw, 
E. J. Simon, William Smith, A. M. Stevens, 
Walter P. Swain, Jr., W. J. Walsh, G. S. 
Wickizer, W. R. Widenor, W. H. Wilson, 
and F. B. Woodworth. 

Dr. W. L. Everitt approaching the point of one of the stories told  Dr. B. E. Shackelford, President of the Institute for 1948, addressing 
inimitably by him as toastmaster at the Annual Banquet.  the Thirty-Sixth Anniversary Banquet climaxing the Convention. ; 
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I.R.E. Awards 

Medal of Honor-1948 

L. C. F. HORLE 

"For his contributions to the radio in-
dustry in standardization work, both in 
peace and war, particularly in the field of 
electron tubes, and for his guidance of a 
multiplicity of technical committees into 
effective action." 

M. W. BALDWIN 

"For his fundamental investigations of 
the quality of television pictures." 

L. H. BEDFORD 

"For his development of special circuits, 
in particular those used for scanning pur-
poses, in television." 

Fellow Award-1948 

L. H. BEDFORD 

Morris Liebmann Memorial Prize-1948 

S. W. SEELEY 

"For his development of ingenious cir-
cuits related to frequency modulation." 

Fellow Award-1948 

M. W . BALDWIN 

Fellow Award-1948 

H. S. BLACK 

Browder J. Thompson Memorial 
Award-1948 

W. H. HUGGINS 

"For his paper on 'Broadband Noncon-
tacting Short Circuits for Coaxial Lines,' 
which appears in three parts in the Septem-
ber, October, and November, 1947, issues of 
the PROCEEDINGS OF THE I.R.E." 

H. S. BLACK 

"For his work on the negative-feedback 
amplifier and for his application of pulse 
technique to radio communication sys-
tems." 

R. M. BOWIE 

"For his contributions in the fields of 
microwave techniques, spectroscopic meth-
ods, and standards, and for his development 
of means to avoid the effect of ion bombard-
ment on cathode-ray-tube screens." 

Fellow Award-1948 

R. M. BOWIE 
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Fellow Award-1948 

D. E. CHAMBERS 

"For the outstanding leadership he has 
provided in the translation of research to 
engineering in one of the country's large in-
dustrial laboratories." 

R. B. DomE 

"For his many technical contributions to 
the profession and for his accomplishments 
in the training of young engineers." 

B. S. ELLEFSON 

"For his contributions to cathode-ray-
tube development, proximity-fuze tube de-
sign, and wartime electronic research." 

Fellow Award-1948 

B. S. ELLEFSON 

Fellow Award-1948 

J. B. COLEMAN 

"For his contributions through develop-
ment, design, and technical direction of 
work in the field of radio transmitters." 

Fellow Award-1948 

R. B. DOME 

Fellow Award-1948 

J. J. FARRELL 

Fellow Award-1948 

A. EARL CULLUM, JR. 

"For his contributions to the wartime 
radio-countermeasures program." 

J. J. FARRELL 

"For his contributions to the design of 
radio and radar transmitters, and for his 
leadership in the establishing of industry 
standards." 

H. C. FORBES 

"For his contributions as an engineer and 
executive in the field of home and auto-
mobile broadcast receivers and military radio 
equipment." 

Fellow Award-1948 

H. C. FORBES 
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Fellow Award-1948 

E. W . HEROLD 

"For his contributions to theory and de-
sign in the field of vacuum tubes." 

J. E. KETO 

"For his contributions to the develop-
ment of electronic equipment for military 
Purposes." 

N. E. LINDENBLAD 

"For his many contributions to the 
theory and design of transmitting antennas 
and related equipment." 

Fellow Award-1948 

N. E. LINDENBLAD 

Fellow Award-1948 

WILLIAM R. HEWLETT 

"For his initiative in the development of 
special radio measuring techruques." 

Fellow Award-1948 

J. E. KETO 

Fellow Award-1948 

KNOX MCILWAIN 

Fellow Award-1948 

J. A. HUTCHESON 

"For his contributions and technical di-
rection of work in radio research. 

KNOX MCILWAIN 

"For his contribution to the technical 
literature of radio and his activity in the 
field of radio aids to navigation." 

D. W . R. MCKINLEY 

"For his contributions to the develop-
ment in Canada of radio aids to air naviga-
tion." 

Fellow Award-1948 

D. W . R. McKim,Ev 
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Fellow Award—I948 

L. A. MEACHAM 

"For his contributions in the fields of 
radar range measurement and pulse-code 
modulation." 

• 

Fellow Award-1948 

ALBERT ROSE 

R. E. SHELBY 

"For his many contributions to sound 
and television broadcasting." 

Fellow Award-1948 

R. E. SHELBY 

Fellow Award-1948 

DAVID PACKARD 

"For his initiative in the development of 
special radio testing and measurie- tech-
niques." 

ALBERT ROSE 

"For his contributions in the field of tele-
vision camera tubes and associated equip-
ment." 

• 

ARNE SCHLEIMANN-JENSEN 

"For his contributions as an engineer 
and executive in the electron-tube industry 
in Sweden under adverse war conditions." 

J. E. SHEPHERD 

"For his contributions to the develop-
ment of airborne radar armament and for 
his active participation and leadership in 
the functions of the Institute." 

Fellow Award-1948 

J. E. SHEPHERD 

Fellow Award-1948 

j. IL PIERCE 

"For his many contributions to the 
theory and design of vacuum tubes." 

Fellow Award-1948 

ARNE SCHLEIMANN-PENSEN 

D. B. SMITH 

"For outstanding leadership in stand-
ardization activities, particularly in the 
field of television." 

Fellow Award-1948 

D. B. %fin' 
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Institute Committees-1948 

June 

EXECUTIVE 

B. E. Shackelford, Chairman 
S. L. Bailey, Vice-Chairman 
Haraden Pratt, Secretary 

W. R. G. Baker  V. M. Graham 
A. N. Goldsmith  D. B. Sinclair 

BOARD OF EDITORS 

A. N. Goldsmith, Chairman 
F. W. Albertson  S. S. Mackeown 
J. S. Allen  Nathan Marchand 
G. M. K. Baker  E. D. McArthur 
W. L. Barrow  Knox McIlwain 
R. R. Batcher  J. W. McRae 
A. E. Bowen  L. A. Meacham 
R. M. Bowie  G. F. Metcalf 
Ralph Bown  E. L. Nelson 
R. S. Burnap  D. 0. North 
0. H. Caldwell  H. F. Olson 
C. W. Carnahan  R. M. Page 
L. M. Clement  H. 0. Peterson 
J. D. Cobine  G. W. Pickard 
M. G. Crosby  Haraden Pratt 
R. B. Dome  C. A. Priest 
W. G. Dow  J. R. Ragazzini 
E. W. Engstrom  Simon Ramo 
W. L. Everitt  H. J. Reich 
W. G. H. Finch  J. D. Reid 
D. G. Fink  F. X. Rettenmeyer 
H. C. Forbes  P. C. Sandretto 
I. A. Getting  S. W. Seeley 
G. W. Gilman  V. W. Sherman 
P. C. Goldmark  L. C. Smeby 
A. W. Graf  C. E. Smith 
F. W. Grover  J. A. Stratton 
L. B. Headrick  W. C. Tinus 
E. W. Herold  K. S. Van Dyke 
J. A. Hutcheson  E. K. Van Tassel 
C. M. Jansky, Jr.  E. C. Wente 
J. K. Johnson  H. A. Wheeler 
L. F. Jones  J. R. Whinnery 
H. S. Knowles  W. C. White 
J. D. Kraus  L. E. Whittemore 
J. B. H. Kuper  G. W. Willard 
J. L. Lawson  William Wilson 
D. G. Little  I. G. Wolff 
F. B. Llewellyn  V. K. Zworykin 

AWARDS 

Haraden Pratt, Chairman 
W. L. Barrow  V. M. Graham 
D. E. Chambers  R. A. Hackbusch 
Harry Diamond  Keith Henney 
E. W. Engstrom  J. V. L. Hogan 
W. C. Evans  I. J. Kaar 
W. L. Everitt  F. R. Lack 

G. R. Town 

EDUCATION 

W. H. Radford, Chairman 
Wilfred Arcand 
R. E. Beam 
A. B. Bronwell 
Melville Eastham 
G. H. Fett 
A. W. Graf 
E. A. Guillemin 
G. B. Hoadley 
L. N. Holland 
A. H. Howell  A. H. Wing, Jr. 

Irving Wolff 

CONSTITUTION AND LAWS 
I. S. Coggeshall, Chairman 

G. W. Bailey  R. F. Guy 
S. L. Bailey  R. A. Hewing 
E. F. Carter  F. B. Llewellyn 

H. R. Zeamans 

H. H. Newell 
R. G. Porter 
H. J. Reich 
Elmer Schulz 
W. J. Seeley 
F. R. Stansel 
W. 0. Swinyard 
G. R. Town 
Ernst Weber 

ADMISSIONS 
G. T. Royden, Chairman 

F. A. Poklinghorn, Vice Chairman 
R. D. Avery 
R. M. Bowie 
J. T. Brothers 
J. L. Callahan 
H. A. Chinn 
J. D. Cobine 
E. D. Cook 
C. E. Dean 
E. T. Dickey 
W. A. Dickinson 
J. H. Findlay 
W. A. Ford 
(Alternate for Dr. 
Cook) 

A. R. Hodges 

A. R. Morton 
R. S. O'Brien 
(Alternate for Mr. 
Chinn) 

D. S. Rau 
S. W. Seeley 
R. F. Shea 
E. R. Shenk 
D. B. Sinclair 
N. Snyder 
J. C. Stroebel 
F. D. Webster 
G. R. White 
G. S. Wickizer 
R. C. G. Williams 

MEMBERSHIP 

Beverly Dudley, Chairman 
A. L. Albert 
R. E. Beam 
E. D. Cook 
A. V. Eastman 
D. G. Fink 
R. P. Glover 
George Grammer 
R. F. Guy 
J. W. Horton  W. C. White 

P. D. Zottu 
(Chairmen of Section Membership 

Committees Ex-Officio) 

P. B. Laeser 
W. C. Moore 
I. E. Mouromtseff 
W. H. Radfoid 
D. B. Sinclair 
J. A. Stratton 
J. C. Stroebel 
Ernst Weber 

PUBLIC RELATIONS 

V. M. Graham, Chairman 
G. W. Bailey 
E. L. Bragdon 
W. C. Copp 
C. B. DeSoto 
0. E. Dunlap, Jr. 
W. C. Evans 
H. C. Forbes 
Charles Fry 
R. A. Hackbusch 
Keith Henney 
T. R. Kennedy 

George Lewis 
R. H. Manson 
E. A. Nicholas 
R. C. Poulter 
H. B. Richmond 
E. L. Robinson 
Crump Smith 
D. B. Smith 
E. C. Tompson 
Will Whitmore 
Lewis Winner 

SECTIONS 

A. W. Graf, Chairman 
V. M. Graham  P. B. Laeser 
R. A. Heising  C. A. Norris 
J. F. Jordan  J. E. Shepherd 
D. C. Kalbfell  W. 0. Swinyard 

R. N. White 
(Section Chairmen Ex-Officio) 

NOMINATIONS 

W. L. Everitt, Chairman 
W. R. G. Baker  F. H. R. Pounsett 
0. B. Hanson  Haraden Pratt 
J. A. Hutcheson  D. B. Sinclair 
F. B. Llewellyn  F. E. Terman 

H. A. Wheeler 

TELLERS 

J. W. McRae, Chairman 
E. G. Fubini  G. F. Metcalf 

W. P. Short 

PAPERS PROCUREMENT 

J. D. Reid, Chairman 

E. D. Alcock 
Andrew Alford 
B. B. Bauer 
R. M. Bowie 
J. W. Butterworth 
I. F. Byrnes 
T. J. Carroll 
K. A. Chittick 
B. J. Chromy 
J. 'I'. Cimorelli 
L. M. Clement 
Harry Diamond 
Eginhard Dietze 
G. V. Eltgroth 
M. K. Goldstein 
H. Grossman 
R. C. Guthrie 
D. E. Harnett 
J. R. Harrison 
John Hessel 
F. V. Hunt 
T. A. Hunter 
Harry Huskey 
Hans Jaffe 
J. J. Jakosky 
Martin Katzin 
C. E. Kilgour 
N. L. Kiser 
A. V. Loughren 

H. B. Marvin 
W. P. Mason 
Pierre Mertz 
B. J. Miller 
I. E. Mouromtseff 
A. F. Murray 
J. R. Nelson 
L. L. Nettleton 
G. M. Nixon 
D. E. Noble 
T. M. Odarenko 
W. C. Osterblock 
W. E. Reichle 
F. X. Rettenmeyer 
H. W. G. Salinger 
K. M. Schaefer 
R. E. Shelby 
W. P. Short 
Daniel Silverman 
P. L. Smith 
J. Q. Stansfield 
G. R. Town 
L. G. Trolese 
H. J. Tyzzer 
K. S. Van Dyke 
W. L. Webb 
J. R. Whinnery 
W. C. White 
G. S. Wickizer 

I. G. Maloff  R. H. Williamson 
R. J. Wise 

PAPERS REVIEW 

M. G. Crosby, Chairman 

H. A. Affel 
E. W. Allen, Jr. 
C. F. Baldwin 
John Barnes 
2:. de F. Bayly 
P. H. Betts 
F. J. Bingley 
H. S. Black 
F. T. Bowditch 
H. A. Chinn 
J. K. Clapp 
S. B. Cohn 
J. M. Constable 
F. W. Cunningham 
R. L. Dietzold 
H. D. Doolittle 
0. S. Duffenclack 
R. D. Duncan, Jr. 
I. E. Fair 
E. H. Felix 
H. V. Fraenckel 
R. L. Freeman 
Paul Fritschel 
Stanford Goldman 
W. M. Goodall 
W. C. Hahn 
G. L. Haller 
0. B. Hanson 
A. E. Harrison 
J. R. Harrison 
T. J. Henry 
C. N. Hoyler 
F. V. Hunt 
D. L. Jaffe 
Hans Jaffe 
D. C. Kalbfell 
A. G. Kandoian 
Martin Katzin 
J. G. Kreer, Jr. 
Emil Labin 
V. D. Landon 
C. V. Litton 
B. D. Loughlin 

Louis Malter 
W. P. Mason 
R. E. Mathes 
H. F. Mayer 
H. R. Mimno 
Jerry Minter 
R. E. Moe 
R. M. Morris 
F. L. Mosely 
I. E. Mouromtseff 
G. G. Muller 
A. F. Murray 
J. R. Nelson 
K. A. Norton 
H. W. Parker 
L. J. Peters 
A. P. G. Peterson 
W. H. Pickering 
Albert Preisman 
A. F. Pomeroy 
T. H. Rogers 
H. E. Roys 
M. W. Scheldorf 
Samuel Seely 
Harner Selvidge 
R. E. Shelby 
C. M. Slack 
J. E. Smith 
E. E. Spitzer 
J. R. Steen 
E. K. Stodola 
H. P. Thomas 
Bertram Trevor 
W. N. Tuttle 
Dayton Ulrey 
A. P. Upton 
G. L. Usselman 
L. Vieth 
S. N. Van Voorhies 
R. M. Wilmotte 
W. T. Wintringham 
J. W. Wright 
H. R. Zeamans 
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Technical Committees—May 1, 1948-May 1, 1949 

ANNUAL REVIEW 

L. E. Whittemore, Chairman 
John Babillus  A. E. Cullum, Jr. 
W. R. G. Baker  Eginhard Dietze 
L. T. Bird  D. G. Fink 
H. S. Black  Keith Henney 
G. P. Bosomworth  J. V. L. Hogan 
J. G. Brainerd  W. B. Lodge 
G. M. Brown  I. A. Pierce 
R. S. Burnap  E. W. Schafer 
W. G. Cady  J. R. Steen 
P. S. Carter  W. 0. Swinyard 
A. B. Chamberlain  F. E. 'Ferman 
H. A. Chinn  J. R. ‘Veiner 

H. A. Wheeler 

ANTENNAS 

P. S. Carter, Chairman 
L. C. Van Atta, Vice-Chairman 

John A. Albano  E. C. Jordan 
Andrew Alford  W. E. Kock 
T. M. Bloomer  K. A. McKinnon 
G. II. Brown  W. W. Mieher 
L. J. Chu 
Harry Diamond 
W. S. Duttera 
J. E. Eaton 
A. G. Fox 
Sidney Frankel 
George Grammer 
R. F. Holtz 
R. B. Jacques 

D. C. Ports 
M. \V. Scheldorf 
S. A. Schelkunoff 
J. C. Schelleng 
J. P. Shanklin 
George Sinclair 
P. H. Smith 
J. R. Whinnery 
J. A. Wright 

AUDIO AND VIDEO 
TECHNIQUES 

H. A. Chinn, Chairman 
J. E. Keister, Vice-Chairman 

S. J. Begun  W. A. Lynch 
P. F. Brown  D. E. Maxwell 
F. L. Burroughs  R. A. Miller 
J. D. Colvin  L. W. Morrison 
R. H. Daugherty, Jr. W. J. Poch 
V. J. Duke  J. R. Ragazzini 
George Graham  H. B. Roys 
G. P. Hixenbaugh  J. F. Wiggin 

CIRCUITS 

J. G. Brainerd, Chairman 
J. B. Russell, Vice-Chairman 

Martin A. Antman 
Cledo Brunetti 
C. R. Burrows 
A. L. Dolnick 
W. L. Everitt 
R. M. Foster 
Stanford Goldman 

E. A. Guillemin 
Herbert Krauss 
D. 0. McCoy 
E. E. Overmier 
E. H. Perkins 
Wolcott Smith 
W. N. Tuttle 

ELECTROACOUSTICS 

Eginhard Dietze, Chairman 
E. S. Seely, Vice-Chairman 

P. N. Arnold  F. L. Hopper 
B. B. Bauer  F. V. Hunt 
S. J. Begun  G. M. Nixon 
M. J. Di Toro  Benjamin Olney 
W. D. Goodale, Jr.  H. F. Olson 
E. C. Gregg  R. A. Schlegel 

Lincoln Thompson 

J. W. Clark 
K. C. DeWalt 
W. G. Dow 
A. M. Glover 
J. E. Gorham 
J. W. Greer 
L. B. Headrick 
L. A. Hendricks 
E. C. Homer 
D. R. Hull 
S. B. Ingram 

ELECTRON TusEs 

R. S. Burnap, Chairman 
L. S. Nergaard, Vice-Chairman 

Herbert Krauss 
Louis Malter 
D. E. Marshall 
J. A. Morton 
I. E. Mouromtseff 
G. D. O'Neill 
P. A. Redhead 
H. J. Reich 
A. C. Rockwood 
R. M. Ryder 
C. M. Wheeler 

ELECTRONIC COMPUTERS 
J. R. Weiner, Chairman 

G. R. Stibitz, Vice-Chairman 
S. N. Alexander 
J. V. Atanasoff 
J. H. Bigelow 
Perry Crawford 
C. S. Draper 
J. P. Eckert, Jr 
J. W. Forrester 
N. Goldstine  T. K. Sharpless 
E. L. Harder  R. Snyder 

C. F. West 

FACSIMILE 
J. V. L. Hogan, Chairman 
C. J. Young, Vice-Chairman 

J. C. Barnes  F. A. Hester 
Henry Burkhard  R. E. Mathes 
J. J. Callahan  Pierre Mertz 
A. G. Cooley  G. H. Scheer 

R. J. Wise 

J. E. Brown 
J. M. Cage 
E. W. Chapin 
C. W. Frick 
H. C. Gillespie 
Otto Glasser 
Eugene Mittelmann  Julius Weinberger 

R. M. Wilmotte 

B. I,. Havens 
E. Lakatos 
G. D. McCann 
C. H. Page 
J. A. Rajchman 
Nathaniel Rochester 
Robert Serrell 

INDUSTRIAL ELECTRONICS 
G. P. Bosomworth, Chairman 
D. E. Watts, Vice-Chairman 

W. B. R. Agnew  P. E. Ohmart 
H. W. Parker 
H. 0. Peterson 
Walther Richter 
W. C. Rudd 
P. C. Sandretto 
R. S. Tucker 

MODULATION SYSTEMS 
H. S. Black, Chairman 

Bertram Trevor, Vice-Chairman 
Robert Adler 
B. V. Blom 
F. 1. Burroughs 
C. C. Chambers 
M. G. Crosby 
C. W. Finnigan 
W. F. Goetter 
A. C. Goodnow 
George Grammar 
D. D. Grieg 

R. F. Guy 
L. B. Hallman, Jr. 
D. M. Hill 
J. L. Hollis 
V. D. Landon 
B. D. Loughlin 
C. T. McCoy 
G. W. Oliver 
Dale Pollack 
S. W. Seeley 

. C. Tuner 

NAVIGATION AIDS 
J. A. Pierce, Chairman 

Henri Busignies, Vice-Chairman 
D. G. Fink  Marcus O'Day 
C. J. Hirsch 
William Jackson 
D. S. Little 
H. R. Mimno 
H. K. Morgan 
F. L. Mosley 

G. H. Phelps 
J. A. Rankin 
P. C. Sandretto 
W. J. Sen 
Edward Snyder 
Ben Thompson 

R. R. Welsh 

NUCLEAR STUDIES 

W. R. G. Baker, Chairman 
L. R. Hafstad, Vice-Chairman 

P. R. Bell 
J. Z Bowers 
R. M. Bowie 
R. L. Butenhoff 
A. H. Dahl 
W. F. Davidson 
H. H. Goldsmith 
Andrew Haeff 
J. H. Hayner 
Keith Henney 
M. M. Hubbard 
J. A. Hutcheson 
W. H. Jordan 
Thomas Killian 
H. P. Knauss 

Serge Korff 
R. A. Krause 
J. B. H. Kuper 
F. R. Lack 
R. E. Lapp 
P. J. Larsen 
J. L. Lawson 
G. A. Morton 
W. W. Salisbury 
F. R. Shonka 
M. A. Schultz 
A. J. Spriggs 
S. M. Van Voorhis 
John Victoreen 
J. B. Wiesner 

PIEZOELECTRIC CRYSTALS 

W. G. Cady, Chairman 
R. A. Sykes, Vice-Chairman 

C. F. Baldwin 
W. L. Bond 
J. K. Clapp 
Clifford Frondel 

Hans Jaffe 
W. P. Mason 
P. L. Smith 
K. S. Van Dyke 

RADIO RECEIVERS 

W. 0. Swinyard, Chairman 
R. F. Shea, Vice-Chairman 

J. Avins  J. K. Johnson 
G. L. Beers  Bernard D. Loughlin 
J. E. Brown  C. R. Miner 
W. F. Cotter  Garrard Mountjoy 
L. W. Couillard  Ralph Overhold 
A. R. Hodges  J. M. Pettit 
K. W. Jarvis  F. H. R. Pounsett 

J. D. Reid 

RADIO TRANSMITTERS 

E. A. Laport, Chairman 
H. R. Butler, Vice-Chairman 

E. L. Adams 
L. T. Bird 
M. R. Briggs 
Cledo Brunetti 
L. T. Findley 
A. E. Kerwien 

J. B. Knox 
L. A. Looney 
C. H. Meyer 
J. C. R. Punchard 
R. L. Robbins 
Berthold Sheffield 

I. R. Weir 

RADIO WAVE PROPAGATION 

A. E. Cullum, Jr., Chairman 
C. R. Burrows, Vice-Chairman 

S. J. Bailey  K. A. Norton 
T. J. Carroll  H. 0. Peterson 
I. H. Gerks  J. A. Pierce 
Marion C. Gray  George Sinclair 
D. E. Kerr  R. L. Smith-Rose 
J. E. Keto  J. A. Stratton 

J. W. Wright 

RAILROAD AND VEHICULAR 
COMMUNICATIONS 

G. NI. Brown, Chairman 
D. E. Noble, Vice-Chairman 

E. H. Bartelink  D. Martin 
F. T. Budelman  C. A. McClellan 
W. T. Cooke  (Alternate, M. H. 
D. B. Harris  Wood) 
W. A. Harris  •  John C. O'Brien 
C. K. Kimball  David Talley 

F. W. Walker 
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Technical Committees (Continued) 
STANDARDS 

A. B. Chamberlain, Chairman 
L. G. Cumming, Vice-Chairman 

W. R. G. Baker  D. G. Fink 
H. S. Black  Keith Henney 
G. P. Bosomworth  J. V. L. Hogan 
J. G. Brainerd  L. C. F. Hone 
G. M. Brown  E. A. Laport 
R. S. Burnap  J. A. Pierce 
W. G. Cady  E. W. Schafer 
P. S. Carter  J. R. Steen 
H. A. Chinn  W. 0. Swinyard 
M. G. Crosby  H. M. Turner 
A. E. Cullum, Jr.  J. R. Weiner 
Eginhard Dietze  H. A. Wheeler 

L. E. Whittemore 

BUILDING FUND ADMINISTRATORS 

Melville Eastham  E. A. Nicholas 
Haraden Pratt 

FOUNDERS 
R. F. Guy, Chairman 

CONVENTION POLICY 
J. E. Shepherd, Chairman 

Austin Bailey  E. J. Content 
G. W. Bailey  B. E. Shackelford 

FINANCE 
W. R. G. Baker, Chairman 

S. L. Bailey, ex officio  I. S. Coggeshall 
F. B. Llewellyn 

SYMBOLS 

E. W. Schafer, Chairman 
A. F. Pomeroy, Vice-Chairman 

K. E. Anspach  V. R. Hudek 
R. S. Burnap  0. T. Laube 
C. R. Burrows  C. A. Nietzert 
H. F. Dart  M. B. Reed 
J. H. Dellinger  Duane Roller 
E. T. Dickey  A. L. Samuel 

H. M. Turner 

Special Committees 
EDITORIAL ADMINISTRATIVE 

A. N. Goldsmith, Editor, Chairman 
H. S. Black  F. B. Llewellyn 
R. S. Burnap  Donald McNicol 
M. G. Crosby  Haraden Pratt 
E. W. Herold  J. R. Ragazzini 

L. E. Whittemore 

POLICY DEVELOPMENT 

S. L. Bailey, Chairman 
W. R. G. Baker  J. A. Hutcheson 
M. G. Crosby  C. B. JoIliffe 
W. L. Everitt  E. A. Laport 
A. W. Graf  J. W. McRae 
R. A. Heising  L. R. Quarles 
T. A. Hunter  F. E. 'Ferman 

W. N. Tuttle 

INSTITUTE REPRESENTATIVES IN 
Agricultural and Mechanical College of 
Texas: Tom Prickett, Jr. 

'Alabama Polytechnic Institute: C. C. 
Clements 

'Alberta, University of: J. W. Porteous 
'Arizona, University of: H. E. Stewart 
'Arkansas, University of: G. H. Scott 
British Columbia, University of: H. J. 
MacLeod 

'Brooklyn, Polytechnic Institute of: C. A. 
Hachemeister 

'California, Institute of Technology: S. S. 
MacKeown 

*California State Polytechnic College: Clar-
ence Radius 

'California, University of: L. J. Black 
'Carnegie Institute of Technology: E. M. 
Williams 

'Case Institute of Technology: J. D. Johan-
nesen 

Cincinnati, University of: A. B. Bereslcin 
Clarkson College of Technology: F. A. 
Record 

Columbia University: J. R. Ragazzini 
Connecticut, University of: F. P. Fischer 
Cooper Union: J. B. Sherman 
Cornell University: True McLean 
Duke University: W. J. Seeley 

Florida, University of: F. H. Pumphrey 

'George Washington University: Appoint-
ment later 

Georgia School of Technology: M. A. Hon-
nell 

Harvard University: E. L. Chaffee 
Illinois Institute of Technology: G. F. Levy 
*Illinois, University of: E. C. Jordan 
'Iowa, State University of: L. A. Ware 
Iowa State College: W. L. Cassell 
Johns Hopkins University‘Ferdinand Ham-
burger, Jr. 

'Colleges with approved Student Branches. 

*Kansas State College: K. Martin 
Kansas, University of: C. L. Coates, Jr. 
Lafayette College: F. W. Smith 
Lawrence Institute of Technology: H. L. 
Byerlay 

Lehigh University: D. E. Mode 
Louisiana State University: W. E. Owen 
Maine, University of: W. J. Creamer, Jr. 
'Manhattan College: E. N. Lurch 
Maryland, University of: G. L. Davis 
Massachusetts Institute of Technology: 
E. A. Guillemin, W. H. Radford 

McGill University: F. S. Howes 
*Michigan State College: J. A. Strelzoff 
'Michigan, University of: L. N. Holland 
'Minnesota, University of: 0. A. Becklund 
Missouri, University of: D. L. Waidelich 
Nebraska, University of: F. W. Norris 
New Mexico. University of: W. H. Mullin 
Newark College of Engineering: Solomon 
Fishman 

New Hampshire, University of: W. B. Nul-
sen 

'New York, College of the City of: Harold 
Wolf 

'New York University: Philip Greenstein 
'North Carolina State College: W. S. Carley 
North  Dakota,  University of: Clifford 
Thomforde 

Northeastern University: G. E. Pihl 
'Northwestern University: A. H. Wing, Jr. 
'Notre Dame, University of: H. E. Ellithorn 
Ohio State University: E. M. Boone 
Oklahoma Agriculture and Mechanical Col-
lege: H. T. Fristoe 

Oregon State College: A. L. Albert 
Pennsylvania State College: G. L. Crosley 
Pennsylvania, University of: C. C. Cham-
bers 

*Pratt Institute: E. A. Hertzler 
'Princeton University: H. M. Chandler 

TELEVISION 

D. G. Fink, Chairman 
A. G. Jensen, Vice-Chairman 

G. W. Andrew 
W. F. Bailey 
R. M. Bowie 
J. E. Brown 
K. A. Chittick 
C. J. Franks 
P. C. Goldmark 
R. N. Harmon 
J. L. Hollis 
I. J. Kaar 

R. D. Kell 
P. J. Larsen 
H. T. Lyman 
J. B. Minter 
J. A. Ouimet 
D. W. Pugsley 
R. E. Shelby 
D. B. Smith 
M. E. Strieby 
Norman Young 

PROFESSIONAL GROUPS 

W. L. Everitt, Chairman 

0. L. Angevine, Jr. 
W. L. Barrow 
Leo Beranek 
M. R. Briggs 
A. B. Chamberlain 
H. A. Chinn 
M. G. Crosby 
L. G. Cumming 
J. H. De Witt 
W. H. Doherty 
T. T. Goldsmith, Jr. 
V. M. Graham 

F. E. 

J. L. Hathaway 
R. A. Heising 
R. V. Howard 
J. E. Keister 
Karl Kramer 
F. B. Llewellyn 
W. B. Nottingham 
A. A. Pulley 
J. D. Reid 
S. W. Seeley 
L. C. Smeby 
Newbern Smith 
Terman 

COLLEGES-1 948 
'Purdue University: R. P. Siskind 
Queen's University: H. H. Stewart 

Rensselaer Polytechnic Institute: H. D. 
Harris 

Rice Institute: M. V. McEnany 
Rose Polytechnic Institute: H. A. Moench 
'Rutgers University: J. L. Potter 

Santa Clara, University of: W. J. Warren 
'South Carolina, University of: J. C. Cosby 
Southern Methodist University: H. J. Smith 
'Stanford University: Karl Spangenberg 
'St. Louis University: Appointment later 
Stevens Institute of Technology: Carl Neit-
zert 

*Syracuse University: C. S. Roys 

*Tennessee, University of: E. D. Shipley 
'Texas, University of: A. W. Straiton 
Toledo, University of: D. A. Powers 
Tufts College: A. H. Howell 

Union College: F. W. Grover 
United States Military Academy: F. K. 
Nichols 

United States Naval Academy: G. R. Giet 
Utah State Agricultural College: L. S. Cole 
'Utah, University of: C. C. Haycock 

Virginia Polytechnic Institute: R. R. Wright 
Virginia, University of: L. R. Quarles 

'Washington, University of: V. L. Palmer 
Washington University: S. H. Van Wam-
beck 

*Wayne University: H. M. Hess 
Western Ontario, University of: G. W. 
Woonton 

West Virginia University: R. C. Colwell 
Wisconsin, University of: Glenn Koehler 
*Worcester Polytechnic Institute: H. H. 
Newell 

Wyoming, University of: R. G. Schaefer 
Yale University: H. J. Reich 
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Sections 

Chairman 
W. A. Edson 
Georgia School of Tech. 
Atlanta, Ga. 

F. W. Fischer 
714 Beechfield Ave. 
Baltimore 29, Md. 

John Petkovsek 
565 Walnut 
Beaumont, Texas 

W. H. Radford 
Massachusetts Institute 
of Technology 
Cambridge, Mass. 

A. T. Consentino 
San Martin 379 
Buenos Aires, Argentina 

R. G. Rowe 
8237 Witkop Avenue 
Niagara Falls, N. Y. 

G. P. Hixenbaugh 
Radio Station W MT 
Cedar Rapida, Iowa 

Karl Kramer 
Jensen Radio Mfg. Co. 
6601 S. Laramie St. 
Chicago 38, III. 

J. F. Jordan 
Baldwin Piano Co. 
1801 Gilbert Ave. 
Cincinnati, Ohio 

W. G. Hutton 
R.R. 3 
Brecksville, Ohio 

C. J. Emmons 
158 E. Como Ave. 
Columbus 2, Ohio 

I.. A. Reilly 
989 Roosevelt Ave. 
Springfield, Mass. 

Secretary 
ATLANTA  M. S. Alexander 

2289 Memorial Dr., S.E. 
Atlanta, Ga. 

E. W. Chapin 
2805 Shirley Ave. 
Baltimore 14, Md. 

BEAUMONT-  C. E. Laughlin 
1292 Liberty 
Beaumont, Texas 

A. G. Bousquet 
General Radio Co. 
275 Massachusetts Ave. 
Cambridge 39, Mass. 

N. C. Cutler 
San Martin 379 
Buenos Aires, Argentina 

BUFFALO-NIAGARA R. F. Blinzler 
558 Crescent Ave. 
Buffalo 14, N. Y. 

W. W. Farley 
Collins Radio Co. 
Cedar Rapids, Iowa 

D. G. Haines 
Hytron Radio and Elec-
tronics Corp. 

4000 W. North Ave. 
Chicago 39, III. 

F. Wisael 
Crosley Corporation 
1329 Arlington St. 
Cincinnati, Ohio 

CLEVELAND  H. D. Seielstad 
1678 Chesterland Ave. 
Lakewood 7, Ohio 

L. B. Lamp 
846 Berkeley Rd. 
Columbus 5, Ohio 

CONNECTICUT  H. L. Krause 
VALLEY  Dunham Laboratory 

Yale University 
New Haven, Conn. 

J. G. Rountree  DALLAS-FT. WORTH J. H. Hornsy 
4333 South Western Blvd.  Box 5238 
Dallas 5, Texas 

E. L. Adams 
Miami Valley Broadcast-
ing Corp. 
Dayton 1, Ohio 

C. F. Quentin 
Radio Station KR NT 
Des Moines 4 Iowa 

A. Friedenthal 
5396 Oregon 
Detroit 4, Mich. 

E. F. Kahl 
Sylvania Electric Prod-
ucts 

Emporium, Pa. 

F. M. Austin 
3103 Amherst St. 
Houston, Texas 

R. E. McCormick 
3466 Carrollton Ave. 
Indianapolis, Ind. 

C. L. Omer 
Midwest Eng. Devel. Co. 
Inc. 

3543 Broadway 
Kansas City 2, Mo. 
R. C. Dearle 
Dept. of Physics 
University  of  Western 
Ontario 

London, Ont., Canada 

Walter Kenworth 
1427 Lafayette St. 
San Gabriel, Calif. 

BALTIMORE 

PORT ARTHUR 

BOSMON 

BUENOS AIRES 

CEDAR RAPIDS 

CHICAGO 

CINCINNATI 
June 15 

COLUMBUS 
July 9 

DAYTON 

DES MOINES-

DETROIT 
June 18 

EMPORIUM 

HOUSTON 

INDIANAPOLIS 

KANSAS CITY 

Dallas, Texas 

George Rappaport 
132 E. Court 
Harshman Homes 
Dayton 3, Ohio 

F. E. Bartlett 
Radio Station KSO 
Old Colony Bldg. 
Des Moines 9, Iowa 

N. C. Fisk 
.3005 W. Chicago Ave. 
Detroit 6, Mich. 

R. W. Slinkman 
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Books 

Ultra and Extreme-Short Wave 
Reception, by M. J. 0. Strutt 
Published (1947) by D. Van Nostrand 

Company, Inc., 250 Fourth Avenue, New 
York, N. Y. 355 pages+6i-page index+2-
page bibliography +18-page references +xi 
pages. 248 figures. 50(81 inches. Price, 
$7.50. 

Although the title of this book does not 
clearly define the frequency range the au-
thor intends it to cover, in the preface the 
range is given as 6 megacycles to 30,000 
megacycles. The material included is of par-
ticular value for the lower portions of the 
frequency range, in which the author has had 
many years of experience at the Eindhoven 
laboratory of the Philips Company. The 
upper decade of the frequency range is less 
well covered, although some of the material 
which has been published since the war in 
U. S. and British journals has been assimi-
lated. Just before the war, Dr. Strutt pub-
lished a book in German entitled, "Modern 
Short-Wave Reception," and, for those 
readers who are familiar with the earlier 
work, it should be stated that the present 
book in English is entirely different; the 
chief similarity lies in the clarity of explana-
tion with a minimum of mathematics, a 
technique which the author has developed 

through years of technical writing. Indeed, 
as to the present book, it has apparently 
been rewritten and revised up to the dead-
line imposed by the printer (the preface is 
dated April, 1947, and material from the lit-
erature up to that date is covered). 
This reviewer is strongly of the opinion 

that separate treatment of radio reception is 
not only justified but essential to an ad-
vanced treatment of communication prob-
lems. This book contains enough original 
material to enable it to complement nicely 
other specialized volumes on reception which 
have been written since the war, some of 
which emphasize only the range from 3000 
megacycles upward. In comparison, it is par-
ticularly gratifying to see the carefully 
chosen bibliography of 409 items to which 
reference is made at the end of each section. 
Thus, Dr. Strutt is evidently not one of those 
authors v. ho insist on carrying the full re-
sponsibility (and credit?) for everything 
they include. The topics covered include 
propagation data, antennas, fluctuation 
noise, lines and waveguides, experimental 
techniques, and design principles. Special 
emphasis is given to frequency-modulation 
problems, so that the field is well covered. 
In spite of some shortcomings, to be dis-
cussed below, the book will be of value to the 
designer of receivers in the v.h f. and u.h.f. 
ranges. 

Dr. Strutt, quite correctly, has placed 
strong einphasis on signal-to-noise ratio 
problems and makes wide use of the noise 
figure, a concept which received world-wide 
recognition during the war. It is unfortunate 
that the discussion of this term leads to con-
fusion rather than clarification of many 
points. On pp. 69-70, for example, the 
author sets up a straw man in the form of a 
so-called "first definition of noise figure," 
which is based on an input at an arbitrary 
noise temperature and which the author then 
knocks down by favoring a second definition 
based on an input at room temperature. This 
reviewer does not know of anyone who either 
proposed or used the first definition; refer-
ence to the sources cited for it show agree-
ment with the second definition, which is 
the one in general use in the U. S. and Great 
Britain. Further confusion is caused by these 
two definitions when the author applies 
them to a cascade of two four-poles, and 
there appears to be no logical justification 
for the author's preferred equation II.2.13c. 
In connection with the noise figure of f.m. 
receivers, Dr. Strutt is also inconsistent; he 
states on p. 172 that the definition assumes 
linearity and that the noise should be meas-
ured ahead of the second detector (and, pre-
sumably, the limiter, if any). On p. 319, on 
the other hand, the noise figures of f.m. 
and a.m. receivers are compared on the basis 

LONG ISLAND 
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of an over-all signal-to-noise ratio, i.e., one 
which includes the wide-band noise reduc-
tion after the limiter and detector of an f.m. 
receiver. It would be unfortunate if the lat-
ter practice were widely adopted, because it 
decreases the usefulness of noise figure in 
comparing the input circuits of receivers of 
different kinds. Other errors in the treatment 
of noise figure are found in the book, among 
which is equation IV.1.24b on transmission-
line noise, in which a term is omitted. There 
is also considerable doubt that noise figures 
of as low as 1 to 5 can be obtained with 
superregeneration, as stated on page 291. 
The discussion of fluctuation noise in tubes 
and circuits is reasonably good, though one 
notes with surprise no reference to the early 
classic papers of Shottky, Johnson, and Ny-
quist, which are still among the best treat-
ments. Particular praise may be given the 
unusually thorough treatment of feedback 
and its effect on signal-to-noise ratio. 
The discussion of dipole-antenna band-

width is limited to the more elementary and 
approximate concepts, and the failure to re-
fer to the complete impedance data on 
cylindrical dipoles published in 1945 by 
Brown and Woodward is to be regretted. 
The parasitic reflector and director are also 
not mentioned, although they are widely 
used with antennas for the v.h.f. range. 
Topics which are treated only sketchily or 
not at all are local-oscillator radiation from 
superheterodynes,  bolometer  calibration 
methods and attenuators for signal genera-
tors, and standing-wave-ratio methods for 
measurement of impedance. Minor errors 
and omissions in the bibliography can be 
noted, and the author states that 100 watts 
c.w. can be obtained with 30,000-megacycle 
magnetrons; the latter result is a little op-
timistic for the date of writing and is not to 
be found in the Fisk, Hagstrom, and Hart-
man paper to which the author refers. 

E. W. HEROLD 
Radio Corporation of America 

RCA Laboratories 
Princeton, N. J. 

Nomography, by Alexander S. 
Levens 
Published (1948) by John S. Wiley and 

Sons, 440 Fourth Ave., New York 16, N. Y. 
172 pages+ 4-page index +33-page Appen-
dix +1-page bibliography +viii. 117 figures. 
9X6 inches. Price $3.00. 
This book first reviews the types of equa-

tions that are readily converted to alignment 
charts, and outlines the steps to be taken in 
developing charts of each form. The treat-
ment is simple to understand and the meth-
ods easy to apply.The basic theory of align-
ment charts is lightly covered, most of the 
text being devoted to actual solutions of 
problems and chart examples. This subject 
and its handling is by no means new, as 
stated by the author. 
It seems to the reviewer that this book is 

a modern version of the classic work from 
the same publisher on the subject by Lipka 
thirty years ago. "Nomography" is an excel-
lent how-to-make-it book for those who sim-
ply want to makeup some charts without 
having to review whole sections of mathe-
matical theories first. 

A number of short cuts to the construc-
tional rules appear in one chapter, and a 
large number of typical charts appear 
throughout the book. 

RALPH R. BATCHER 
Caldwell-Clements 
480 Lexington Ave., 
New York 17, N.Y. 

High Vacua, by Swami Jnan-
ananda 

Published (1947) by D. Van Nostrand 
Company, Inc., 250 Fourth Avenue, New 
York, N. Y. 297 pages+9-page index+2-
page appendix+xiii. 133 figures, 33 tables. 
51X81 inches. Price, $5.50. 

The object of this book is to present an 
up-to-date and thorough treatise of theory 
and practice in the production of high vacua. 
Chapter 1 deals with the derivation of the 
formula of the kinetic theory of gases per-
tinent to problems of vacuum engineering, 
i.e., mean free path, collision frequency, co-
efficients of viscosity, thermal conductiv-
ity and diffusion, and molecular stream-
ing, etc. Vapor pressure is pressed over 
lightly, giving only Langmuir's original data 
on tungsten. Chapter 2 discusses numerous 
designs of mechanical, molecular, and vapor 
pumps. At the end of the chapter is a table 
of available data on nearly all of these pumps 
giving backing pressure, speed of exhaust, 
and limiting pressure. Chapter 3 discusses 
all types of pressure-measuring devices and 
again sums up the pertinent data regarding 
range of operation, etc. No mention is made 
of the "Phillips" discharge gauge which ap-
peared in the literature in 1937. Chapter 4 
deals with some of the more pertinent tools 
of high-vacuum apparatus giving valuable 
details on waxes, greases, etc., and various 
types of gas valves. Other subjects are 
treated lightly, particularly methods of de-
tecting leaks. No mention is made of the 
mass spectrometer, the palladium valve, or 
even the simple hot-tungsten-filament de-
tector. Chapters 5 and 6 cover very briefly 
the problems of occluded gases and getters, 
respectively. 
This book contains valuable tables on 

the more pertinent information for high-
vacua work, sums up the working formula 
of the kinetic theory, describes and compares 
a wide variety of pumps and gauges giving 
references to the original papers. In the re-
viewer's estimation it contains more informa-
tion in one book on this subject than can be 
obtained elsewhere. It suffers somewhat by 
doing a more thorough job on the earlier 
work with little information on more recent 
progress. It is relatively free of errors for a 
first edition. One of the most annoying de-
fects is the omission of titles from many of 
the figures and a failure to locate on the fig-
ures the pertinent points discussed in the 
text. For example, Fig. 3-16, a picture of a 
system for measuring vapor pressure of 
mercury, is utterly useless. 
The book should prove valuable as a 

reference text, being more complete and bet-
ter organized than some others. 

H. D. DOOLITTLE 
Machlett Laboratories 

Springdale, Conn. 

Theory of Servomechanisms, 
edited by Jubert M. James, 
Nathaniel  B.  Nichols,  and 
Ralph S. Phillips 
Published (1947) by McGraw-Hill Book 

Company, 330 West 42 St., New York 
18, N. Y. 270 pages+5-page index+xiv. 
158 figures. 9X6 inches. Price, $5.00. 

The authors of this book were members 
of the Radiation Laboratory which op-
erated at the Massachusetts Institute of 
Technology during World War II. One of 
the outstanding contributions of this group 
was the development of a system in which a 
sharply defined radio beam was made to 
remain automatically pointing at an air-
plane, regardless of the pilot's maneuvers 
(to a large extent). Previous experience had 
shown that an automatic system, when cor-
rectly designed, accomplishes its purpose 
more accurately than could a highly trained 
operator. 
The development of such an "automatic-

tracking radar" is particularly difficult be-
cause successive short radio pulses have to 
be reflected from the airplane; and the air-
plane's reflecting properties fluctuate in a 
completely irregular manner, due to change 
in its aspect resulting from yaw, roll, and 
pitch. A sample record of such fluctuations 
is shown on page 264. 
A mathematical theory of just such con-

tinuous but random functions of time had 
been devised by N. Wiener and published in 
1930 in a highly abstract paper. On the other 
hand, the brusque maneuvers of the pilot 
attempting to avoid the flak constitute a 
random series of discrete events, of standard 
statistical character. The automatic-track-
ing radar was thus an entirely new kind of 
servomechanism, since the data from which 
it had to work were two random time series, 
one continuous, the other discrete. However, 
mathematical methods were at hand for 
dealing with either type. 
What the method of design was, which 

the Radiation Laboratory group built on 
these premises, is the subject of the second 
and most original part of the book (Chap-
ters 6 to 8). It is a clearly and beautifully 
told story, which will thrill every reader cog-
nizant with the prewar state of the art. 
The first part (Chapters 1 to 4) is an ex-

cellent and thorough account of the design 
of servomechanisms based on sinusoidal 
steady-state analysis. This part will be easy 
and profitable reading for those already 
familiar with previous books by either 
Lauer, Lesnick, and Matson (less advanced) 
or MacColl (very succinct). 
Chapter 5, an interlude on servo sys-

tems with pulsed data, is highly recom-
mended to those with a mathematical sense 
of humor. Besides, the argument on page 231 
is the simplest way to explain to a beginner 
the antagonism between gain and stability, 
a basic notion which is usually derived from 
elaborate stability theories. 
It is remarkable how little of the con-

tents of this book was known a relatively 
short time ago. At the close of World War I, 
even such a simple thing as the quantita-
tive analogy of electrical and mechanical 
vibrations was known by very few designers, 
who kept their knowledge to themselves. 
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Now consider the level of the present work, 
a product of World War II. The rate of ad-
vance in the broad field of electromechanical 
systems is really amazing. 

P. LE CORBEILLER 
Harvard University 
Cambridge 38, Mass. 

Magnetic Control of Industrial 
Motors, by G. W. Heumann 
Published by John Wiley and Sons, Inc., 

440 Fourth Avenue, New York 16, N. Y. 589 
pages+4-page index +ix pages. 365 illustra-
tions, 6X9 inches. Price, $7.50. 
For the benefit of those who are confused 

by terminology, magnetic control of motors 
(as distinguished from manual control) is by 
magnetic contactors, giving greater flexibil-
ity, safety, and convenience to the operator. 
The book contains a resume of the principles 
of motor operation and a description of the 
accessories of all types that are available for 
their starting-speed control and for protec-
tion. It explains the performance of motors, 
characteristics of control devices, and the 
function of fundamental control circuits. 
The treatment is aimed at industrial appli-
cation engineers, design, operating plant, 
and maintenance engineers. It also covers 
the main electronic control equipment that 
is available to the industrial power field, and 
there is a chapter on amplidynes. In all cases 
the treatment is factual and covers com-
mercially available equipment. 

RALPH R. BATCHER 
Caldwell-Clements 
480 Lexington Ave. 
New York 17, N. Y. 

Frequenzmodulation, by Paul 
Guttinger 
Published (1947) by Verlag AG. Gebr. 

Leemann and Company, Zurich, Switzer-
land. 166 pages+3-page index +14-page 
bibliography. 99 figures. 6 X 9 inches. Price, 
25 Fr. 

This new book, written in Switzerland, 
in German, is intended to be used as a text 
book in an advanced college course, or as a 
reference book by design engineers. Al-
though, as the author states, a certain 
amount of mathematics is inevitable for a 
thorough treatment of frequency modula-
tion, the theoretical aspects of the subject 
have been well balanced with useful design 
formulas and practical circuits, even to the 
inclusion of a complete circuit diagram for an 
88- to 108-Mc. broadcast receiver using mod-
ern American miniature tubes. 
The chapter headings are: "General 

Theory of Frequency and Phase Modula-
tion"; "Distortion"; "Frequency Modu-
lation Reception in the Presence of Noise"; 
"F.M. Transmitter"; "F.M. Receiver"; fol-
lowed by a mathematics appendix and ex-
tensive bibliography with 295 entries. The 
author has made each chapter self sufficient, 
which greatly increases the book's utility 
for reference purposes. Considering the 
small size of the book, the subject matter 
has been adequately, clearly, and satisfac-
torily covered. Particularly noteworthy is 

the inclusion of a discussion on the instan-
taneous-frequency vs. frequency-spectrum 
aspects of a frequency-modulated oscillator, 
and a rather extensive treatment of circuit 
and propagation distortion. Although the 
author's introduction states that f.m. and 
p.m. are inseparably related to one another, 
a considerable portion of Chapter I is used 
in explaining the difference between the two. 
The same space might better have been de-
voted to a final chapter covering uses of 
f.m. to applications other than communica-
tions. 
The material presented in this book can 

be considered modern and up-to-date (as of 
about January, 1947), although some of the 
more recent developments are considered 
only briefly. 

L. J. GIACOLE1TO 
Radio Corporation of America 

RCA Laboratories 
Princeton, N. J. 

Automatic Record Changers for 
the Service Man, Compiled by 
Howard W. Sams & Company 
Published (1947) by Howard W. Sams 

and Company, Inc., 2924 East Washington 
St., Indianapolis 6, Ind. 389 pages. 374 
figures. 84 XII inches. Price, $4.95. 

Any service repair man has a tough job. 
Radio service men have particularly tough 
jobs, and radio service men who encounter 
automatic record changers that misbehave 
must require a touch of clairvoyance and the 
luck of the Irish in order to leave a trail of 
satisfied customers. This manual lists some 
41 different types of automatic record 
changers by the manufacturer's name and 
model number. Each changer is illustrated 
in several views with identifying arrows 
pointing out the principal parts. An "ex-
ploded" drawing of each machine illustrates 
the relative positioning of the multitude of 
parts that make up these rather complex in-
struments, and each part is identified by a 
key number, referenced to a service parts 
list, which gives the manufacturer's part 
name and part number. 
The section on each make and model of 

changer also contains operational instruc-
tions, a description of the mechanical func-
tioning, and, in many cases, precautionary 
adjustment information, service adjust-
ments and troubles, and frequently, lubrica-
tion requirements. Many sections also con-
tain a list of radio receivers, by make and 
model number, in which the particular 
changer has been used. 
A cross index is provided, listing the 

trade names or manufacturers of radio re-
ceivers, with the corresponding makes and 
type numbers of record changers used 
therewith. 
The authors have undertaken to provide 

a manual on record changers for the service 
man, bound in one volume, and to give him 
as detailed a description and source of in-
formation as possible. All principal makes of 
automatic changers produced in the postwar 
period appear to be covered, and several 
wire and tape magnetic and disk recorders 
are included as well. The introductory sec-

tions of the book are devoted to a general 
description of the several basic types of 
changers, with discussions on such things as 
the trip mechanism, record selecting, set-
down point, and pickup cartridges. The sec-
tion on drive motors is unusually complete. 
Although many new and revised changers 
will come on the market as the years roll by, 
the old ones will still require service, and this 
work will certainly fill a valuable void for 
the harassed service man. No provisions 
are announced regarding a continuity flow 
of information on new models, however. 
Criticisms are difficult. It is felt, how-

ever, that the reactions on "wow" and "rum-
ble" are rather incomplete and perhaps not 
consistent with modern understanding of 
those problems—but maybe the service 
man is not particularly interested. It is sug-
gested, furthermore, that the service man 
ignore the instructions to use carbon tetra-
chloride on rubber-tired idlers for cleaning 
purposes, and use alcohol, or naphtha in-
stead, if he wants to avoid trouble with 
most present-day synthetics. 
No service manual can ever be a sub-

stitute for cleverness and ingeniousness, and 
the service man will still have plenty of 
trouble in finding and correcting the per-
verseness of most record changers; but all 
will, without doubt, find this volume of great 
helpfulness and assistance. 

H. C. FORBES 
Colonial Radio Corporation 

1280 Main St. 
Buffalo 7, N. Y. 

Howard W. Sams Dial Cord 
Stringing Guide, Compiled by 
Howard W. Sams & Company 
Published (1947) by Howard W. Sams, 

and Company, Inc., 2924 East Washington 
St., Indianapolis 6, Ind. 112 pages. 552 
figures. 8X54 inches. Price, 75 cents. 

One doesn't have to look in the "fine 
print" department in the back of this book 
on puzzles to find the answers. Dial stringing, 
without a book of rules, is a puzzle indeed, 
and the answers are found in some 550 dia-
grams, the main subject matter of the book. 
Undertaking to present the diagrams of 

most postwar receivers, and many prewar 
receivers from 1938, the book presents this 
information in readily usable form on some 
2200 different models, under 41 trade names. 
Since the stringing of many receivers is sub-
stantially identical, 552 diagrams suffice to 
cover the necessary information. 
This is a first edition, intended to aid the 

distracted radio service man, and barring 
the need for bifocals to make out a few of 
the diagrams, it seems a comprehensive 
effort. All major radio manufacturer's prod-
ucts are covered, as well as those of many 
smaller and lesser-known ones. 
General hints on stringing and on such 

subjects as causes of slipping and preferred 
types and sizes of cord are provided. The 
service man should find this volume a useful 
and valuable aid. 

H. C. FORBES 
Colonial Radio Corporation 

1280 Main St. 
Buffalo 7, N, Y. 
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I.R.E. People 

J. E. KEISTER 

J. E. KEISTER 

J. E. Keister (A'41—SM'46) was recently 
appointed section engineer of the television 
and broadcast engineering section in the 
transmitter division of the General Electric 
Company at Electronics Park, Syracuse, 
N. Y. 
Mr. Keister, who was born at Coburg, 

Iowa, and was graduated from Cornell Uni-
versity, has been associated with General 
Electric since 1935. From 1942 on he was en-
gaged in the development of radar and tele-
vision  transmitting equipment at the 
Schenectady and Syracuse plants. 

NEAL MCNAUGHTEN 

Neal McNaughten (A'44—M'45), former 
chief of the allocation section in the F.C.C. 
engineering department's broadcast division, 
recently joined the staff of the National 
Association of Broadcasters as assistant 
director of the engineering department. 
Born in Pueblo, Colo., in 1911, Mr. Mc-

NE  AL M C NAUGHTEN 

McNaughten was an amateur radio operator 
during his high school days. He studied at 
the University of Colorado, and entered the 
broadcast field as operator at KRGV, 
Weslaco, Texas, becoming chief engineer of 
the station in 1934. He entered government 
service in 1941. Between 1942 and 1945 he 
was first in charge of the primary F.C.C. 
monitoring station at Allegan, Mich., 1 to 
supervise radio intelligence operations, and 
later conducted propagation studies for the 
Office of War Information in Washington, 
D. C. He was also affiliated with F.C.C. rep-
resentation in IRAC and RTPB during the 
first studies of allocation problems for the 
Atlantic City ITC. He served as a member 
of the United States delegation to the 
meeting of American engineers looking 
toward the revision in Canada in 1948 of 
the North American Regional Broadcasting 
Agreement, and as a member of the United 
States delegation to the Atlantic City Inter-
national Telecommunications Conference in 
1947. 

R. H. RUDOLPH 

RICHARD H. RUDOLPH 

Richard H. Rudolph (M'46) has been 
appointed sales manager of precision and 
laboratory test equipment and crystals for 
the Specialty Division of General Electric 
Company at Electronics Park, Syracuse, 
N. Y. Formerly a commercial engineer in 
the division, he will now have charge of the 
sale of this equipment to nucleonic research, 
manufacturing, and educational organiza-
tions. 
A native of Duncan Falls, Ohio, Mr. 

Rudolph was graduated from Ohio Uni-
versity with the B.S. degree in electrical en-
gineering. In May, 1943, he joined General 
Electric and was assigned to the test de-
partment. For two years he worked on 
equipment for the armed forces at Erie, 
Pa., Schenectady, and Syracuse, N. Y. He 
transferred to an engineering section in the 
specialty division in October, 1945. 

A. B. FANCHER 

A. B. FANCHER 

A. B. Fancher (A'43), recently-appointed 
section engineer of the General Electric 
Company at Electronics Park, Syracuse, 
N. Y., is a native of Hartford, Conn., and 
a graduate'of Brown University. He has 
been connected with electronics engineering 
since 1940 and has been actively engaged in 
the development and design of General 
Electric microwave television relays and 
television transmitter equipment. 

C. R. MINER 

C. R. Miner (M'46), formerly section 
leader for standard-line and Musaphonic 
receivers with the General Electric Com-
pany, is now designing engineer with re-
sponsibility for the technical design of 
Musaphonic, standard-line, portable, con-
tract, and export receivers. 

C. R. MINER 
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K. C. BLACK 

K. C. BLACK 

K. C. Black (M'29—SM'43) has recently 
joined Air Associates, Inc., of Teterboro, 
N. J., in the capacity of chief radio engi-
neer. Dr. Black will work under the direc-
tion of General Barney M. Giles (retired), 
vice-president and director of engineering, in 
connection with government sponsored de-
velopment projects in the electronic field. 
Dr. Black graduated froni Harvard in 

1924 and obtained his doctor's degree from 
this University in 1927. During a period of 
teaching and research at Harvard, specializ-
ing in problems associated with the applica-
tion of magneto striction to the art of com-
munication, he worked as a research physi-
cist for the Boonton Research Corporation, 
gaining a number of patents on circuit and 
vacuum tube designs. He joined the Bell 
Telephone Laboratories in 1930, where he 
remained until shortly after the outbreak of 
World War II. Early in 1942 Dr. Black was 
appointed a member of Division 15, and 
later Division 13, in the National Defense 
Research Council. 
Prior to his current post, Dr. Black was 

with the Aircraft Radio Corporation of 
Boonton, N. J. 

DONALD W. PUGSLEY 

Donald W. Pugsley (A'39—M'45—SM'46), 
formerly section leader for television re-
ceivers in the General Electric Company's 
receiver division, has been named designing 
engineer with responsibility for the technical 
design of television receivers. 
Mr. Pugsley, who is thirty-five years old, 

has been associated with the Receiver Di-
vision of the General Electric Company for 
thirteen years, the last ten of which were 
devoted to the development of television 
equipment and military electronic equip-
ment. 
Shortly after his present appointment 

Mr. Pugsley was awarded honorable men-
tion as an "outstanding young electrical 
engineer" for the year 1944 by Eta Kappa 

DONALD W. PUGSLEY 

Nu. While this electrical engineering fra-
ternity makes these awards annually, the 
announcement of the winners chosen during 
the war was suspended until this year. 

DONALD B. HARRIS 

Donald B. Harris (SM'45) has joined 
the Collins Radio Company of Cedar 
Rapids, Iowa, as executive assistant to the 
director of research, W. W. Salisbury. 
Mr. Harris received the A.B. degree from 

Yale University in 1922, and joined the 
Northwestern Bell Telephone Company in 
St. Paul, Minn., in 1924. He was with this 
company in various engineering and super-
visory positions until 1942, when he was 
called to Harvard University as technical 
aid to the chairman of the National Defense 
Research Committee, division 15: the group 
responsible for the development of such 
electronic wartime counter measures as 
radar jamming and "window." Mr. Harris 
returned to Northwestern Bell in Des 
Moines late in 1945 as Iowa area transmis-
sion and protection engineer, and went from 
that company to Collins. 

DONALD B. HARRIS 

ALLAN W. PARKES, JR. 

ALLAN W. PARKES, J. 

Allan W. Parkes, Jr. (A'30-VA'39), was 
recently appointed head of field engineer-
ing and sales department at the Aircraft 
Radio Corporation, Boonton, N. J., with 
which he has been associated since 1927. 
From 1917 to 1919 Mr. Parkes served 

with the United States Naval Aviation, and 
later taught physics at Lafayette College 
and Harvard University. He was graduated 
from Clark University with the class of 
1922. During World War II he was awarded 
a Certificate of Commendation by the Navy 
Department for field engineering and liaison 
work with BuAer. 

FRANK MARX 

Frank Marx (A'21—SM'47) has been 
elected vice-president in charge of advertis-
ing of the American Broadcasting Company. 
Mr. Marx joined ABC in December, 

1943, after twenty years' experience as a 
radio engineer and technical consultant. 
From 1930 to 1943 he was chief engineer of 
station WMCA, New York. He is a fre-
quent contributor to technical publications, 
and, during the war, served as a consultant 
on several war effort and defense com-
mittees. 

DANIEL E. HARNETT 

Daniel E. Harnett (A'25—M'35—F'42) 
of the Harnett Electric Corporation, Port 
Washington, L. I., N. Y., formerly chief en-
gineer of the Hazeltine Electronics Corpora-
tion, Little Neck, L. I., N. Y., was awarded a 
Certificate of Commendation by the United 
States Navy for his achievements during 
World War II. The certificate was accompa-
nied by a citation reading, "This award is 
made for your outstanding supervision of a 
large engineering force of the Hazeltine Elec-
tronics Corporation and its subcontractors, 
and for your guidance in the development 
and coordination of production of a variety 
of identification and radar beacon equipments 
which were used interchangeably by the 
Allied Services." 
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John F. Jordan 

Chairman, Cincinnati Section, 1947-1948 

John F. Jordan (A'40-M'45) was born in Pittston, 
Pa., on November 23, 1908. He received the E.E. degree in 
1932, after finishing the five-year co-operative course at the 
University of Cincinnati. 
From 1927 through 1931, Mr. Jordan was employed in 

various electrical industries and in the Basic Science Re-
search Laboratory of the University of Cincinnati as part 
of his training course. From 1931 to 1933 he was engaged by 
Professors R. S. Tour and L. R. Culver, University of Cin-
cinnati, as an assistant in their research on gas tubes and 
automatic control devices. In 1933-1934 he became a 
partner in the Scientific Service Company, which designed 
and built special equipment. In 1934 he was connected 
with the Crosley Radio Corporation, and from 1934 to 
1935 he was in charge of luminous-tube manufacture for 
the American Sign Company. In 1935 he joined the research 
staff of The Baldwin Company, Cincinnati, where he was 
engaged in research on electrical musical instruments, in 
which field he holds numerous patents. In 1941 he was 
placed in charge of an underwater sound project; in 1942 
he became assistant chief engineer; in 1943, chief produc-
tion engineer; and in 1945 he was appointed to the position 
of chief engineer in charge of all engineering and research 
for the same company. 
Mr. Jordan served successively as Secretary-Treasurer 

and Vice-Chairman of the Cincinnati Section of the I.R.E., 
and he was Chairman of the Spring Technical Conference 
on Television, held annually in Cincinnati. He is a regis-
tered professional engineer in the State of Ohio, a member 
of the Engineering Society of Cincinnati, the Herman 
Schneider Foundation, Tau Beta Pi, and Eta Kappa Nu. 

Fred W. Fischer 

Chairman, Baltimore Section, 1947-1948 

Fred W. Fischer (A'36-SM'46) was born in Ft. Wayne, 
Ind., on September 11, 1908. He is one of those individuals 
who has "lived" radio since the days when a Ford spark 
coil was something that was thought not warranting the 
benefit of a government license. A continuation of this early 
radio interest took a more commercialized form in 1932, 
when he was employed as an operator at radio stations 
WOWO and WGL in Fort Wayne, Ind. 
In 1935 Mr. Fischer was appointed chief engineer of 

WOWO and WGL, remaining in this position until 1940, 
when he moved to Baltimore, Md., as design engineer at 
Westinghouse. His work here was chiefly directed at the de-
sign of broadcast transmitting equipment, including 5-kw. 
and 50-kw. a.m. and f.m. transmitters. At the outbreak of 
war in December, 1941, he was assigned as project engineer 
in charge of the design of government radar equipment. 
In 1944 he turned from design engineering to applica-

tion engineering in connection with government contracts, 
chiefly radar, and served in this capacity until the end of 
hostilities in August, 1945. At this time he was appointed 
to his present post of supervisor of sales for communica-
tions products in the Industrial Electronics Division of 
Westinghouse. As such, he has sales responsibility for sev-
eral product lines, including marine radar, power-line carrier 
and, his first love, broadcast equipment. It is in the broad-
cast field that Mr. Fischer is best known among his many 
friends. From 1925 until 1940 he operated amateur radio 
station W9CVX. His present station is W3IWX. 
Mr. Fischer has served as Secretary-Treasurer, and 

Vice-Chairman of the Baltimore Section of the I.R.E., and 
was elected its Chairman in June, 1947. 



THE NEW NAVAL ORDNANCE LABORATORY 

At White Oak, Maryland, near Washington, District of Columbia, the United States Navy's Bureau of Ordnance is establishing a group of thoroughly equipped 
laboratories wherein fundamental principles and specific applications of interest to the Navy can be comprehensively studied. 
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Fundamental Problems of Radio Engineers 
and the F.C.C.* 

WAYNE COY t 

WOULD like to say first of all that in 
planning my talk here today I have 
tried to abide by your new rules for 

giving a technical paper. 
I studied these new rules in an article in 

the current issue of the PROCEEDINGS OF THE 
I.R.E. I studied them diligently because I do 
have some important problems to discuss 
and I want to do it in the very best I.R.E. 
manner. 
The first rule, this writer says, is to 

avoid "soporific monotony." Now that rule 
has caused me some trouble—and you will 
see what I mean before I am finished, I'm 
afraid. 
Next, he says, the speaker should avoid 

"unfamiliar words." 
I hate to quarrel with such an undoubted 

authority on the subject, but frankly, I don't 
believe that if a paper doesn't have soporific 
monotony or unfamiliar words, you can call 
it a technical paper. 
It wouldn't be the real thing. 
It would be counterfeit. 
Among the ways to avoid this "soporific 

monotony," according to this author, is to 
open up with a startling statement, a 
rhetorical question, a quotation, or a humor-
ous story. 
I have made an honest effort. I have 

wracked my brain, but I cannot for the life 
of me think of any startling statement, 
rhetorical question. quotation, or humorous 
story appropriate for a gathering of radio 
engineers. 
I know a lot of funny stories about col-

lege professors, doctors, undertakers, law-
yers, and a lot more about bureaucrats— 
many of which I have heard from you. But 
I never heard one about radio engineers. 
Radio engineers simply are not funny 

people. 
They are people. 
But they are not funny. 
In fact, the New York Times had one of 

its observers make a study of the species 
recently. He published his findings the other 
day. He stated that radio engineers are 
(and I quote) "laconic and cynical, com-
petent and steady." (And that's the end 
of the quote but not all of the study.) 
Now I ask you, how would anyone go 

about startling or amusing people like that? 
People who are "laconic and cynical, 

competent and steady"? 
So I have reluctantly given up the idea 

of delivering a technical paper here today. 
Instead, I am going to chat with you 

about some of the fundamental problems 

• Decimal classification: R007. Original manu-
script received by the Institute. March 23. 1948. 
Presented, 1948 I.R.E. National Convention, New 
York, N. Y., March 23, 1948. 
t Federal Communications Commission, Wash-

ington. D. C. 

that you radio engineers and the Federal 
Communications Commission have in com-
mon. 
I promise not to use any unfamiliar 

words. 
However, I am not issuing any guarantee 

against "soporific monotony." 
These are crowded days for all of us 

concerned with radio. This postwar radio 
boom is, in fact, so feverish that it is ex-
tremely difficult to resist the temptation to 
become so busy with the tasks immediately 
at hand that we lose sight of broad funda-
mental problems. 
You are loaded down with various spe-

cial demands requiring day-to-day action 
for your company or your clients. We at the 
Commission have a mountain of applica-
tions for broadcasting stations and many 
other types of applications, with the appli-
cants—and many of their friends—under-
standably enough pressing for action. 
And yet, when we stand back and take a 

good long-range view, we all realize that the 
fundamentals of this radio field are really 
our primary responsibilities. 
In the first place, the American public 

looks to us—to you engineers and to us at 
the Commission—to guard and to foster the 
public interest, to build soundly for the 
future. 
In the second place, you have a selfish 

interest here. 
Your own future as members of the radio 

engineering profession is bound up with the 
way in which we decide radio's fundamental 
problems. 
Over-all planning for radio's future 

should be our first order of business. 
We need only to look to other fields and 

back on other days to see how disastrous it 
is to neglect this responsibility. The ruth-
less exploitation of our timberlands, the 
ruinous practices that created the dust bowl, 
are just two examples. 
We are custodians of this public trust— 

the radio spectrum—not only for today, but 
for the next generation. 
Their need for rapid communication and 

all the other services of this marvelous sci-
ence will be even greater than ours. 
If we do not want our children to accuse 

us of neglect or faithless stewardship when 
they come into their estate, we must pass on 
to them this heritage as efficiently managed 
as we have the talent to do. 
We must conquer our impatience long 

enough to take time out to grind on the fat 
part of the axe. 
If we fail to do this, we are going to wake 

up some day and find that our radio tool is 
too dull to do all the big jobs we have a right 
to expect from it. 
The events of the past few days give a 

special urgency for the kind of radio pre-
paredness I am talking about. 
If we needed another reason for putting 

our radio house in order, we have it in the 
President's special message to Congress. 
Any effort we make today toward broad-

gauge planning will pay rich dividends to-
morrow in accelerated progress for the radio 
industry as a whole and in terms of greater 
national security. 
The spirit of mutual understanding and 

co-operation has always been a touchstone 
of progress in radio technique. Our past 
successes augur well for the future. 
I am going to talk for a few minutes 

about two of the areas in which planning is 
of vital importance. 
First, I want to report on the progress 

we are making in reaching world-wide and 
regional agreements so that all nations can 
get the best use out of the radio spectrum. 
And second, I want to discuss the prob-

lem of making the best use of the radio 
spectrum above 30 megacycles. 
Let's look at the international picture 

first. 
Radio has always been an international 

problem, but in these days of expanded use, 
varied application, and more powerful beam-
ing, planning on a global scale has become 
paramount. 
This year, for example, there are fifteen 

international radio conferences. 
Some of the more regular delegates are 

saying that the old Navy slogan ought to be 
changed to read: "Become a radio engineer 
and see the world." It has become as handy 
for them to know foreign languages as to 
know about wave propagation. These dele-
gates are half engineer and half diplomat 
and their reports of their activities sound like 
a Fitzpatrick travelog. 
The ports of call this year alone include 

Brussels, The Hague, Geneva, London, 
Stockholm, Oslo, Montreal, and (perhaps) 
Mexico City. 
The end of the war found us with marvel-

ous technical advances in the science of 
radio. It found us with enormously multi-
plied demands for radio in all parts of the 
world and for scores of new uses. But also it 
found us with obsolete international agree-
ments which made it impossible for the na-
tions of the world to obtain the maximum 
benefits of the technical progress of radio. 
Aviation, high-frequency broadcasting, 

shipping, overseas radiotelephone and radio-
telegraph were stymied in their efforts to 
employ radio on the scale that the radio 
engineers had made possible. In some fields, 
international co-operation may be merely 
desirable, but in the case of these radio serv-
ices it is absolutely indispensable. 
The first great step to modernize our 
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international procedures was taken at the 
World Telecommunications Conferences at 
Atlantic City last summer. Approximately 
1000 delegates representing 78 nations 
labored there through five hot and weari-
some months to lay the foundation for this 
new era in global radio. All of us in all 
phases of radio owe these men a deep debt of 
gratitude for their brilliant and successful 
efforts. Their vision, skill, zeal, and tolerance 
leave a high mark for all succeeding confer-
ences to shoot at. 
The Atlantic City conferees made a new 

table of frequency allocations to meet pres-
ent-day requirements. 
Then they took a new step in radio 

history. 
Heretofore, nations have staked a claim 

to frequencies on a first-come, first-served 
basis. The method was haphazard, wasteful, 
and unfair. The Atlantic City conferees 
junked it. They agreed, instead, to allot fre-
quencies to their stations by means of engi-
neering principles. 
That step was a triumph for the engineer-

ing profession. 
In that decision, the radio engineers of 

the world realized a dream of years. 
The lengthy series of international con-

ferences in which we are now engaged will 
spell out in detail just how the broad prin-
ciples of Atlantic City are to be applied in 
the various services. 
I want to give you a brief report on the 

four most important conferences being held 
to do this work. 
The first is a meeting of the Provisional 

Frequency Board in Geneva. The U. S. 
representative to  the  Provisional Fre-
quency Board is Ray C. Wakefield, a former 
member of the Federal Communications 
Commission. This meeting started in Jan-
uary and probably will be in session for two 
years. Its job is to produce a draft of the 
first edition of the new International Fre-
quency List as agreed upon at Atlantic 
City. That list will show the specific assign-
ments of frequencies to specific stations. 
The Board itself will study only the prob-
lems of the fixed (point-to-point radiotele-
phone and radiotelegraph) service and the 
maritime mobile service. 
Another group meeting in Geneva this 

spring will draft the frequency-assignment 
plan for the aeronautical mobile service. 
Mexico City will be the scene of the next 

high-frequency broadcasting conference in 
October. It will assign the new frequencies 
to the domestic and international high-fre-
quency broadcasting stations. In the United 
States we use these high frequencies only for 
international broadcasting. Our thirty-six 
stations now operating constitute the Voice 
of America. Some of the other nations use 
these frequencies for domestic broadcasting. 
The World Aeronautical Conference at 

Geneva and the High-Frequency Broadcast-
ing Conference at Mexico City will submit 
their recommended frequency assignments 
to the Provisional Frequency Board. The 
Board in turn will submit these two plans 
plus the plans for the fixed and the maritime 
mobile services to a special administrative 
conference of governments at Geneva. That 
Special Administrative Conference is to ap-

prove the work of the Board; that is, the first 
edition of the new International Frequency 
List. And it will set the date on which the 
List is to go into effect. 
The target date is September 1 of next 

year-1949. 
That date will be one of the big mile-

stones in radio. 
It will be the day the Atlantic City 

Radio Regulations become completely effec-
tive. 
It will make the change-over from the 

old frequencies and the old regulations, 
which were adequate when they were 
adopted at Cairo ten years ago, but have 
since been outmoded by the accelerated 
speed of recent technical developments. 
For tens of thousands of radio stations 

around the world, that day will be F Day— 
when they shift to new frequencies. 
It will be a day of sweeping changes for 

stations employing long-distance or "high" 
frequencies. 
Now, I don't want to start a panic among 

American broadcasters or American radio 
listeners. So I want to make it as plain as a 
pikestaff—clear beyond a shadow of a 
doubt—that these changes do not affect this 
nation's domestic broadcasting frequencies. 
There are some bands of frequencies for 

which suballocation or assignment plans 
must be drafted on a regional basis. In the 
main, these frequencies lie between 1605 and 
3400 kilocycles. Plans for the regional use 
of these frequencies by the Americas will be 
drafted at the Fourth Inter-American Con-
ference. That Conference will convene next 
January in the rarefied atmosphere of Bogota 
—elevation 8000 feet. 
A new permanent organization will be 

created at Geneva to administer the new 
Frequency List. It will be called the Inter-
national Frequency Registration Board. As 
the custodian of this international public 
trust, the Board will keep the new Fre-
quency List current. It will determine on 
the basis of engineering principles whether 
particular frequency assignments would 
cause harmful interference to services al-
ready established. The Board will be com-
posed of eleven members. The first chairman 
is Captain Paul Miles, formerly chief of the 
Frequency Service-Allocation Division of 
the F.C.C. Engineering Department. 
The concept of this permanent interna-

tional body of experts, and the concept of a 
new frequency list based on engineering 
principles, are ideas originally proposed by 
radio engineers of the United States both 
in and out of the government. 
From this you can see that we can soon 

bring order out of chaos in the field of inter-
national radio. 
We are paving the way by this series of 

conferences to speed communication all 
around the globe, with its attendant impetus 
to commerce and the spread of information 
and understanding between peoples. 
We are paving the way for the practical 

everyday use of such war-born marvels as 
radar and loran. We are moving closer to 
the day when we can begin to employ these 
marvels on a world-wide basis to enhance the 
safety, comfort and efficiency of people 
everywhere. 

I have described the status of the At-
lantic City radio plan in some detail to 
emphasize the fact that, while much has 
already been done, we still have much to 
do. 
We must let nothing stand in our way. 
Members of The Institute of Radio 

Engineers have made substantial and com-
mendable contributions of their talents and 
time to this work. And I am certain that 
they will continue to do so. 
The most significant factor affecting the 

second of the two main problems that we 
face—that is, the fullest use of the radio 
spectrum above about 30 megacycles—is not 
international co-operation, but sound plan-
ning for the future domestically. Except for 
certain bands of frequencies that require 
international standardization because of 
their use by ships and aircraft, this upper 
spectrum constitutes essentially a national 
problem. This is because, in general, these 
frequencies have short-range propagation 
characteristics. Those bands required for 
international aviation and marine purposes 
were standardized at Atlantic City, in ac-
cordance with our proposal to the Confer-
ence, and, therefore, need not be re-examined 
for some years to come. 
In 1944, the F.C.C. conducted a compre-

hensive frequency-allocation hearing, and, 
in 1945, published a finding. This finding 
became not only the basis of the allocation 
proposal which the Department of State 
transmitted to the Atlantic City Radio 
Conference, but also became the blueprint 
for the Commission's postwar regulation of 
this upper spectrum. Now that we are cer-
tain that adjustments in this plan will not 
be required, at least for some years, for pur-
poses of regional and world-wide stand-
ardization of aeronautical and maritime uses 
of radio, we must examine where we are and 
where we are going. 
Many new uses of radio were provided 

for in the Commission's 1945 frequency 
plan. 
One of these new uses, for example, was 

the Citizens Radio Service—a personal, 
short-range two-way radio service in the 
460470-megacycle band for use by the 
general public. The Commission has just 
given its type approval to the first trans-
ceiver for this new service. This means that 
as soon as this first type-approved set gets 
into production the public can start enjoy-
ing this new type of radio service. Having 
given type approval, the Commission will 
make it very simple to get a station license. 
Many additional uses for radio have been 

suggested since 1945, so that it becomes in-
creasingly evident that the most careful 
planning will have to be done on a continu-
ous basis, if the objectives of the Communi-
cations Act and the desires of the American 
people are to be met. 
This may suprise you, since you prob-

ably assume that planning has been done 
and is being done. That is perfectly title, 
but the point I should like to stress is that 
we must, from time to time, readjust our 
sights and make as certain as it is possible 
for us to do that the next generation will be 
able to derive the maximum benefits from 
the public domain we call the ether. 
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It is quite easy for us to color our plan-
ning on the basis of expediency and tempo-
rary problems of the present. It is equally 
easy for us to assume, as accomplished 
facts,  scientific  developments and  ad-
vances in the art that cannot be realized. 
Either of these courses of action repre-

sents an extreme. Further, the extent to 
which these factors may be implicit in our 
planning determines, in part, the sound-
ness of a service-allocation plan. 
Yet it is apparent that we must have 

some plan, since uncontrolled experimenta-
tion in the upper spectrum would prevent 
the development of essential radio services 
that cannot begin operations in advance of 
reasonably certain knowledge that their 
frequency allocations are secure. Moreover, 
it is an axiom, in problems of this kind, that 
no one service can be allotted an expansion 
of its spectrum space except at the expense 
of other services. 
So, with a finite spectrum whose upper 

limit is determined at any given time by the 
state of the art, and with constantly expand-
ing frequency requirements of the several 
services, as well as suggestions for new 
uses of radio, it is apparent that we have a 
dynamic problem for which there is no static 
solution. 
Now the Commission has certain powers 

under the Communications Act, but in the 
final analysis the Commission is merely the 
sounding board of the desires of the public; 
therefore, the Commission must and does 
approach problems of this kind from the 
standpoint of what appears to be in the 
public interest, convenience, and necessity. 
The first consideration in appraising the 

future use of this upper spectrum is an 
evaluation of the principal services for 
which spectrum space has been provided. 
Broadcasting, electronic aids to naviga-

tion, vehicular communication, radio relay 
systems, and miscellaneous communication 
services—all are accorded bands of fre-
quencies. By no means do the amounts of 
spectrum space, and the corresponding 
orders of frequency for each of these serv-
ices, necessarily represent a complete sat-
isfaction of their ultimate needs. No plan 
will do that. If only two services had to 
be accommodated, it is likely they each 
would wish the same bands. And we have 
many services and dozens of uses of radio 
to accommodate. 
We facilitate the fullest use of the spec-

trum by adopting and adhering to certain 
technical principles, such as giving first 
priority to services that cannot use wire in 
lieu of radio and which are required for the 
protection of life and property. Also, we 
can support projects intended to result in 

the most economical use of the radio-fre-
quency spectrum. 
All these things we do, and more. 
But anyone interested either in the future 

of television broadcasting or in providing 
mass vehicular communication service knows 
these measures do not, in themselves, assure 
the attainment of the full scope of the ob-
jectives in either of these fields. 
We know the American public accepts 

television, and it is the duty of the Commis-
sion to provide allocations so all the people 
may receive this service. 
I can be more explicit. A solution of the 

present sharing arrangements will not serve 
to make the available television frequencies 
any more adequate for a "truly nation-wide 
and competitive system to television" than 
they are now. If my predictions come true, 
I expect to see all television channels in the 
nation's 140 metropolitan areas assigned 
within the next twelve months. 
Can we be satisfied with a metropolitan 

television system in the United States? I 
cannot conceive that anyone can answer 
that question in the affirmative. If we can 
not devise plans for "a truly nation-wide, 
competitive system" of television for the 
next generation, we are not worth our salt. 
But when are we going to get at the 

job? How will we approach the task? Who 
is going to take the initiative? 
Someone may say to me, "Why doesn't 

the Commission move ahead?" And assum-
ing that I have been asked such a question, 
let me reply—at least in part. 
In the first place, the Commission has 

pointed out the present inadequacy of 
channels. Secondly, it has pointed out the 
importance of adequate experimentation in 
the high band. And I now want to point out 
that the Commission has not had made 
available to it adequate information as to 
the characteristics of the so-called "high-
band television" (475 to 890 megacycles) to 
enable it to write detailed standards for 
such a service. We at the Commission must 
look to the industry for more rapid develop-
ments in this area. It is an urgent matter. 
Soon all presently available frequencies will 
be assigned. Even then many people who 
want television service, and those who 
should have it will not be able to get it. 
Hundreds of broadcasters who want to get 
into the television business will not be able 
to do so. Are you and we going to sit heavily 
while this happens? 
Many types of vehicles can make effec-

tive use of radio, and the Commission must 
satisfy this need, also. 
The result is that the television broad-

casting service and the land mobile service 
each are competing for the use of the same 

bands of frequencies. This is not news; it 
was recognized in the Commission's alloca-
tion report of 1945. 
The solution to this facet of the problem, 

when we find it, will be news. And when I 
say "we," I mean just that—I include the 
radio industry generally, the Commission, 
and the general public to the full extent its 
best interests can be made known in a tech-
nical problem of this kind. 
Besides conflicts between different serv-

ices that are competing for the same fre-
quency bands, we have fundamental tech-
nical problems that must be solved if we are 
to utilize the upper radio spectrum in all 
parts of the country. 
In the prewar spectrum, geographical 

spacing between stations did not generally 
become important in the assignment of fre-
quencies to stations. We seldom had more 
than a dozen stations on the same frequency. 
Now, we can expect to assign a given fre-
quency in this upper spectrum in dozens, 
even hundreds, of places throughout the 
country. 
Certainly we cannot expect to utilize 

this part of the spectrum without serious 
restrictions on the geographical location of 
stations unless we wage a relentless war on 
spurious emissions and unwanted harmonic 
radiations. The suppression requirements 
are particularly severe for services in which 
the offending transmitters are adjacent to 
or move among the affected receivers, such 
as in the amateur and urban mobile services, 
or are of very high power, such as in f.m. 
and television. 
I should like to impress upon you the 

seriousness of this problem and ask you, as 
engineers, to consider as incomplete any 
transmitter design which fails to include 
adequate provision for such suppression. As 
to receiver design, it is evident that many 
present broadcast receivers in particular are 
deficient in regard to the suppression of 
oscillator radiations and in selectivity. Per-
haps your efforts and ingenuity will result 
in simpler and more effective methods than 
are now available, and we may look for-
ward to having them described in the pages 
of PROCEEDINGS OF THE I.R.E. in the not-
too-distant future. 
Ladies and gentlemen, radio is still new. 

Let us continue to try as hard as we can to 
establish a well-balanced plan for using this 
great natural resource, and of assuring our-
selves that both the next generation, as well 
as our own, will be able to enjoy this heri-
tage. It know I speak for the entire Com-
mission when I say that we will need all the 
help we can get from the radio engineer. 
It has been a privilege and an honor for 

me to address you today. 
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An Engineer in the Electronics Industry 

Prospects —Preparation —Pay* 
H. B. RICHMONDt, FELLOW, I.R.E. 

AST YEAR The Institute of Radio 
Engineers celebrated its thirty-fifth 

  year of existence by holding the larg-
est-attended convention and show in its his-
tory. This event marked a milestone in its 
existence perhaps not fully appreciated at the 
time, but which has become increasingly 
apparent during the past year. As a closely 
integrated unit, the radio industry has prob-
ably passed its zenith, and instead has be-
come a grouping of interrelated industries. 
If this is true, as I believe it is, then The 
Institute of Radio Engineers is faced with 
important decisions as to how it can best 
serve this greatly expanded industry whose 
bounds are now only dimly defined. 
Of more immediate im portance than in-

dustry problems, however, to the young 
men who have recently entered our field, 
and to those who plan to do so in the near 
future, is the question of their own adequate 
preparation for their contemplated life 
work and how this can best be obtained. 
There have recently been some dire predic-
tions as to the impending surplus of radio 
engineers, and there are many indications 
that such a condition may materialize. It is, 
however, my belief that any such surplus 
will result more from inadequate technical 
training, which limits employment to levels 
below the aspiration of the young engineer, 
than from lack of employment opportuni-
ties. Certainly, if one will accept radio in 
its broadest sense, whether or not the actual 
terminology is radio, electronics, or radion-
ics, more positions than ever before are 
indicated for those with adequate prepara-
tion for them. 
Let us review some of the steps in the 

development of our industry, their relation 
to other fields of science and engineering, 
and compare them with the experience of 
some of the older engineering fields. This 
review should provide some indication of the 
future for our industry. 
The Institute of Radio Engineers was 

founded (actually, it was a combination of 
two other societies) by a group of men who 
were interested in the common problem of 
the transmission and reception of code 
signals through space. Many of the founder 
group had no college degree, and very few 
held degrees above the baccalaureate. Their 
early problems were largely those of empiri-
cal design and observations of transmission 
phenomena. This was radio of that day. A 
young man coming into the industry was 
expected to acquire soon a comprehensive 
grasp of the whole applied art, often includ-
ing the principles, at least, of transmitting 

* Decimal classification: RO M. Original manu-
script received by the Institute. March 22, 1948. Pre-
sented, 1948 I.R.E. National Convention, March 22, 
1948, New York, N. Y. 
t General Radio Company, Cambridge. Mass. 

tower design. The Institute was well on 
toward its fifteenth birthday before an occa-
sional paper pertaining to broadcasting ap-
peared in its PROCEEDINGS. These early 
papers were largely on transmitter design. 
It was at this point that advanced collegiate 
training became more and more desirable 
for those entering the radio field with a de-
sire to achieve eminence in electronic en-
gineering. Much of the rapid advance in the 
radio art in the late 1920's came from the ad-
vanced workers in the telephone field, and 
from teachers of electrical engineering, 
physics, and mathematics in oiir universities. 
When  the  Institute celebrated  its 

twenty-fifth birthday in 1937, specialization 
and advanced degrees were clearly indicated. 
Ten years later, because of the violent war 
acceleration in the field of science, this addi-
tional preparation became a "must" for 
those who desired to become leaders in 
research. Although we must not lose sight 
of the fact that not all technical personnel in 
the radio industry are engaged in research, 
it is especially in the area of research that 
the policy relationships of The Institute of 
Radio Engineers to other groups, such as 
the American Institute of Physics, must be 
considered. 
It has always been of interest to me that 

the twenty-one signers of the call to form the 
American Institute of Electrical Engineers in 
1884 were associated with the telegraph in-
dustry, a case parallel to the formation of 
The Institute of Radio Engineers. For the 
most part, they lacked college educations. 
They represented, however, the keen minds 
in the field at that time. One of these tele-
graph pioneers, Norvin Green, president of 
the Western Union Telegraph Company, 
became the first president of the AIEE. 
As the electrical art expanded, so did the 

activities of the AIEE, to the point that 
diversification of interest has from time to 
time threatened the solidarity of that society. 
Witness also the development of the Amer-
ican Society of Mechanical Engineers, with 
such important new fields as the automotive 
industry and the aeronautical industry 
stemming from it. Since the I.R.E. is a tech-
nical society and not a trade association, 
its membership coverage must be broad, but 
it must not seek to provide such a wide cov-
erage through its publications and policies 
that it will fail to provide a solid core of com-
munal interest to its membership. 
Just what are the prospects of the elec-

tronics industry during the next decade, and 
what are the obligations of the I.R.E. in 
the expansion so clearly indicated? Are our 
college courses in the electronics field so 
organized that their graduates will be pre-
pared for the tasks awaiting them? Before 
attempting to discuss these questions, I can-
not refrain from expressing myself on a 

subject that weighs heavily on me, as I 
know it does on many of you. 
I have vivid memories of the last three 

wars in which this country has participated, 
and I have been intimately associated with 
two of them. The facts facing us today are 
so grave that no man in the electronics in-
dustry can overlook them; and any plan he 
may have for the future, particularly in the 
field of technology, must be subject to modi-
fication, should his country need him for a 
larger service. 
This service may not mean actual war, 

even though that threat must not be over-
looked. It is called to our attention daily 
that, should we be engaged in another war, 
there would not be time to prepare after the 
first blow had been struck. You are familiar 
with the important part electronics played 
in the recent war, and with the vast emer-
gency training of specialized electronic per-
sonnel. I firmly believe that, in the interest 
of national security, some way must be 
found to keep a substantial part of the 
younger engineers of our industry in inti-
mate contact with the development and ac-
tual practice in the use of current military 
equipment in the electronic field. With the 
shameful wastage of technical personnel by 
the Selective Service in the last war, with 
lack of accord within the military as to wheth-
er universal military training or a new, 
quicker type of selective service would be 
better for the country, and with the three 
branches of our national defense only very 
recently getting together on an effective plan 
for unified action, I am at the moment hesi-
tant to trust to our military the sole control 
over our young engineers; therefore, until 
a better plan is presented, I am not yet in 
favor of univerEal military training. Regret-
fully I must confess that something ap-
proaching it is indicated. Perhaps our own 
industry can do something to help solve this 
most unpleasant and difficult problem. The 
young men of our industry, in particular, 
should be giving this problem their intense 
consideration, and the I.R.E. could well 
make this subject one of its immediate 
major activities. 
It is the military situation, nevertheless, 

that provides in the immediate future one of 
the large sources of employment in the elec-
tronics field. The electronics projects cur-
rently being supported by military and other 
public funds run into the thousands. They 
are being carried on within military and 
other governmental laboratories, as well as 
in collegiate and industrial laboratories. Em-
ployment statistics are purposely not gen-
erally available, but I have good reason to 
believe that today the man hours of degree-
holding personnel expended in the military 
electronic field far exceed the man hours of 
similarly trained personnel of a decade ago 
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in the entire broadcasting industry, includ-
ing the manufacture of receivers, the design, 
construction, and operation of broadcasting 
transmitters, and of the tie-in networks. 
Subject to short-term fluctuations, I forsee 
no general lessening of this type of military 
personnel requirement over the next decade. 
Broadcasting in its many forms, includ-

ing television, will require an increasing 
number of engineers, both in the design and 
manufacture of receivers and in the installa-
tion and operation of equipment. Point-to-
point communication, including the rapid 
extension of radiotelephone service, the 
emergency services such as police, and the 
many aircraft radio needs, will require sub-
stantially increased engineering personnel. 
To start to enumerate the allied fields of 

electronics, such as heating, cooking, ther-
apy, computers, motor control, and a host 
of others, together with their ancillary serv-
ices, would barely scratch the surface of 
the possibilities through the next decade. 
Standing here in 1948, looking first back-
ward a decade and then forward a decade, 
I shall be greatly surprised if degree-holding 
personnel in the very broad electronic field 
does not increase twentyfold in that twenty-
year period. 
In spite of this optimism, and assuming 

that there will be no immediate war, there 
isTa very real threat of unemployment of 
electronic engineers in the not-too-distant 
future. Should this condition develop, there 
will probably be simultaneously a shortage 
of adequately trained research and develop-
ment personnel. Such conflicting statements 
require further explanation. 
A recent survey showed that one-quarter 

of all engineering college graduates are 
electrical engineers. The majority of them 
are in the field of communications. The war 
demand for communication and radar tech-
nicians interested thousands of young men 
in electronic techniques. The G. I. educa-
tional bill gave these young men the oppor-
tunity to convert their techniques into an 
engineering status. To be sure, the industry 
is currently operating at a level not less than 
twice that of a few years ago, but by the end 
of the next two years an increase of about 
fourfold in the supply of young electrical 
engineers with the baccalaureate degree is 
indicated. Taken by itself, this is not a seri-
ous employment situation. The problem 
comes from the fact that the concentration 
resulting from the desire of these young men 
to engage in radar and similar war develop-
ments is greater than the current indicated 
need. 
Many of these men are in reality opera-

tions-minded in spite of their belief that they 
are equipped for fundamental research. 
Barring war, there is only a limited oppor-
tunity for these men in the operating field, 
either in basic communications or in such 
military activities as radar. There are, 
nevertheless,  many vacancies currently 
existing in the military service, but such 
vacancies continue to prove relatively un-
attractive to those very persons whose mili-
tary service has attracted them to the elec-
tronics field. There remains the basic urge to 
enter the field of research. 
What is true research in this field? It is 

the pushing forward of frontiers in a science 
already far advanced in mathematics and 
physics, and likewise the application of this 
frontier knowledge to the solution of new 
problems. In general, the pushing forward 
of these frontiers or the use of this frontier 
science requires a training and understand-
ing beyond that of the four-year bacca-
laureate degree. It is a field to be handled by 
those with a master's or doctor's degree, or 
by those who, through long experience, have 
attained the equivalent status. The indi-
cated demand for such personnel is very 
great, particularly in view of the national 
defense research program in the field of 
guided missiles and supersonic flight. This, 
I believe, is why there may be a shortage of 
adequately trained electronic research per-
sonnel at a time when there may be a surplus 
of young, less adequately trained engineers. 
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Fig. 1—Von Moltke plan. 

In no way do I deprecate the desire of 
young engineers to enter the research and 
development field of our rapidly expanding 
industry. I feel, however, that I would be 
far from honest if I did not call their atten-
tion to the currently competitive situation; 
niether am I unmindful that for a keen 
mind it is very practical to reason from the 
general to the specific and that intuitive 
judgment resulting from experience is often 
better than brilliance. In personnel selec-
tion, reference is often made to the Von 
Moltke diagram. 
The German Field Marshal Von Moltke 

set up a simple diagram (Fig. 1) to aid in the 
selection of top officers in the German 
army. While this diagram was for a very 
specific purpose, it has many parallel possi-
bilities in the field of personnel selection and 
as an indication of employment opportuni-
ties. Just as it shows why only one classifica-
tion in four has general leadership possibili-
ties, it similarly shows why the under-pre-
pared man has such a difficult time to forge 
ahead in the currently indicated competitive 
situation. 
Let us analyze the diagram in Fig. 2. 

There is no unemployment indicated for the 
electronics engineer in square I. For the un-
aggressive person indicated in square 2 there 
will usually be employment, although that 
engineer is often inwardly dissatisfied. For 
number 3, Von Moltke had no use. To him, 
he was a dangerous man. Full of action, full 
of confidence, he usually was ignorant of his 
limitations. It was he who had the potential-

ities of creating a disaster. In industry he is 
often the leader who falls and then usually 
reappears in another situation. It is this 
man who should go on for further training 
to move himself to square 1. Those in square 
4 are the ones who must watch the business 
activity curve. They are employed when 
business is good and unemployed when it is 
bad. 
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Fig. 2—Effect of training. 

Now let us look at the current radio tech-
nical employment situation. In 1947, ap-
proximately 20 million radio sets for en-
tertainment were manufactured in this coun-
try. Currently there are indications of a 
smaller number in 1948 because of an al-
ready filled war shortage and a probable 
decrease in export sales. An increase in tele-
vision sets seems inevitable. The price of one 
television set is the equivalent of several 
average a.m. sets. In spite of high recorded 
financial embarrassments in the electronics 
industry in 1947 and some general hesitancy 
in the a.m. receiver field, because of the 
added impetus given by military research 
and the general extension of electronic prin-
ciples to older industries, technical employ-
ment should continue to remain high, espe-
cially for the holders of advanced degrees. 
With laboratory facility costs currently run-
ning around $15,000 and annual operating 
costs at $10,000 for each degree-holding 
engineer employed, employers naturally de-
sire to obtain adequately trained men to 
occupy their laboratories. 
What type of education should radio 

engineering personnel obtain? For those 
truly destined for advanced research, a doc-
torate in physics with special emphasis on 
electromagnetic and probably also nuclear 
phenomena is indicated. As training for the 
doctorate is usually very flexible, little need 
be said here about it. The actual degree 
awarded is also largely a matter of local cir-
cumstance. 
Except for those unable to afford the 

time or who want only a general training 
with a technical background, a master's 
degree is strongly recommended. The pro-
portion of students desiring to study for the 
master's degree is steadily increasing, es-
pecially in those institutions in which co-
operative work with industry is available. 
These courses usually operate on a year-
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round basis and provide not less than one 
full year of actual industrial training. A well-
rounded course of this type has been very 
successfully conducted for about a quarter-
century by the Massachusetts Institute of 
Technology. This industrial experience helps 
take the place of applied practices in which 
most electrical engineering courses are very 
deficient. I am thoroughly familiar with the 
academic arguments against such practical 
courses as applied design and machine tool or 
shop practice, but I, as a manufacturing em-
ployer of engineering graduates, still remain 
unconvinced. 
In 1944 W. L. Everitt, then President 

of the I.R.E., rendered engineering educa-
tion a real service by asking the sections 
to hold meetings to discuss his paper, "The 
Phoenix—A Challenge to Engineering Edu-
cation," which was published in the Sep-
tember, 1944, issue of PROCEEDINGS OF THE 
I.R.E. These discussions, as well as the paper 
itself, have had an important bearing on 
the critical analysis that is currently being 
given to electrical engineering curricula. 
If there is any one weakness in these cur-

ricula, I believe it to be the failure to impress 
on the embryo engineer the need for analyz-
ing all problems in relation to the whole 
situation. Too often courses, while planned 
to fit into a whole program, are not actually 
given as such, but rather as the specialty of 
a particular professor. 
When an engineer is hired, his employer 

would like to find in him not only a reposi-
tory of technical knowledge together with a 
facility for using that knowledge, but also a 
spark of human enthusiasm which promises 
to designate him as a man among men. 
Engineering is a way of life, and the product 
of that way must be made useful to man. He 
must also be creative, not only in his works 
but also in his thoughts, and his thinking 
must be on a plane that leads to co-operation 
with his associates. Huxley expressed these 
principles when he wrote: "The great end of 
life is not knowledge—but action." 
It would be most helpful if, somehow, in 

all courses there could run the theme of the 
importance of judgment. Judgment as to the 
quality of the data at hand, judgment as to 
how and when to apply that data. While 
many continue to insist that judgment is an 
innate characteristic, I believe that contin-
ued emphasis on its importance, particularly 
by way of illustration, will greatly improve 
the student in this most important charac-
teristic. 
Finally, when the student has graduated 

and entered on his employment, no subject 
is of more interest to him than pay, particu-
larly if he has followed the current wartime 
vogue of early marriage. This interest is 
natural because it is the measure by which 
others appraise his ability. It is also a meas-
ure of the appraisal put on different types 
of talents. For example, a young engineer 
having a keen mathematical mind may be-
come such a good bridge player that he 
can earn more as an instructor in that sub-
ject than as an engineer. He must then make 
a long-term appraisal as to which course he 
desires to follow. This example is mentioned 
because it is the type of decision many de-

velopment engineers must make when a field 
engineering or administrative position is of-
fered at rates of pay in excess of what they 
are currently receiving. 
Competent engineers sometimes com-

plain that technical sales positions and ad-
ministrative positions pay higher salaries to 
persons considered by the engineer to be less 
competent than himself. Such a person may 
also have had less academic training than 
the complaining engineer. The law of supply 
and demand is inexorable in the long run 
and it, nearly alone, determines pay rates, 
barring, of course, temporary controls. If 
there is a shortage of chemical engineers and 
a surplus of electronic engineers, the chemi-
cal engineer will be the higher-paid. That sit-
uation currently exists. 
In general, the young man who has de-

cided on an engineering career is far more in-
fluenced in his choice of fields by his like or 
dislike of a field than by the pay opportuni-
ties in that field. There is, of course, some 
influence exerted where employment and 
pay conditions in a particular field are un-
usual. Tangibility is also an important fac-
tor. For example, many young men are at-
tracted to electronic courses because they 
recognize electronic phenomena all around 
them, and in many cases they have con-
structed some sort of electronic equipment. 
On the other hand, metallurgy is a rather 
intangible subject to a preparatory school 
student, with the result that students train-
ing in this field have been rather few. Pay 
after graduation has accordingly averaged 
higher than in the electronic field. 
Except as we may influence young men 

as to the advantages and disadvantages of 
the electronics field, our pay problems be-
come quite personal because we are already 
in the field. Pay data is a very intangible 
subject because it is so difficult for any indi-
vidual to make an accurate self-appraisal 
and thereby place himself correctly on the 
statistical pay curves. For anyone interested 
in a splendid analysis of comparative rates of 
pay for engineers, I recommend a study of a 
report published last year by the Engineers 
Joint Council of the 1946 Survey of the En-
gineering Profession. The report is entitled, 
"The Engineering Profession in Transition." 
The price is $1.00, and it may be obtained 
from the Council, whose headquarters are 
in the Engineering Societies' Building, in 
New York City. 
I have recently made some spot checks 

of current pay rates for young men entering 
the electronics industry. They are still very 
confused by the effects of the war. Consid-
eration is usually given to the value of war 
service, and a preferential rate of from 10 
to 20 per cent is not unusual for those who 
have had really useful war experience in the 
line of work for which they are engaged. 
Starting pay for the holder of a baccalaure-
ate degree in science or engineering is cur-
rently $250 a month for a standard work 
week. There is very little overtime now being 
paid for. In the case of some training courses, 
a rate of about $225 may be expected. Useful 
war experience may add up to about $50 a 
month, thus bringing the top starting rate 
up to $300 a month. 
The base for a master's degree runs from 

$25 to $50 a month above the baccalaureate. 
There seemed to be more hesitancy in quot-
ing finite figures for this degree, largely be-
cause of the war experience factor and be-
cause of the privileges under the G.I. Bill. 
A graduate who had useful war service, and 
then obtained his master's degree at the end 
of the war, seemed to have his experience 
credit and his degree credit merged in a 
manner hard to appraise separately. A base 
rate of $275 for an inexperienced holder of 
a master's degree, particularly if part of the 
training had been accelerated, can be ex-
pected. A more normal rate, including some 
small allowance for military experience, 
would be nearer $300. 
The holders of the doctorate in the field 

of science start for about $100 a month more 
than do the holders of a B.S. degree. The 
extra time and cost is hardly worth this 
small starting differential. The employer is 
very likely to take the attitude that the 
holder of the B.S. degree is not expected to 
produce too much at the start, but is ame-
nable to training; whereas the holder of the 
doctorate, while recognized for his advanced 
training, is nevertheless often regarded with 
a bit of suspicion as to his ability to turn this 
additional training into applied practice 
until he has actually proved his ability to do 
so. 
The Engineers Joint Council study 

shows that doctors throughout their working 
life earn about $100 a month more than do 
the holders of a B.S. degree only. It is quite 
probable that a higher percentage of the 
holders of the B.S. degree leave the strictly 
research and development field for adminis-
trative work than do doctors. This study 
shows that the highest-paid group of en-
gineers are those holding nontechnical man-
agement-administrative  positions,  with 
those holding technical management-ad-
ministrative positions coming second. Re-
search workers in the field of basic science 
come next, followed by research workers in 
applied science. Teaching, in which many 
holders of the doctorate are engaged, is 
twelfth on the list of nineteen classifications. 
These starting rates are really interesting 

to only a small proportion of engineers, prin-
cipally to those about to seek employment 
or those who have recently started, and to 
employers of such young engineers. What is 
of greater interest is the pay that men with 
25 to 40 years of experience in the electronic 
field receive. This is so complicated by a de-
preciating currency that a simple answer is 
very difficult. For example, the starting 
monthly rate of $250 for today's B.S. degree 
men corresponds to a figure of $50 to $60 
for men starting in the years immediately 
preceding World War I. Those men, using 
median reference figures, should now be re-
ceiving about $700 per month. The longer a 
person is away from his college training, the 
less significant are median figures because 
they contain larger divergences from the 
median point. Using the pre-World War I 
starting figures and today's actual figures, 
there should be an increase factor of about 
12. It would, however, be entirely illogical 
to say that today's figure of $250 should be 
multiplied by 12 to obtain the median figure 
for 25 years hence. 
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There has been approximately a 3-to-1 
increase in the commodity price index since 
just before World War I. If this be applied 
to the increase in pay of 12, it would repre-
sent a true factor of 4. This would mean that, 
if there were no change in the currency, the 
$250-a-month beginner of today who is right 
on the median point should expect a monthly 
rate of $1,000 in 25 to 35 years from now. 
If the inflationary trends of the past, ex-

tending through centuries, continue, the 
actual rate should be higher than this, but 
the higher rate will not provide a much bet-
ter standard of living. Over the last half-
century a training in engineering or science 
has provided a modest, comfortable living 
for the median man. To those who have 
been able to use engineering as an entering 
step to positions of large managerial scope, 
the rewards have been high before the ap-
plication of the near-confiscatory income tax 
rates of recent years. No marked change is 
currently indicated, but the Federal income 
tax, with its rapidly increasing rates for 
small increases in income, has been a great 
deterrent to the striving for larger incomes. 
Thus it has become a definite factor in a 
trend toward lower living standards, and, fur-
ther, because of its adverse effect on per-
sonal savings, new equity capital is dimin-
ishing. This is just another way of stating 
that an artificial restriction has been placed 
on industrial expansion, and, in turn, new 
jobs. 
The starting rate of $60 a month in the 

immediate pre-World War I era has just 
been discussed and compared with the cur-
rent rate of $250. If a successful engineering 
or corporation executive then received an 
annual salary of $25,000, he would, prior to 
1913, have paid no income tax on it. It 
would have all been expendable income. If 
he, too, received the 4-to-1 increase in sal-
ary, as has the starting engineer of today, his 
new gross salary of $100,000, through the Fed-
eral income tax, would currently be cut to 
about $40,000, assuming that he had a de-
pendent wife but no dependent children (at 
least from a tax definition viewpoint). He 
would further be subject to state income 
taxes in nearly all states. Then, using the 
3-to-1 commodity price change' referred to 
above, his current effective salary referred 
to the pre-World War I base would be 

10n April 2. the Federal income tax law was 
changed to permit division of income between hus-
band and wife. This could mean a saving of as much 
as one-third in the example used. thus increasing the 
stated net amount of $60.000 and the equivalent pre-
World War I amount to $20.000. 

about $13,000, or the equivalent of a 50 per 
cent cut from his original $25,000. A 
$13,000-a-year salary of 35 years ago would 
not have been considered excessive for a then-
competent senior executive; yet its current 
equivalent of $100,000 is looked upon by 
many as a needless expenditure to secure 
competent executive talent. A little im-
provement may be expected through some of 
the proposed income tax adjustments, and 
possibly by a lowering of the cost of living. 
The income tax law also allows certain 
credits against gross income, such as chari-
table gifts, which were not considered in the 
above computations; nevertheless, the in-
centive element will remain considerably 
dulled. 
Is there any wonder, then, that many 

engineers and other professional men are 
now less interested in making the personal 
and physical sacrifices required of them 
when they accept positions of large execu-
tive scope? Yet it is upon such men that 
the successful operation of our large indus-
trial enterprises depend. 
In spite of the decreasing salary incen-

tives because of the income tax situation, 
there is still a genuine interest in methods 
of pay that provide an incentive method of 
remuneration for salaried personnel. There 
has been a steady increase in general profit-
sharing, incentive bonus, wage dividend, 
and other general methods of reward to the 
engineer and executive for their contribution 
to profitable operations of a company. The 
majority of methods are general; that is, 
they do not single out any particular indi-
vidual to try to measure his particular con-
tribution. In large organizations there does 
not seem to be any effective measure that 
can be applied where different supervisors 
are rating different groups, often in widely 
separated cities. 
The small company, however, is in quite 

a different situation. For about a quarter of 
a century, the General Radio Company has 
had a semiannual bonus system in which 
each person in the entire organization is in-
dividually rated and these ratings are co-
ordinated by a single committee known as 
the Personnel Committee. In addition to the 
rating points, there are multiplying factors 
which take into account rate of pay and re-
sponsibility. After ratings have been com-
pleted, the amount allocated to the bonus is 
divided by the total points, and then each 
person receives his individual share of the 
total bonus, depending on his point value. 
There is also a profit-sharing trust where all 
earnings over six per cent are divided equally 

between the stockholders and the trust. This 
trust becomes a sort of emergency reserve 
for each individual employee, or it may serve 
to supplement the established pension pay-
ments. 
The greatest incentive to engineers and 

executives, however, is what is called the K 
system, which has been in effect for over 
fifteen years. Under this system, each sal-
aried employee has a base rate of pay which 
is competitive with that of other companies 
for similar positions. Regardless of whether 
overtime is asked of him or whether he is 
on short time, the base rate remains un-
changed. At the start of each month, how-
ever, he is notified what K for the coming 
month will be. His base rate will be multi-
plied by this factor. For the calendar year 
1947, K averaged 1.27; thus a $500-a-month 
man would have received an average 
monthly pay of $635, in addition to any 
profit-sharing or other general bonus pay-
ments. 
K can be less than one, as N.ell as more 

than one. There is published a K table which 
is made up of three factors, new orders re-
ceived, shipments, and factory production 
at estimated billed prices. These factors have 
equal weights. A K of unity is placed at sub-
stantially the break-even point. The figures 
for the previous month determine the value 
of K for the following month. The K value 
is announced on the second or third working 
day of the month to which it applies. Our 
total personnel is in the 400 to 500 bracket, 
and 15 per cent of them are on the K system. 
It has been felt that this incentive sys-

tem has worked very well. It is often inter-
esting to see the ingenious methods which 
have been taken by supervisors to boost one 
or more of the factors determining K when 
it has been observed that a decline in K is 
indicated. A chart of the weekly figures af-
fecting Kis published during the month, so 
that there is always a fair indication of what 
the next value of K is to be. 
While persons in the higher tax brackets 

gain little as K is increased, their interest is 
just as keen as that of those in the lower tax 
brackets. Such an interest must mean that 
satisfaction from meeting the challenge is 
as great as that of the additional financial 
reward. It re-emphasizes the quatrain ex-
pressing the feeling of the true amateur 
sportsman: 

Not the quarry, but the chase; 
Not the laurel, but the race; 

Not the hazard, but the play; 
Make me, Lord, enjoy alway! 
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Modern Design Features of CBS Studio 
Audio Facilities* 

R. B. MONROE t, SENIOR MEMBER, I.R.E., AND C. A. PALMQUISM  ASSOCIATE, I.R.E. 

Summary—A significant change is taking place in the appearance 
of the control rooms of modern broadcasting studios. Only a few years 
ago this key point in the origination of a radio program was cluttered 
with racks and cabinets filled with audio gear. Today, the modern 
control room presents an air of spaciousness, as all equipment is out 
of sight within a small, functional, desk-size control console. In ac-
complishing this, no sacrifice has been made in performance, ease of 
operation, or accessibility. In fact, the modern control console pro-
vides many conveniences and facilities not present in the older in-
stallations. This paper discusses the considerations involved in the 
design of this modern type of broadcasting-studio audio control con-
sole. A number of new and novel features, not employed heretofore, 
are described. Many of the fundamental ideas and methods pre-
sented are applicable to services other than broadcasting. 

INTRODUCTION 

ABROADCASTING STUDIO which serves as the 
point of origin for large and elaborate radio 
productions must be equipped with audio facili-

ties of adequate scope and flexibility to permit all pro-
duction requirements to be completely and conveniently 
handled. An audio installation capable of meeting these 
requirements in an efficient manner will involve a large 
number of audio equipment components all of which 
must be assembled in a manner permitting convenient 
accessibility both for operation and maintenance of the 
installation. 

These audio-equipment components have often been 
assembled in relay racks. An illustration of such an in-
stallation, made in the years prior to the war, is shown 
in Fig. 1. Relay-rack installations are usually quite large 
in size, consuming a considerable amount of control-
room floor space, and, in addition, seldorn present an 
attractive appearance. To overcome these difficulties, 
some broadcasting plants have been arranged with only 
the operating controls and monitoring devices installed 
in the control room, and all other equipment, together 
with similar equipment from other studios of the plant, 
installed on racks in a centrally located equipment 
room. This arrangement does much to relieve the clut-
tered appearance of the control room. However, no sav-
ing in the actual space requirement of the installation 
is achieved. Furthermore, considerable expense is in-
curred by reason of the numerous interconnecting cable 
runs that are required and the relatively large amount 
of work that must be undertaken during the initial in-
stallation to interconnect all the component units. 
While installations of large physical size may not ap - 

* Decimal classification: R613.11. Original manuscript received 
by the Institute, Ijocember 2, 1917; revised manuscript received, 
February 3, 1918 Presented, 1948 I.R.E. National Convention, 
March 24, 1918, New York, N. Y. 
t Columbia Broadcasting System, Inc., New York, N. Y. 

pear undesirable at first consideration, it must be re-
membered that broadcasting studios are usually located 
in the center of the business or theater section of large 
cities, and the rental cost of every square foot of floor 
area is relatively high. Therefore, the actual cost of a 
large installation over a period of time may prove con-
siderably greater than it appears initially, since the 
equipment occupies valuable floor area that may well be 
used for other purposes. 

Fig. 1—A radio-theater control-room installation made about ten 
years ago. Five relay racks are required for the various amplifiers 
and other audio components, while the operating controls and 
visual monitoring facilities are centralized on the desk-mounted 
control console. A wall-mounted equipment cabinet, not shown, 
is also employed to mount an audio a.c. fuse panel, sign relays, 
d.c. relay power supply, and audio terminal blocks. 
The size of these early installations was due, in large measure, 

to the physical dimensions of the individual equipment com-
ponents then available. One of the factors that made it possible 
to house in a single desk-size unit considerably greater facilities 
than were incorporated in this large installation was the use of the 
small, compact amplifier units. Preliminary amplifiers, for ex-
ample, occupy approximately one-eighth the space required by 
those shown in the above illustration. 

It has been contended that the relay-rack method of 
equipment assembly (which invariably results in a 
space-consuming installation since adequate access 
space must be provided both in front and in back of the 
racks) provides an installation in which all equipment 
components are readily accessible for maintenance. 
While it is true that a well-planned rack-mounted in-
stallation is quite accessible, the small, space-saving, 
single-unit audio console to be described is just as acces-
sible for maintenance. As a matter of fact, the plug-in 
amplifier and power-supply units are considerably easier 
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to change and service than are the rack-mounted com-
ponents that have been used heretofore. 
In addition to convenient maintenance and servicing, 

a completely self-contained studio control console has 
the additional advantage that complete performance 
measurements, together with any necessary adjust-
ments or trouble shooting, may be undertaken at the 
assembly point prior to the installation of the unit in 
the control room. The installation itself is simplified 
inasmuch as only a minimum number of connections are 
necessary, no interunit connections being involved. 
Furthermore, a completely self-contained studio con-
sole, by virtue of grouping all components within easy 
reach of the operator, serves its intended purpose better. 
Finally, such an arrangement presents a much more at-
tractive appearance. 
An earlier broadcast-studio control console incorpo-

rating facilities of the scope under consideration was in-
troduced just prior to World War II. This control con-
sole has already been completely described.' The Colum-
bia Broadcasting System 3B studio control console, 
which is the subject of the present paper, retains all of 
the fundamental design principles of the original unit. 
However, the experience gained during the ensuing 
years has been employed to achieve an improved ar-
rangement accommodating considerably greater facili-
ties, as well as many new and novel features, in an as-
sembly much smaller in over-all size. Inasmuch as the 
basic design considerations have already been covered, 
they will not be repeated at this time. Instead, this 
paper will be concerned with the new features and meth-
ods involved in the design of the new unit. 
Attention is called to the fact that a good deal of the 

story is told in the captions accompanying the figures. 
This material is not repeated in the text. 

PHYSICAL DESIGN CONSIDERATIONS 

General 

The CBS 3B studio control console, shown in Fig. 2, 
contains, in a relatively small desk-like unit, all the 
amplifying, mixing, monitoring, and special-effect facil-
ities normally required in the production of large, com-
plex radio broadcasts. 
Many of the physical considerations influencing the 

design of studio control rooms and control consoles al-
ready have been outlined.' The more important of these 
considerations include (a) functional placement of all 
operating controls and visual monitoring facilities, 
(b) good visibility from the control console into the 
studio and to other parts of the control room, (c) ready 
access to all parts for maintenance, (d) adequate ventila-
tion to limit temperature rise of components to safe 
limits, and (d) an attractive appearance. 

1 H. A. Chinn, "CBS studio control-console and control room de-
sign," PROC. I.R.E., vol. 34, pp. 287-296; May, 1946. 

Considerable time and careful planning were devoted 
to the form factor of the CBS 3B console in order that 
these requirements would be fully met. The preliminary 
work on this phase of the console design included the 
construction of several full-scale wooden models, by 
means of which it was possible to obtain opinions from 
those concerned with the ultimate operation of the con-
sole. 

Fig. 2—A front view of the CBS 3B studio control console. Micro-
phone mixer positions 1 to 7 and the Channel 1 master volume 
control are arranged across the lower portion of the center section. 
Inasmuch as these controls require almost continuous adjustment 
during studio rehearsals and air programs, great care was exer-
cised in choosing their spacing, distance above table top, and 
panel slope to permit long periods of operation with minimum 
fatigue. 
The A and B position mixer controls, together with their as-

sociated incoming-line push-button selectors and mixer key 
switches, are located on the small panel in the center section im-
mediately to the left of the script rack. The microphone mixer key 
switch is also located on this panel between the A position and B 
position key switches. The corresponding panel to the right of the 
script rack contains microphone mixer positions 8 and 9 and the 
Channel 2 master volume control. Immediately above the two 
mixer controls are the reverberation push-button selectors which 
are used when these two positions are employed as reverberation 
mixer controls. The four key switches above the Channel 2 master 
volume control are two *utility" key switches, the "channel' key 
switch, and the "line" key switch. 
The audio jack field and "sound-effects" filter occupy the en-

tire panel space on the right wing of the console, while the left 
wing contains volume controls for the control-room loudspeakers, 
studio loudspeakers, headphone-cue circuit, and rehearsal-break 
circuit. The "utility" volume control, rehearsal-break key switch, 
and telephone dial are also located on this panel space. 
Immediately below the table top are two telephone instru-

ments. One is a regular dial extension while the other is a private 
line direct to the master program distributing center. 
The over-all dimensions of this console are 62 inches in length, 

34 inches deep, and 39i inches high. 

Single Plugs and Jacks 

It would not have been possible to build the CBS 3B 
console in its final compact form if conventional com-
ponents and methods had been employed. One example 
of the departure from convention to achieve compact-
ness was the use of single plugs and jacks in place of the 
more traditional twin plugs and pairs of jacks which 
have been used in broadcasting service practically since 
its inception. Prior to the decision to use these single 
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units, their performance characteristics were carefully 
investigated,2 and it was found that, in addition to their 
smaller space requirements, these single units provided 
several other advantages over the twin units (see Fig. 
3). 
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Fig. 3 - 1 he application of single plugs and jacks, in place (ii t Ile tradi-
tional twin plugs and pairs of jacks, in the CBS 3B console per-
mitted 126 jack circuits to be mounted on a small panel only 
9X144 inches in size. In a study of the performance character-
istics of single plugs and jacks, it was found that, in addition to 
the smaller space requirements, these units offered several other 
advantages over the more conventional double units. These ad-
vantages included (a) lower cross talk, (b) lower cost, (c) elimina-
tion of the possibility of incorrect plug insertion with resultant 
reversal circuit polarity, and (d) greater ease of plug insertion. 
In applying single plugs and jacks to audio jack fields, it is 

important that the correct type of plug be used. The conventional 
telephone switchboard tm:ie of ring, tip, and sleeve plug is 
equipped with a long tip element that tends to momentarily 
short circuit the jack-springs, and consequently the program ma-
terial, during insertion. An alternate type of ring, tip, and sleeve 
plug is available that overcomes this difficulty through the use of 
a shorter tip element and is, therefore, the type of plug that 
should be used. 

Plug-in Amplifiers 

Another example of departure from the conventional 
in achieving small size was the use of very compact 
amplifier units (see Fig. 4). These two amplifier types, 
which require but two tube types, were designed ex-
pressly for use in the 3B console. However, their per-
formance characteristics are suitable to meet many 
other amplifier requirements in a modern broadcasting 
plant. As a matter of fact, with one possible exception, 
the audio amplifier requirements of an entire plant may 
be satisfied using none other than these two types of 
amplifiers. Further, only two types of tubes would need 
to be stocked to service such a plant. 

Script Rack 

In the past, a specific space has seldom been provided 
on studio consoles to accommodate the program script, 

2 H. A. Chinn and R. B. NIonroe, "Single jacks for broadcast ap-
plication," Audio Eng., vol. 31, pp. 12-14; July, 1947. 

which is used on practically all radio programs. As a 
result, the program script usually was placed in the only 
available space: on the desk directly in front of the 
operator. This has never been entirely satisfactory, as the 

Fig. 4—Only the two amplifier types shown are employed in the CBS 
3B console. These amplifiers, in turn, employ only two tube types 
and, to further simplify maintenance, the amplifiers themselves 
plug in. The smaller units serve as both preliminary and booster 
amplifiers, while the larger units serve as both program and mon-
itoring amplifiers. 
The preliminary/booster amplifier is 2 inches in width, 10 

inches in length, and 5 inches in height. It employs two type-1620 
tubes and provides an insertion gain of 40 db, which may be re-
duced to 34 db (when higher-level microphones become available) 
by an internal strapping connection. The program/monitoring 
unit is 31 inches wide, 10 inches long, and 51 inches high. It em-
ploys two type-1620 and two type-6V6 tubes, and provides an 
insertion gain of 50 db. 
An indication of the excellent performance characteristics of 

these small units may be gained from the over-all performance 
data of the 3B console as given in the text. 

.script, under these circumstances, would he partially 
covered by the arms of the operator. A still greater dis-
advantage arose from the fact that the operator was 
required to move his line of vision a relatively large dis-
tance from the studio to the script and, with his head 
turned down, was very likely to miss signals from the 
performers in the studio. 
It had been recognized for some time that the pre-

ferred location for the script was in a position directly 
below the volume indicators set at a convenient angle 
for easy reading. With the script in this position, the 
volume indicators, the script, and the studio are all 
directly in the normal path of vision, requiring no move-
ment of the head, and only a minimum movement of 
the eyes, to glance from one to the other. Due to other 
design considerations, in the past this space has gener-
ally been employed for operating controls which, for 
efficient operation, had to be easily accessible. 
The form factor of the 313 console was approached 

with a design prerequisite that a script rack must be 
provided, and must be located in the preferred position 
described above. The method by which this was accom-
plished, and its influence on the appearance of the com-
pleted console, can be seen in Fig. 5. The script rack is 
12X 18 inches in size, large enough to accommodate in 
open-book fashion the program script, which is printed 
on standard 81 X 11-inch paper. The forward edge of 
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the rack has been depressed to provide an edge to keep 
the paper from sliding and, in addition, to hold the 
script at a better reading angle. 
The script rack, needless to say, increased the height 

of the control panel and would have presented a rather 
serious obstruction to vision into the studio had not the 
top of the console been sloped toward the rear at the 
correct angle to minimize the obstruction. It is neces-
sary, of course, also to slope the sill of the control-room 

Fig. 5—A close-up of the center section of the mixer control panel 
showing the control knobs which light up when the mixer channel 
is in use. Two devices have been employed on this mixer panel to 
eliminate a former practice of marking the panels with pencilled 
notes and setting marks. The first are the small "magic-slate" 
writing pads mounted above each mixer control. These writing 
pads permit the operator to make temporary markings to identify 
the artist or group using the associated microphone. Markings 
may be removed quickly and easily by merely lifting the clear-
plastic top sheet. The second device is a control-knob setting indi-
cator; a disk of clear plastic the same diameter as the skirt of the 
knob which is provided with a protruding indexing marker. This 
indicator is mounted between the control knob and panel and may 
be rotated until the indexing marker indicates the desired knob 
setting, established during rehearsals. The protruding indexing 
marker can be felt as the control knob is advanced, making it un-
necessary to use the eyes in setting the control knobs to the de-
sired point. 
Immediately above the script rack is a panel containing the 

two volume indicators and the rehearsal-break microphone which 
is mounted behind the center grillework. This entire section has 
been made plug-in for the purpose of expediting maintenance of 
the unit. 
At the side of each volume indicator are arrow-shaped red-

plastic indicators which light up to indicate the channel in use. 
These indicators are so interlocked with the "line," "channel," 
and "mixer" key switches that they light only when all switches 
are in the proper "on-the-air" posii ion. 
It will be noted that an experimental black scale (contrary to 

the ASA standard) is employed on each of the volume indica-
tors. This was done in order to gain experience with a new type of 
volume-indicator illumination for potential use in darkened tele-
vision control rooms. The divisions and lettering on these black 
scales are made with paint containing a fluorescent material which 
glows under the influence of ultraviolet light. The meter pointer 
is coated with the same material. Small ultraviolet lamps are 
mounted directly beneath the volume indicators with the light 
entering the meter enclosure through an opening in the bottom 
of the meter case. The fluorescent markings glow green on the 
scale range up to the reference point, while the markings above the 
reference point glow in red. 
It is important that the ultraviolet light, which in this case is 

obtained from a small-size fluorescent lamp, be operated from di-
rect current. If a.c. operation is attempted, a stroboscopic effect 
occurs as a result of the fast movement of the meter pointer in 
the fluctuating light field. 

window to obtain the maximum benefit of this expedi-
ent. This same method of improving visibility was also 

applied to the top of each of the two wings, which were 
also sloped to increase the operator's visibility to either 
side of the console. 

Mixer- Channel-in- Use Indicators 

In past studio-console design, it has been customary 
to associate a small pilot light with each of the mixer 
controls for the purpose of visually indicating the mixer 
channels in actual use. This pilot light has usually been 
mounted behind a small panel indicator which was 
located in close proximity to the appropriate mixer con-
trol. 
A different and unusual approach to this design detail 

has been incorporated in the 3B console. Instead of em-
ploying small pilot-light indicators, the large control 
knob of each mixer control has been designed to light 
up when that particular channel is in use, thereby mak-
ing the knob itself serve as a large, easily visible "chan-
nel-in-use" indicator. This is accomplished through the 
use of clear-plastic control knobs with a frosted finish, 
Fig. 5. Lamps are mounted behind the knobs (and 
panel) in such a manner that the light passes through 
the knob and causes the frosted surface to glow with an 
even distribution of light over the entire knob. With 
such a positive, unmistakable indicator there is little 
likelihood of the operator failing to observe which mixer 
channels are in use. 
The light circuits associated with the illuminated 

knobs are controlled by a small switch which is built 
into the associated mixer volume control. This switch 
is actuated by the mechanical rotation of the mixer con-
trol in such a manner that the light is off when the mixer 
control is in the "off" position but is lighted as soon as 
the mixer control is advanced a few degrees. The lamps 
themselves are low-voltage pilot lights and are operated 
from a.c. to conserve the drain on the self-contained low-
voltage d.c. supply. No difficulty with hum is experi-
enced due largely to the careful arrangement of circuit 
wiring. 

Pilot Lights 

Another significant design detail of the 3B console, 
which aided in achieving the clean-cut, uncluttered 
front-panel appearance, is the use of a single signal-
lamp indicator above each key switch. This indicator 
visually signals the setting of a key switch by displaying 
a color which is a function of the position of the switch. 
As an illustration, the "line" key switch may be set to 
three different positions and, in the past, three separate 
panel indicators of different color have been used to 
indicate the setting of this switch. In the 3B console, a 
single window is located above the line switch. This 
window lights up green when the switch is in the "up" 
position, amber in the "center" position, and red in the 
"down" position. This change of color is accomplished 
by utilizing the property of clear plastic to conduct and, 
when properly angled, to reflect light rays. Three clear 



782  PROCEEDINGS OF THE I.R.E. — Waves and Electrons Section June 

glass lamps, each mounted behind a colored plastic filter 
are employed. A suitably shaped block of clear plastic 
guides the light from the lamp which is lighted and re-
flects this light through the window in the front panel. 

Component Standardization 

The reduction of the total number of tube types to 
only two, greatly simplifies the problem of stocking 
spare tubes for the 3B console. This standardization of 
components was practiced in every possible case. For 
example, only two amplifier types are employed. In ad-
dition, the same type of plug and receptacle are em-
ployed on all plug-in amplifiers and plug-in power sup-
plies, as well as the plug-in volume-indicator turret. 
Furthermore, only one type of volume control is used 
throughout. Attention to small details such as these 
pays dividends by reducing the time spent in main-
tenance of the unit. 

Fig. 7—A view of the CBS 3B studio control console with all access 
doors as well as the center control panel opened. This view shows 
how readily all components may be reached for inspection and 
servicing. 

The two pedestals of the console serve as equipment compart-
ments. The forward section of the right-hand compartment con-
tains all audio amplifier units as well as a "glove" compartment 
for the storage of spare tubes, program scripts, pencils, and other 
miscellaneous items. The rear section of this compartment con-
tains the audio transformers, audio relays, audio terminal blocks, 
and resistance attenuation networks. 

The power equipment is housed in the left-hand equipment 
compartment. The forward section of this unit contains two plug-
in power supplies which provide amplifier plate power. The upper 
section contains a power panel, accessible through a small door in 
the front of the unit. A master "on-off" magnetic circuit-breaker 
switch, as well as regular-emergency a.c. supply and relirular-
emergency low- and high-voltage-supply transfer toggle switches 
are mounted on this panel. The rear section of this compartment 
contains a 24-volt d.c. power supply for operation of relays and 
pilot lights, two filament-lighting transformers, and "on-the-air" 
Sign relays. 

All power-supply rectifiers are of the selenium type, no rectifier 
tubes being employed. 

ELECTRICAL DESIGN CONSIDERATIONS 

General 

Despite the small dimensions of the CBS 313 console, 
the audio facilities incorporated in it exceed by far 
those in any present broadcasting console of comparable 
size. As has already been described, this was made pos-
sible through the use, wherever possible, of small-size 
components, as well as by careful arrangement and 
packaging of all components. A block diagram showing 
the scope of the facilities provided in this console is 
given in Fig. 6. "Opened-up" views are shown in Figs. 
7, 8, and 9. 

Fig. 8—The center control panel of the 3B console swings upward to 
provide access for inspection and maintenance of the volume con-
trols and other panel-mounted components. 
A portion of the audio wiring is visible in this view. The indi-

vidually shielded and insulated pairs of wire can be seen laced into 
cables. To keep cross talk at the lowest possible value, these cables 
have been segregated into four different categories: (a) low level— 
below minus 20 vu; (b) medium level— minus 20 vu to plus 20 vu; 
(c) high level—above plus 20 vu; and (d), control circuits. 
The large cable loops, by means of which the wiring is carried 

to the hinged control panel, are also visible. These loops are 
formed, laced, and secured in a manner that minimizes any bend-
ing of the cable as the panel is opened and closed. 
The lower portion of the small d.c.-operated fluorescent lamps 

which provide black light for volume-indicator illumination can 
be seen near the center of the back wall. 

Mixer and Associated Circuits 

An eleven-position mixer, which permits the simul-
taneous mixing of nine microphone channels and two in-
coming-program line channels (known as the "A" and 
"B" channels), is provided. Program material to these 
latter two channels may be selected from any one of 
five sources by means of mechanically and electrically 
interlocked push-button selectors. Each of the incoming 
line channels are provided with a transformer which 
serves to isolate the balanced-to-ground program line 
from the one-side-grounded mixer circuit. In addition, 
there is a resistance attenuation pad which establishes 
the correct volume levels and also serves to isolate the 
mixer circuit from any impedance variations presented 
by an incoming-program line. 
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Fig. 9—A closeup showing the twelve preliminary/booster and five 
program/monitoring amplifier units in the forward section of the 
right-hand equipment compartment. The plate current of any 
tube may be checked by means of the push buttons mounted on 
the individual amplifier units. The relative plate current is indi-
cated on the meter in the upper portion of the photograph. 

Each microphone channel includes a preliminary 
amplifier, which serves to amplify the extremely low 
microphone output voltage prior to mixing, and a vari-
able bridged-tee type of attenuator which serves as the 
mixer control. The outputs of the various microphone 
channels are combined by means of a differential net-
works which provides correct termination and source 
impedances for all circuits involved. 
It will be noted that two of the microphone channels 

(positions 8 and 9) are combined prior to reaching the 
main eight-position differential network by means of a 
two-position differential network. This arrangement 
permits these two channels to serve as an "auxiliary" 
two-position mixer. One important use of this auxiliary 
mixer is in conjunction with the reverberation selectors, 
the operation of which is described in a following section. 
The auxiliary two-position mixer may be used for 

other utility purposes; for example, a portion of a pro-
gram utilizing two microphones may be balanced on 

3 n the past, the term mixing network or mixer-matching network 
has sometimes been applied to this circuit. Nonreactive dividing net-
works of this type are used extensively for other purposes, e.g., for 
distributing a single signal source to several loads. The term "dif-
ferential network" is less restrictive and more general for this type of 
circuit. 

these two channels and this balanced program material 
then gained on one of the regular mixer controls without 
disturbing the program balance. In this case, the mixer 
control would be, in effect, a "submaster" volume con-
trol. 
An innovation in the design of these facilities is the 

omission of microphone key switches on the individual 
microphone channels. These key switches were omitted 
after a survey showed that the operating personnel were 
of the opinion that their omission would tend to smooth 
the continuity of program production, as each micro-
phone channel must, by necessity, be faded in and out. 
As a result, a single key switch controlling all nine micro-
phone channels simultaneously is employed. A second 
mixer key switch controls the "A" line position, and a 
third controls the "B" line position. 

Regular and Emergency Program Channels 

Two complete program channels have been provided 
in the CBS 3B console. Program material from the 
mixer key switches is connected to Channel No. 1 by 
throwing the desired switch to the down position and to 
Channel No. 2 by throwing the desired switch to the up 
position. This arrangement requires that a separate 
three-position differential network be provided on the 
input of each of the two channels. 
Channel No. 1, the regular channel, contains a 

booster amplifier, master volume control, program 
amplifier, volume indicator, and line pad. A bridging 
transformer connected across the input of the line pad 
supplies a sample of the program material from this 
channel to the regular aural monitoring facilities. Chan-
nel No. 2 is identical to the regular channel including 
not only a separate volume indicator for visual monitor-
ing but also separate and independent aural monitoring 
facilities. Either of the two program channels may be 
connected to the outgoing-program line by means of 
the "channel" key switch. 
Channel No. 2 may be used to perform any of the 

following functions: 
I. An "emergency" channel. In the event of an equip-

ment failure in any component of the regular channel, a 
complete new channel can be substituted by throwing 
the "mixer" key switches and the "channel" key switch 
to the "up" position. This not only provides a new pro-
gram channel but also a new volume indicator, monitor-
ing amplifier, and monitor loudspeaker. 
2. A "test" channel for lining up the level and pre-

checking the quality of any portion of a program prior 
to putting it on the air. This is accomplished by throw-
ing any of the three mixer key switches to the "up" posi-
tion. When this is done, the level of the program mate-
rial may be set on the Channel 2 volume indicator and 
the program itself may be heard on the Channel 2 
loudspeaker. Monitoring of the air channel will not be 
interrupted. 
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3. A "utility" microphone-to-line or loudspeaker 
channel. Such a utility channel is often useful in obtain-
ing unusual program effects. A built-in sound-effects 
filter may be patched into the circuit as desired by 
means of patchcords. 

Rehearsal-Break Facilities 

Rehearsal-break or talk-back facilities are provided 
to permit communications between the control room 
and studio during rehearsals. By means of these re-
hearsal-break facilities, it is possible for the program 
director in the control room to "break" or interrupt the 
performers during a rehearsal in order to give instruc-
tions or otherwise direct their performance. 
Two rehearsal-break microphones and key switches 

have been provided, one set on the 3B console, the other 
on the associated program directors desk. It will be 
noted from inspection of the block diagram, Fig. 8, that 
the operation of the rehearsal-break facilities is entirely 
independent of the settings of all volume controls in the 
remainder of the circuit. The operation of these facili-
ties are interlocked with the "line" key switch as de-
scribed below. 

Line Key Switch 

A standard CBS three-position line key switch is em-
ployed. The "rehearsal" position (up) of this switch is 
used during studio rehearsals. In this position the out-
put of the program channel is terminated in a resistor 
and energizing voltage is made available to the re-
hearsal-break relay, permitting full use of the rehearsal-
break facilities. The "cue" position (center) of the line 
key switch is used just prior to placing a program on 
the air in order to listen to the closing portion of the 
preceding program from which the starting cue is ob-
tained. This cue will be heard on the studio, sub-studio, 
and control-room loudspeakers. In the "air" position 
(down) of the line key switch, program is transmitted 
to the master program distributing center and the nor-
mal rehearsal-break facilities become inoperative to 
preclude their accidental use while the studio is on the 
air. However, the circuits have been so arranged that 
communication to the studio is still possible under these 
circumstances. If the rehearsal-break facilities are used 
with the line key in the "air" position, instructions may 
be given to any person in the studio wearing head-
phones connected to the headphone-cue (PH-Q) cir-
cuit. 

Monitoring Circuits 

The aural monitoring circuits of the 3B console, ex-
cept for the fact that a complete second channel is pro-
vided, follow conventional lines.' Briefly, three different 
sources of material are available to the monitor circuits: 

4 H. A. Chinn, "Broadcast studio audio-frequency systems de-
sign," PROC. I.R.E., vol. 27, pp. 83-88; February, 1939. 

(1) program material at the output of program channel 
1, (2) program material from the studio which is on 
the air (cue), and (3) the output of the rehearsal-break 
microphones. By means of relays energized through con-
tacts on the "line," "rehearsal-break," and "mixer" key 
switches, as well as contacts on the relays themselves, 
the various monitor circuits are interlocked in such a 
manner that only the desired material will be repro-
duced on the various loudspeaker units. 

Reverberation Facilities 

In the production of radio programs, especially those 
of a dramatic nature, program sequences are often en-
countered where, to achieve the desired effect, it is nec-
essary to create the illusion of greater-than-normal re-
verberation. Furthermore, it is often necessary to alter 
the degree of reverberation during the progress of the 
scene when this is necessary to achieve the desired ef-
fect. 
Devices by means of which the effect of increased 

reverberation may be created, such as reverberation 
chambers and synthetic reverberation devices, have al-
ready been described. " However, the methods by 
which such a reverberation device is employed in asso-
ciation with the CBS 3B studio console to achieve the 
required reverberation control may prove of interest. 
Reverberation effects are normally employed on one, 

and upon occasion two, microphone channels. In the 3B 
console, two reverberation push-button selectors are 
provided permitting a bridging transformer connection 
to be made across the input of the mixer control of the 
microphone channel or channels to which reverberation 
is to be added. 
In the interest of economy and maximum utilization 

of facilities, the circuits of the 3B console are arranged 
in such a manner that the amplifiers and volume con-
trols constituting the reverberation channel are nor-
mally arranged to function as microphone channels 8 and 
9. This is done inasmuch as reverberation effects are 
not required on all programs and the reverberation 
channel, instead of remaining idle, is made available 
for use as additional microphone channels. When the 
reverberation facilities are to be used, three patchcord 
connections are made as indicated on the block dia-
gram of Fig. 6. The number of available microphone 
channels under these conditions is reduced to seven. 
The microphone channel or channels selected for 

reverberation by means of the push-button selectors are 
transmitted to the reverberation device, usually some 

• J. K. Hilliard, "Reverberation control in motion picture record-
ing," Electronics, vol. 11, p. 15; January, 1938 
• H. A. Chinn, "Reverberation control in broadcasting," Electron-

ics, vol. 11, pp. 28-29; May, 1938. 
7 S. J. Begun and S. K. Wolf, "On synthetic reverberation," Com-

munications, vol. 18, pp. 8-9; August, 1938. 
P. C. Goldmark and P. S. Hendricks, "Synthetic reverberation," 

PROC. I.R.E., vol. 27, pp. 747-752; December, 1939. 
• M. Rettinger, "Reverberation chambers for rerecording," Jour. 

Soc. Mot. Pic. Eng., vol. 45, pp. 350-357; November, 1945. 
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distance away, by means of a suitable program line. The 
level of this transmission may be controlled by means of 
the mixer controls of the two-position reverberation 
mixer. At the same time, the program material also 
passes on into the program channel in the normal man-
ner, this level being a function of the setting of the mixer 
control of the channel involved. The output of the re-
verberation device returns to the console on one of the 
five incoming-program lines (known as the reverbera-
tion return line) and from this point it is introduced into 
the program channel, the level being under the control 
of the mixer control (A or B) involved. The desired 
reverberation effect is obtained by the adjustment of 
the relative proportions of the original and reverber-
ated signal, which in turn is controlled by the respective 
settings of the microphone channel and reverberation re-
turn mixer controls. Often, unusual effects are obtained 
by combining the use of a reverberation device and a 
sound-effects filter (see Fig. 10). 

Fig. 10—The CBS "sound-effects" filter is a simple, yet effective de-
vice for obtaining special effects in program production. By suita-
ble modification of the normal response-versus-frequency char-
acteristic of the program channel through the use of this filter, 
telephone conversations, police and airways radio circuits, as well 
as effects such as ghostly voices, may be readily simulated. 

The filter consists of a low-pass section and a high-pass section 
connected in cascade. The cutoff frequency of each section is in-
dependently adjustable, a choice of any one of eight frequencies 
(100, 250, 500, 1000, 2000, 3000, 4000, and 5000 c.p.s.) being 
available. In addition, the individual sections may be removed 
entirely from the circuit. Therefore, the unit can be used either as 
a high-pass, a low-pass, or a band-pass filter. 

Each filter section is a single-prototype or constant-K section, 
and may be either of pi or tee configuration. For reasons of econ-
omy, it is often desirable to employ a pi section for the low-pass 
unit and a tee section for the high-pass unit, this arrangement re-
quiring the minimum number of inductors. In the above unit, the 
Q of the coils is sufficiently high to provide attenuation at a rate of 
18 db per octave until at least 60 db attenuation has been ob-
tained. The insertion loss in the pass band is less than 1 db. 

To insure against switching noises during operation of the 
range switches, the capacitors in the various sections are shunted 
with suitable resistors to provide a continuous discharge path. 
Furthermore, the switching arrangement is such that, in passing 
from one set of contacts to the next, continuity of the signal 
through the filter is maintained, thereby avoiding any program 
breaks if adjustments are made during a broadcast. 

The sound-effects filter is usually employed in one of the 
microphone channels, being patched between the preliminary 
amplifier output and the mixer control input. Owing to the low 
level existing in these circuits, the unit is well shielded and em-
ploys hum-bucking coil construction to prevent pickup from stray 
electromagnetic fields. 

Sound-Reinforcement Feeds 

In large broadcast studios and radio theaters, where 
a studio audience is present during the presentation of 
radio programs, it is usually essential to provide sound-
reinforcement facilities° to enable the studio audience to 
hear all portions of the program in proper perspective. 
Effective sound reinforcement requires that only 

those portions of the program which could not otherwise 
be easily heard by the studio audience be reproduced on 
the studio loudspeakers. For this reason, a separate 
mixing console and operator are usually employed for 
the specific purpose of preparing the program material 
for sound reinforcement, and properly controlling the 
over-all loudspeaker levels during the performance. A 
preferred location for the sound-reinforcement mixer is 
in the audience section of the studio, where the operator 
has first-hand knowledge of the degree of reinforcement 
required and the immediate result of all operating 
adjustments. 
When a sound-reinforcement system such as described 

above is employed, it is necessary to make available to 
this sound system a sample of the program material 
from each of the mixer channels of the studio control 
console. Such sound-reinforcement feeds have been 
made available in the 3B console through the use of 
resistance attenuation networks with a high input im-
pedance which are bridged across the input of each of 
the mixer volume controls. The program samples there-
by obtained from each mixer channel prior to any vol-
ume adjustments are fed to the sound-reinforcement 
mixer through a suitable multiconductor cable. 

Utility Facilities 

In addition to the basic facilities already described, 
the CBS 3B console is equipped with various utility 
facilities, not normally connected into the circuit, which 
are available for use when some special operating re-
quirement arises which makes their use essential. These 
utility facilities may be inserted into any desired pro-
gram circuit by means of patchcord connections. 
The utility facilities include a "sound-effects" filter 

(Fig. 10) which is usually connected in a microphone 
channel when it is desired to simulate a telephone con-
versation or other effects requiring a restricted fre-
quency range. Other utility facilities include a variable 
bridged-tee attenuator equipped with isolation trans-
formers on both the input and output in order that it 
may be used with either balanced-to-ground or unbal-
anced-to-ground  circuits;  two  utility  double-pole 
double-throw key switches; a utility bridging trans-
former; and two sets of parallel-connected jacks. 
In addition to the utility facilities outlined above, 

several program circuits of utility nature have been pro-
vided for in the 3B console. These include a spare or 
emergency program line to the master program distribu-

" H. A. Chinn and R. B. Monroe, "Broadcasting studio sound re-
inforcement,' Audio Eng., vol. 31, pp. 5, 37-38; December, 1947. 
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tion center for use in the event of a failure of the regular 
program line; two tie lines to an equipment room for 
use should it be necessary to pick up the input and out-
put terminals of a special unit of equipment; two general 
utility circuits to the studio and sub-studio as well as a 
similar circuit to the studio "utility" room. In addition, 
there are headphone-cue (PH-Q) circuits to the studio, 
sub-studio, and utility room. 

Circuit Impedance 

It will be noted from the block diagram (Fig. 6) that 
a circuit impedance of 150 ohms has been employed 
throughout in these facilities. The use of this low circuit 
impedance, which is in accordance with the latest 
RMA proposed standards, assists greatly in achieving 
uniform response-versus-frequency characteristics at 
the higher audio frequencies. 

PERFORMANCE 

The measured performance characteristics of the 
CBS 3B studio control console are well within the re-
quirements dictated by good engineering practice and 
readily meet the Federal Communidations Commission 
requirements for a.m., f.m., and  television-sound 
broadcasting service. Measurements were made from 
the input of the microphone preliminary amplifiers to 
the output of the line pad, and also to the output of the 
monitoring amplifiers. All gain controls were set to their 
normal operating adjustments, the insertion gain of the 
program channel being 70 db under these conditions. 
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Fig. 11—The curve above shows visually the response-versus-fre-
quency characteristics of the complete program channel of the 
CBS 3B console. From these data it may be seen that the per-
formance is well within the requirements set forth for a.m., f.m., 
and television audio facilities. 
The signal-to-noise ratio of the complete program channel 

ranges from 73 to 75 db, as detailed in the text. 

The response-versus-frequency characteristic of the 
program channel is uniform, within 0.7 db of the 1000-
c.p.s. value, from 50 to beyond 15,000 c.p.s. Fig. 11, 
which shows the extreme values measured, indicates the 
high degree of uniformity between channels. The re-

sponse-versus-frequency characteristic through  the 
monitoring channel (including the program channel) is 
substantially equivalent to that of the program channel. 
The single-frequency harmonic distortion of the pro-

gram channel, measured at an output level of +20 dbm 
(which is 10 db greater than the normal program output 
level of +10 vu), is less than 0.2 per cent from 100 to 
15,000 c.p.s., and less than 0.4 per cent in the region 
from 50 to 100 c.p.s. The distortion through the monitor 
channel (including the program channel), measured at 
an output level of +38 dbm, is less than 0.75 per cent 
from 50 to 10,000 c.p.s., and less than 1.0 per cent from 
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Fig. 12—These curves show the distortion-versus-frequency charac-
teristics of the CBS 3B console. Attention is called to the very low 
distortion in the complete program channel. These program chan-
nel measurements were made at an output level of +20 dbm, 
which is 10 db higher than the normal program level. 

10,000 to 15,000 c.p.s. The measured distortion values 
are plotted on Fig. 12 together with the residual distor-
tion of the measuring equipment used for these measure-
ments. 
The signal-to-noise-ratio measurement was made in 

accordance with established CBS practice.' Using this 
method, the signal-to-noise ratio is expressed with re-
spect to a single-frequency test tone 10 db higher in 
level than the normal program level. The signal-to-noise 
ratio of the various channels, when measured in this 
manner, was found to range from 73 to 75 db. 
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Restricted-Range Sky- Wave Transmission* 
J. E. HACKE, JR.t, AND A. H. WAYNICKt, SENIOR MEMBER, I.R.E. 

Summary. —This paper reports results of a study showing that it 
should be feasible to restrict considerably the range within which ra-
dio signals may be received after reflection from the E layer of the 
ionosphere. This is accomplished by proper choice of operating fre-
quency and by using a relatively simple directive array beamed ver-
tically upwards. Other types of arrays, and other operating frequen-
cies, are discussed for comparison. 

INTRODUCTION 

THE ROLE OF the ionosphere in the long-distance 
transmission of radio waves in the frequency 
range of about 1 to 30 Mc. is well known. Under 

midday conditions, radio waves vertically incident on 
the ionosphere are refracted back from the lower, or E 
layer, of the ionosphere, for frequencies up to 4 Mc. 
This layer has an ionization maximum at a height of 
about 120 km. From ionosphere-earth geometry, waves 
refracted obliquely from this layer are known to have a 
maximum "one-hop" range of about 2000 km. For the 
frequency range of about 4 to 10 Mc., radio waves di-
rected vertically upwards are refracted from the upper, 
or F layer, with an ionization maximum at a height of 
about 300 km. Waves refracted from this layer are 
known to have a "one-hop" maximum range of about 
4000 km. 
The above frequency figures apply, approximately. 

for midsummer noon and in middle latitudes. The 
maximum frequencies and heights vary in a relatively 
predictable manner with solar time, season, and lati-
tude. The indicated values for maximum "one-hop" 
range, however, being dependent only on the geometry, 
and therefore upon layer heights, remain fairly constant 
for the E layer and very roughly constant in case of the 
F layer. 
The use of this frequency range has numerous ad-

vantages. These include antenna structures of reason-
able size and relatively high efficiency, low static noise 
level in comparison with lower frequencies, and reason-
ably small transmitter-power requirements. However, 
the relative narrowness of this frequency band, and the 
great demand for long-range circuits, has prevented use 
of this frequency band for comparatively short-range 
transmission, due to the interference that would result. 
This applies particularly to omnidirectional transmis-
sions. The present study was undertaken, therefore, in 
an effort to determine the feasibility of restricting the 
range of such transmissions by means of a vertically 
directive transmitting antenna system. 

• Decimal classification: R112.4. Original manuscript received by 
the Institute. The work reported in this study was done under a re-
search contract, W28-099-ac-143, between The Pennsylvania State 
College and the Watson Laboratories, Air Materiel Command, Red 
Bank, N. J. Presented, joint meeting, U.R.S.I., American Section, 
and I.R.E. Washington Section, Washington, D. C., May 3, 1948. 
t The Pennsylvania State College, State College, Pa. 

In the following preliminary work, numerous simpli-
fying assumptions are made. In particular, the effect of 
the earth's magnetic field on the ionosphere is neglected. 
This is roughly equivalent to confining attention to the 
ordinary component of the sky-wave field. In addition, 
absorption in the ionosphere is not considered. This 
assumption results in maximum-range conditions, since 
daytime absorption in the ionosphere will reduce the 
range obtainable in comparison with the no-absorption 
value. 
Throughout this study, results are compared with 

calculated results using a single horizontal dipole, one-
half wavelength long and one-fourth wavelength high. 
This antenna forms the unit in the arrays and is referred 
to throughout as "the single-dipole antenna." 
Attention is confined to two frequencies: (1) below the 

midday vertical-incidence E-layer critical frequency; 
and (2) approximately midway between the above and 
the F-layer vertical-incidence critical frequency. Verti-
cally directive arrays are then determined which re-
strict the range of sky-wave transmission to stipulated 
values. It is shown that a considerable restriction in 
range appears to be practical for the first frequency. 

II. FREE-SPACE DIRECTIVITY OF A 

HALF- WAVE DOUBLET 

The starting point in the determination of ground-
and sky-wave ranges involves the determination of the 
free-space radiation pattern of a half-wave doublet. This 
result is well known,' and is here written in terms of a 
free-space directivity factor Df. 

Df = [1  sin' cos'  (1) 

Radiating 
Oiopote 

Fig. 1—Co-ordinate system for free-space directivity factor: 
OXZ = "ground" plane 
OX Y= "equatorial" plane 
0 YZ = "antenna" plane. 

I F. E. Terman, "Radio Engineers' Handbook," McGraw-Hill 
Book Co., New York, N. Y., 1943. 
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This equation is written in terms of a spherical co-
ordinate system with the origin at the center of the an-
tenna and with the azimuth angle t and the vertical 
angle IP defined as in Fig. 1. It will be noted that when 
=0, D,=1, and maximum radiation therefore takes 
place in this plane. 

cif  0  0  0 
0  Of 

ii 

0 
Anglo of Eiesehon V in Ogren 

40 30 60 

Fig. 2—Contour diagram giving the free-space directivity 1,1 as a 
function of elevation angle and azimuth angle, illustrated in 
Fig. 1. 

A contour diagram which is convenient in making 
practical use of this relation appears in Fig. 2. Here 
contours of D f are plotted as functions of t and IP, so 
that the value of the former may be readily obtained by 
interpolation for any given value of the latter. 

III. EQUATORIAL DIRECTIVITY OF A HALF-WAVE 
HORIZONTAL DOUBLET 

In practice, the radiation pattern of interest is that of 
a horizontal half-wave antenna a finite distance above 
the surface of the earth. To obtain this, as is well known, 
it is necessary to consider the "image" antenna induced 
in the earth by the transmitted energy directed towards 
the earth. By confining attention to the equatorial plane 
of the antenna, the condition for maximum range is ob-
tained. The result is a relatively simple expression for 
what is here called the equatorial directivity factor' D,: 

D, = 1  R' exp {j(47h/X) sin 1,td.  (2) 

In this expression, 
h= antenna height above the earth's surface 

2 G. W. Pierce, "Lecture Notes in Physics 23," Engineering 223, 
Harvard University, 1936. Mimeographed manuscript. 

X = wavelength in the same units as h 
Ili =angle of elevation above the earth's surface 
R' =complex reflection coefficient of the earth 

exp 

[sin41,/,-FL2-2L2 sine 4, cos 2m} 1/2 
P—  

sin2 4.-1-2L sin ik cos m-FL2 

E= tan' (2L sin  sin m)/(sin2 11,—/.2) 
L= [(cos2 —  +  4 a2/12 ]1/4 

m =  tan-' (2cr/f)/(cos24/—e) 
e =dielectric constant of the earth in e.s.u. 
cr =conductivity of the earth in e.s.u. 
f =frequency in c.p.s. 
It is intuitively evident that maximum radiation up-

wards without the presence of lower side lobes is ob-
tained for an antenna height of about X/4. Fig. 3 is a 

Fig. 3—Magnitude of equatorial directivity Dr for a single hori-
zontal dipole above the earth. Earth constants assumed are 
noted in the text. 

plot of D, for this height and for the frequencies of 
interest, for both overland and oversea transmission. 
The overland curves are calculated assuming e =5 and 
cr=10-"; the oversea curves are calculated assuming 
e=81 and cr=3.8X10-". 
The radiation efficiency of this antenna is large even 

for relatively low elevation angles, so that but little 
advantage is gained in restricting the range by reduc-
ing the low-angle radiation with this simple vertically 
directive system. It should also be noted that the field 
at any distance 2r from this antenna is equal to 

Af 
E = — DfD,  (3) 

2r 

under the conditions that 2r is many wavelengths and 
that the receiver is several wavelengths above the earth, 
since the guided wave has been neglected. The field in-
tensity is given in microvolts per meter per kilowatt 
radiated, when 2r is expressed in meters, and the dipole 
moment Af is given in microvolts per kilowatt. M has 
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been calculated to be 2.215 X108 microvolts per kilo-
watt.' 

IV. GROUND-WAVE FIELD VERSUS RANGE 

Determination of the range from the transmitting 
position wherein the ground wave is of appreciable mag-
nitude is essential for two reasons. In the first place, 
near the outer edge of this range lies a region wherein 
both sky- and ground-wave signals are of approximately 
equal amplitude; and, consequently, fading results. Sec-
ondly, if the operating frequency is slightly above the 
vertical-incidence ionosphere-layer critical frequency, 
the sky-wave skip range exceeds zero and, as an outer 
limit, should be held to values less than the ground-
wave range in order that there be no region within the 
desired range wherein no signals are received. 
The method of calculating the ground-wave ranges 

for the frequencies of interest has been adequately 
covered elsewhere.' Curves showing the results of these 
calculations for the transmitting antenna described 
above are shown in Fig. 4. These curves are based on the 

Fig. 4—Ground-wave field intensity at the surface of the earth as a 
function of range for the antennas of Fig. 3. Equatorial plane of 
the antennas. Average atmospheric condidons assumed. 1.0 kw. 
radiated. 

same constants as those used in Fig. 3. The curves apply 
for points on the intersection of the earth's surface and 
the equatorial plane of the antenna. For other azimuth 
angles E, less than about 80°, similar curves may be ob-
tained by multiplying the ordinates by cos t. 
When the ground-wave field is to be determined for 

points above the earth's surface, it is further necessary 
to consider the height of the receiving antenna above the 
surface of the earth. Below the line of sight, this factor is 
easily accounted for by the curves of Fig. 5. Thus, for a 

3 K. A. Norton, "The Calculation of Ground Wave Field Inten-
sity Over a Finitely Conducting Spherical Earth," F.C.C. Hearing 
in:the Matter of Aural Broadcasting, Washington, D. C., 1940. Litho-
graphed manuscript. 

See footnote reference 3. 

given range, the field at any height h may be de-
termined by multiplying the relevant value given in 
Fig. 4 by the relevant ordinate in Fig. 5. 
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Fig. 5—Height-gain characteristic for the ground-wave field below 
the line of sight. Constants as in Fig. 3. 

V. CALCULATION OF SKY-WAVE FIELD VERSUS RANGE 

Fortunately, for the purpose of this paper, it is not 
necessary to attempt to deal with exact expressions de-
scribing the characteristics of the ionosphere. The fol-
lowing simplifying assumptions have been made to ob-
tain a tractable analysis: 
1. A plane ionosphere and curved earth are assumed. 

This involves the assumption that the height of reflec-
tion is independent of the angle of incidence. 
2. The earth's magnetic field is neglected, so that the 

analysis applies, approximately, to the ordinary sky 
wave. 
3. Absorption in the ionosphere is neglected. This 

effect may, very roughly, be included from curves pub-
lished elsewhere.' 
4. Reflection takes place from one layer. Thus, the 

possible effects of sporadic E are ignored when F-layer 
reflection is assumed. 
5. For multielement antenna structures, the effects of 

coupling between the elements are not considered. 
Under the above assumptions, and confining initial 

attention to the equatorial plane of the single dipole, the 
field intensity at a sky-wave range 2r is given by 

E = MD(0)/2r  (4) 

s"IRPL Radio Propagation Handbook, Part 1," Washington, 
D. C.: Interservice Radio Propagation Laboratory. 
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where the value of M has been given in connection with 
(3) and D(') is plotted in Fig. 3. It is thus necessary to 
relate r and 4/ to the ground range s and the ionosphere 
height h by means of the geometry indicated in Fig. 6. 

Fig. 6—Diagram representing path of sky wave. BR131, ionosphere; 
ASAi, surface of earth; 0, center of earth; A, transmitters; Ai, 
receiver; R, reflection point; a, radius of earth; h, height of iono-
sphere; s, range along earth's surface; a, 4 path angle; r, 4 sky. 
wave range. 

From Fig. 6, it is easily shown that the desired rela-
tionships are 

and 

r = [2a(a  h)(1 — cos a) + h21112 (5) 

= cos-1 [(a + h)(sin a)/r]  (6) 

where the notation is indicated in Fig. 6. It should be 
noted that these relations apply only for the "single. 
hop" transmissions. For "multihop" paths involving m 
"hops" it is necessary to divide the ground-wave range 
by m and determine the "single-hop" field at this 
distance. The "multihop" field is then determined by 
dividing this result by m. 
By the application of NIartyn's theorem,6 it follows 

that the relation 

b = f[h  a(1 — cos ci)J/r  (7) 

may be used for calculating the skip distance when the 
vertical-incidence critical frequency f,, is known and is 
less than the operating frequency f. 

D. F. Martyn, "The propagation of medium radio waves in the 
ionosphere," Proc. Phys. Soc., vol. 47, pp. 332-339; March, 1935. 

VI. E-LAYER SKY- WAVE FIELD 

It is well known that the E-layer height remains essen-
tially constant. Consequently, assuming a reasonably 
constant height, the above relations may be used to 
determine the E-layer sky-wave field as a function of 
distance. 
Utilizing (4), (5), and (6) in conjunction with the 

2.398-Mc. "overland" curve of Fig. 3, the sky-wave field 
as a function of range is obtained. The results appear in 
Fig. 7. This assumes an E-layer height of 110 km. It is 

Hop 

I" Hops 

 -1 

Distance in K Ion,. ors 

etv /40a7 

Fig. 7—E-layer sky-wave field at the surface of the earth as a function 
of range, under same conditions as in Fig. 4. Number of hops as a 
parameter. Constants assumed are noted in the text. 

evident that the "one-hop" E-layer range is approxi-
mately 2000 km. and is essentially independent of reason-
able transmitter powers. When these curves are com-
pared with the relevant curve of Fig. 4, it is evident 
that sky-wave transmission is predominate for all 
ranges of interest with the type of transmitting antenna 
in question. 

VII. F-LAYER SKY- WAVE FIELD 

In contradistinction to the E layer, the F-layer height 
varies widely, particularly with the season of the year. 
During the summer months, also, the F region separates 
into two distinct layers, F1 and F2. As a result of these 
variations, it is not useful, for present purposes, to 
attempt to deal in detail with F-layer field strengths. 
An order-of-magnitude result may, nevertheless, be ob-
tained by assuming an F-layer height of 270 km. 
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The 6.425-Mc, sky-wave field strength obtained with 
these assumptions is shown in Fig. 8. It is evidel, that 

I Hp 

Haps 
Ii  

IOC 

stance In IgkensIdes 
w  Alto 

Fig. 8—F-layer sky-wave field at the surface of the earth as a function 
of range under same conditions as in Fig. 4. Number of hops as a 
parameter. Constants assumed are noted in the text. 

the "one-hop" F-layer range is approximately 4000 km. 
and is also essentially independent of reasonable trans-
mitter powers. 

VIII. RESTRICTION OF SKY- WAVE RANGE BY A 
VERTICALLY DIRECTIVE TRANSMITTING ANTENNA 

An obvious method of restricting the range of sky-
wave transmissions is to use an antenna system which 
is vertically highly directional, and therefore radiates 
but little power at the lower angles involved in long-
distance transmission. It is essential that no low-angle 
side lobes occur in the directivity pattern chosen, for the 
same reason. 
Vertical directivity may be obtained by the well-

known methods of "stacking" driving antennas above 
one another at suitable separation of the elements, or 
by placing driven elements broadside to the direction in 
which the directivity is required. For present purposes 
it is necessary to obtain an array directivity which is 
satisfactory in all vertical planes passing through the 
center of the array, and at all angles to the array-ele-
ment axis. Since, in either case, it is necessary to 
utilize at least four supporting towers, it was deemed 
advisable to consider only the broadside array, since 
this involves towers of minimum height. 
It can be shown that when two antenna elements, 

with equal cwrrents, having directivity D, are placed a 
center spacing distance S apart, the directivity of the 
array is given by' 

7 M.I.T. Radar School, "Principles of Radar," Chap. IX. Cam-
bridge, Mass., 1944. 

D 2 =  2D cos RrS/X) cos 01  (8) 

where X is the wavelength measured in the same units 
as S, and tk is the angle of elevation measured from the 
horizontal. Attention is confined to the case SIX =1/2. 
If, further, n combinations of the above double elements 
are superposed so as to form an array with a binomial 
current distribution, the following directivity pattern is 
obtained. 

D„+1 = 2'D cos" (1/2r cos tk),  (9) 

with the array comprised of n+1 elements. The relative 
current in the rth element is given by the coefficient of 
the rth term in the binomial expansion 

n! 
ncr =   

r!(n — r)! 
(10) 

hence the name "binomial array" for this type of an-
tenna structure. 
From (9) it is evident that the array directivity is 

linearly related to the element directivity. The single 
dipole antenna, whose directivity in the equatorial 
plane is shown in Fig. 3, was therefore chosen as the 
elementary antenna. Since the element antenna has no 
side lobes, the array using this element will also have a 
directivity pattern without side lobes. As indicated by 
(1) and (3), the directivity of the element antenna in the 
axis of the antenna is obtained by multiplying the 
equatorial directivity by sin 1//. The directivity at inter-
mediate azimuth angles is given by multiplying the 
equatorial directivity by [1 —sin' E cos' 1,1/[1i'. Thus the 
equatorial and antenna axis directivities are limiting 
cases, and their determination is sufficient in establish-
ing the limiting directivities in the three-dimensional 
pattern. 

IX. RESTRICTED-RANGE E-LAYER SKY- WAVE FIELD 

To determine the feasibility of restricting the range of 
the E-layer reflected sky-wave field, it is convenient to 
specify some distance, much less than the normal one-
hop distance, at which the sky-wave field will have a 
specified value approaching the limiting value which can 
be received through receiver and atmospheric noise. It 
is deemed sufficient to specify a no-absorption "one-
hop" range of 500 km. for a 1-microvolt-per-meter sky-
wave field, at the ground, as a basis for a feasibility 
check. 
Utilizing (4) for determining the required directivity 

in conjunction with (2) and (9) determines the number 
of elements required to obtain this directivity. When 
this is done for 2.398-Mc, transmissions, with an as-
sumed E-layer height of 110 km., it is found that a 4 X4 
horizontal mattress satisfies the directivity require-
ments. This is comprised of four ranks of four-element 
collinear arrays with 1/2-wavelength separation be-
tween the ranks. Utilizing (10) indicates that a 1-3-3-1 
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ISO 

current distribution is required in each rank, and a 
1-3-3-1 distribution between ranks, so that the maxi-
mum current ratio between elements is 9 to 1. This, in 
conjunction with the element dimensions at this fre-
quency, results in a practical antenna configuration. 
The resulting directivity pattern for the array de-

scribed above has been calculated and appears in Fig. 9. 
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Fig. 9—Relative voltage directivity, normalized to 1.00 in the ver-
tical, of three antenna systems in each of two principal planes. 
See Fig. 10 for schedule. 

As a basis for comparison, the relevant portion of the 
curve of Fig. 3 for the array element is also plotted. In 
addition, the calculated curves for the element over a 
ground mat is shown. This indicates that a considerable 
increase in vertical directivity is obtained by the use of 
a ground mat at these frequencies. 
Utilizing Fig. 9, the "one-hop" E-layer sky-wave field 

as a function of range has been calculated, and appears 
in Fig. 10. As will be noted, a 4-to-1 restriction in range 
is feasible. 
Two factors of practical importance do not appear on 

the curves. The first is the great reduction in trans-
mitter power that may be obtained by utilizing the 
array. As an example, it is easily shown that the same 
vertical-incidence sky-wave field is obtained using the 
array radiating 150 watts as is obtained with a single 
dipole radiating 1 kw. Since the curves of Fig. 10 are 
normalized to unity in the vertical, it is evident from 
this figure that the sky-wave fields of the two antenna 
systems, using the above power ratio, are within 8 db of 
each other out to 100 km. Beyond this distance range 
the array field drops off rapidly, as desired. 
Another factor of practical importance is the effect 

of the reduction of the vertical-incidence critical fre-
quency of the E layer, during night hours. From (7) 
there may be obtained the relevant curves which appear 
in Fig. 11. On this figure, areas to the left and below a 
given curve correspond to regions where E-layer sky-
wave signals are not received. Thus, as the vertical-
incidence critical frequency becomes less than the 
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Fig. 10—"One-hop" E-layer sky-wave field at the surface of the earth 
as a function of range for the three antenna systems of Fig. 9. 
Curves A and B under same conditions as in Fig. 7. Other curves 
normalized to same value in the vertical. 

operating frequency, the skip distance increases and, for 
the present example, becomes 500 km at a vertical-inci-
dence critical frequency of 1 Mc. 
To consider the effect of this factor, we shall use two 

examples. For an observer at 50 km., normal reception 
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Fig. 11—"Skip d'stance" within which the regular E-layer sky-wave 
field does not appear as a function of vertical-incidence critical 
frequency. 
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will occur until the vertical-incidence critical frequency 
decreases to 2.37 Mc. For this frequency, and lower, 
E-layer transmission cannot occur. However, F-layer 
transmission can, and will, occur; so that, neglecting 
absorption, and change in path length, the observer 
will note no change in signal unless F penetration occurs, 
which is very unlikely. For an observer at 500 km., 
similar statements apply, except that the change in the 
mode of transmission occurs at 1 Mc. As will be shown 
in the next section, the restriction of the F-layer range 
requires a much narrower beam than the E-layer case. 
Consequently, if the vertical-incidence critical fre-
quency becomes less than 1 Mc., the restriction of the 
sky-wave range to 500 km. is not possible by this 
means. 
In view of the above, and for the given example, the 

use of this array will successfully restrict the E-Iayer 
sky-wave range by about a factor of four and will result 
in a sky-wave field of certain value inside the restricted 
range with about 1/6 the transmitter power, all with 
reference to a single horizontal dipole. 
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Fig. 12—"One-hop" F-layer sky-wave field at the surface of the earth 
as a function of range. Curves A and B, same conditions as in 
Fig. 8 in equatorial and antenna planes, respectively. Curves 
C and D, using the array described in the text, in element equa-
torial and antenna planes, respectively, normalized to same value 
on vertical as curves A and B. 

X. RESTRICTED-RANGE F-LAYER SKY- WAVE FIELD 

F-layer transmission may be treated in exactly the 
same way as E layer, taking into account the greater 
height of the former. Assuming an F-layer height of 270 
km., and specifying a 1-microvolt-per-meter "single-
hop" sky-wave field at 500 km. for the maximum range, 
results in a rather complex array requirement. The re-
quired array consists of eleven ranks of seven-element 
collinear arrays with 1/2-wavelength separation between 
the ranks. A prohibitive practical requirement is that 
the maximum current ratio between elements is 5040 to 
1 
The "one-hop" F-layer sky-wave field as a function 

of range to be expected with the above antenna appears 
in Fig. 12. However, due to the complex antenna struc-
ture required, this array does not warrant further con-
sideration. 

XI. CONCLUSION 

From the results of Section IX, it appears that the 
sky-wave range of signals normally reflected from the 
E layer may be reduced by about a factor of four by 
utilizing a feasible vertically directive transmitting an-
tenna system. Further, a given field intensity within 
the restricted range may be obtained with much less 
transmitter power when this antenna is used, as com-
pared with more commonly encountered types. Finally, 
range restriction may be obtained even under the condi-
tion that the operating frequency is above the vertical-
incidence E-Iayer critical frequency, as long as the 
E-layer maximum usable frequency (m.u.f.) for the 
stipulated range is greater than the operating frequency. 
Before the proposed scheme can be reduced to prac-

tice, the effect of absorption in the ionosphere must be 
determined; preferably on a theoretical basis. An ap-
proach to this problem has been devised and will be 
reported by one of the writers elsewhere. It is thought 
that this effect can be countered by changing the 
power of the transmitter, without affecting the range 
restriction, as the absorption varies throughout the 
day. 
In view of the approximations made in this paper, 

the conclusions require experimental verification. Ex-
periments are underway to obtain this verification. 
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Recent Developments in Frequency Stabilization 
of Microwave Oscillators* 

W . G. TULLERt, MEMBER, I.R.E., W . C. GALLOWAY , ASSOCIATE, I.R.E., AND 
F. P. ZAFFARANO§ 

Summary—A system developed by R. V. Pound for frequency-
stabilizing a microwave oscillator is discussed. The frequency range 
of the Pound stabilizer is considered, and a change in the microwave 
circuit is described which increases the usable frequency range of 
the stabilizing circuit. This new circuit is discussed in detail, and a 
graphical method of obtaining the frequency versus voltage char-
acteristic is presented. The effect of harmonic distortion in the out-
put of the stabilizing circuit when the microwave oscillator is fre-
quency-modulated is discussed, and the amount of the distortion 
is evaluated. 

INTRODUCTION 

i
T IS THE purpose of this paper to present some re-
cent developments in the field of microwave fre-
quency stabilization. Work has centered on a sta-

bilization system' developed by R. V. Pound, and in 
particular on the microwave frequency discriminator 
which it incorporates. Emphasis has been placed not on 
improving the already high stability of this system but 
on developing the stabilizer into an engineered system, 
free of involved tune-up procedure and dependence on 
the uncontrolled characteristics of microwave tubes and 
crystals. 

I. THE POUND STABILIZER 

A block diagram of the original Pound system is 
given in Fig. 1. Also indicated in this figure is a conven-
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Fig. 1—Block diagram of the Pound stabilizer. 

• Decimal classification: R355.912. Original manuscript received 
by the Institute, December 15, 1947. This work has been supported in 
part by the Signal Corps, the Air Materiel Command, and the Office 
of Naval Research. 

f Formerly, Massachusetts Institute of Technology, Cambridge, 
Mass.; now, Melpar, Inc., Alexandria, Va. 

Massachusetts Institute of Technology, Cambridge, Mass. 
I Formerly, Massachusetts Institute of Technology, Cambridge, 

Mass.; now, General Railways Signal Co., Rochester, N. Y. 
1 R. V. Pound, "Frequency stabilization of microwave oscilla-

tors," PROC. I.R.E., vol. 35, pp. 1405-1415; December, 1947. 

lent way of plotting the detected discriminator output 
voltage as a function of frequency on an oscilloscope. 
Power from the microwave oscillator divides at the 
magic tee between the two adjacent arms. The useful 
energy component reflected from the reference-fre-
quency cavity goes to the modulating crystal, which re-
flects the "carrier-frequency" energy incident on it in 
the form of two sidebands at carrier frequency plus and 
minus the modulating frequency, suppressing the car-
rier. These sidebands, combining at the detector crystal 
with the carrier-frequency signal entering directly from 
the source arm of the magic tee, give rise to a modula-
tion-frequency signal at the detector-crystal output. It 
is convenient to consider the detector-crystal output 
signal as having a magnitude which is a function of the 
imaginary component of the reference-cavity reflection 
coefficient, and a phase which shifts by 180° as the fre-
quency of the microwave source goes through the reso-
nant frequency of the reference cavity. After amplifica-
tion in the modulation-frequency (30-Mc.) amplifier, 

Fig. 2—Typical discriminator curve for the:Pound system, no 
crystal bias. 

the discriminator output is compared in phase with the 
signal applied to the modulating crystal. The phase-sen-
sitive detector employed for this purpose produces a 
voltage output which, it has been shown, for a matched 
cavity, closely approximates the following relation: 

A 
E =   

1 + A2 
(1) 

where 

=Qdf/F 
Q= unloaded Q of cavity 
F = resonant frequency of cavity 
df —deviation from frequency F. 

Deviations from the theoretical waveform make Fig. 
2 typical of the discriminator curves obtained with the 
Pound circuit. Fig. 2 is a photograph of an oscillogram 
produced with the circuit of Fig. 1 by sweeping the fre-
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quency of a 9000-Mc. oscillator over a 60-Mc. frequency 
range (cavity Q=9000). These deviations are undesira-
ble if, when the stabilizer is switched on, it is to lock the 
oscillator on the correct frequency without further at-
tention. Their major cause is mismatch of the detector 
crystal at the edges of the oscillation mode of the kly-
stron, where there is low power output and hence low 
crystal current. A d.c. bias of 0.25 volt across the crystal 
in such a direction as to increase crystal current will 
stabilize crystal impedance, and will permit the im-
proved curve of Fig. 3 to be realized. 

Fig. 3—Typical discriminator curve for the Pound system, 
biased crystal. 

Pound's system, while representing a marked ad-
vancement in stabilizing technique, has an inherent 
limitation in that critical phase relations within the 
waveguide discriminator depend on the difference in 
electrical length between two waveguide paths of con-
siderably different physical length. The effect of this 
path-length difference may be resolved into three sepa-
rate phase shifts, two of which are functions of the mi-
crowave frequency. The most important of the factors 
will be evaluated first. 
A carrier-frequency component of guide wavelength 1 

will have a new guide wavelength, l+dl, when the fre-
quency is changed. After traversing n wavelengths the 
total apparent phase shift in this component will be 
nd/. In terms of more tangible factors, if F is the micro-
wave frequency in cycles per second, dF is the total 
change in F, L is the length of the difference path in cen-

Fig. 4—Relation of vectors entering waveguide. 

timeters, c is the velocity of light, and f, is the cutoff fre-
quency for the waveguide used, then the phase shift of 
the carrier in degrees clh, caused by a frequency change 
dF, is 

360FdFL 
(2) 

cVF2 — fp2 

or, for 1 Xi-inch waveguide (0.050-inch wall) at 9000 
Mc., ck, is 0.0175° cm./Mc. 

Stated in other terms, the theoretical maximum range 
of frequencies over which the Pound circuit can operate, 
even with the waveguide arm lengths reduced to 4 cm. 
each, is less than 640 Mc. at 9000 Mc. (Note from Fig. I 
that the total path length differential is 16 cm. in this 
case.) 
The two other phase shifts, which are of negligible im-

portance in any practical discriminator of this type, can 
be evaluated by considering the waveguide section 
through which sidebands must travel. The phase shift 
between the sidebands in this section, 02, also deter-
mines whether the signal at the detector crystal is a 
phase- or amplitude-modulated wave, and is a function 
of the modulating frequency. 

Fig. 5—Exaggerated vector relations after one guide wave-
length. 

The rotating-vector representation of a pair of side-
bands, BA and Bi, and a carrier A is shown in Fig. 4. As-
sume that, as shown in Fig. 4, the phase relations are 
proper for amplitude-modulation sidebands when the 
wave enters a short section of waveguide. In traversing 
one wavelength of the guide (for the carrier) the side-
bands will be shifted in phase relative to the carrier, and 
an exaggerated vector diagram will appear as in Fig. 5. 
Note that the lower sideband Bi has shifted through a 
smaller angle than the carrier, while the upper sideband 
BA has shifted through a larger angle than the carrier. 
Also note that the angles d1 and d2 are not exactly the 
same because the wavelength in the guide changes more 
rapidly as the cutoff frequency is approached. The angle 
tih then represents the amount by which the phase rela-
tion of carrier to sidebands has varied in one wavelength 
of guide. The angle Oscan be evaluated as 

4,2 = [vfh2  _ .42 _ vfi2  _ pi  x  180 X L 
c 

(3) 

For a modulating frequency of 30 Mc., a center fre-
quency of 9000 Mc., and with 1 Xi-inch waveguide, 

f =9030 X106 c.p.s. 
fi= 8970 X 106 c.p.s. 
fc = 6561.7 X106 c.p.s. =guide cutoff frequency 
c = 2.998 X 10'° cm./sec. 
02 = 0.526 degree per cm. of waveguide. 

An error of this type may be introduced by variations of 
the modulating frequency. For constant modulation fre-
quency, the total phase shift may be adjusted to the 
proper value by adjustment of the cavity arm length. 
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A third phase error 413 is found from the derivative of 
with respect to the microwave frequency, which is 

given by 

d42 1  f fh   1 180 X L 
X   df  .s/fi2 _ fc2  V fh2  fc2 

With a 30-Mc. modulating frequency, fc = 6561.7 X106, 
and the carrier frequency =9000 X106, 4 = 0.0666° cm./ 
1000 Mc. This 4,3 is so small as to be completely negligi-
ble in any discriminator circuit investigated. 

(4) 

II. THE EQUAL-ARM DISCRIMINATOR 

The equal-arm discriminator shown in the block dia-
gram of Fig. 6 was first used by one of the authors in 
January, 1946. It was not until this research was well 
along that it was discovered that there were beneficial 

DETECTOR 
CRYSTAL 

DETECTOR 
CRYSTAL 

NG 
1 -17 °13ULATI  CRYSTAL 

POUND  EQUAL- AMA 

Fig. 6—Comparison of discriminator circuits. 

effects achieved in addition to the broadbanding of the 
device by the equalization of the internal signal paths. 
The physical similarity of the equal-arm discriminator 

to the Pound discriminator is deceiving. The only exter-
nal indication of a change is that the modulating crystal 
and detector crystal positions have been interchanged. 
There are, however, six fundamental differences in op-
eration which bore investigation, and will be discussed 
in sequence. These are: 
(1) The frequency range has been extended because of 

path equalization. 
(2) Reflections which can cause spurious signals are 

eliminated. 
(3) Sideband energy is transmitted to the detector 

crystal with greater efficiency, giving increased over-all 
discriminator sensitivity with the same input power. 
(4) Power input may be several db greater for the same 

detector-crystal noise. 
(5) Large signals at twice the intermediate frequency 

are generated when the microwave source frequency is 
near the resonant frequency of the cavity. 
(6) The carrier energy, rather than the sideband en-

ergy, is a function of frequency; thus the detector out-
put varies as a function of the carrier-to-sideband ratio. 

A. Increased Frequency Range 

By reference to Fig. 6, it may be noted that, in the 

equal-arm discriminator, the waveguide path via the 
modulating crystal (which produces the sideband en-
ergy) can be made equal to the path of the carrier en-
ergy reflected from the cavity. This means that the rela-
tive phases of the two energy paths may be made con-
stant over wide frequency ranges, and thus that the dis-
criminator is no longer limited to the narrow band of 
operation of a single-control Pound system. In the ex-
perimental work it was found possible to make a fixed-
tuned discriminator whose range was greater than that 
of the available microwave source (1100 Mc. in 9000). 
By comparison, a fixed-tuned (i.e., fixed waveguide 
lengths) Pound discriminator, with all path lengths 
minimized, covered less than a 500-Mc. range, 350 being 
a typical value. 
At 9000 Mc. the minimum path-length difference ob-

tainable in the Pound arrangement is about 16 cm., 
which allows 4 cm. for the modulating crystal termina-
tion and a similar length for the cavity arm. 
These measurements, in the case of a TEon-mode cav-

ity, are made between the center post of the magic tee 
and the cavity side of the coupling iris. The effective 
modulator-crystal arm length has not been measured 
under operating conditions. A few d.c. measurements 
indicate that the length should be measured from the 
center post to some point between the crystal and the 
end plate, but their validity under operating conditions 
is questionable. 
The theoretical frequency-range calculations check to 

within 20 per cent of measured values when the path-
length difference is increased to 60 cm. Since they do not 
check as well for small path-length differences, one is in-
clined to suspect fringing effects at the magic-tee junc-
tion, as well as an uncertainty in the exact location of 
the effective position of the modulating crystal. 

B. Elimination of Reflections 

In the new circuit the power reflected from the modu-
lating crystal divides between two matched loads, the 
detector crystal, and the source arm. This is in distinct 
contrast to the Pound arrangement, where the sideband 
power divides between the detector crystal and cavity. 
The cavity is far from being matched at the sideband 
frequencies, and in Pound's system will reflect energy 
back into the modulating crystal for remodulation. The 
equal-arm system will reflect more sideband energy into 
the attenuator in the source arm than the Pound system, 
but if the source is connected into the discriminator 
through a magic tee, the sideband energy getting into 
the useful output will be at least 43 db below the carrier 
level. 

C. Increased Sensitivity 

A very important feature of the new configuration is 
indicated by comparing the modulation-frequency out-
put with that of its predecessor. The same power input 
to each discriminator is assumed, of course. 
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The sideband energy suffers the same modulator-crys-
tal loss in each case, but in the equal-arm circuit tra-
verses the magic tee one time less and does not encounter 
the 6-db loss at the cavity. This is a total increase of 9 
db over the Pound circuit. As will be seen, however, 
only about a 5-db improvement can be realized because 
of the influence of the carrier-to-sideband ratio. 

D. Increased Power-Handling Capacity 

In the new discriminator the power reaching the de-
tector crystal via the modulating crystal loses 6 db from 
two traverses of the magic tee, and 3 to 10 additional db 
are lost in the modulating crystal, depending on the ef-
ficiency of sideband production. The total loss is, there-
fore, 9 to 16 db. If the cavity is well matched, the de-
tector-crystal current caused by the power reflected 
from the cavity in the vicinity of resonance is very 
small. By comparing this result with the total of 3 db 
loss in the Pound circuit (between source and detector 
crystal), it may be seen that an input increase of 6 to 13 
db is possible before the same crystal current (and, there-
fore, noise) is produced in the equal-arm unit. Thus, if 
the microwave source can supply the power, even 
greater discriminator output than the 5-db increase pre-
viously mentioned can be realized. It must be remem-
bered, of course, that the isolation between source and 
cavity must be great enough to prevent the reference 
cavity from "pulling" the oscillator. 

E. Variable Carrier Amplitude 

Considerable importance should be attached to the 
fact that it is the carrier rather than the sideband en-
ergy which is attenuated as the cavity of the equal-arm 
discriminator is varied through resonance. With normal 
modulating-crystal efficiencies, the carrier-frequency 
energy arriving at the detector crystal is usually of 
smaller amplitude than the sideband energy. This is 
analogous to overmodulation at the detector crystal. 
Two effects of this overmodulation are important: the 

production of large double-frequency components of the 
modulation frequency when source and cavity fre-
quency are nearly identical, and, more important, a de-
crease in the effectiveness of the sideband energy in 
producing output at the intermediate frequency. The 
double-frequency signal is of small concern, unless it 
overloads the first tube of the modulation-frequency 
amplifier. In this case, it may be reduced easily by a filter 
network in the input to the amplifier. The second effect, 
however, produces a very definite change in the crystal 
output voltage as a function of the carrier-to-sideband 
ratio. The discriminator characteristic is, therefore, 
modified somewhat. 
A Fourier analysis may be performed on the envelope 

of the signal impressed on the detector crystal to find the 
useful signal component. The result of such an analysis 
gives 

al 2 FA  /1 (A y  A + sin  I 

2B = L2B V  \2B 
where B is the sideband voltage, A is the carrier volt-
age, and al is the crystal output voltage at modulation 
frequency. The quantity ai/2B is plotted in Fig. 7 as a 
function of A/2B, the carrier-to-total-sideband voltage 
ratio. 
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Fig. 7—Result of Fourier analysis. 

(5) 

F. Calculation of Discriminator Characteristics 

It has been found convenient to use a graphical 
method to calculate the characteristics of the equal-arm 
discriminator. The multiple graph shown in Fig. 8 allows 
rapid plotting of the discriminator curve for any modu-
lating crystal efficiency. 
At any desired value of A (the normalized frequency 

scale of Fig. 8(a)), the value of A (the useful part of the 
cavity reflection coefficient), can be read from the 
dashed thin-line curve. Fig. 8(b) is a set of curves cor-
recting for the fact that the ratio of carrier-to-sideband 
voltage A/2B depends on both the carrier-frequency 
component reflected by the cavity and the efficiency 
with which first-order sideband energy is generated. By 
entering the value of A obtained from Fig. 8(a) on the 
proper efficiency curve in Fig. 8(b), it is possible to read 
off the value of A/2B which has resulted from the value 
of frequency error A chosen initially. To find ad2B, the 
efficiency with which a lossless detector crystal converts 
the modulated signal impressed on it to an output signal 
at modulation frequency, the value of A/2B found from 
Fig. 8(b) is transferred to Fig. 8(c). Having determined 
a1/2B, it is only necessary to multiply by 2B to get the 
output al. The straight lines graphed in Fig. 8(d) deter-
mine the value of al for any modulating crystal effi-
ciency and ratio al/2B. To permit the value of al to be 
transferred easily to Fig. 8(a), where it is plotted against 
the value of A to give the desired discriminator curve, a 
one-to-one transfer curve (shown as a double-dashed 
line) has been located on Fig. 8(a). 
The value of al is found graphically for a crystal ef-
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ficiency of 12.5 per cent at the point where A equals 0.5 
in Fig. 8 to show the graphical construction involved. 
For this case, al is 0.457. Choosing several other values 
of A allows the entire curve for a modulating-crystal ef-
ficiency of 12.5 per cent to be drawn. Other curves for 
different efficiencies may be drawn in a similar manner. 
The slopes of the lines in Fig. 8(b) were obtained by 

the following reasoning: 
The maximum value to which the ratio A/2B can rise 

is determined by the efficiency of the modulating crys-
tal. The quantity A is limited by the reflection coeffi-
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cient of the cavity and two traverses through the magic 
tee (see Fig. 6) to the value 

A = V input X 0.707 X 0.5 X 0.707  (6) 

where  is the voltage into the discriminator. 
Similarly, the value of 2.13 is limited by the input volt-

age, the modulating crystal efficiency (Eff), and two tra-
verses of the magic tee. Note that the voltage of each 
sideband reflected from the crystal bears the following 
relation to the efficiency (which is defined on a power 
basis as  
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Fig. 8—Graphical calculation of discriminator waveforms. 
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Reflected Voltage of Each Sideband 

Incident Voltage 

ff 
= V  V E _  — 

where Pr/2 is the power in each of the two first-order 
sidebands reflected from the crystal, and Pi is the total 
carrier-frequency power incident on the crystal. 
Accounting for the losses in the sideband path, there-

fore, 

B = V input X 0.707 X O. 707Y Eff X 0.707, 

and the ratio 

A \  0.3535 

\ 2B )„,„.  VEff 

Since in Fig. 8(a) the maximum value of A has been 
chosen as 0.5, the slopes of the efficiency lines in Fig. 
8(b) are found from 

A  0 .5 
 — = 0 X VET:f.  (10) 
O. 3535/N/Eff 

(8) 

(9) 

The slopes of the efficiency lines in Fig. 8(d) are chosen 
so as to multiply the ail2B scale of Fig. 8(c) by the 
proper value of 2.8. From (6) and the fact that Amax has 
been defined as 0.5, Vinput is equal to two. Using this re-
sult in (8), 

2B = Vi X NrEjf,  (11) 

which could have been obtained directly from (10). 
Therefore, the slopes of the lines in Fig. 8(d) are 

( al 

2B )  1  0.707 

al  2B  VEff 
(12) 

III. DISTORTION 

It has been mentioned earlier that the output of the 
phase-sensitive detector in Pound's system closely ap-
proximates the expression 

A 
(13) 

As a matter of fact, this expression is exact for high-ef-
ficiency crystals and operation between the peaks of the 
demodulator curve. This equation has been subjected 
to harmonic analysis to determine the harmonics pres-
ent in the output of the phase-sensitive detector when 
the oscillator frequency is sinusoidally modulated. The 
result of this analysis is shown in Fig. 9, a plot of the 
harmonic distortion (in db below fundamental) as a 
function of the normalized frequency deviation (nor-
malized with respect to the frequency deviation giving 
maximum peak-to-peak output). As is shown in this fig-

ure, distortion at low deviations is low enough to permit 
operation of multichannel frequency-division multiplex 
systems without appreciable crosstalk from nonlinearity. 
At high deviations, distortion is slightly greater than 
that present in the Foster-Seeley discriminator, but is 
still reasonably low for single-channel operation. If the 
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Fig. 9—Harmonic distortion in the balanced discriminator. 

bandwidth of the feedback loop comprising the stabiliz-
ing system is wide enough to pass all components of the 
modulating wave, modulation may be applied in series 
with the output of the phase-sensitive detector. The 
stabilizer system will act to reduce the frequency modu-
lation caused by the modulating wave, thus giving nega-
tive feedback. In the limit, the linearity of such a modu-
lation system is the same as that of the microwave dis-
criminator, and the distortion will be as shown in Fig. 
9. It is interesting to note that the frequency versus 
modulating-voltage characteristic obtained in this man-
ner is identical to the voltage versus frequency charac-
teristic of the cathode-driven discriminator,2 and hence 
a transmission system using a modulated stabilized mi-
crowave oscillator and a properly matched cathode-
driven discriminator may be made highly linear, inde-
pendent of the characteristics of the microwave trans-
mitter tube employed. 

IV. CONCLUSIONS 

The equal-arm discriminator described above is a mi-
crowave discriminator with no spurious locking frequen-
cies anywhere in a 12 per cent band. When this circuit 
is used with an oscillator tube such as the 2K25, tune-up 
procedure is reduced to two adjustments: the reference 
cavity is set to the desired operating frequency, and the 

2 W. G. Tuller and T. P. Cheatham, Jr., "Adjustable-bandwidth 
f.m. discriminator," Electronics, vol. 20, pp. 117-119; September, 
1947. 
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oscillator-tube cavity is tuned for maximum output. 
This procedure holds anywhere within the tuning range 
of the 2K25. If a thermally tuned tube is used, even the 
oscillator-cavity tuning adjustment may be dispensed 
with. The circuit has the capability of being frequency-

modulated with inherent negative feedback and low dis-
tortion. It has proved very reliable in use in laboratory 
microwave power sources for the past eighteen months, 
giving sure lock-in of oscillator frequency reliably from 
a cold start each time it was turned on. 

Pseudosynchronization in Amplitude--
Stabilized Oscillators* 

PIERRE R. M GRAINt, STUDENT MEMBER, I.R.E., AND EVERARD M. WILLIAMSt 
SENIOR MEMBER, I.R.E. 

Summary—The effect of external signals on an amplitude-sta-
bilized oscillator is discussed, and it is shown (a) that "pulling 
effect" is usually nonexistent, and (b) that an apparent synchronizing 
effect observable experimentally is due to a totally different phe-
nomenon. Differences between these results and those given by 
Adler for different conditions are pointed out and explained. 

AMPLITUDE STABILIZATION of oscillators 
by one of the two methods of Fig. 11 has been 
used not only to obtain low harmonic content 

and constant amplitude, but also to achieve superior 
frequency stability. An important characteristic relat-
ing to frequency stability in oscillators, particularly those 
used in beat-frequency oscillators, interpolation oscil-
lators, and heterodyne frequency meters, is the de-
gree to which the presence of external signals results in 
"pulling" or synchronization of the oscillator frequency. 
The purpose of this paper is to supplement other discus-
sions' of locking phenomena with a treatment of the 
effect of external signals on amplitude-stabilized oscil-
lators. 
Amplitude-stabilized oscillators differ from other 

categories of oscillators in that (1) the tube or tubes 
operate on a substantially linear portion of their char-
acteristic, and (2) the time constants in the amplitude 
stabilizing circuit are long, commonly of the order of 0.1 
second. The latter property serves to differentiate such 
oscillators from those for which locking phenomena have 
been discussed by Adler.' 
Amplitude-stabilized oscillators of the type repre-

sented by Fig. 1(a) will be considered first. The follow-
ing symbols are used: 
e= peak voltage output, equal to the maximum in-
stantaneous sum in the output of the normal 
oscillator signal of frequency coo, and any possible 
external signal of frequency co,. It is the value e 
to which the stabilizing arrangement responds, 
providing its time constant is long relative to the 
period of a beat between coo and co. 

' Decimal classification: R355.917. Original manuscript received 
by the Institute, June 9, 1947. 
t Carnegie Institute of Technology, Pittsburgh, Pa. 
1 P. R. Aigrain and E. M. Williams, "Theory of amplitude-sta-

bilized oscillators," PROC. I.R.E., vol. 36, p. 16-19; January, 1948. 
2 Robert Adler, "A study of locking phenomena in oscillators," 

PROC. I.R.E., vol. 34, pp. 351-357; June, 1946. 

eo =voltage of frequency coo developed by the oscil-
lator in the absence of an external signal 

eo' =voltage developed by the oscillator in the pres-
ence of an external signal 

e,= external-signal amplitude in output in the ab-
sence of feedback 

j3= complex feedback factor, a function of both fre-
quency and voltage e (by reason of the stabilizing 
system). 

Feedback 

Network 

Amplifier with 

Controlled Gain. 

Output 
Rectifier 

5en tive n,,ibuok 
NetworK 

Gain Control 

(a) 

Output 

Amplifier 

(b) 

Fig. 1—Block diagrams of the two basic types of amplitude-sta-
bilized oscillator. (a) The automatic-volume-control type, and 
(b) the nonlinear bridge-stabilized type. 

If an external signal, of frequency co,, is inserted at 
any point in an amplitude-stabilized oscillator, it is 
evident that the output will contain an co, frequency 
component. Any other component of frequency co in 
the output, not originating from external injection, must 
be one for which 

/3 = 1 -I- j0 

at this value of co and the resulting voltage e. If e and co 
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differ by small amounts from eo and coo, we may write: 

as  aft 
= 1 + j0  — (e  eo)  — (co  wo)  (1) 

ae  aw 

in which aiVae and W aco are complex, or of the form 

as 
— =a-Fjb 
ae 

as 
— = c jd. 
aw 

In general, it would be expected that 

ad — bc  0, 

which is the condition that 13=1 -HO has only one solu-
tion; namely, 

e = eo 

w 

Thus it follows that the oscillation frequency is un-
affected by the external signal; i.e., no "pulling" effect 

s: 

(2) 

Fig. 2—Comparison of synchronization and locking in an ordinary 
oscillator (left), with the pseudosynchronization (right) occurring 
in an amplitude-stabilized oscillator. The upper and lower curves 
show amplitude and beat-frequency variation, respectively. 

is present. This conclusion agrees with the general find-
ings of van der Poi,' who shows that "pulling" effect 
cannot exist in a system which is completely linear. A 
phenomenon analogous to nonlinearity could arise in 
an amplitude-stabilized oscillator when the period of 
the beat between co, and wo becomes longer than the 
stabilizing time constant so that the system behavior is 
described by a linear equation with slowly varying co-
efficients. The beat period T is 

2r 

WI  
T =   

-  0:0 

It will now be shown that, if co, —coo becomes very 

8 B. van der Pol, "The nonlinear theory of electric oscillations," 
PROC. i. R. E., vol. 22, pp. 1051-1086; September, 1934. 

small, so that "pulling" might be expected to occur, a 
new phenomenon arises causing oscillation to cease and 
coo to vanish. The equation for the peak amplitude e, 
which, from (2), must be equal to eo, is 

in which 

e, 
  — e0 

ais ___ 
,W I - 

Ow 

e, 

ap 
Ow 

gives the injected signal amplitude e, after amplification 
by feedback. If 

e, 

Ow 

which is equivalent to 

I  — coo I 

e, 
Ices — coo! > 

eo 

< eo, 

1 
aft 
Ow 

(5) 

the oscillation of frequency coo is decreased in amplitude 
by the presence of the external signal. If the inequality 
of (5) is not satisfied, or 

I co. — coo I  310 ,  (6) 

the oscillation of frequency coo disappears, and the sys-
tem acts purely as a regenerative amplifier for the in-
jected signal. This effect, which might experimentally 
be interpreted as synchronization, will be called pseudo-
synchronization. It occurrs in a frequency band for 
which (6) is satisfied, which is the same as that given by 
Adler' for synchronization in a different type of oscil-
lator. Fig. 2 shows, for comparison, the distinction be-
tween the phenomena in an amplitude-stabilized oscil-
lator and those described by Adler. In the latter case, 
the oscillator frequency is "pulled" toward the injected 
frequency, resulting in a reduction of the beat frequency 
while the amplitude of the oscillation is constant. In the 
amplitude-stabilized oscillator, on the other hand, the 
frequency stays constant while the oscillator amplitude 
varies according to (4), going to zero at the limits of the 
pseudosynchronization band. 
Similar results are obtained when the type of ampli-

tude-stabilized oscillator, represented by Fig. 1(b), is 
analyzed. Results of this analysis for both types of 
amplitude-stabilized oscillator have been verified ex-
perimentally. 
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uartz Filter Crystals with Low Inductance* 
J. J. VORMERt 

Summary—By exciting a harmonic of the Y' wave in a —18.5°-
rotated X-cut quartz plate, the electrodes of the elementary half-
wave sections being electrically connected in parallel, and by choos-
ing for each half-wave section the ratio 1,'/1,' >1, an appreciable re-
duction in inductance can be obtained; e.g., tenfold or more. With 
regard to disturbing frequencies, it will be useful to choose this ratio 
in the neighborhood of 1.8. 

BAND-PASS FILTERS, composed only of quartz 
crystals and capacitances, have the advantage 
that the losses are low and that the construction 

is simple; on the other hand, they have the disadvantage 
that the pass band is always relatively narrow. The 
maximum relative bandwidth that can be obtained 
with this type of filter is only of the order of about 0.8 per 
cent. 
Therefore, if such a filter is designed for a mean fre-

quency of 100 kc., its absolute bandwidth is, at most, 
about 800 c.p.s., which is much too narrow for a tele-
phone channel. If a band-pass filter for telephone-
channel purposes must be constructed, consisting of 
quartz crystals and capacitances only, it is necessary 
to choose at least 500 kc. for the mean frequency. The 
maximum bandwidth that can be attained is then about 
4 kc. For many purposes, it is useful to design the filter 
unbalanced, as a tee- or pi-filter. 
In the frequency range of 100 kc., the crystals are, 

by preference X cuts which are rotated —18.5° around 
the X axis and in which the 17' wave is excited. In this 
type, the Y' dimension I„, of the crystal determines the 
frequency of the plate. The electrical properties of the 
plate may further be influenced by the X and by the 
Z' dimensions; respectively, lx and /,,. 
With crystals for filters of 100 kc.; the dimension le 

is sufficiently large, about 25 mm., so that, without much 
difficulty, it is possible to grind the plate to the correct 
frequency and to mount it efficiently; moreover, the 
dimensions /, and le require values which can be real-
ized. Difficulties arise, however, if it is attempted to 
use this same type of crystal in a filter of about 500 kc. 
In the first place, the dimension /.. is much smaller, 

about 5 mm., so it is much more difficult to grind the 
plate to the exact frequency. The problem of mounting 
so small a plate causes complications, as well. 
In the second place, the quantities le and especially 

lx require values which cannot possibly be realized. In 
this connection, it must be pointed out that the ratio 
of the inductances of the crystals which are used in the 
series and the parallel arms of a tee or pi filter is rather 

• Decimal classification: R386.5. Original manuscript received by 
the Institute, February 14, 1947; revised manuscript received, Sep-
tember 22, 1947. 
f Radio Laboratory, the Netherlands Postal Telegraph and Tele-

phone service,SThe Hague, the Netherlands. 

considerable, mostly more than 10. Generally, the in-
ductance for an X-cut crystal, which is rotated —18.5° 
around the X axis can be written: 

Lk — a 
1,, 

in which equation a is a constant. 
As observed before, 4. cannot be chosen freely, as this 

quantity determines the frequency; for a plate vibrating 
in its first harmonic, l„, corresponds to one-half wave-
length. Thus the inductance can be influenced only by a 
correct choice of lx and le. 
In general, plates with high inductances, such as used 

in the series arm, give the least difficulty, for, in this 
case, lx must be chosen large and /g, small, and thus a 
thick, narrow bar results. This is only limited by the fact 
that 1, cannot be chosen arbitrarily large, for then the 
characteristic impedance of the filter becomes unde-
sirably high, while at the same time the possibility 
arises that the capacitor C„, which must be placed in 
parallel with the crystal requires a value lower than 
the inherent capacitance C„ of the electrical equivalent 
network itself. 
It is more difficult to make the inductance of the 

plates for the parallel arm sufficiently low. In this case, 
1, must be chosen small and le large. Both methods can 
only be used on a limited scale. By preference, l is 
chosen not less than 0.1 to 0.2 mm., depending upon the 
other dimensions of the crystal plate. The manufactur-
ing of a thinner plate is difficult; it is easily broken. 
Moreover, the decrement of'very thin plates is unfavor-
able. On the other hand, the dimension le cannot be 
made arbitrarily large, for then difficulties will arise 
with disturbing unwanted resonances. 
Mason' published graphs for an X cut, as well as for 

a —18.5°-rotated X cut, in which the resonant fre-
quencies of a plate are plotted against the ratios 
1./1„ and Zeit?. In these graphs, the ratios /,//„ and 
/,,//„, have values between zero and one. 
Mason's measurements demonstrate the fact that an 

unrotated X cut is little troubled by disturbing fre-
quencies in the region /,//.<0.2 and /,//v = 0.5 to 0.6. 
In these cases, the undesired resonances have large 
frequency differences from the main resonance; more-
over, they are relatively weak. The graphs indicate, at 
the same time, that for a —18.5°-rotated X cut prac-
tically the whole region of /,,//,„, =0 to /z,//„, =0.9 can 
be used, except for a small region in the neighborhood 

W. P. Mason, "Electrical wave filters employing quartz crystals 
and elements," Bell Sys. Tech. Jour., vol. 13, pp. 405-452; July, 1934. 
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of ///„ , 0.23. These facts explain why, for use in 
filters, the —18.5°-rotated X cut is preferred. 
A first method to obtain plates with low inductance 

which have, at the same time, no trouble with disturb-
ing frequencies, is to unite mechanically into one large 
plate a number of identical plates, each of which has a 
favorable value of /.,//,. In other words, the Y' dimen-
sion of the plate no longer corresponds to one-half wave-
length of the vibration, but to a number of half wave-
lengths. 
To make such a crystal plate vibrate in the desired 

harmonic of the Y' dimension, the electrodes must be 
placed as indicated in Fig. 1. Since, electrically, the 

Fig. 1—Electrode connections on a —18.5°-rotated X-cut crystal 
assembly to excite the fifth harmonic of the Y' wave. 

elementary parts are connected in parallel, the in-
ductance is lowered by a factor that equals the ordinal 
number of the harmonic vibration; that is, by 5 in the 
case shown.' 
It would be possible to lower the inductance still more 

if the ratio /,,//„, could be made larger than 0.9, which, 
as mentioned before, is a limit because of disturbing 
frequencies. To investigate if there is any possibility in 
this direction, we have traced how the graphs, as given 

1.4 

12 

1.0 

Os 

\ ki:144141:411111444144144121:11 %,......\ \11411:111:13144 111,....N.N . 
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/z  

Fig. 2—Resonant frequencies of an unrotated X-cut crystal as 
a function of the ratio of width to length. 

by Mason, run for values of 4/4 and /„,//„,. The results 
are given in Figs. 2 and 3. 
In these graphs, as drawn, the resonant frequencies 

of the plate are plotted against /,//„, respectively, /.,//„,. 

2 W. G. Cady, "Piezoelectricity," McGraw-Hill Publishing Co., 
New York, N. Y., 1946; p. 305. 

The frequencies are indicated in a relative measure, in 
which the frequencies corresponding with 4/4, respec-
tively, /e//„, =0, are taken as unity. At the same time, 
the strength of the resonance is indicated. Of the double 
lines, the lower gives the frequency, whi'e the distance 
between the lines is a measure of the strength of the vi-
bration. If the strength of the vibration corresponding 
with /.//„ and ///„, =0 is taken as unity, the line is 
drawn full down to 3 per cent on the figures, while for 
still lower values the line is dotted. 
It will be observed that the unrotated X cut, Fig. 2, 

shows nothing new; for /0„ >1, a number of rather 
strong resonances occur for each value of LA,. For the 
—18.5°-rotated X cut, things are better, as can be seen 
from Fig. 3. In the region of  =1.6 to 1.8, there are 
only very weak disturbing frequencies which, at the 
same time, have a rather large frequency difference 
from the main resonant frequency. This region can be 
used effectively for filter crystals. By doing so, the in-
ductance can be lowered once more by a factor of 2, 
so that, in conjunction with the first reduction of 5 by 
the use of the fifth harmonic, the total reduction in in-
ductance is about tenfold. 

1.4 

1.2 

1.0 

2 3  4 

Fig. 3—Resonant frequencies of a —18.5°-rotated X-cut crystal 
as a function of the ratio of width to length. 

According to the above principles, a fifth-harmonic 
—18.5°-rotated X-cut filter plate was designed, having 
a frequency of about 500 kc. and a self-inductance of 
about 1 henry. The ratio  was chosen at 1.8. 
The dimensions of the plate were lx = 0.648 mm., 
i.=25.65 mm., and le =9.44 mm. 
The constants of the equivalent electrical network 

were calculated and measured. For the calculation of 
the frequency, the frequency constant was, according 
to Fig. 3, taken at 1.02 X2554 =2605 mm. kc.' For the 
calculation of the self-inductance and of the capacitances 
C„ and Ck, the constants as given by Mason were used.' 
The results were as shown in Table I. 

3 2554 is the frequency constant of a long and thin bar. See p. 461 
of footnote reference 2. 

W. P. Mason, "Electro-mechanical Transducers and Wave-
Filters," D. Van Nostrand Co.. Inc.. New York, N. Y., 1943; p. 250. 
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TABLE I 

Calculated  Measured 

507.797 kc. 
0.981 h. 
0.100 )silfd. 
13.5 µpfd. 

508.090 kc. 
1.036 h. 
0.095 pfd. 
16.8 wild. (in holder) 

The ratio C,/Ck is about 175. The temperature co-
efficient was measured at about 25 X 10-6/°C. 
If the same electrical constants were to be obtained 

with a crystal plate vibrating in the fundamental mode 
and using the more normal ratio /.,//„, =0.7, the dimen-
sions would become /. = 0.05 mm., l„, =5.22 mm., and 
=3.65 mm., which cannot be realized in practice. 

Positive-Grid Characteristics of a Triode* 
GEORGE W. WOODt, ASSOCIATE, I.R.E. 

Summary —By operating the grid of a triode at a positive poten-
tial it becomes a virtual cathode discharging electrons with uniform 
initial velocity, and thus a recent theory by Jaffe becomes applicable. 
The positive-grid characteristics of a number of radio receiving tubes 
are determined and matched with those determined from theory. 
Agreement, satisfactory under given conditions, is found in the region 
of low plate voltages. 
Departure of the experimental curves from the theoretical ones 

is discussed. Practical tubes tested do not, by any means, correspond 
to the ideal conditions of the theory: the electrodes are not plane; 
the electrostatic field is not homogeneous; secondary emission from 
the grid is present; contact potentials exist; and there is always a 
velocity distribution among the electrons. Nevertheless, the investi-
gation points a way toward a better theory of the triode. 

INTRODUCTION 

HEORY CONCERNING the triode is meager, 
the familiar Van der Bijlt equation being de-
termined experimentally and holding over the 

straight portion of the tube characteristic and for nega-
tive grid potentials only. In a recent paper, Jaffe' 
treated the case of the diode in which the electrons have 
uniform initial velocity. This theory would seem to be 
applicable to the triode under certain conditions. It was 
the purpose of this investigation to test the validity of 
the Jaffe theory under those conditions, which will be 
discussed later. 

THE JAFFE THEORY AND ITS PRESENT APPLICATION 

The Jaffe equation is derived for the case where elec-
trons enter, at right angles and with uniform velocity, 
the space between two infinite parallel planes. The equa-
tion is 

= voui(i+)1/2+(-113 
vo   

= RE0 170)1/ 2 + E01/213 
(1) 

• Decimal classification: R262.I. Original manuscript received by 
the Institute, June 20, 1947; revised manuscript received, November 
17, 1947. Presented, American Physical Society, Southeastern Section, 
April, 1947, Salisbury, N. C. 

t Louisiana State University, Baton Rouge, La. 
H. J. Van der Bijl, "Theory of the thermionic amplifier," Phys. 

Rev., vol. 12, pp. 171-198; September, 1918. 
2 George Jaffe, "On the currents carried by electrons of uniform 

initial velocity," Phys. Rev., vol. 65, pp. 91-98; February, 1944. 

where j is introduced as the "reduced current density" 
by the relation 

=  9rid2 

(  te 1 /n )  2 
2 — 

(2) 

Here 
= current density 
d = distance between emitter plane and receiver 
plane 

e= the charge of the electron 
m = the mass of the electron 
= the potential characteristic of the initial electron 
velocity 

Vo = the potential difference (not necessarily positive) 
between the emitter plane and the receiver plane. 

For a given vacuum tube, the "reduced current density" 
j is equivalent to the true current density i multiplied 
by a constant factor, depending upon d. It is this factor 
which permits the reduction of the formula to one de-
pending upon a single parameter only, i.e., E0/ Vo. The 
formula holds for that part of the characteristic which 
is space-charge-limited. As soon as the current reaches 
the maximum j..1 given by the supply of the cathode 
(temperature saturation), the characteristic auto-
matically assumes a constant value. It is this feature, 
along with the fact that infinite values of space-charge 
density do not appear, which constitute the main im-
provements of the Jaffe formula over the Child-Lang-
muir formula, into which it degenerates in the limiting 
case (E0/ 
In the present paper, the application of the Jaffe 

theory must be limited to positive grid potentials, for 
in this manner ideally it should be possible to impart to 
the electrons, which are emitted from the cathode with 
their thermal velocities, a uniform velocity. The elec-
trons are accelerated in the field of the positive grid, 
between the cathode and the grid, and, after passing 
through the grid meshes, have velocities which differ 
only in the amounts of their initial velocity—now a very 
small percentage of difference. The grid becomes, there-
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fore, a virtual cathode, discharging into the grid-plate 
space electrons of nearly uniform velocities, and the 
tube is then treated as a diode according to the Jaffe 
equation. 
The Eo of this equation, which is the e-volt velocity 

of the electrons, then becomes the customary E, of 
vacuum-tube theory, while the Vo of the equation be-
comes the plate potential measured with respect to the 
grid —the virtual cathode. The following relationship is 
evident: Eo=Ec-F Vo. It is because of this relationship 
that a new method of plotting plate characteristics is 
presented. In this method, Vo is chosen as abcissa and 

300 

200 

• -3 

/00 

.o 

4 
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Fig. 1—Theoretical plate characteristics for low voltages, 
plotted in the usual way. 

40, 

P.120. 

to 

e..1 

0 
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Fig. 2—Theoretical plate characteristics for low voltages, 
plotted by the new method. 

E0 as parameter, and the characteristic extends to nega-
tive values of Vo with the limit Vo= —Eo. The new 

method is used throughout this paper, and results in a 
better definition between curves at low plate potentials. 
Since experimental agreement with the Jaffe theory 

was sought for in conventional radio receiving tubes, 
which by no means correspond to the ideal conditions 
of the theory, it soon became evident, for reasons which 
will be discussed later, that such agreement would most 
likely be found in the region of low plate potentials. 
Figs. 1 and 2 show the theoretical plate characteristics 
plotted in the conventional way and in the new way. 
It should be noted that the theoretical plate char-

acteristics start with a finite value and a vertical tan-
gent for all positive grid potentials. If there were no 
space-charge effect, the current would be equal to 
ignagg even for the limiting value Vo= —Eo. Because of 
the space-charge effect, however, this value is reduced 
to Eon'. In practical cases there will always exist a 
velocity distribution with velocities ranging from zero 
to a maximum value, and, as might be anticipated, the 
characteristics will not start with a finite value of the 
current at Vo = —Eo, but will descend to zero. 

EXPERIMENTAL MEASUREMENTS 

The experimental arrangement was identical with 
that used in determining the static characteristics of 
vacuum tubes, as can be seen from the schematic dia-
gram, Fig. 3. Certain precautions were observed in the 
taking of data. If the grid was operated at too high a 
positive potential while the plate voltage was low or 

4-E,c 

Eft 

+E. 

- 

Fig. 3—Schematic diagram of the experimental arrangement. 

zero, there was the possibility (and sometimes actuality) 
of the grid being heated by its own current and becom-
ing an actual emitter of electrons. This was one reason 
for performing the experimental work in the region of 
low grid and plate potentials. At all times cathode cur-
rent was limited to a value that was considered safe, 
although in practically all test runs the specified maxi-
mum for the plate current was exceeded. 
Tubes for the determination of positive-grid char-

acteristics were selected from those readily available 
as radio receiving tubes. While it was found that there 
are many triodes available, a large majority of the 
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various types are duplicates, with the exception of fila-
ment voltage and current requirements. The selection 
was thus narrowed down to such representative types 
as the following: 45, 26, 2A3, 6J5GT, and 76. In order 
that additional data might be secured, several tubes of 
more than three elements were tried, with the addi-
tional elements so connected externally as to cause the 
tube to act as a triode. In this line of investigation the 
type-6AG7 tube, with the suppressor grid and screen 
grid connected to the plate, was found to be most satis-
factory. 

DISCUSSION AND COMPARISON BETWEEN THE THEORY 
AND EXPERIMENTAL RESULTS 

In attempting to fit characteristics observed in com-
mercial tubes with those determined from the theo-
retical formula which holds under highly idealized 
conditions, it must be remembered that there are many 
circumstances which might be expected to prevent an 
accurate agreement. The most important circumstances 
are: 
(a) The electrons in the actual tubes will not have 

really uniform velocities, even under the conditions 
previously outlined. 
(b) The field in the neighborhood of the grid (which 

is acting as a virtual cathode) will be very far from 
homogeneous. 
(c) The electrons will therefore leave the plane which 

idealizes the grid, not only in normal directions. 
(d) Since some of the lines of force which emerge from 

the real cathode terminate on the grid, electrons will be 
dragged into the grid beyond the number of those which 
are prevented by the space charge from entering the 
space between the grid and plate. The number of elec-
trons thus lost will depend greatly on the size of the 
grid meshes and on the values of E0 and Vo. 
(e) Contact potentials may and do occur in the tubes 

and will affect the experimental curves strongly, par-
ticularly in the domain of low values of E0 and Vo. 
(f) Since the grid is attracting electrons by its posi-

tive potential, it is quite likely that secondary electrons 
will be liberated, and will thus add to the plate current. 
It should also be observed that, in adapting the experi-
mental curves to the theoretical ones, only one con-
stant is available—that which reduces the observed cur-
rents to the "reduced current density" of the theory. 
This one factor reduces the whole set of curves, and 
therefore any agreement obtained offers a very severe 

test of the theory. 
Under these circumstances, the best to be expected is 

semiquantitative agreement between the theoretical 
and experimental curves. A close examination shows 
thi; to be true. Comparing the behavior of the experi-
mental and theoretical curves (see Figs. 2, 4, and 5), a 
complete qualitative agreement can be observed; the 
characteristics begin approximately at those negative 
values of Vo which reduce the initial velocities of the 

electrons to zero, cut the zero-voltage axis at positive 
values of plate current /1, which increase with the 
initial velocity given the electrons, and finally become 
very nearly parallel for all velocities. 

70 

- 

-10  10  SO  SO .  .10  so  •0 10  SO  0  100 
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Fig. 4—Experimental plate characteristics for a type 2A3 tube. 

Fig. 5—Experimental and theoretical plate characteristics plotted 
over a wide range of plate voltage, for a type 2A3 tube. The theo-
retical curves have been multiplied by a factor of 0.070, and a con-
tact potential of +1 volt on the grid has been assumed. 

According to theory, the currents observed for Vo = 
(i.e., Et, = —E0) should be given by jv,.0 =8E03/2 and in 
a particular tube be proportional to E0512  (or to the 
third power of the initial velocity). This consequence of 
the theory is verified with fair accuracy, as is shown in 
Table I. Deviations are strongest in those cases where 
secondary emission is strong, as we will see below. 
Attempts to obtain numerical agreement over wide 

ranges of potentials met with serious difficulties in all 
cases. These difficulties begin with the ordinary Child-
Langmuir characteristics, i.e., for E0=0. It is well 
known that in the relation between current and plate 
voltage for diodes (or triodes used as diodes), the ex-
ponent almost never shows the theoretical value 3/2, 
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TABLE I 

THE DEPENDENCE OF THE CURRENT ON THE 
GRID POTENTIAL FOR Vo = 0 

Tube Type  E0 Eo" 

26 

45 

76 

2A3 

3 
6 
9 

3 
6 
9 

3 
6 
9 

3 
6 
9 

6AG7  3 
6 
9 

6J5GT  3 
6 
9 

2.25 
5.0 
8.85 

3.3 
7.55 
12.25 

3.7 
7.1 
12.5 

7.9 
18.5 
32.5 

9.9 
25.05 
48.0 

3.25 
8.4 
16.0 

5.196 
14.697 
27.000 

5.196 
14.697 
27.000 

5.196 
14.697 
27.000 

5.196 
14.697 
27.000 

5.196 
14.697 
27.000 

5.196 
14.697 
27.000 

0.434 
0.340 
0.328 

0.635 
0.515 
0.454 

0.635 
0.483 
0.463 

1.52 
1.26 
1.24 

1.91 
1.71 
1.78 

0.625 
0.572 
0.593 

and furthermore changes with plate potential. The same 
might be expected if a triode is operated with Eo = 0, 
since this arrangement corresponds to the assumption 
made in Child and Langmuir's theory; namely, that 
the electrons leave the cathode with no velocity. Meas-
urements made confirmed these observations. In conse-
quence of these circumstances, the curves for E0= 
cannot be considered standard curves for the calculation 
of the reduction factor. Rather, this factor has to be 
determined in a way which reduces the whole set of 
curves for best agreement. Since the currents for Vo =0 
show the necessary theoretical dependence on E0 (as 
indicated above), the reduction was performed in such a 
way that these currents were made to coincide approxi-
mately for the experimental and theoretical sets. 
Fig. 5 shows the theoretical and experimental curves 

plotted over a wide range of plate voltage. The attempt 
is made to match the two sets of curves as nearly as 
possible; however, the initial hump in the experimental 
curves prevents any close agreement, in this wide range. 
The same difficulty was encountered in all of the tube 
types tested. In the calculation of the theoretical curves 
represented in this figure, a contact potential of +1 volt 
on the grid had to be assumed in order to make the 
Eo = 0 curve fit. 
It was later found that, by matching the experimental 

and theoretical curves in the range of Vo below 20 volts, 
much closer agreement could be obtained. Fig. 6 illus-
trates such agreement. Experimental points were ob-
tained (as indicated in the figure) with tube types 2A3, 
76, 6J5GT, 45, and 26. Since all triode plate char-
acteristics are very similar, they can be brought into 
near coincidence by multiplication by a constant factor 
which depends upon the construction of the tube and 

the temperature of the cathode, but which was chosen 
experimentally so as to give the best agreement be-
tween curves in the region in question. 
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Fig. 6-Comparison between theoretical and experimental character-
istics for 6J5GT, 26,76,2A3, and 45 tubes, using low plate volt-
ages. Here the theoretical values have been multiplied by 0.062 to 
bring them to milliamperes. 

Key: 0 =Type 45 (not reduced) 
= Type 2A3 (X.4) 

0 = Type 56 (X1.2) 
A =Type 6J5GT (X.9) 
• =Type 26 (X1.5) 

A type 6AG7 pentode was caused to act like a triode 
by connecting the suppressor grid and the screen grid 
to the plate, and plate characteristics were determined. 
It was not possible to secure good agreement between 
theory and experiment over a wide range of values, but 
in the region of Vo below 20 volts good agreement is 
obtained, as is shown in Fig. 7. 
As for the systematic deviations of the theoretical 

curves from the experimental ones, inspection of Figs. 
3 through 7 will confirm the following observations: 
(a) In all cases, even in the low-voltage region, points 

determined experimentally fell below the theoretical 
curves for the first few volts of rise of plate voltage. This 
depression increased with increasing grid potentials, and 
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was obviously due to the grid attracting electrons which 
would otherwise flow to the plate. Depending upon the 
construction of the grid and its potential, the grid cur-
rent became quite large. 

ic,‘E -f, nsn 

Fig. 7—Comparison between theoretical and experimental plate char-
acteristics for low plate voltages, type 6AG7 tube. The experi-
mental values (0) have been multiplied by a factor of 4.33. 

(b) A pronounced hump, following the initial depres-
sion, is found in all of the experimental curves. This is 
quite probably due to secondary emission from the grid. 
Such emission would not be evident when the grid po-
tential is zero or negative (few electrons strike the grid), 
nor to any degree while Vo <Eo (the secondary electrons 
return to the grid); but for 170 Eo most of the second-
ary electrons released would flow to the plate, adding to 
the plate current.33  This would account for the hump in 
the characteristics very well. The contribution to plate 
current by these electrons can only be guessed, but com-
parison between this hump and the depression due to 
secondary emission from the plate of, and found in the 
plate characteristics of, the old type 24-A tetrode (which 
was noted for this effect) is suggested. 
(c) The theoretical curves invariably rise above the 

experimental ones for voltages above Vo=20 volts. This 

The possibility of secondary emission taking place under such 
conditions as these is confirmed, for example, in the following refer-
ence: Sir J. J. Thomson and C. P. Thomson, "Conduction of Electric-
ity through Gases," vol. 2, University Press, Cambridge, 1933, pp. 
183, 187, 188, 189, 190. 

4 H. F. Dart, "Vacuum-Tube Testing and Design," International 
Textbook Co., Scranton, Pa., 1939; pp. 15, 45. 

deviation is rather hard to account for. It can hardly be 
attributed to deviation from the 3/2-power law. It is 
quite possible that the magnitude and extension of the 
secondary-emission effect noted above is greater than 
originally anticipated. 
(d) The Jaffe equation is derived for parallel planes. 

Tube types 26, 2A3, 45, and 6J5GT had electrodes 
which were approximately plane, while types 76 and 
6AG7 had cylindrical electrodes. The use of the theoreti-
cal formula for cylindrical arrangements appeared legiti-
mate since the characteristics obtained with tubes of 
different geometry could be reduced to a common pat-
tern, as is best shown in Fig. 6. 
(e) It is quite likely that contact potentials existed 

within the tubes. Some attempts at matching the theo-
retical and experimental curves by assuming a small 
contact potential were made. This procedure met with-
out any great degree of success, for in order to provide 
any closer agreement by this means the contact poten-
tial would have to vary with the grid voltage. Since 
there was no logical basis for such an assumption, at-
tempts at correction by this method were abandoned. 

SUGGESTIONS FOR IMPROVEMENT 

This work is by no means intended as a complete 
verification of the Jaffe theory. Rather, it is preliminary 
and indicates the direction which further investigation 
should take. Vacuum tubes used in the experimental 
work were those readily available, but their construction 
in no sense approximated the ideal conditions of the 
theory. It is suggested that succeeding experimental evi-
dence be based upon tubes of special construction, with 
particular emphasis upon the structure and spacing of 
the tube elements. Effects due to secondary emission 
should be reduced to a minimum by careful selection of 
the tube electrodes and treatment of their surfaces. 
On the other hand, an attempt should be made to 

modify the theory in such a way that it takes into ac-
count more realistically the conditions in actual dis-
charge tubes. It is therefore desirable to extend the 
derivation not only to the cylindrical arrangement, but 
also to the case where the grid is treated as an actual 
grid, allowing for the nonhomogeneity of the field near 
the grid, and for penetration of the field. 
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tinuously employed except for the war years. 
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and spring of 1944-1945, he served as tech-
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ment. Mr. Palmquist's work has been chiefly 
concerned with a. f. systems design. 
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OF THE I.R.E. 

HAROLD B. RICHMOND 
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ACOUSTICS AND AUDIO 
FREQUENCIES 

016:534  1223 
References to Contemporary Papers on 

Acoustics—A. Taber Jones. (Jour. Acous. 
Soc. Amer., vol. 19, pp. 997-1001, November, 
1947.) Continuation of 908 of May. 

534.32:621.395.813  1224 
What Is Good Reproduction? (Wireless 

World, vol. 54, p. 20, January, 1948.) British 
Sound Recording Association discussion opened 
by M. G. Scroggie. Quantitative assessment of 
good reproduction is difficult, because the sub-
jective opinion of the listener is necessarily 
involved. The ear appears to detect distortions 
too small to be measured. Distortions arising 
in loudspeakers were discussed briefly. 

534.321  1225 
The Perception of Pitch —J. F. Schouten. 

(Philips Tech. Commun. (Australia), pp. 11-20; 
October, 1946.) Reprint of paper from Philips 
Tech. Rev. Noted in 1425 of 1942. 

534.321.9:534.22  1226 
A Precision Ultrasonic Interferometer for 

Liquids and Some Velocities in Heavy Water— 
D. R. McMillan, Jr., and R. T. Lagemann. 
(Jour. Acous. Soc. Amer., vol. 19, pp. 956-
960; November, 1947.) A stabilized beat-
frequency oscillator is used to generate the 
ultrasonic waves in the liquid. Nodal positions 
are detected by means of a tube voltmeter. 
Measurements of velocities in acetone, benzene, 
and distilled water are compared with those of 
earlier workers and new measurements for 
heavy water at 5°, 10°, and 15° C are tabulated. 

534.41  1227 
Audiometry of Normal Hearing —C. J. 

LeBel. (Audio Eng., vol. 31, pp. 23-25, 37; 
November, 1947.) Brief details of a typical 

The Institute of Radio Engineers has made arrangements to have these Ab-
stracts and References reprinted on suitable paper, on one side of the sheet only. 
This makes it possible for subscribers to this special service to cut and mount the 
individual Abstracts for cataloging or otherwise to file and refer to them. Subscrip-
tions to this special edition will be accepted only from members of the I.R.E. and 
subscribers to the PROC. I.R.E. at $15.00 per year. The Annual Index to these Ab-
stracts and References, covering those published from February, 1947, through 
January, 1948, may be obtained for 2s. 8d. postage included from the Wireless 
Engineer, Dorset House, Stamford St., London S. E., England. 

audiometer precede a description of its applica-
tions in medical, industrial, and technical 
fields. 

534.756+ 534.78  1228 
New Possibilities in Speech Transmission — 

D. Gabor. (Jour. I. E. E. (London), part III, 
vol. 94, pp. 369-387; November, 1947. Discus-
sion, pp. 387-390.) Two methods of frequency 
compression are discussed. Experimental de-
tails are given of a device for testing the quality 
of compressed and re-expanded speech. Com-
pression to one-half gives full intelligibility 
but roughness; compression to one-sixth is 
intelligible but monotonous; greater compres-
sion causes loss of intelligibility. The causes of 
roughness and monotony are analyzed; only 
certain "preferred frequencies" are transmitted 
correctly. The reproduction is good only if one 
of these coincides with the pitch of the speech. 
In a suggested improved system, the preferred 
frequencies are not fixed, but adjust themselves 
automatically to the pitch. The concept of 
phase is analyzed. Theoretically two independ-
ent messages can be sent through the same 
channel by a system termed "quadrature 
transmission." See also 1057 of 1947. 

534.76+534.85  1229 
Stereophonic 2-Channel Transmission with 

the Magnetophon —W. Lippert. (Funk und 
Ton, pp. 173-190 and 236-250; October and 
November, 1947.) The general principles of 
stereophony are explained and the principal 
published theoretical and experimental results 
are reviewed. The construction of magneto-
phon apparatus for 2-channel working is de-
scribed and test results are given which show 
that the apparatus can be improved appre-
ciably in some respects, though, in general, it is 
well adapted for stereophonic transmission. 
Comparison tests of normal single-channel 
and stereophonic 2-channel reproduction of 
music and speech are discussed at length. The 
2-channel system appears to have definite ad-
vantages. Other possible applications of the 
2-channel magnetophon include broadcasting 
and high-fidelity reproduction of music. 

534.78:621.396.662.32  1230 
Audio Filters for the Speech Amplifier — 

Galin. (See 1336.) 

534.84  1231 
Construction and Design of Parmly Sound 

Laboratory and Anechoic Chamber—P. J. 
Mills. (Jour Acous. Soc. Amer., vol. 19, pp. 
988-992; November, 1947.) General description 
and construction details. The 40-ton anechoic 
chamber is suspended on neoprene pads and 

has a natural frequency of about 4 and one half 
c.p.s. The inner surfaces are lined with wedge-
shaped fiberglas blocks, and are designed to 
have 99 per cent absorption for frequencies 
above 115 c.p.s. See also 3529 of 1946 (Beranek 
and Sleeper). 

534.845  1232 
The Application of Helmholtz Resonators to 

Sound-Absorbing Structures —V. L. Jordan. 
(Jour. Acous. Soc. Amer., vol. 19, pp. 972-981; 
November, 1947.) Theoretical and practical 
considerations show that sound absorbing 
structures using Helmholtz resonators can often 
be used advantageously, whether the problem 
is to obtain flat reverberation characteristics, 
to damp pronounced singularities, or to absorb 
sound in certain low-frequency ranges. Sizes 
of apertures used for absorption have been 
found empirically and it is shown that they do 
not conform to existing theory. The need for 
accurate formulas for the resistance term of 
resonators is stressed. 

534.851  1233 
The Dynamic Noise Suppressor—J. D. 

Goodell. (Audio Eng., vol. 31, pp. 7-10, 45; 
November, 1947.) Design principles and circuit 
details for suppressing background noise asso-
ciated with the electrical reproduction of pho-
nograph records. Control voltages proportional 
to the total incoming signal and noise are de-
rived for several selected frequency bands, and 
are applied through reactance tubes to control 
the frequency ranges passed by the system. 
The circuits are so arranged that the pass band 
is at its minimum value when there is no signal. 
A complete account was noted in 3006 of 1947 
(Scott). 

534.851:621.395.625.2  1234 
The Design of a New Lacquer Recording 

Stylus—I. L. Capps. (Audio Eng., vol. 32, pp. 
18-20, 42; January, 1948.) A modified design 
which provides two or three burnishing facets 
at different angles along the cutting edge. 
This ensures adequate burnishing of the groove 
walls over a greater range of groove slopes, and 
thus reduces the playback noise. See also 616 of 
1947. 

534.851.6:621.395.828.1  1235 
Experimental Noise Suppressor—C.  D. 

Cole. (Audio Eng., vol. 32, pp. 9-12; January, 
1948.) Phonograph-needle hiss does not occur 
at frequencies much below 1.5 kc.; at greater 
frequencies, it has a fairly constant amplitude 
of approixmately 40 db below the program 
peaks. The suppressor, described first, sepa-
rates the program into four portions by means 
of band-pass filters covering the octaves 0 to 1.5 
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kc., 1.5 to 3 kc., 3 to 6 kc., and 6 to 12 kc. Ger-
manium rectifiers, in all except the lowest fre-
quency channel, then suppress both program 
and noise below a certain selected amplitude. 
Harmonic distortion is removed by a further 
set of octave band-pass filters before the chan-
nels are recombined. 

534.86: 534.322.1  1236 
Frequency Range Preference for Speech 

and Music. H. F. Olson. (Broadcast News, pp. 
28-32; September, 1947.) Full account of the 
tests already noted in 10 of February. 

534.861  1237 
New C.B.S. Program Transmission Stand-

ards —H. A. Chinn and P. Eisenberg. (Paoc. 
I.R.E. vol. 35, pp. 1547-1555; December, 
1947.) Full analysis of the results of experiments 
conducted to determine (a) the relative levels 
at which speech and music should be trans-
mitted, and (b) the range within which the 
peak levels should lie. As a result of the tests 
the C.B.S. has adopted new maximum peak 
levels and introduced minimum levels below 
which the peaks should not fall. See also 3567 
of 1945 (Chinn and Eisenberg.) 

534.861.1  1238 
Recording  Studio  3A —G.  M.  Nixon. 

(Broadcast News, pp. 33-35; September, 1947.) 
Discusses the acoustical design problems in 
remodelling a studio for broadcast transcrip-
tion and recording. Adjustable acoustical ele-
ments are used to provide a change of reverber-
ation time of about 2 to 1. The optimum com-
bination of diffusely reflecting surfaces and ab-
sorbent areas is considered. 

621.395.61:621.395.623.7  1239 
Microphones for Loudspeaker Equipment — 

E. M. Philipp. (Radio Tech. (Vienna), vol. 23, 
nos. 8 and 9, pp. 411-418; 1947.) An account 
of the construction of various types of micro-
phone and of their frequency characteristics, 
when used singly or in combination, with suit-
able amplifiers. 

621.395.623.7  1240 
An F.M. Quality" Speaker—G. E. Rand. 

(Broadcast News, pp. 24-27; September, 1947.) 
Uses two cones having the same vertical angle 
and apex. The diameter of the low-frequency 
cone is 15 inches, and that of the high-frequency 
cone, 2 inches. A very flat frequency character-
istic over a wide range, low side tone, and good 
polar diagram at all frequencies are claimed. 
The speaker is the outcome of work by Olson 
and Preston (2664 of 1947). 

621.395.623.8+621.396.611:621.318.572  1241 
An Experiment in Voice Controlled Relays 

— Wortman. (See 1512.) 

621.395.625.2  1242 
Feedback Recording Head Giving Low Inter-

modulation —E. Cook. (Tele-Tech, vol. 6, pp. 
46-49, 102; November, 1947.) Controllable 
degenerative feedback improves frequency 
response and stability in disk-recording gear. 
A magnetic cutter is used because of its cheap-
ness and strength. The difficulties of securing 
efficient feedback from the last stage of the 
cutter amplifier are considered. Complete cir-
cuit and design details are given. 

621.395.625.2  1243 
Commercial  Disc  Recording —( Wireless 

World, vol. 54, p. 67, February, 1948.) Brief 
summary of I.E.E. lecture entitled, "Commer-
cial Disc Recording and Processing," by B. E. 
G. Mittell. Proposals were made for the stand-
ardization of groove and stylus shape and of 
recording characteristics. In the discussion 
these proposals were, in general, approved. It 
was also generally agreed that an extended 
high-frequency response was desirable. The 
use of vinyl plastics for the manufacture of rec-
ords, and the performance 91, sapphire points 
were also discussed. 

621.395.625.3  1244 
Field Measurements on Magnetic Record-

ing Heads —D. L. Clark and L. L. Merrill. 
(Paoc. I.R.E., vol. 35, pp. 1575-1579; Decem-
ber, 1947.) A method is described for measur-
ing relative values of the magnetizing force 
along the path of the wire traversing a record-
ing or reproducing head. Field distribution 
curves are shown. The frequency response is 
calculated and compared with the measured 
values. The high-frequency response depends 
on the sharpness of cutoff on the "leaving" 
side of the gap and is independent of the shape 
on the "approaching" side. 

621.395.92  1245 
Government Hearing Aid—( Wireless World, 

vol. 54, pp. 11-12; January, 1948.) Summary of 
Medical Research Council Special Report No. 
261: "Hearing Aids and Audiometers," pub-
lished by H. M. Stationery Office. Optimum 
response, amplification, and output were deter-
mined from numerous tests covering all types 
and degrees of deafness. Batteries and con-
nectors should be standardized. Circuit and 
performance details are given of two proto-
types made at the Post Office research station; 
one has a lightweight moving-iron receiver and 
the other a piezoelectric insert receiver. Ap-
pendixes deal with audiometers and objective 
tests for hearing aids. For other summaries see 
Brit. Med. Jour., pp. 916-917; December 6, 
1947 and 1246 below. 

621.395.92  1246 
Hearing Aid Development —(Elec. Times, 

vol. 112, pp. 687-688; December 11, 1947.) 
Discussion of an I.E.E. paper entitled "Speech 
Communication under Conditions of Deafness 
or Loud Noise," by W. G. Radley, and of the 
Medical Research Council's Special Report No. 
261; see also 1245 above. Hearing aids designed 
to have a response curve which falls off at fre-
quencies below 1000 c.p.s. were tested experi-
mentally on 63 subjects at one clinic and 165 
at another. A definite improvement in intel-
ligibility was obtained when the amplification 
was decreased for frequencies below 750 c.p.s. 
at a rate of 12 db per octave. Further, the am-
plification above 4000 c.p.s. could be reduced 
at the rate of 18 db per octave. Between 750 
and 4000 c.p.s., the response should be level, 
or should increase slowly to a peak value at 
4000 c.p.s. about 12 db greater than the 750-
c.p.s. amplification. 

621.395.92  1247 
Smallest Hearing Aid Uses Printed Circuits 

—(Radio Craft, vol. 19, pp. 66-67; January, 
1948.) Description, with photographs and cir-
cuit diagram, of an instrument whose case 
measures only 4 and one-half inches X2 and 
three-eighths inchesX seven-eighths inch and 
contains amplifier and batteries. 

621.395.92  1248 
The Influence of Body-Baffle Effects on the 

Performance of Hearing Aids. —R. H. Nichols, 
Jr., R. J. Marquis, W. G. tViklund, A. S. Filler, 
C. V. Hudgins, and G. E. Peterson. (Jour. 
Acous. Soc. Amer., vol. 19, pp. 943-951; No-
vember, 1947.) Discussion of the effect of the 
wearer's person on the response of a hearing aid. 
This baffle effect has been studied under free-
and diffuse-field conditions for several different 
hearing aids and wearers. It does not depend 
greatly on the size of the wearer, nor does it 
appreciably reduce intelligibility. For each 
type of hearing aid, worn at the center chest 
position in a free field, the curve relating re-
sponse and frequency is plotted. In general, 
there is a broad peak, about 5 db in height, for 
the frequency range 100 to 1000 c.p.s. and a 
relatively narrow valley, 15 to 20 db in depth, 
for the frequency range 800 to 2000 c.p.s. In 
a diffuse sound field, the body-baffle effect is 
very small. 

ANTENNAS AND TRANSMISSION 
LINES 

621.315.212:621.392.029.64  1249 
Plane Discontinuities in Coaxial Lines — 

J. W. Miles. (Paoc. I.R.E. vol. 35, pp. 1498-
1502; December, 1947.) The equivalent circuit 
is established as a simple shunt capacitance, 
which is calculated for concentric changes of 
cross section and concentric disks. In order to 
use the results of the analogous discontinuities 
in parallel-plate guides, "equivalent radii" are 
asymptotically calculated; the results are 
sufficiently accurate for most practical applica-
tions. See also 634 of 1947. 

621.392.012.2  1250 
Construction of Circle Diagrams and Their 

Use in solving Certain Transmission Line 
Problems—I.  T.  Sokolov.  (Rodiotekhnika 
(Moscow), no. 7, pp. 57-69; 1947, In Russian.) 
Discussion of the use of circle diagrams for 
calculating the input impedance of a line, the 
coefficients of standing and traveling waves, 
etc. 

621.392.029.64  1251 
On Wave Propagation in Waveguides —L. 

de Broglie. (Radio Tech. Dig. (Franc)., vol. 2, 
pp. 20-25; February, 1948.) All the solutions 
normally obtained for waveguide propagation 
can be derived by the superposition of plane 
waves of a certain type. An expression for the 
phase velocity is then easily deduced. Two 
methods of treating the propagation of energy 
along a waveguide are considered. These meth-
ods, whose equivalence is not obvious, are 
shown to give the same result. Certain of the 
formulas derived show close analogy with wave 
mechanics and it appears that the study of 
waveguide theory is of great interest not only 
in radio technique but also from a general scien-
tific standpoint. 

621.392.029.64  1252 
On the Penetration of an Electromag-

netic Field through a Diaphragm in a Wave-
guide —M. I. Kontorovich. (Zh. Tekh. Fiz., 
vol. 17, no. 3, pp. 269-282; 1947. In Russian.) 
An infinitely long tube is considered, made of 
perfectly conducting material and divided into 
two parts by a perfectly conducting diaphragm 
with a small central aperture (Fig. 1). It is 
assumed that an electro-motive wave is passing 
from one part of the tube to the other. A dif-
ferential equation (3) is derived and methods 
for its solution are indicated. Boundary condi-
tions are discussed and various constants de-
termined. Finally, a general equation (18), de-
termining the field set up by the wave after 
passing through the diaphragm, is derived. 
Particular cases are considered and the accu-
racy of the proposed solutions is verified experi-
mentally. 

621.392.029.64  1253 
The Theory of Disk-Loaded Wave Guides 

—E. L. Chu and W. W. Hansen. (Jour. Appl. 
Phys., vol. 18, pp. 996-1008; November, 1947.) 
"The properties of circular waveguides loaded 
with apertured disks are discussed both quali-
tatively and quanitatively. Formulas and 
curves are given for various quantities includ-
ing the wave and group velocities, the attenua-
tion, and the power flow." 

621.392.029.64:621.317.791  1254 
Simple Measuring Equipment for Flexible 

Waveguides— Winchell. (See 1417.) 

621.392.029.64: 621.392.4  1255 
An Adjustable Wave-Guide Phase Changer 

—A. G. Fox. (Paoc. I.R.E. vol. 35, pp. 1489-
1498; December, 1947.) The properties are 
discussed of two basic differential phase-shift 
sections which produce differential delays of 
90° and 180° respectively between two waves 
polarized in planes at right angles to one an-
other. A combination of these sections may be 
used to control, continuously, the phase of the 
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output wave, relative to the input, with sub-
stantially 100 per cent transmission. Applica-
tion to the design of a naval Multiple Unit 
Steerable Antenna (MUSA: 3677 of 1937) is 
described. Methods for producing the differen-
tial phase-shift sections are (a) distortion of a 
circular guide to oval cross section, (b) insertion 
of diametrically opposed fins inside a circular 
guide,(c) insertion of a dielectric plate along the 
guide, and (d) use of lumped-element sections 
of guide. A mathematical analysis of the phase 
changer is given in an appendix. 

621.392.1:621.3.012.2  1256 
Transmission Line Calculations —G. Cioni. 

(Wireless Eng., vol. 25, p. 64; February, 1948.) 
Comment on 337 of March (Vaughan). 

621.392.41: 621.315.212: 621.395.822.1  1257 
Calculation of Bridged-T Networks and 

Their Application to Crosstalk Reduction be-
tween Coaxial Pairs —Baranov. (See 1295.) 

621.392.43  1258 
Uniform and Exponential Transmission-

Lines —B. Persoz. (Radio Franc., pp. 7-13; De-
cember, 1947.) The properties of uniform lines, 
for which the characteristic impedance is con-
stant, are reviewed and solutions of the general 
equations are given for exponential lines, for 
which the characteristic impedance is an ex-
ponential function of distance along the line. 
An exponential line is compared with a X/4 uni-
form line for impedance transformation; the 
exponential line is definitely superior where a 
considerable frequency range is to be covered. 

621.392.43  1259 
The L Network as an Impedance Trans-

former —F. D. Wells. (CQ, vol. 3, pp. 38-40, 
84; November, 1947.) A nonmathematical 
treatment for radio amateurs of the matching 
of feed lines to 2-, 3- and 4-element beams. The 
method is simple yet versatile. Values of circuit 
parameters are tabulated for typical practical 
cases. 

621.392.43:621.314.2.029.56/.58  1260 
Aerial Matching Unit for H.F. Reception — 

Bray, Eaton, and Whitehead. (See 1296.) 

621.396.67  1261 
Fundamental Limitations of Small Anten-

nas —H. A. Wheeler. (Puoc. I.R.E., vol. 35, pp. 
1479-1484; December, 1947.) The significance 
and use of simple fundamental formulas for an-
tennas small compared with X. Practical exam-
ples are given. 

621.396.67  1262 
The Design of a Ground-Plane Antenna - 

G. Thompson. (Philips Tech. Commun. (Au-
stralia), pp. 12-16; February, 1947.) Description 
with design graphs and sketch, of an omnidirec-
tional antenna consisting of a X/4 vertical rod 
and four horizontal rods in the form of a cross, 
matched to a coaxial cable by means of a co-
axial stub. 

621.396.67  1263 
Slot Aerials —D. A. Bell. (Wireless World, 

vol. 54, pp. 57-58; February, 1948.) Their 
properties are compared and contrasted with 
those of the conventional dipole. A slot in an 
infinite conducting sheet corresponds closely to 
a magnetic dipole in free space. The construc-
tion of slot arrays is explained and various ap-
plications are mentioned. See also 1335 of 1947 
(Booker). 

621.396.67  1264 
On the Theory of Slot Aerials —M. L. Levin. 

(Comp. Rend. Acad. Sci. (U.R.S.S.), vol. 58, 
pp. 1039-1041; November 21, 1947. In Russian.) 
The slot antenna is regarded as a transmission 
line consisting of two "knife-edge" conductors, 
and equations are derived determining the 
voltage distribution along the slot. 

621.396.67  1265 
Slot Antennas —N, E. Lindenblad. (Paoc. 

I.R.E., vol. 35, pp. 1472-1479; December, 

1947.) The development is described of nonpro-
truding antennas consisting of slots, backed by 
resonant cavities, in the nose or wing of an air-
craft. Multiple-slot antennas may be adapted 
for lobe switching and a mechanically simple 
form of mutating antenna is possible. The de-
velopment of antennas for altimeter and marker 
purposes is traced and applications in other 
fields are indicated. 

621.396.67  1266 
Radiation from Longitudinal Slots in a Cir-

cular Cylinder —A. A. Pistol'kors. (Zh. Tekh. 
Fiz., vol. 17, no. 3, pp. 365-376; 1947. In Rus-
sian.) A mathematical investigation of the ra-
diation from identical longitudinal slots arbi-
trarily disposed on the surface of an infinitely 
long ideally conducting cylinder (Fig. 1), the 
diameter of which Is comparable with X. The 
field on the surface of the cylinder is repre-
sented by superimposed "surface harmonics" 
corresponding to the terms of a Fourier series. 
Methods are indicated for determining the field 
set up at a great distance from the cylinder by a 
harmonic of order p; an equation (19) for this 
field is derived. The field set up by a system of 
slots is equal to the sum (21) of the fields set up 
by all harmonics. An equation (24) determining 
the total field due to a single slot is also derived 
and polar diagrams are plotted. The radial 
component E,,, of the field is also found (top of 
p. 376). See also 1267 below. 

621.396.67  1267 
Radiation from Transverse Slots on the 

Surface of a Circular Cylinder —A. A. Pistol'-
kors. (Zh. Tekh. Fiz., vol. 17, no. 3, pp. 377-
388; 1947. In Russian.) A complementary in-
vestigation to 1266 above. Using the diffraction 
equation of Kirchhoff as modified by Sommer-
feld, an equation (2) is obtained determining 
the E. component of the electric field in terms 
of a derivative of Green's function. Having de-
termined the latter function (equations 6a and 
6b) for the case of a circular cylinder, a general 
equation (8) is derived and methods are indi-
cated for determining other components of the 
electric and magnetic fields. Using these results, 
the components of the fields at a great distance 
from the cylinder are calcultaed. The discus-
sion is illustrated by two examples for which 
polar diagrams are plotted. 

621.396.67  1268 
On the Voltage Induced in a Receiving Ae-

rial —S. Malatesta. (Alto Frequenza, vol. 16, pp. 
294-298; December, 1947. In Italian, with 
English, French, and German summaries.) The 
relation between the voltage and the electric 
and magnetic fields is specified and an expres-
sion for the voltage is derived from energy con-
siderations, taking account of reradiation. 

621.396.67  1269 
The Radiation Power and Resistance of 

Diffraction Aerials—Va. N. Fel'd. (Comp:. 
Rend. Acad. Sri. (U.R.S.S.) vol. 56, pp. 481-
484; May 11, 1947. In Russian.) Discussion of 
an antenna consisting of a finite closed metallic 
surface with an arbitrary aperture and excited 
from inside by a linear conductor.  Equation 
(5) and (10) determining respectively the radia-
tion power and resistance are derived. 

621.396.67  1270 
A Helical Antenna for Circular Polarization 

— H. A. Wheeler. (Puoc. I.R.E., vol. 35, pp. 
1484-1488; December,  1947.)  Basically, a 
helical coil designed so that area/turn = pitch 
XX/2w. More complex types are analyzed and 
the methods of coupling to transmitter or re-
ceiver circuits indicated. Use for television is 
suggested. 

621.396.67  1271 
An Improvement in End-Fire Arrays —F. K. 

Goward. (Jour. I.E.E. (London), part III, 
vol. 94, pp. 415-418; November, 1947.) By 
increasing the linear phase shift per wave-
length, a narrow main beam is produced. The 

side lobes can be reduced to less than 18 per 
cent field strength by suitable arrangement of a 
second array. 

621.396.67  1272 
"Cloverleaf" Antenna for F. M. Broadcast-

ing —P. H. Smith. (Puoc. I.R.E., vol. 35, pp. 
1556-1563; December, 1947.) Four X/2 curved 
elements are arranged in a clover-leaf pattern. 
They are excited from a common central co-
axial feeder, and are equivalent to a horizontal 
loop. One end of each of the elements is con-
nected to the central conductor while the other 
ends are bolted to the four posts of a lattice 
tower. Calculated and measured data are 
included; installation and characteristics are 
fully discussed. 

621.396.67  1273 
Coupling between Aerials with Direct Feed 

and Aerials Excited by Radiation —R. Galletti. 
(Alta Frequenza, vol. 16, pp. 238-241; October, 
1947. In Italian, with English, French, and 
German summaries.) The amplitude and phase 
of the currents induced in a reflector, and also 
the modifications of the projector radiation im-
pedance caused by parasitic elements, are 
calculated by a simple and direct method. 

621.396.67:621.3.017.143  1274 
Dielectric Losses in Aerials —F. X. Eder. 

(Funk und Ton, pp. 19-25; January, 1948.) 
Taking account of the current distribution in 
a vertical antenna, the dielectric loss is calcu-
lated for an antenna conductor with a cylin-
drical coating of material with a finite conduc-
tivity. The loss depends on the thickness of the 
coating and on the length 1 of the antenna. For 
the case of excitation at the foot of the antenna, 
the loss has a minimum value when I is an odd 
multiple of X/4,and has a very large value when 
1 is appreciably less than X/4. The antenna 
efficiency obtained from the calculated antenna 
resistance has a maximum value for the X/4 
antenna. With decreasing antenna length, the 
efficiency falls off slowly at first, but then very 
rapidly, and for very short antennas does not 
exceed 10 to 30 per cent. The results of meas-
urements carried out on ice-coated aircraft 
antennas are in good agreement with the 
theory. 

621.396.67 : 621.317.3.029.63/.64  1275 
An Automatic Polar Diagram Recorder 

Beck and Tibbs. (See 1400). 

621.396.67: 629.135  1276 
Measurement of Aircraft-Antenna Patterns 

Using Models —G. Sinclair, E. C. Jordan, and 
E. VV. Vaughan. (Puoc. I.R.E., vol. 35, pp. 
1451-1462; December, 1947.) The conditions 
necessary for an accurate scaled-down system 
cannot always be satisfied and permissible ap-
proximations are considered. Practical methods 
of measurement and the associated equipment 
are described. A new method uses the energy 
reradiated from a receiving antenna excited by 
a plane wave. "The re-radiated field is distin-
guished from the exciting field by its modula-
tion, which results from varying the impedance 
of the receiver periodically." Construction of 
the model antennas and methods for calibrat-
ing the patterns in absolute terms are de-
scribed. The accuracy of the measurements is 
discussed and illustrated by typical results. 
Propeller modulation and other specialized 
problems can conveniently be studied with 
models. See also 2011 of 1947. 

621.396.67.029.58  1277 
I1RM's 10- and 20-m Rotary Beam Array — 
V. E. Motto. (Teen. Elalronica, vol. 2, pp. 373-
382; October, 1947. In Italian.) Construction 
details of a system with front-to-back ratio of 
10.7 db on 20 m (three elements), and 12.1 db 
on 10 m (four elements). 

621.396.67.029.58  1278 
Top-Loaded Antennas —T. M. Gordon, Jr. 

(Proc. Radio Club. Amer., vol. 24, pp. 3-6. 
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January, 1947.)  n account of suitable arrange-
ments for oper ion at 3 Mc. and discussion of 
practical tuni  methods. 

621.396.67.0  .62  1279 
Vertically Polarized V.H.F. Antenna De-

sign Facto- —J. P. Shanklin. (Communications, 
vol. 27,  p. 14-15, 33; December, 1947.) A 
coaxially- ed dipole antenna with a gain of 2.6 
db, for the frequency bands 122 to 136 Mc. 
and 15 to 162 Mc. To cover these broad bands, 
the di. meter of the radiating members was 
mere :sed to 0.025X. The effect on the radiation 
pattern of this increase was investigated with 
480-Mc. models. 

621.396.671.011.2  1280 
On the Radiation Impedance of an Electro-

magnetic Dipole —J. Patry. (Helv. Phys. Aria, 
vol. 20, pp. 455-458; December 31, 1947. In 
French.) Summary of Swiss Phys. Soc. paper. 
In previous papers (1344 of 1947 and back 
references), an effect was neglected which may 
be of great importance, especially in the case 
of dipoles for decimeter waves. A simple ap-
proximate solution, neglecting losses, is given 
for two metal cylinders of given length and 
diameter, in line and with center feed. A de-
tailed theoretical treatment, taking account of 
losses, will be given later. 

621.396.671.029.64  1281 
Microwave Antenna Measurements —C. C. 

Cutler, A. P. King, and W. E. Kock. (PRoc. 
I.R.E., vol. 35, pp. 1462-1471; December, 
1947.) Methods specially suitable for u.h.f. 
are discussed and include the measurement of 
gain, beam width, minor lobes, wide-angle 
radiation, mutual coupling of antennas, phase, 
and polarization. The requirements of an an-
tenna testing site are considered and the com-
ponents of a complete measuring equipment are 
described briefly. 

621.396.674  1282 
Equivalence between the Fields of a Mag-

netic Dipole and a Frame Aerial —A. Foschini. 
(Alta Frequenza, vol. 16, pp. 232-237; October, 
1947. In Italian, with English, French, and 
German summaries.) The electro-motive field 
of a flat frame antenna of any shape, whose 
dimensions are small compared to X, can be 
transformed, by means of an extension of 
Stokes' theorem, to correspond with that of a 
magnetic dipole. 

621.315+621.392.029.64+621.396.67  1283 
Ultrahigh Frequency Transmission and 

Radiation IBook Reviewl—N. Marchand. J. 
Wiley and Sons, New York, 1947, 322 pp., 
$4.50. (Paoc. I.R.E., vol. 35, p. 1528; Decem-
ber, 1947.) Theory of transmission lines, an-
tennas, and waveguides. "The point of view is 
somewhat more practical than that of previous 
authors on the same subject." 

CIRCUITS AND CIRCUIT ELEMENTS 

621.314.2.029.58  1284 
10.7 mc. I.F. Transformers—J.C. Michalo-

wicz. (Radio News, vol. 38, pp. 55, 144; Decem-
ber, 1947.) Primary and secondary windings, 
each consisting of 17 specially grouped turns 
of No. 28 enameled wire are wound on the 
same former and are inductively tuned. 

621.314.3t  1285 
Some Notes on the Design of Magnetic 

Amplifiers —A. S. Fitzgerald. (Jour. Frank. 
Inst., vol. 244, pp. 323-362; November, 1947.) 
The gain of a single stage is calculated and the 
relationship between the load impedance and 
the power input level for optimum output is 
considered. If /0 is the rectified output current 
when there is no input and I. the rectified out-
put current when a current i flows in the 
saturation winding (I.-- lo)/I. is called the 
stability factor: if it is small, adjustment of the 
compensating current must be precise. Gain, 
and output at optimum input impedance, are 

plotted as functions of input and tabulated for 
three typical core materials. 
Different conditions are necessary to obtain 

(a) maximum gain, (b) maximum sensitivity, 
(c) maximum power output; these objectives 
are discussed for the different core materials, 
assuming that power is supplied at 60 c.p.s. 
Performance of magnetic amplifiers would be 
improved by raising the power-supply fre-
quency. The design of ac. and d.c. windings, 
the over-all performance of multistage ampli-
fiers and core design are discussed. See also 960 
of May. 

621.314.65.015.53  1286 
Voltage Impulses in Rectifiers —T. Douma. 

(Philips Tech. Rev., vol. 9, no. 5, pp. 135-146; 
1947.) A detailed theoretical study of the 
transient phenomena, manifested in the form 
of voltage impulses, that can accompany the 
switching action of tubes in a rectifier. The 
possible danger of these impulses to transformer 
and choke coils, particularly those in the power 
supplies of high-power transmitters, is noted. 
The values that the impulses may attain in 
systems fed from single phase and multiphase 
ac. are derived, using stated approximations 
and assumptions. 

The influence of parasitic capacitances 
which form oscillatory circuits within a system 
is considered. Methods of reducing the danger 
of voltage impulses in tube rectifiers are indi-
cated. 

621.315.212:621.392.5  1287 
Video Delay Lines —J. P. Blewett and J. H. 

Rubel. (PRoc. I.R.E., vol. 35, pp. 1580-1584. 
December, 1947.) Continuous coaxial trans-
mission lines are described in which the 
velocity  of  propagation  is about  one-
thousandth of the velocity of light. These lines 
include a solenoidal inner conductor and an 
outer conductor of stranded-wire braid. Phase 
and amplitude distortions in such lines are dis-
cussed, and design procedures are given for lines 
of optimum performance under various condi-
tions. 

621.315.5.018.44+621.396.611.029.64  1288 
Conductors and Circuits for U.H.F. —L. 

Ratheiser. (Radio Tech. (Vienna), vol. 23, pp. 
456-458; October, 1947.) An elementary dis-
cussion of current distribution in conductors 
at u.h.f., together with a description of various 
tank circuits. 

621.317.733 : 620.178.3  1289 
Vibrometric Circuit with Inductive Bridge — 

G. Sacerdote. (Alta Frequenza, vol. 16, pp. 228-
231; October, 1947. In Italian, with English, 
French, and German summaries.) A formula is 
obtained for the voltage developed across one 
diagonal of a bridge in which each arm is induc-
tively coupled to the other three arms. Such 
arrangements have particular application to 
vibration pickups. 

621.318.323.2:518.4  1290 
Charts for the Calculation of Premagnet-

ized Choke Coils—R. Feldtkeller. (Funk und 
Ton, pp. 227-235; November, 1947.) Charts for 
finding, for dynamo sheet steel IV, the size of 
core, width of air-gap, wire diameter and num-
ber of turns, given the d.c. magnetizing current, 
the required inductance and the permitted 
temperature rise. 

621.392+621.385.1+621.396.694.012.8  1291 
Circuits and Valves in Electronics: Part 2— 

R. Charbonnier and J. Royer. (Tiler,. Franc., 
Supplement glectronique, pp. 36-40; Decem-
ber, 1947.) Discussion of principles of cathode 
coupling and of its use for the apparent increase 
of tube input impedance, apparent decrease of 
capacitance, increase of circuit time-constant 
and cathode detection. Part 1, 359 of March. 

621.392  1292 
Extensions of the Theory of Networks— 

M. Prudhon and P. M. Prache. (Cables and 
Trans. (Paris), vol. 2, pp. 3-13; January, 1948. 
With English summary.) Relations are estab-
lished between the impedances of the branches, 
the coefficients of the mesh equations and the 
coefficients of the nodal equations. Formulas 
are then derived from which the nodal equa-
tions can be obtained easily when the network 
includes mutual-impedance couplings. The 
theory is applied to (a) a transformer, and (b) a 
tube circuit. 

621.392  1293 
Theory and Applications of Analytical Sig-

nals—J. Ville. (Cables and Trans. (Paris), vol. 
2, pp. 61-74; January, 1948. With English 
summary.) A signal is represented by a 2-
dimensional energy distribution in a domain de-
fined by time and frequency axes. Operators 
analogous to those of quantum mechanics are 
used to find a suitable distribution. This leads 
to a definition of the instantaneous spectrum of 
a signal, and of the distribution of energy asso-
ciated with a particular frequency. Time inte-
gration of the instantaneous spectrum gives the 
normal spectrum. The instantaneous frequency 
of a signal is defined, using the concept of the 
analytical signal derived from the actual signal 
by analytical lengthening, time being con-
sidered as a complex variable. The concepts of 
instantaneous frequency and instantaneous 
spectrum provide a firm theoretical basis for 
researches on frequency modulation, continu-
ous harmonic analysis and frequency compres-
sion, and generally, for all problems where 
classical harmonic analysis gives a representa-
tion inconsistent with physical reality. 

621.392:621.396.813:621.396.619.13  1294 
The Distortion of Frequency-Modulated 

Waves by Transmission Networks—A. S. 
Gladwin.(PRoc. I.R.E., vol. 35, pp. 1436-1445; 
December, 1947.) A general solution is obtained 
by direct operational methods. Numerical ex-
amples are given. For very large deviation 
ratios, the distortion is nonlinear and depends 
on the maximum frequency deviation, but for 
small deviation ratios, the distortion is linear 
and independent of the frequency deviation. 
When the modulating wave consists of two sine 
waves, intermodulation distortion takes the 
form of a frequency modulation of the small 
h.f. component by the large If. one. The ap-
plication of negative feedback to f.m. receivers 
is considered. 

621.392.41:621.315.212:621.395.822.1  1295 
Calculation of Bridged-T Networks and 

Their Application to Crosstalk Reduction be-
tween Coaxial Pairs —N. Baranov. (Cables and 
Trans. (Paris), vol. 2, pp. 75-87; January, 1948. 
With English summary.) A procedure analo-
gous to the Tchebychef approximation method 
is used to design two bridged-T networks with a 
phase difference close to an assigned value 
within a given frequency band. Examples are 
given with 180° phase difference from 60 to 
100 kc. Two of these networks were used to 
reduce cross talk on the Brive-Cahors cable. 

621.392.43:621.314.2.029.56/.58  1296 
Aerial Matching Unit for H.F. Reception — 

T. E. Bray, J. C. Eaton, and J. W. Whitehead. 
(Electronic Eng. (London), vol. 20, p. 30; Janu-
ary, 1948.) A toroidal transformer for matching 
a balanced 100-ohm circuit to a balanced 600-
ohm circuit, or vice versa. For reception in the 
frequency range 2 to 20 Mc. 

621.392.5:518.5  1297 
The Miller Integrator and its Derivatives — 

(Radio Franc., pp. 21-23; December, 1947.) A 
detailed discussion of the operation of the 
Miller circuit and of the voltage changes which 
occur in its various parts. Certain modifications 
convert the circuit into a particular type of 
multivibrator, the sanatron, with an extremely 
linear sweep. Replacement of the two tubes by 
a single pentode or heptode results in the 
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phantastron, which combines the properties of 
the Miller circuit and the sanatron. 

621.396.611.1  1298 
The Resistance-Capacitance Oscillator —P. 

G. M. Dawe. (Engineering (London), vol. 164, 
pp. 429-432; October 31, 1947.) Long sum-
mary of British Association paper. A theoretical 
treatment of the transient behavior of 3-mesh 
RC oscillators, using the Heaviside step-func-
tion method of analysis. Cases with genuine 
oscillation and those with overawing are dis-
cussed, and the responses to a constant rate of 
rise of input voltage and to an impulsive input 
are considered. The results are confirmed by 
observation at very low frequencies; both ex-
perimental and theoretical results are shown 
graphically. 

621.396.611.1  1299 
A Non-Linear Theory of RC-Generators — 

K. Theodorchik. (Jour. Phys. (U.S.S.R.), vol. 
9, no. 4, pp. 341-345; 1945.) 

621.396.611.21: 549.514.51  1300 
Measurement of Equivalent Parameters of 

Quartz Crystals by an Oscillation Method — 
Shembel. (See 1389.) 

621.396.611.21.029.58  1301 
V.H.F. Crystal Oscillators —G. B. Sells. 

(QST, vol. 31, pp. 44-46, 128; November, 
1947.) Details of the construction and operation 
of experimental 30-Mc, crystal oscillators. Per-
formance is improved by using additional in-
ductive feedback between anode and crystal 
circuits. 

621.396.611.3  1302 
On Multi-Frequency Coupled Oscillatory 

Circuits —F. Kiebitz. (Funk und Ton, pp. 3-7 
January, 1948.) In a system of two coupled 
oscillatory circuits, two frequencies are possible 
whose periods differ from those of the individual 
circuits. With spark excitation, both frequen-
cies occur simultaneously, but with undamped 
excitation, only a single frequency is found. 
These effects are discussed for inductive, 
capacitive, and mixed coupling between the 
two circuits and formulas are derived for the 
frequencies in the different cases. 

621.396.611.3.015.3  1303 
On the Transient Behaviour of RC Cou-

plings—R. Lemas. (rah. Franc., Supplement 
Elearoniques, pp. 29-32; December, 1947.) A 
complete study of RC circuits in the transient 
state requires the operational calculus, but 
much useful information can be gained from a 
discussion based on simple physical principles. 
Such discussion shows that, in general, the RC 
circuit affects both amplitude and phase of the 
input components, and that its effect is dif-
ferent for the fundamental and for harmonics. 
For reasonably faithful transmission, RCco 
should be large for the fundamental, but for 
obtaining short pulses from a square-wave in-
put, RCce should be small. The reaction be-
tween tubes and the RC link is also discussed 
and some practical applications are examined. 

621.396.611.4  1304 
Special Circuits for V.H.F. — Cavity Reso-

nators—L. Liot. (Telev. Franc., pp. 25-28; 
December, 1947.) A nonmathematical account 
of their properties, comparing them with con-
ventional circuits. Their use in v.h.f. oscillators 
is discussed and various types of coupling are 
described. 

621.396.615  1305 
On the Theory of the Blocking Oscillator — 

K. F. Teodorchik. (Zh. Tekh. Fiz., vol. 17, no. 4, 
pp. 435-438; 1947. In Russian.) An equation 
(7) determining the operation of the oscillator 
is derived and various characteristics are 
plotted. See also 977 of May (Benjamin). 

621.396.615  1306 
Autostabilized Oscillator—J. Dieutegard. 

(Tonic la Radio, vol. 14, pp. 16-21; December, 

1947.) Full circuit and construction details of 
an oscillator for either the 5-meter or the 
1-meter band. Stabilization by reactance tube 
gives practical frequency constancy for 12 
per cent variation of supply voltages. With a 
French 829B tube, the maximum anode power 
is 90 watts. 

621.396.615  1307 
The Theory of Ladder-Type RC Oscillators 

— K. F. Teodorchik. (Zh. Tekh. Fiz., vol. 17, 
no. 4, pp. 439-442; 1947. In Russian.) Discus-
sion of an oscillator consisting of a tube working 
into a chain of RC sections, with resistors con-
nected in parallel. A system of equations (I) 
is given and formulas (9), (10), and (11) de-
termining respectively the frequency, condi-
tion of self-excitation, and stationary amplitude 
are derived. 

621.396.615: 621.316.726.078.3  1308 
The Synchronization (Pulling-In) of a 

Valve Oscillator by a Harmonic of the Funda-
mental Frequency —O. A. Tkhorzhevski and 
B. K. Shembel. (Zh. Tekh. Fiz., vol. 17, no. 2, 
pp. 215-230; 1947. In Russian.) The oscillator 
with an external e.m.f. applied to it, is regarded 
as a generator of reactive power at the funda-
mental frequency. Using this conception, a 
simple equation (16) is derived determining the 
pulling-in range. It follows from this equation, 
that for relatively small values of the external 
e.m.f., the range is proportional to this e.m.f., 
to the order number of the harmonic applied 
and to the characteristic impedance of the cir-
cuit. Under conditions of overloading, the range 
is independent of the attenuation of the cir-
cuit. The main principles of the design of feed-
back synchronized oscillators are discussed; 
experimental results fully confirm the theory. 

621.396.615:621.316.726.078.3  1309 
Synchronization  of  Oscillators —R.  D. 

Huntoon and A. Weiss. (Paoc. I.R.E., vol. 35, 
pp. 1415-1423; December, 1947.) An analysis 
of the behavior of a self-limiting oscillator 
based on an extension of Adler's differential 
equation (2522 of 1946) and similar to the paper 
noted in 3467 of 1947. 

621.396.615:621.317.79  1310 
Improved Wide-Band Wobbulator —C. P. 

Smith. (Tele-Tech, vol. 6, pp. 42-45; Novem-
ber, 1947.) This uses the beat frequency be-
tween a fixed-frequency klystron and a klystron 
whose frequency is varied mechanically. A 
bandwidth up to 160 Mc. can be used in the 
range 1 to 350 Mc. The fixed-frequency klystron 
is modulated by a 125-kc. square wave. Circuit 
diagrams are given and the merits of the sys-
tem are discussed. 

621.396.615.14:621.316.726.078.3  1311 
Frequency  Stabilization  of  Microwave 

Oscillators —R. V. Pound. (Paoc. I.R.E., vol. 
35, pp. 1405-1415; December, 1947.) See 1690 
of 1947 for similar discussion. 

621.396.622.71  1312 
Improved Type of Ratio Detector —Hayes. 

(See 1476). 

621.396.645  1313 
Calculation  of  Class-C  Amplifiers —G. 

Gaiani. (Teen. Elalronica, vol. 2, pp. 233-242; 
September, 1947. In Italian.) An exposition of 
a "method of exact calculation," based on the 
anode characteristic curves for the tube used, 
and an "approximate method," using an oboe. 
Both are illustrated by reference to the 834 
transmitting tube. 

621.396.645  1314 
More Signal —Less Noisel —C. F. Bane. 

(CQ, vol. 3, pp. 13-14, 83; December, 1947.) 
A detailed description of a double-tuned r.f. 
preamplifier unit incorporating a split input 
coupling coil to neutralize capacitive coupling, 
and a 636 twin triode cathode-coupled ampli-
fier stage. 

621.396.645: 518.3  1315 
Exact Design and Analysis of Double- and 

Triple-Tuned Band-Pass Amplifiers —M. Dia-
hal. (Patoc. I.R.E., vol. 35, pp. 1507-1510; 
December, 1947.) Discussion on, and correc-
tions of, 3065 of 1947. 

621.396.645:518.4  1316 
Valve Operating Point with Cathode Load — 

E. J. Harris. (Wireless Eng., vol. 25, pp. 63-64; 
February, 1948.) The exact operating condi-
tions of a cathode follower with a known volt-
age applied to the grid can be found by a 
graphical method, using static anode current/ 
anode voltage curves. 

621.396.645.029.3  1317 
A Flexible Decade Amplifier —D. L. Clark. 

(Audio Eng., vol. 32, pp. 13-16, 39; January, 
1948.) A laboratory test amplifier in two 
units. The voltage gain of each can be made 
equal to 100 or 10; the main unit has, in addi-
tion, a calibrated potentiometer-type attenu-
ator. Both units have cathode-follower outputs 
and may be used separately or in cascade. 
Provision is also made for inserting an equalizer 
or filter between the units. Linear distortion is 
kept very low by using a large degree of nega-
tive feedback, and the frequency response of 
each unit is flat to within 1 db between 20 c.p.s. 
and 20 kc. The noise level finally achieved 
was equivalent to about 2 uv. at the input to 
the first unit. 

621.396.645.029.3  1318 
A Modern A.F. Power Amplifier System — 

(Philips Tech. Commun. (Australia), pp. 3-18; 
January, 1947.) A 50-watt power amplifier with 
constant voltage output, enabling the power 
taken by individual loudspeakers to be set to 
any value by adjusting their impedances. 
Optimum operating conditions are obtained by 
using changes in anode supply voltage to regu-
late the screen voltage and a.f. drive. 

621.396.645.029.3:534.78  1319 
Converted ART/13 Speech Amplifier with 

Peak Clipper and Low-Pass Filter —W. M. 
Scherer. (CQ, vol. 3, pp. 19-21, 91; December, 
1947.) An a.f. amplifier suitable for a small 
transmitter, made from war surplus equipment. 

621.396.645.029.4  1320 
Signal/Noise Ratio in Auxiliary- Wave L.P. 

Amplifiers —U. Tiberio. (Alla Frequenza, vol. 
16, pp. 275-293; December, 1947. In Italian, 
with English, French, and German summaries.) 
A new method of amplification is outlined in 
which signals are translated into phase varia-
tions, which are subsequently expanded and 
applied to a phase-meter. The signal versus 
noise ratio for such a system is calculated by 
application of Nyquist's formula. A 20-db 
improvement is to be expected compared with 
ordinary I.f. methods of amplification. Meas-
urements of the dielectric constant of solu-
tions using the new amplifiers, are discussed. 

621.396.645.029.4  1321 
L.F. Medium-Power Amplification —H. Gil-

loux. (Radio Franc., pp. 17-19; January, 1948.) 
Study of output stages, with and without 
counter-reaction, shows that, in general, the 
use of two tubes in parallel is preferable to a 
push-pull arrangement, as it eliminates diffi-
culties due to asymmetry of the tubes, whose 
characteristics, even if identical at the start, do 
not remain identical for long. 

621.396.645.2  1322 
The Cathode-Coupled Amplifier—K. A. 

Pullen, Jr. (Paoc. I.R.E., vol. 35, pp. 1510-
1514; December, 1947.) Discussion on 2507 of 
1946. 

621.396.645.2: 518.4  1323 
Time-Constant, Frequency, Attenuation of 

Coupling Circuits —(Audio Eng., vol. 31, pp. 
26-27; November, 1947.) Graphs showing the 
attenuation on a decimal or decibel scale as a 
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function of the product of the frequency and 
the time constant. 

621.396.645.35  1324 
D.C. Amplifier with A.C. Mains Feed —H. 

Etzold. (Funk und Ton, pp. 200-205; October, 
1947.) The possibility of operating d.c. ampli-
fiers from a.c. mains is examined and it is 
shown that by the use of (a) tubes with indi-
rectly heated cathodes, and (b) suitable voltage 
stabilizing arrangements, amplifiers of high 
constancy can be constructed. 

621.396.645.36  1325 
Push-Pull Input Circuits: Parts 1 and 2— 

W. T. Cocking. (Wireless World, vol. 54, pp. 
7-10 and 62-66; January and February, 1948.) 
Methods are described for obtaining, from an 
unbalanced voltage, the balanced voltage re-
quired for a push-pull amplifier. The essential 
differences between phase-reversal and phase-
splitting circuits are discussed and circuits are 
given in which the resistance phase splitter is 
applied to a diode detector. The l.f. and h.f. 
equivalents of a tube circuit with equal anode 
and cathode load resistors are discussed and the 
degree of unbalance is calculated for a particu-
lar case. The cathode-follower type of phase. 
splitting circuit, which allows one input ter-
minal to be earthed, is analyzed. The degree of 
unbalance in this type of circuit can be made 
practically negligible by proper choice of com-
ponents; suitable tubes are indicated. Operat-
ing conditions are considered in detail for a 
typical tube —EF37. 

621.396.645.37  1326 
Feedback Amplifiers —D. Migneco. (Teen. 

Elellronica, vol. 2, pp. 127-133 and 247-257; 
August and September, 1947. In Italian.) A 
simple explanation of feedback in general and 
of single-, 2-, and 3-stage negative feedback 
amplifiers in particular. 

621.396.645.371  1327 
Simplification of Negative Feedback Formu-

lae —E. G. Beard. (Philips Tech. Commun. 
(Australia), pp. 25-26; September,  1946.) 
Feedback formulas in terms of gain in the feed-
back loop, with application to the cathode-
follower circuit. 

621.396.645.371  1328 
High-Quality  Amplifier  Design—P.  J. 

Baxandall. (Wireless World, vol. 54, pp. 2-6; 
January, 1948.) Design of an amplifier with a 
10-watt output, an approximately flat response 
from 30 to 1600 c.p.s. and less than 0.1 per cent 
nonlinear distortion. The two 6L6G output 
tetrodes are fed by an anode-follower phase 
inverter preceded by a pentode stage. Negative 
feedback is applied by means of a third winding 
on the specially designed output transformer, 
details of which are given in an appendix. 
Tetrodes are preferred to triodes in the output 
stage, since they result in a more economical 
design of the supply unit and require less grid 
swing. More negative feedback is necessary 
with tetrodes, but this is considered an ad-
vantage, since it tends to reduce hum. Correc-
tion ibid., vol. 54, p. 71; February, 1948. 

621.396.645.371  1329 
The  Impedances  In  Counter-Reaction 

Amplifiers—I'. M. Prache. ( Mlles and Trans. 
(Paris), vol. 2, pp. 15-29; January, 1948. With 
English summary.) Counter-reaction amplifiers 
can be regarded as servomechanisms in which 
the voltage or current gain is controlled by 
reaction on the input power. The surplus power 
can either be absorbed in resistors or reflected. 
In the latter case, a considerable variation of 
the active input or output impedances occurs. 
This variation is a function of the "return 
difference," which is defined and calculated 
from network theory. A generalization of 
Thevenin's theorem enables a relation to be 
established between active and passive im-
pedances. This shows that for best operation, the 
passive input and output impedances must be 

matched to those of the external lines. It is 
often advantageous to correct the attenuation 
distortion of transmission lines by the gain of 
input transformers. Reflections due to imped-
ance mismatch can be brought within assigned 
limits by attenuation equalization. 

621.396.645.371:621.396.621  1330 
Selectivity by Counter-Reaction —X. de 

Maistre. (Radio Franc., pp. 8-11; January, 
1948.) Further discussion, with practical re-
sults. For earlier work see 1041 of 1947. 

621.396.662  1331 
Coil-Pack Modification—L. Miller. (Wire-

less World, vol. 54, pp. 59-60; February, 1948.) 
Two-station switch selection with variable 
short-wave tuning. Full circuit and component 
details of the modifications are given for a 
standard "Weymouth" 2-circuit coil pack, but 
the principle can be adapted for other makes. 

621.396.662.2  1332 
Theory and Design of Progressive and 

Ordinary Universal Windings —M. Kantor. 
(Paoc. I.R.E., vol. 35, pp. 1563-1570; Decem-
ber, 1947.) An extension of papers by Simon 
(1085 of 1946 and back references) giving more 
accurate results. Theoretical expressions are 
used to replace empirical rules. The geo-
metrical shape of the winding is discussed and 
formulas are derived for the rate of progression 
and the gear ratio. A complete analysis is given 
and simple practical equations are derived. 
The proper number of traverses per coil revolu-
tion is a function of the coefficient of friction be-
tween the surface of the coil former and the in-
sulation of the wire. Practical coil design pro-
cedure is outlined. 

621.396.662.3  1333 
Normal Waves in Multipolar Ladder Filters 

—P. E. Krasnuslikin. (Zh. Tekh. Fir., vol. 17, 
no. 6, pp. 705-722; 1947. In Russian.) A filter 
of the ladder type consisting of an infinite 
number of sections, each with (N+1) input 
and (N+1) output terminals, is considered 
(Fig. 1). If an e.m.f. with an arbitrary distribu-
tion of complex amplitudes is applied to the 
filter, then after a time, a system of stationary 
waves will be set up, with the distribution of 
the amplitudes at the terminals varying from 
section to section. The question is whether it is 
possible to select the initial distribution in such 
a way that it will be repeated without distor-
tion in all subsequent sections. It is shown 
that, for a filter described by the system of 
equations (1), there are N different distribu-
tions and, therefore, N different normal waves 
which will pass through the filter without dis-
tortion. The effects of the parameters of the 
section on the behavior of normal waves are 
then investigated and a number of interesting 
properties are established, such as the change 
from continuous to damped waves when the 
frequency is lowered. 

621.396.662.3: 518.4  1334 
Charts for the Calculation of Zobel Filter 

Attenuations—R. Possenti. (A Ita Frequenza, 
vol. 16, pp. 311-319; December, 1947. In 
Italian, with English, French, and German 
summaries.) Charts are given for calculating 
the losses of low-pass and high-pass Zobel 
filters, knowing the Q factor, the coefficient m 
of the derived section and the ratio of the 
wanted to the cutoff frequency. Previous calcu-
lation of the real and imaginary parts of the 
ratio of the impedances of the series and shunt 
arms of the various sections is not required. 

621.396.662.3:518.4  1335 
Graphical Aid for Frequency Selectivity 

Calculations —R. M. Maiden. (Tele-Tech, vol. 
7, pp. 54-55; January, 1948.) Abac for tuned-
circuit and low- and high-pass network calcu-
lations. 

621.396.662.32:534.78  1336 
Audio Filters for the Speech Amplifier—J. 

L. Galin. (QST, vol. 31, pp. 17-20; November, 
1947.) Design considerations for shunt M-de-
rived low-pass filters, and construction details 
using standard components. These filters are 
required for reducing the sidebands of a radio-
telephone transmitter whether speech clipping 
is or is not used. See also 1981 of 1947 (Smith). 

621.396.662.34: 518.4  1337 
Mathematical and Graphical Representa-

tion of 2-Circuit Broadcast Band-Pass Filters— 
H. Frilhauf. (Funk and Ton, pp. 257-267 and 
312-317; November and December, 1947.) 
Various types of band-pass filters are con-
sidered and equations are derived in general 
form for 2-element filters. Families of curves are 
given from which the filter performance can be 
directly obtained. Calculations are carried out 
for filters with inductive coupling. 

621.396.662.5:621.396.712.2  1338 
Design and Use of Mixing Networks —K. 

C. Morrical. (Audio Eng., vol. 31, pp. 11-13; 
November, 1947.) The requirements of pro-
gram mixers for broadcasting are discussed. 
The values of various circuit constants are 
calculated for two types of mixer, with simpli-
fying assumptions which are satisfied in most 
applications. It is stressed that unless the at-
tenuator is correctly loaded, it will not intro-
duce the loss for which it was designed. The 
relative merits of the two types of mixer are 
discussed, and various necessary precautions 
are mentioned. 

621.396.69+621.385.1+621.396.621  1339 
Miniatures in Radio—J. Slakovie. (Radio 

Tech. (Vienna) vol. 23, nos. 11 and 12, pp. 
549-560; 1947.) An account of recent develop-
ments of miniature tubes and circuit com-
ponents, with photographs and a few details of 
miniature receivers developed in various coun-
tries. See also 866 of April and 1002 and 1206 
of May. 

621.396.69  1340 
Comparative Technical Study of World-

Market [radio] Components —(Radio  Tech. 
Dig. (Franc.), vol. 2, pp. 26-56; February, 
1948.) A series of articles enumerating and dis-
cussing thelatest types of components available 
in America, Great Britain, and France. The 
components discussed are (a) tubes, including 
c.r. tubes and photo cells, (b) resistors, (c) loud-
speakers, (d) electrolytic capacitors, (e) paper, 
mica, and ceramic capacitors, (f) variable 
capacitors, (g) transformers, (h) coils and cores, 
(i)  measurement apparatus, including h.f. 
generators, tube voltmeters, distortion meters, 
and c.r.o. apparatus. 

GENERAL PHYSICS 

530.145.6  1341 
The Interaction of Radiation and Matter— 

P. M. Davidson. (Proc. Roy. Soc. A, vol. 191, 
pp. 542-552; December 3, 1947.) "The theory 
will postulate a simple wave equation and 
interpretations, and will therefore ... not be 
directly applicable to the world of nature. Use 
will thus be made of the general idea, due to 
Dirac, that it may be possible to specify some 
unnatural world which lends itself more readily 
to mathematical representation than does the 
real world, but which is nevertheless so simply 
related to the real world that the properties of 
the latter may be derived, by some simple and 
general rule, from those of the former. . . . In 
the unnatural world which will be proposed in 
the present paper, there are sources and sinks of 
matter, but light requires no representation 
other than the Maxwellian wave." 

535.42/.43+538.566  1342 
Notes on Diffraction Phenomena—P. M. 

Duffieux. (Ann. Phys. (Paris), vol. 12, pp. 95-
132; January and February, 1947.) Application 
of the principle of the conservation of energy 
to the phenomena of the diffraction of light by 
material obstacles, shows that the principle of 
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Huyghens and the principle of interference can-
not be correctly applied to the calculation of 
these phenomena. The above principles only 
give an equation for the propagation of energy 
in free space. 
Comparison of the equations for the diffrac-

tion of light with those for beams of corpuscles 
shows that the vectorial quantities introduced 
in these equations are analogous to impulses. 

Discussion of the experimental conditions in 
which diffraction or interference phenomena 
can be observed reveals two types of coherence. 
With Hertzian waves, the characteristic fre-
quency results from the statistical concordance 
of a great number of elementary actions. In 
the case of light and of h.f. radiation, the 
quantum is an entity to which an absolute 
coherence can be attetruted. Frequency is then 
no more than a characteristic coefficient of the 
photon. 

537.11  1343 
Faraday's Electrical Theory and Modern 

Physics —L. Flamm. (Elektroiech. and Maschi-
nenb., vol. 64, pp. 173-180; November and 
December, 1947.) A discussion of the intimate 
relations between the fundamental concepts of 
Faraday and modern field theories. 

537.228.5:538.569.4.029.64  1344 
Stark Effect in High Frequency Fields — 

C. H. Townes and F. R. Merritt. (Phys. Rev.: 
vol. 72, pp. 1266-1267; December 15, 1947.) 

537.311.31.029.64  1345 
The Conductivity of Metals at Microwave 

Frequencies —B. Serin. (Phys. Rev., vol. 72, 
pp. 1261-1262; December 15, 1947.) At micro-
wave frequencies, the ratio of r.f. to d.c. con-
ductivity depends only on the ratio of electron 
mean free path to skin depth and falls with an 
increase of this quantity. The dependence of 
r.f. on d.c. conductivity for silver is shown for a 
frequency of 10' Mc. 

537.525:538.551.25  1346 
On the Vibrations of the Electronic Plasma 

—L. Landau. (Jour. Phys. (U.S.S.R.), vol. 10, 
no. I, pp. 25-34; 1946.) Starting from an initial 
arbitrary nonequilibrium distribution, the vi-
brations are always damped, in which the fre-
quency and decrement are deduced. The re-
sponse to an external periodic electric field is 
calculated when its frequency is either far from 
or close to the natural frequency of the plasma. 
See also 2747 of 1947 (Borgnis). 

537.525.5  1347 
The Generation of Powerful Electric Oscil-

lations in a Low-Pressure Discharge: Part 2— 
The Use of Current Interruptions in a Low-
Pressure Arc for generating Undamped Elec-
tric Oscillations —V. L. Granovski and T. A. 
Suetin. (Zh. Tekh. Fiz., vol. 17, no. 3, pp. 291-
298; 1947. In Russian.) An experimental in-
vestigation was made of the appearance of 
oscillations in a low-pressure discharge tube 
with an abrupt constriction, obtained by the 
use of a small aperture in a diaphragm made of 
a dielectric material. (Details of experiments 
and of the tube used are given in part 1 (ibid., 
vol. 16, p. 1023; 1946). Experiments have 
shown that with an aperiodic circuit, not only 
oscillations of the second type (with periodic 
interruptions of the current; see last oscillogram 
in Fig. I) but also oscillations of the first type 
(see first oscillogram in Fig. 1) can be obtained. 
The amplitude, frequency, and form of the 
oscillations of the second type depend on the 
circuit used and on the conditions of the dis-
charge. A theory of the oscillations is proposed 
which is confirmed satisfactorily by experi-
ments. It is suggested that periodic interrup-
tion of the current in the tube with an abrupt 
constriction (stenotron) can be used for generat-
ing powerful undamped oscillations at ultra-
sonic frequencies. Examples of oscillation with 
outputs up to I kw. and suitable for low-voltage 
operation are described. 

537,525.5  1348 
The Effect of the Electric Circuit Param-

eters on Oscillations in Low-Pressure Arc 
Discharges —T. A. Suetin. (Zit. Tekh. Fiz., 
vol. 17, no. 7, pp. 809-818; 1947. In Russian.) 
Experiments were conducted on a discharge 
tube with a cold mercury cathode and a hot 
oxide cathode (Fig. I). The effects of the fol-
lowing factors on self-oscillations which may 
appear in the circuit were investigated: (a) 
parallel connection of a capacitor, (b) parallel 
connection of a tuned circuit, (c) changes in 
the operating conditions, and (d) the length of 
the positive column of the discharge. Several 
oscillograms and  experimental curves are 
shown and the results obtained are explained. 

538.213:621.318.323.2  1349 
Vector Permeability —K. A. Macfadyen. 

(Jour. I.E.E. (London) part III, vol. 94, pp. 
407-414; November, 1947.) A complex or 
vector value is assigned to the permeability, 
based on hysteresis and eddy-current loss con-
siderations. Simple relations can be found be-
tween the electrical characteristics of coils and 
the components of the vector permeability of 
their cores. Results of tests on various well-
known magnetic core materials are shown 
graphically. The optimum design for a low-
loss reactor is calculated. 

538.311:621.318.4  1350 
Magnetic Field Configurations Due to Air 

Core Coils —J. P. Blewett. (Jour. Appi. Phys., 
vol. 18, pp. 968-976; November, 1947.) An 
extensive table is given of the field component 
parallel to the axis of a circular loop of wire. 
The current distributions necessary to give 
uniform fields inside cylindrical or ellipsoidal 
coils are derived. 

538.566+621.396.11+538.32  1351 
The Field of a Plane Wave near the Surface 

of a Conductor —V. A. Fock. (Bull. Acad. Sci. 
(U.R.S.S.), sir. phys., vol. 10, no. 2, pp. 171-
186; 1946. In Russian.) The results obtained in 
1412 below, concerning the distribution of cur-
rents excited by a plane wave on the surface of a 
body, are generalized in the following two main 
directions: (a) the field is determined not only 
on the surface of the conductor but, also at 
distances from it, small in comparison with the 
radius of curvature of the surface, and (b) the 
body is regarded as a good but not ideal con-
ductor: the Leontovich conditions for the 
tangent components of the field are assumed 
valid on its surface. The method of parabolic 
equation (1901 of 1947) is used here. The 
formulas derived give a complete solution for 
the diffraction of a plane wave by a convex 
body of arbitrary shape. 

538.566  1352 
On the Propagation of Electromagnetic 

Waves along Infinite Dielectric Cylinders at 
Low Frequencies —B.  Z.  ICatsenelenbaum. 
(Compt. Rend. Acad. Sci. (U.R.R.S.), vol. 58, 
pp. 1317-1320; December 1, 1947. In Russian.) 
Equations (6), determining the propagation of 
the waves, are derived and their solutions (10) 
and (11) are found. 

538.569.4.029.64  1353 
Microwave Spectrum Frequency Markers 

—R. L. Carter and W. V. Smith. (Phys. Rev., 
vol. 72, pp. 1265-1266; December 15, 1947.) 
The main oscillator frequency is swept through 
that of the auxiliary to give a series of frequency 
marks. Spacings of 0.2 to 10 Mc. have been 
used. See also 3868 of January (Good and 
Coles). 

GEOPHYSICAL AND EXTRA-
TERRESTRIAL PHENOMENA 

523.74+551.510.535  1354 
Ionosphere and Solar Research —H. v. 

Klilber. (Funk und Ton, no. 2, pp. 61-77; 
1947.) A general review of present knowledge 
of the constitution and properties of the iono-

sphere and of the sun, with particular refer-
ence to the effects of solar activity on e.m. wave 
propagation through the ionosphere. 

523.745:621.396.822.029.62  1355 
Meeting of the Royal Astronomical Society 

[10th Oct. 19471— (Observatory, vol. 67, pp. 
201-210; December, 1947.) An account by 
Stratton of a paper by C. W. Allen entitled 
"Solar Radio-Noise of 200 Mc. and Its Relation 
to Solar Observations," and subsequent dis-
cuasion. The noise is received in the spectra-
hefioscope hut, at Mt. Stromlo Observatory 
using a manually adjusted antenna having an 
acceptance cone of about 30°. The general 
character of the incident radiation and its 
relation to other observed solar parameters is 
described. No chromospheric or photospheric 
features appear to have an invariable physical 
connection or high short-period correlation 
with the solar noise. Flares are not generally 
accompanied by radio noise, but the results 
suggest that the early stage of a vigorous flare 
when bright Her is wide is accompanied by an 
outburst of radio noise. The possibility that 
the noise originates high in the corona is dis-
cussed. 

523.75  1356 
A Working Hypothesis of Solar Flares —D. 

S. Evans. (Observatory, vol. 67, pp. 218-223; 
December, 1947.) A comprehensive summary of 
the sequence of phenomena associated with 
flares, and discussion of a possible mechanism 
for reproducing many of the observed phe-
nomena, and of observational means of check-
ing the hypothesis. The formation in the earth's 
atmosphere of (a) cyclonic depressions, and (b) 
tornadoes and waterspouts, is considered. It is 
suggested that conditions in solar flares are 
similar to those in (b), and that material is 
sucked rapidly from great depths to the solar 
surface. 

551.510.53  1357 
The Stratosphere -S. Chapman. (Weather 

(London), vol. 3, pp. 2-9; January, 1948.) A 
general survey of present knowledge and of 
some of the methods by which such knowledge 
has been acquired. 

551.510.535  1358 
Researches on the Ionosphere: the Work 

of Sir Edward Appleton —(Beama Jour., vol. 
54, pp. 412-413; December, 1947.) A brief 
general account on the occasion of the 1947 
Nobel Physics Prize award. 

551.510.535:551.594.51  1359 
Excitation Conditions in the Upper At-

mosphere as Determined from a Study of 
Atomic Emission Lines in the Auroral Spec-
trum —W. Petrie. (Caned. Jour. Res., vol. 25, 
pp. 293-301; September, 1947.) "Vegard's 
identifications of a number of lines appearing in 
the auroral spectrum are discussed. The con-
clusion is reached that a good many of these 
lines may be attributed to the oxygen atom in 
several stages of ionization. It is shown how 
measured line intensities and theoretical line 
strengths are combined to give the excitation 
temperature of the auroral region. Preliminary 
results indicate that this temperature is in the 
range 3000° to 60000° K. The meaning of this 
result is discussed briefly." 

551.510.535:621.396.11  1360 
Ionosphere Review: 1947 —T. W. Benning-

ton. (Wireless World, vol. 54, pp. 44-47; Febru-
ary, 1948.) An account of the changing iono-
spheric conditions associated with the sunspot 
cycle; the long-period changes in critical fre-
quencies and sunspot numbers are shown to be 
closely correlated. Indications are that the 
sunspot maximum period occurred during the 
past year, and that November, 1947, was prob-
ably the month of highest m.u.f. for long-
distance radio communication in the current 
cycle. During the winter of 1947-1948, iono-
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spheric transmission on frequencies of 45 to 50 
Mc. has frequently been possible. Maximum 
frequencies are expected to be slightly lower in 
1948 than in 1947. 

551.594.21  1361 
On the Electric Field within and near 

Cumulus Clouds—R. Lecolazet. (Compt. Rend. 
Acad. Sci. (Paris), vol. 225, pp. 1085-1086; 
December 1, 1947.) Records obtained during 
the descent of apparatus released from an air-
plane. A rapid increase of the field was found 
below 1700 meters and a close correlation 
between variations of the field and passage 
through cumulus clouds. Maximum values of 
the field were found in the middle of the clouds 
and minimum values underneath them. An 
explanation is based on differences of conduc-
tivity. 

551.594.21/.22  1362 
Progressive Lightning: Part 7—Directly-

Correlated Photographic and Electrical Studies 
of Lightning from Near Thunderstorms—D. J. 
Malan and B. F. J. Schonland. (Proc. Roy. Soc. 
A, vol. 191, pp. 485-503; December 3, 1947.) 
"An analysis has been made of the direct cor-
relation of luminous and electrical field-changes 
produced by thirty-seven lightning discharges 
to ground. These discharges comprised 199 
separate strokes, most of which were within a 
distance of 6 km." For previous parts see 436 
of 1939, 424, 1317, 1781, and 3133 of 1938, and 
back references. 

LOCATION AND AIDS TO NAVIGATION 

621.396.9.029.54: 551.594.6  1363 
Some Directional Observations of Atmos-

pherics on 1000 Metres during Sunset Time — 
S. R. Khastgir, M. K. Das Gupta, and D. K. 
Ganguli. (Indian Jour. Phys., vol. 21, pp. 
169-180; August, 1947.) The theory of sunrise 
maxima and minima in the number and 
strength of atmospherics due to ionospheric 
variations is considered. A method for locating 
thunderstorm centers producing atmospherics 
at sunrise or sunset, and results of observations 
with a c.r. direction finder are given. 

621.396.933  1364 
Tricon —New System for Airplane Naviga-

tion —A. Francis. (Tele-Tech, vol. 6, pp. 38-40, 
99; November, 1947.) A new system pro-
posed by L. Alvarez. Groups of three pulse-
modulation transmitters are used. The re-
ceiver is sensitive only to a coincidence of the 
three pulses. A pilot can detect aircraft within 
6 miles of him, and is warned by a light and a 
noise if another aircraft is within 6 miles at the 
same height. Any ground area is divided into 
60 miles by 2-mile tracks. An elevation dia-
gram of the aircraft in each track is shown on 
the ground by means of lamps. Distance along 
a track is measured by counting accurately 
spaced pulses on board the aircraft elec-
tronically. Track, distance, and altitude are 
indicated by the aircraft to the ground station 
by frequency-coded transmissions. At present, 
the system is only in the design stage; experi-
mental work on it should begin shortly. 

621.396.96+621.396.933  1365 
Air-Line Radio—( Wireless World, vol. 54, 

p. 28; January, 1948.) Photograph and brief 
description of radio equipment installed in an 
aircraft of British South American Airways. 

621.396.96  1366 
Technique and Development of Radar: 

Parts 5 and 6.—Demanche. (Onde Elec., vol. 
27, pp. 426-434 and 473-481; November and 
December, 1947.) Discusses various indicating 
systems. Part 1 to 4, 431 of March. 

621.396.96  1367 
Radar in Peace —W. Nowotny. (Radio 

Tech. (Vienna), vol. 23, nos. 8 and 9, pp. 373-
379; 1947.)  review of (a) the use of standard 
radar equipment for civil purposes, (b) the 

development of special equipment for civil use, 
and (c) navigation aids of the radar type. 

621.396.96  1368 
Airborne Radar Equipment Design —L. H. 

Lynn. (Tele-Tech. vol. 6, pp. 50-54; November, 
1947.) The AN/APS-10 light-weight assembly 
is described. The main components are en-
closed in an air-tight container in which the 
pressure is maintained a little above atmos-
pheric pressure at sea level. 3-centimeter pulses 
are radiated from a 7-kw. magnetron, giving a 
range continuously variable from 4 to 25 
nautical miles, with an additional fixed 50-mile 
range. The antenna assembly is stabilized gyro-
scopically and its angle of tilt can be varied. 

621.396.96: 621.396.615.142: 621.396.621.54 
1369 

Reflex Oscillators for Radar Systems —Mc-
Nally and Shepherd. (See 1518.) 

621.396.96:621.396.932  1370 
Improved  Marine  Radar  Equipment — 

(Overseas Eng., vol. 21, pp. 118-120; Novem-
ber, 1947.) Description of the "Radiolocator" 
general-purpose radar developed by Marconi's 
Wireless Telegraph Co. The transmitter and 
antenna are mounted as a single unit and the 
antenna is connected by multiple cable to the 
receiver. A main display unit and up to three 
auxiliary units may be used. The frequency 
range is 9425 to 9525 Mc.; the antenna rotates 
at 30 r.p.m., giving a horizontally polarized 2° 
beam. Side lobes are less than 7 per cent of the 
main beam. 
The equipment can be used almost as far 

as the horizon. Small fishing vessels can be de-
tected at 7 miles range and small buoys at 1 
mile. It is suggested that buoys should be fitted 
with corner reflectors, to make their detection 
easier, especially in rough seas. The central 
spot in the display is so small that targets 
can be followed to within 50 yards of the in-
stallation in calm weather. Four range scales 
are provided, giving maximum ranges of 1, 3, 
10, and 30 nautical miles, with an accuracy on 
any range of better than 1 per cent of the 
maximum. Total power consumption is under 
5 kw. 

MATERIALS AND SUBSIDIARY 
TECHNI QUES 

533.5  1371 
High Vacuum Pumps —Their History and 

Development: Part 1—Early Types —R. Neu-
mann. (Electronic Eng. (London), vol. 20, pp. 
3-8; January, 1948.) 

535.37  1372 
Peculiar Properties of New Alkaline Earth 

Phosphors, sensitive to Infra-Red Rays—V. V. 
Antonov-Romanovski. (Comp!. Rend. Acad. 
Sci. (U.R.S.S.), vol. 58, pp. 771-774; Novem-
ber 11, 1947. In Russian.) It was suggested by 
the author in 1943 that ultra-violet light not 
only excites alkaline earth phosphors but also 
accelerates the appearance of scintillation. This 
accelerating effect is discussed. The relative 
values of the light sum for excitation by light 
and by heat are considered. 

535.37  1373 
The Luminescence of Crystalline Phos-

phors under Constant Excitation in the Region 
of the Fundamental Absorption Bands —E. I. 
Adirovich. (Comp. Rend. Acad. Sci. (U.R.S.S.), 
vol. 57, pp. 25-28; July 1, 1947. In Russian.) 

535.37  1374 
Temperature Extinction of Photolumines-

cence of Zinc Oxide —F. I. Vergunas and F. F. 
Gavrilov. (Comp,. Rend. Acad. Sci. (U.R.S.S.), 
vol. 57, pp. 31-34; July 1, 1947. In Russian.) 
Experimental results show that a formula of 
the type given by Gurney and Mott (Trans. 
Faraday Soc., vol. 35, part 1, pp. 69-73; 1939) 
for the number of quanta emitted per quantum 
absorbed is applicable to ZnO. 

535.371:546.711  1375 
A Spectroscopic Evidence for Activation of 

Fluorescence by High Valency Manganese 
Ions —G. Szigeti. E. Nagy, and E. Makai. 
(Jour. Chem. Phys., vol. 15, pp. 881-882; 
December, 1947.) The emission spectrum curve 
for Mn-activated ZnBeSiO3 phosphors is the 
same curve as that for the extinction coefficient 
of K2Mn04 in a strong alkaline solution. The 
fluorescence emission centers are probably asso-
ciated with the (Mn04) --  and (Mn04) - ions 
embedded in the silicate lattice. 

537.311.3:621.383  1376 
Conductivity of Evaporated Films of Lead 

Selenide -0.  Simpson.  (Nature (London), 
vol. 160, pp. 791-792; December 6, 1947.) 
Films of thickness 0.5µ on pyrex are found to 
be extremely sensitive to oxygen, pressure of 
10-, to 10-,  mm Hg being sufficient to cause 
the resistance to increase by a factor of 10 or 
more. A theoretical explanation of the observed 
effects is given. 

546.287+621.315.61  1377 
Silicone Insulation Board —(Elec. Times, 

vol. 113, p. 13; January 1, 1948.) Small quanti-
ties of this material are now obtainable. It is 
capable of continuous operation at 250°C, has 
low loss even at this temperature and has high 
mechanical and breakdown strength. 

621.3(54)  1378 
Electrical Engineering Problems in the 

Tropics: Part 1—R. Allan. (Beama Jour., vol. 
54, pp. 442-447; December, 1947.) Long sum-
mary of I.E.E. paper. A discussion of operating 
conditions for electrical equipment in India. 
The effects of unskilled labor, high temperature, 
strong sunlight, and high relative humidity are 
considered. In particular, at temperatures 
around 90°C, fibrous insulating materials can 
disintegrate, causing mechanical failure, and 
with the relative humidity at about 90 per cent 
at these temperatures, good insulators may be-
come poor conductors, causing electrical fail-
ure. To be concluded. 

621.314.634  1379 
On Selenium Rectifiers —T. I. Moldaver. 

(Bull. Acad. Sci. (U.R.S.S.), sir. phys., vol. 5, 
nos. 4 and 5, pp. 457-466; 1941. In Russian with 
English summary.) An experimental investi-
gation was carried out with selenium rectifiers 
prepared by condensing selenium vapor in 
vacuo. The preparation of the rectifiers is de-
scribed in detail and the use of Fe, Ni, Al, Cd, 
Cu, and Zn for contact electrodes is discussed. 
The use of Cd, Zn, Pb, Sn, Au, and various 
alloys for the preparation of emission cathodes 
was also investigated. A theoretical discussion 
of the results is given and Meyer's theory of 
the barrier layer is contradicted. 

621.315.59+537.311.33  1380 
Excess-Defect Germanium Contacts —S. 

Benzer. (Phys. Rev., vol. 72, pp. 1267-1268; 
December 15, 1947.) As forecast by Sosnowski 
(443 of March) rectification and photoelectric 
effects have been found in Ge-crystal/metal-
point contacts. At higher voltages and with 
constant illumination, marked saturation oc-
curs in the conducting direction. A linear photo-
sensitivity of several milliamperes per lumen 
of white light is obtained and varies little with 
voltage and temperature. Negative-resistance 
and self-oscillation effects are mentioned. 

621.315.59  1381 
Electrical Resistance of the Contact be-

tween a Semi-Conductor and a Metal —A. V. 
Joffe. (Jour. Phys. (U.S.S.R.), vol. 10, no. I, 
pp. 49-60; 1946.) Measurements of contact 
potential showed its independence of tempera-
ture and the specific conductivity of the speci-
men. The dependence of the resistance near the 
electrodes on the potential difference, tempera-
ture, and current direction was investigated; 
rectification was feebly present. 
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621.315.61.011.5: 546.431.823: 536.48  1382 
Dielectric Constant of Barium Titanate at 

Low Temperatures —B. Wul. (Jour. Phys. 
(U.S.S.R.), vol. 10, no. 1, pp. 64-66; 1946.) At 
4.2°K e= 100 and the temperature coefficient 
for 2 to 4.2 °K is 0.005 to 0.006 degree-1 . 

621.315.614 : 533.5  1383 
Vacuum Drying of Paper —N. M. Foote. 

(Ind. and Eng. Chem., vol. 39, pp. 1642-1646; 
December, 1947.) "The sorption of water by 
kraft paper and the decomposition of the paper 
were studied under conditions comparable to 
those present in impregnation processes. De-
composition accompanies severe drying and, at 
high temperatures, supplants the final drying." 
The mechanism of these processes is not fully 
understood. 

621.315.614:621.319.4  1384 
A New Kraft Capacitor Paper —H. F. Miller 

and R. J. Hopkins. (Gen. Elec. Rev., vol. 50, 
pp. 20-24; December, 1947.) Discussion of 
modifications of the treatment of wood pulp 
required to improve the electrical properties of 
capacitor paper. The new process halves pro-
duction costs, permits operation at higher 
temperatures and simplifies the design of 
capacitor housings. Paper thickness can be as 
low as 0.0002 inch and power factor at 100°C 
is lower than that obtained when linen pulp is 
used. A 25-kva. capacitor can now be designed 
for voltage ratings of upwards of 2400 volts. 

621.315.616  1385 
Organic H.F. Insulating Materials and 

Their Chemical Structure — W. M. H. Schulze. 
(Funk und Ton, pp. 295-305; December, 1947.) 
Study of old and new synthetic insulating ma-
terials shows the intimate relation between 
their molecular structure and dielectric proper-
ties. Further research should result in the dis-
covery of a whole series of dipole-free materials 
with low dielectric constant and loss angle, suit-
able for h.f. insulation. 

621.315.62+621.317.2  1386 
H.F. Insulators for High Transmitting 

Power — W. Hiker. (Funk und Ton, pp. 281-
294 and 8-16; December, 1947, and January, 
1948.) Low dielectric loss is essential for the 
ceramic insulators normally used and over-
voltage tests at the operating frequency are 
necessary. Glow and brush discharges from 
antenna wires, insulator terminals, tuning 
coils, or capacitors, can usually be avoided 
by suitable metallizing and by rounding off all 
sharp corners. A high-voltage laboratory with 
high-power test generators for wavelengths of 
2000 meters and 600 meters is described. 

621.316.54.004.5  1387 
Cleaning Switch Contacts —J. J. Payne. 

(Wireless IVorld, vol. 54, pp. 51-52; February, 
1948.) The use of carbon tetrachloride, which 
removes grease as well as dirt, leads to exces-
sive wear of the contacts. A better cleaning 
solution is 10 per cent lanolin in white spirit 
or trichlorethylene, which removes dirt but 
after evaporation leaves a film of grease on the 
contact surfaces. 

621.383: 535.215.1 : 546.682  1388 
The Photoelectric Properties of Sulphides 

and Selenides of Indium —B. T. Kilomiets and 
S. M. Ryvkin. (Zh. Tekh. Fiz., vol. 17, no. 9, 
pp. 987-992; 1947. In Russian.) Investigation 
of the photoconductive effects of treating layers 
of InS with sulphur vapor and of treating layers 
of InSe with selenium vapor. Several experi-
mental curves are plotted and discussed. 

621.396.611.21: 549.514.51  1389 
Measurement of Equivalent Parameters of 

Quartz Crystals by an Oscillation Method —B. 
K. Shembel. (Zh. Tekh. Fig., vol. 17, no. 3, pp. 
349-364; 1947. In Russian.) With the rapidly ex-
panding production of quartz crystals, methods 
for quickly checking their properties are 
urgently required. The properties can be in-

vestigated either by testing the crystals in the 
circuits for which they are intended or by 
measuring parameters which would give an 
indication of the properties of the finished 
product. A simple method of the latter type is 
described which uses auto-oscillations of the 
crystal in a tube oscillator circuit and differs 
from the direct and resonant methods based re-
spectively on freely damped and forced oscilla-
tions. A suitable oscillatory circuit (Fig. 3) is 
suggested and various methods are proposed 
for measuring the equivalent resistance and 
inductance of the crystal. These tests can be 
carried out over the whole frequency range of 
quartz crystals. Special testing apparatus 
which does not require powerful high-stability 
oscillators and can be used by comparatively 
unskilled personnel is also discussed briefly. 

628.971.6:621.327.43  1390 
Fluorescent Light and Lamps —J. L. Sal-

peter (Philips Tech. Commun. (Australia). 
pp. 2-12; April, 1946.) Physical principles and 
applications. 

666+621.315.612  1391 
Properties and Uses of Technical Ceramics 

— H. Thurnauer. (Materials and Methods, vol. 
26, pp. 87-92; December, 1947.) Discusses 
physical and electrical properties and tabulates 
data for typical materials. 

MATHEMATICS 

517.941.9:53  1392 
The Method of the Hypercircle in Function-

Space for Boundary-Value Problems —J. L. 
Synge. (Proc. Roy. Soc. A, vol. 191, pp. 447-
467; December 3, 1947.) "The method has 
been applied to problems of the Dirichlet and 
Neumann types in Riemannian N-space and 
to elastostatic boundary value problems." The 
method is also applied to membrane and e.m. 
vibration problems. See also 2479 of 1947 
(Griinberg). 

518.5:621.392.5  1393 
The Miller Integrator and Its Deriatives — 

(See 1297.) 

501  1394 
Applied Mathematics for Engineers and 

Physicists [Book Reviewl —L. A. Pipes. Mc-
Graw-Hill, London, 1946, 618 pp., 27s. 6d. 
(Beama Jour., vol. 54, pp. 422-423; Decem-
ber, 1947.) Matrix algebra and the operational 
calculus are extensively used. The book is suit-
able "mostly for senior physicists and engineers 
with advanced mathematical proclivities, but 
it is also valuable as a practical guide for post-
graduate workers. Without question, the book 
is one of the best on applied mathematics 
which have appeared within recent years." 

512.831+512.9  1395 
Matrix and Tensor Calculus [Book Review' 

—A. D. Machal. John Wiley and Sons, New 
York, 132 pp., $3.00. (Jour. Frank. Inst., vol. 
244, p. 412; November, 1947.) "The work is a 
well connected logical progression of interest to 
engineers generally who have need of this type 
of mathematics and especially to aeronautical 
engineers." 

517.564.3(083.5)  1396 
Tables of the Bessel Functions of the First 

Kind  [Book Reviewl —Harvard  University 
Press, Cambridge, Mass., and Oxford Uni-
versity Press, London, 1947, 55 s. each volume. 
(Nature (London), vol. 160, pp. 773-774; 
December 6, 1947.) Volumes 3 to 6 of the 
tables compiled by the staff of the Computa-
tion Laboratory, Harvard, and giving functions 
of the first kind of orders 1 to 9. They contain 
values of J(x) for x=0(0.001)25(0.01)99.99. 
The values for n = 0, 1, 2, and 3 are given to 18 
places of decimals, while those for the higher 
values of n are given to 10 places. "Photo-
graphic reproduction from typescript, as used 
in these and other tables, has disadvantages 

which go some way to offset its evident ad-
vantages." For notice of Volumes 3 and 4, see 
463 of March. 

517.942.93  1397 
Theory and Applications of Mathieu Func-

tions [Book Reviewl —N. W. McLachlan. Ox-
ford University Press, New York, 1947, 400 
pp., $12.50. (Pxoc. I.R.E., vol. 35, p. 1528; 
December, 1947.) "A comprehensive reference 
on a useful subject" for the physicist and engi-
neer. 

MEASUREMENTS AND TEST GEAR 

621.317.081.3+53.081.3  1398 
Resolutions of the International Committee 

for Weights and Measures —Gotz. (Elektrotech. 
und Maschinenb., vol. 64, pp. 189-193; Novem-
ber and December, 1947.) Full text of the 
resolutions on changes in the electrical units. 
See also 2833 of 1947. 

621.317.2+621.315.62  1399 
H.F. Insulators for High Transmitting 

Power—Hilter. (See 1386.) 

621.317.3.029.63/.64: 621.396.67  1400 
An Automatic Polar Diagram Recorder — 

A. H. Beck and S. A. Tibbs. (Electronic Eng., 
(London), vol. 20, pp. 17-19; January, 1948.) 
A rapid and convenient method of plotting an 
independent variable against a dependent 
variable which can be converted into a rota-
tion. Developed primarily to test 3-centimeter 
radar antennas whose beam widths were of the 
order of 1°, it records a complete polar diagram 
in 2 seconds. The record is made on Teledeltos 
recording paper which is drawn past a stylus by 
rollers geared by means of selsyns to the an-
tenna shaft. The antenna is connected to a 
microwave superheterodyne receiver consisting 
of crystal mixer, 30-Mc. i.f. amplifier, diode 
second detector, and long-tailed-pair d.c. ampli-
fier designed to work into the 5000-ohm-im-
pedance of the recorder coil actuating the 
stylus. See also 1914 of 1946 and 1130 of 1947 
(Clayton et al.). 

621.317.32: 621.396.712.2  1401 
The Measurement of Circuit Voltages in a 

Studio Installation —de Fremery and Wenke. 
(See 1500.) 

621.317.333.82  1402 
The Henley 1,200,000 Volt Impulse Testing 

Plant. Part 4—The Complete Impulse Plant — 
T. R. P. Harrison. (Distrib. Elec., vol. 20, pp. 
303-306; January, 1948.) Discussion of its 
operation, with typical records from cable 
testa. Parts 1 to 3, 2848 of 1947 and 469 of 
March. 

621.317.35.029.4  1403 
L.F. Analyser—F. Haas. (Toule la Radw, 

vol. 14, pp. 5-7; December, 1947.) An instru-
ment combining a 1.f. oscillator with variable 
output voltage, a calibrated attenuator, and a 
simplified oscilloscope. The c.r. tube used 
may be either Mazda C30S, Philips DG3-1 or 
913 RCA.  Detailed circuit diagrams are 
given. 

621.317.36: 621.396.619.13  1404 
Measurement of the Deviation Ratio in 

P.M. —G. V. Dlugach and I. M. Sorkin. 
(Radiotekhnika (Moscow), no. 7, pp. 25-40; 
1947. In Russian.) Various methods are sur-
veyed and formulas derived for determining 
errors when a frequency meter or an oscillo-
scope is used. The frequency detector method 
is also discussed. A detector similar to that 
proposed by Summerhayes (595 of 1943) is 
described briefly. 

621.317.361.: 621.396.611.21  1405 
Frequency Calibration of Quartz Crystals — 

L. F. Koerner. (Bell Lab. Rec., vol. 25, pp. 
418-421; November, 1947.) The crystal fre-
quency is fed to one grid of a detector tube and 
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a standard frequency to the other. The audio 
difference frequency is given by a calibrated 
frequency meter, and the crystal can be quickly 
adjusted to oscillate at the standard frequency. 
By this method 500 crystals can be adjusted by 
one operator in a day. 

621.317.6:621.396.97  1406 
Audio Frequency-Response Measurements 

in Broadcasting—A. E. Richmond. (Audio 
Eng., vol. 32, pp. 21-24, 46; January, 1948.) 
Discussion of technique using a transmission 
measuring set. 

621.317.66:621.314.2.029.3  1407 
Output  Transformer  Efficiency —A.  E. 

Falkus. (Wireless It orld, vol. 54, pp. 26-27; 
January, 1948.) A method of determining the 
power supplied to an audio output transformer, 
and its efficiency. The primary is tuned with a 
variable capacitance adjusted so that input 
current and voltage are in phase. The leakage 
inductance can be determined from the value 
of the variable capacitance. 

621.317.7.029.62  1408 
Measurements at Very High Frequencies — 

D. B. Sinclair. (Tecn. Elettronica, vol. 2, pp. 
219-232 and 317-332; September and October, 
1947. In Italian.) Fundamental principles, and 
discussion of tube voltmeters, crystal volt-
meters, oscillators, standard signal generators, 
and wavemeters. 

621.317.714.025.434.029.6: 621.362  1409 
Experiments with Thermocouple Milliam-

meters at Very High Radio Frequencies —G. F. 
Gainsborough. (Jour. I.E.E. (London), part 
III, vol. 94, pp. 427-428; November, 1947.) 
Discussion on 1114 of 1945. 

621.317.733  1410 
A New Technique in Bridge Measurements 

—R. Calvert. (Electronic Eng. (London), vol. 
20, pp. 28-29; January, 1948.) An admittance 
bridge suitable for high frequencies may be 
designed by substituting a tapped transformer 
winding for the orthodox ratio arms. If the 
leakage inductance of the winding is sufficiently 
small, low-impedance arms can be produced 
such that heavy capacitive loads have vir-
tually no effect upon their voltage ratio. 
Multiratio direct reading bridges covering the 
ranges required for antenna, h.f. cable, and 
transmission-line work on frequencies up to 50 
Mc. have been developed and are commer-
cially available. Experiments show that exten-
sion to 200 Mc. may be practicable. The basic 
circuit of such bridges is analyzed. The effects 
of stray capacitance and residual leakage in-
ductance, and possible corrective measures, 
are discussed. 

621.317.755  1411 
Cathode Ray Oscillograph Recording Sys-

tems: Part 2—(Elearonic Ind., vol. 1, pp. 6-7; 
November, 1947.) Systems for doubly timed 
sweeps, including radar displays, superimposed 
patterns, scanning, spiral  timebases, and 
double-displaced timing. Part 1, 770 of April. 
Part 3, 1412 below. 

621.317.755  1412 
Cathode Ray Oscillograph Recording Sys-

tems: Part 3—(Electronic Ind., vol. 2, pp. 8-9; 
January, 1948.) Sweep circuits for linear and ro-
tary displacements, velocity-controlled sweeps 
and circuits for (x, y) recording and for mag-
netic testing. Part 2, 1411 above. 

621.317.79:621.396.615  1413 
Improved Wide-Band Wobbulator —Smith. 

(See 1310.) 

621.317.79 : 621.396.615  1414 
Variable A. F. Portable Oscillator—A. R. 

A. Rendall and F. A. Peachey. (Wireless Eng. 
vol. 25, pp. 37-43; February, 1948.) The os-
cillator was designed for testing interstation 
lines used for broadcasting. The frequency 

ranges covered are 20 to 200, 200 to 2000, and 
2000 to 20,000 c.p.s. Output is 100 milliwatts 
with an output impedance of 600 ohms+ 3 per 
cent over the whole frequency range. The 
frequency is accurate to 1 per cent or 1 c.p.s., 
whichever is the greater. The output is con-
stant to + 0.25 db, and the wave form is suitable 
for measuring amplitude distortion where the 
unwanted products are about 1 per cent. 
The resistance versus temperature char-

acteristic of a lamp is used to obtain the re-
quired negative feedback. A novel feature is 
provided by an increment switch, whereby the 
frequency can be changed by ±0.4 c.p.s. or 
± 0.2 c.p.s. on the lowest range, and by suitable 
fractions on the other ranges. See also 2644 of 
1946 (Peachey, Berry, and Gunn-Russell.) 

621.317.79:621.396.615:621.397.62.001.41 1415 
Generator for Alignment of Television 

Receiver Circuits —M. Lecointe. (Telev. Franc., 
pp. 9-13, 17; December, 1947.) Apparatus com-
prising (a) tuned-grid oscillator, (b) I.f. tube 
which passes on the modulation voltages ap-
plied to the input terminals, (c) mixing tube 
for modulation of the h.f. voltages, (d) two 
triodes used as grid detectors and serving as 
tube voltmeters for measurement of the in-
jected modulation voltages and of the resulting 
h.f. voltages. 

• 
621.317.79: 621.396.615.12  1416 

New Compact Signal Generator Has Lab-
oratory Features —G. Dexter. (Radio News, 
vol. 38, pp. 58-59, 120; December, 1947. 
Frequency range is 90 kc. to 210 Mc. The ap-
paratus can be used for a.m., f.m., and tele-
vision receivers. Circuit diagram and compo-
nent details are given. 

621.317.791:621.392.029.64  1417 
Simple Measuring Equipment for Flexible 

Waveguides—A. M. Winchell. (CQ, vol. 3, 
pp. 28-31, 99; November, 1947.) Microwave 
test gear for frequency measurement, imped-
ance matching, etc. discussed, from the point of 
view of a radio amateur whose previous expe-
rience has been at lower frequencies. 

621.396.615.17: 621.396.822 : 621.396.621.001.4 
1418 

Impulse Noise Generator for Testing P.M. 
Receivers—J. C. Tellier. (Tele-Tech, vol. 6. 
pp. 28-30, 98; November, 1947.) Impulse noise 
input to a f.m. receiver causes shock excitation 
of the i.f. system, which rings at its natural 
center frequency. Whether or not this ringing 
produces output from the second detector of 
the receiver depends upon the relative phase 
angle of the desired signal and the noise burst. 
An external generator is here discussed, 

designed to simulate the desired signal and also 
to provide a no-noise burst having any degree 
of phase shift relative to the signal. Complete 
construction details are given. For the theory of 
impulse noise in f.m. receivers, see 857 of 1947 
(Smith and Bradley). 

621.396.621.001.4  1419 
Measurements  on  P.M.  Receivers —J. 

Minter. (Proc. Radio Club Amer., vol. 24, pp. 
6-7; January, 1947.) An outline of standard 
RMA test methods for f.m. receivers, de-
scribed  fully  in  RMA  publication  DB-
2170-A: "The Measurement of Performance 
Characteristics of Frequency Modulated Radio 
Receivers." 

OTHER APPLICATIONS OF 
RADIO AND ELECTRONICS 

531.719:621.317.73  1420 
Development and Application of the Elec-

tric Expansion Meter for the Measurement of 
Static and Dynamic Stresses —A. R. Anderson. 
(Schweiz. Arch. Angew. Wiss. Tech., vol. 13, 
pp. 321-334; November, 1947. Discussion, pp. 
334-336.) A flat coil of very fine elastic resist-
ance wire is cemented to the test-piece, whose 
expansion is determined from the resistance 

variation of the coil due to stretching. Many 
different applications are described. Dynamic 
effects are displayed on a c.r.o. 

534.321.9.001.8.  1421 
Testing by Ultrasonics —S.  Y.  White. 

(Audio Eng., vol. 31, pp. 28-30, 40; November, 
1947.) Three fundamental test methods are 
described: by reflection, by velocity, and by 
attenuation of the signal. Applications to de-
termination of depth, submarine detection, 
oil prospecting, mineral exploration, flaw de-
tection, temperature measurement, and thor-
ough mixing of gases and liquids are discussed. 

536.5.087.4: 621.317.727  1422 
R. F. Oscillator Controlled Potentiometer 

Recorder—P. Semm and R. P. Nakasone. 
(Electronic Ind., vol. 2, pp. 6-7, 21; January, 
1948.) For recording temperature variations. 
The fundamental measuring device is a short 
swing galvanometer on whose pointer is 
mounted a small aluminum flag. This flag 
moves between two coaxially mounted pancake 
coils, and alters the frequency of a 15- Mc. 
oscillator. The frequency deviation is used to 
drive a slide-wire contact to restore bridge 
balance. A feedback method of reducing hunt-
ing is described. Accuracy claimed is 0.1 per 
cent of full-scale range. 

539.16.08  1423 
Photon and Particle Counters—A. Givelet. 

(Telev. Franc., Supplement Electronique, pp. 
35-39; November, 1947.) A general account, 
with construction and working details and 
suggested applications. 

539.16.08  1424 
Resolving Power of Self quenching Counter 

Tubes for High Counting Rates —E. Baldinger 
and P. Huber. (Helv. Phys. Ada, vol. 20, pp. 
470-475; December 31, 1947. In German.) 
With constant applied voltage the dead time 
depends on the pulse height. Stever's method 
(1859 of 1942) was used to measure this de-
pendence. From the results, the misses for high 
counting rates can be calculated. Measure-
ments were also made of the dead time for dif-
ferent filling gases. 

539.16.08  1425 
Reduction of "Insensitive Time" in Geiger-

Miller Counters—A. L. Hodson. (Jour. Sci. 
Instr., vol. 25, pp. 11-13; January, 1948.) "A 
simple 'flip-flop' circuit has been used to reverse 
the voltage of a Geiger counter after each dis-
charge, in order to reduce the insensitive time 
of the counter by collecting the positive ions 
on the wire. The new insensitive time is of the 
order of 3 X l0  sec. The circuit has been tested 
by measuring the inefficiency of a counter with 
a new, fast hard-valve anti-coincidence circuit." 

620.179.16  1426 
Electronic  Metalloscopes —V.  Parenti. 

(Tecn. Elettronica, vol. 2, pp. 353-365; October, 
1947. In Italian.) An account of ultrasonic 
methods of detecting cracks and flaws in metals 
together with a detailed description of the 
Mark IIB detector, made by Henry Hughes 
and Son, London. 

621.317.083.7: 551.51 : 623.419  1427 
High Altitude Research with V-2 Rockets— 

E. H. Krause. (Proc. Amer. Phil. Soc., vol. 
91, pp. 430-446; December 3, 1947.) A brief 
account of the equipment used, and of experi-
ments carried out during the first year of an 
American investigation. The rocket can carry 
about 2000 pounds of instruments to a height 
of about 150 kilometers and, during each flight, 
spends 5 minutes above a height of 50 kilo-
meters. Data acquired during the flight can be 
recorded directly. Records and instruments 
have a fair chance of surviving the impact on 
landing. Alternatively, the data may be com-
municated to the ground by a small 1000-
Mc. transmitter with a peak power of 1 to 2 
kilowatts. A 23-channel pulse-time-modulation 
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system is used for conveying information and 
each channel is sampled 200 times per second. 
The present program is concerned with air 
pressure, temperature and composition, cosmic 
rays, the ionosphere, and astrophysics involv-
ing primarily the spectrum of the sun. See also 
94, 3512 of 1947, and 3882 of January. 

621.365  1428 
A Compact 6-kW Radio Frequency Heater 

—(Engineer (London,) vol. 184, p. 537; De-
cember 5, 1947.) Brief details are given of 
equipment manufactured by Messrs Pye Ltd, 
giving a 6-kilowatt 10-Mc, output continu-
ously variable from half to full power. A single 
silica tube is used as a self-excited oscillator. 
The equipment is self-contained, operates from 
a 3-phase 50-c.p.s. supply and consumes 10.5 
kilowatts on full load. 

621.365.5+621.365.92  1429 
Industrial Applications of R. F. Heating — 

(Overseas Eng., vol. 21, pp. 172-173; December, 
1947.) New equipment for heating metallic and 
nonmetallic substances. 

621.38.001.8: 771.448.1  1430 
Electronic Photoflash Unit —W. G. Many. 

(Radio News, vol. 38, pp. 44-45; December, 
1947.) Circuit diagram and construction details 
for a semiportable unit which may be operated 
manually or synchronized with the camera 
shutter. 

621.384: 621.396.611.4  1431 
Acceleration of Electrons by a Resonant 

Cavity —F. L. Hereford, Jr. (Jour. App!. 
Phys., vol. 18, pp. 956-960; November, 1947.) 
Electrons were accelerated by means of a 
single resonant cavity operating at X 75 centi-
meters. Energies as high as 0.75 Mev. were 
attained by single-stage acceleration,  the 
electrons entering the cavity virtually at zero 
velocity. By turning the emergent beam about 
and reinjecting it into the cavity in the opposite 
direction, 2-stage acceleration was achieved 
and 1.25- Mev. electrons were produced. Possi-
bilities of a "shuttle accelerator" are discussed. 

621.384.6  1432 
Design of an Air Core Synchrotron —J. P. 

Blewett. (Jour. App!. Phys., vol. 18, pp. 976-
982; November, 1947.) The theory developed 
in 1350 above is used to design a synchrotron 
in which the magnetic fields are produced by 
air-core coils. 

621.385.833  1433 
Introduction to the Electron Microscope — 

( Teen. Elettronica, vol. 2, pp. 367-371; Octobet, 
1947. In Italian.) An elementary survey. 

621.385.833  1434 
On a Source of Electrons for Electron 

Microscopes —G. Induni. (Hely. Phys. Acta, 
vol. 20, pp. 463-467; December 31, 1947. In 
French.) Summary of Swiss Phys. Soc. paper. 
Description of a cold-cathode source giving a 
beam with very uniform electron velocities. 
The source can be used with an accelerating 
potential of 50 kv. 

621.385.833  1435 
The Use of Diaphragms in the Electron 

Microscope —S. G. Ellis. (Canad. Jour. Res., 
vol. 25, pp. 322-337; November, 1947.) A 
method is described for deducing electron tra-
jectories from optical measurements made on 
the electron microscope. A device for centering 
and changing apertures while the microscope 
is in operation is described. The choice of the 
size and position for diaphragms is discussed, 
together with other factors involved in their 
use. 

621.385.833:621.317.729  1436 
Design of Electron Lenses —R. G. E. Hut-

ter. (Tele-Tech, vol. 6, p. 55; November, 1947.) 
The study of electron paths through electron 
lenses and prisms is facilitated by immersing 
scale models in a tank containing a low-con-

ductivity electrolyte such as water. Equipo-
tential lines are determined by means of probes, 
using a tube voltmeter as indicator. 

PROPAGATION OF WAVES 

538.56O--535.42 .43  1437 
Notes on Diffraction Phenomena —Duf-

fieux. (See 1342.) 

538.566+621.396.11  1438 
Accurate Measurement of the Group Veloc-

ity of Radio Waves in the Atmosphere using 
Radar Technique —R. A. Smith, E. Franklin, 
and F. B. Whiting. (Jour. I.E.E. (London), 
part III, vol. 94, pp. 391-395; November, 
1947. Discussion, pp. 402-406.) The time of 
travel of pulses between two ground stations is 
accurately determined in terms of calibration 
marks generated by an accurate crystal, ac-
count being taken of the measured delays in 
the receiving equipment. The mean value ob-
tained for the velocity of propagation in the 
atmosphere at ground level is 299,695+50 
kilometers per second. This value does not dif-
fer significantly from that calculated from the 
best optical values for the velocity of light in 
free space, allowing for the refractive index of 
the atmosphere. 

538.566+621.396.11+538.32  1439 
The Field of a Plane Wave near the Surface 

of a Conductor —Fock. (See 1351.) 

538.566+621.396.11  1440 
A Method of determining the Velocity of 

Radio Waves over Land on Frequencies near 
100 Bc/s —E. B. Mendoza. (Jour. I.E.E. 
(London), part III, vol. 94, pp. 396-398; No-
vember, 1947. Discussion, pp. 402-406.) The 
method is based on the Decca hyperbolic navi-
gation aid system. The velocity was determined 
from measurements of phase in an aircraft at a 
point on the extension of the line joining two 
Decca transmitters in Belgium, knowing the 
radio frequency and the distance between the 
stations. Tests were made for dispersion, but 
they were negative. The average velocity was 
2.9925 + 0.0004 X10, meters per second; the 
method gives phase velocity. The low value is 
not inconsistent with theory. 

538.566+621.396.11.029.64  1441 
The Measurement of the Velocity of Propa-

gation of Centimetre Radio Waves as a Func-
tion of Height above the Earth: Part 1— 
Ground-Level Measurements of the Velocity 
of Propagation over a Sea Path -F. E. Jones. 
(Jour. I.E.E. (London), part III, vol. 94, pp. 
399-401; November, 1947. Discussion, pp. 
402-406.) The radar range between accurately 
surveyed sites, 400 feet above sea level, was 
measured by means of a 9-centimeter Oboe 
blind-bombing  system.  The  preparatory 
measurements made to assess the accuracy of 
the final result are discussed. All display traces 
were photographically recorded. The final value 
for the velocity is 299,687 + 25 kilometers per 
second. 

538.566+621.396.111:551.510.535  1442 
On the Propagation of E. M. Waves through 

the Upper Atmosphere —M. N. Saha, B. K. 
Banerjea, and U. C. Guha. (Indian Jour. 
Phys., vol. 21, pp. 181-198; August, 1947.) A 
mathematical treatment taking into account 
the earth's magnetic field and treating the e.m. 
properties of the medium as tensor quantities. 
The equations for vertical propagation are ob-
tained. Expressions are derived for the re-
fractive indexes of ordinary and extraordinary 
waves and for the polarization and absorption 
of waves traveling in the ionosphere. Curves 
are given for the polarization ratio and refrac-
tive indexes of the two waves as functions of the 
magnetic latitude of the place of observation. 
See also 3620 of 1947 (Banerjea). 

538.566:621.396.11  1443 
The Field of a Microwave Dipole Antenna 

in the Vicinity of the Horizon: Part 2—C. L. 
Pekeris. (Jour. App!. Phys., vol. 18, pp. 1025-
1027; November, 1947.) Extension of 224 of 
February to two further cases (a) when the 
heights of the transmitter and receiver are 
both less than unity (in natural units), but not 
zero, and (b) when the height of the transmitter 
is greater than unity while that of the receiver 
is less than unity. The results are in reasonable 
agreement with those of van der Pol and Brem-
mer (2249 of 1939). 

621.396.11  1444 
Solution of the Problem of Propagation of 

Electromagnetic Waves Along the Earth's 
Surface by the Methodof Parabolic Equation— 
M. Leontovich and V. Fock. (Jour. Phys. 
U.S.S.R.), vol. 10, no. 1, pp. 13-24; 1946.) 
English translation of 1901 of 1947. 

621.396.11:551.510.535 

Ionosphere  Review: 
(See 1360.) 

621.396.11:551.510.535  1446 
Long-Distance  Radio  Transmission —R. 

Lentini. (Teen. Elettronica, vol. 2, pp. 285-
288; September, 1947. In Italian.) A brief ac-
count of propagation conditions and m.u.f. 
predictions, emphasizing their interest and im-
portance to the amateur. 

621.396.11: 551.510.535: 523.745  1447 
Sunspots and Very-High-Frequency Radio 

Transmission—K. A. Norton. (QST, vol. 31, 
pp. 13-17, 112; December, 1947.) Discussion 
of the present high solar activity and m.u.f. 
forecasts shows that conditions this winter are 
favorable for east-to-west transmission across 
the United States, using low power in the 50 to 
54-Mc, amateur band. 

1445 

1947. —Bennington. 

621.396.11.029.4  1448 
Propagation of Long Waves round the 

Earth -0. Zinke. (Frequenz, vol. I, pp. 16-22; 
October, 1947.) An expression for the field 
strength of very long waves is derived, valid 
for great distances up to about 20,000 kilo-
meters. This new equation differs in three re-
spects from Austin's equation, (a) in depend-
ence of field strength on distance, (b) in the 
effect of wavelength on attenuation, and (c) 
with regard to interference at the antipole of 
the transmitter. At great distances from the 
transmitter, it gives higher field strengths than 
Austin's equation and agrees better with ex-
perimental results. 

621.396.11.029.58  1449 
Operating Characteristics of the 21-Mc/s 

Band —O. P. Ferrell. (CQ, vol. 3, pp. 20-23; 
November, 1947.) Propagation characteristics 
are compared for the 10-meter, I4-meter, and 
20-meter amateur bands. A polar graph is 
given of azimuth and skip distance for New 
York at various times of day for November, 
1947, and the use of C.R.P.L. D-series predic-
tors for this type of calculation is discussed. The 
calculation of average field strength for New 
York/Los Angeles transmission is also consid-
ered for November, 1947, and for the next sun 
spot minimum in January, 1953. 

621.396.11.029.62  1450 
U. S. W. Propagation —P. G. Violet. (Funk 

and Ton, nos. 2 and 4, pp. 100-105 and 206-
212; 1947.) A general review of the various 
theories and of experimental results for short-
range (<10 kilometers), medium-range (10 to 
200 kilometers), and long-range (>200 kilo-
meters) propagation in the frequency band 30 
to 300 Mc. 

621.396.11.029.62  1451 
Any  DX  Today? —D.  W.  Heightman. 

(QST, vol. 32, pp. 25-31, 130; January, 1948.) 
Discussion of ionospheric propagation on fre-
quencies near 50 Mc., with special reference to 
the factors affecting the m.u.f. 
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621.396.81.029.58  1452 
More Low-Power Transmission — W. Oliver. 

(Wireless World, vol. 54, pp. 25-26; January, 
1948.) Results obtained in a 5-month period of 
1947 at G3XT with an input of 1 watt are com-
pared with corresponding pre-war results 
(4287 of 1939.) The 1947 equipment is described 
briefly. Results for alternative 3-watt and 5-
watt transmitters were very similar to those for 
the 1-watt transmitter. 

621.396.812.4.029.62  1453 
A Study of Tropospheric Reception at 42.8 

Mc/s and Meteorological Conditions—G. W. 
Pickard and H. T. Stetson. (PRoc. I.R.E., vol. 
35, pp. 1445-1450; December, 1947.) Field 
strength measurements continuously recorded 
at a station 167 miles distant and approxi-
mately 7 miles below the line of sight from the 
transmitter are correlated with meteorological 
conditions. Analysis of results shows that prop-
agation is entirely tropospheric. Conditions 
favorable to transmission are: summer, high 
surface refraction, rising temperatures, low 
wind velocities, winds parallel to the path and 
no frontal passages. Summary noted in 3634 of 
1947. 

621.396.82+621.396.11  1454 
Radio Propagation in the Frequency Range 

40-100 Mc/s. —Bennington. (See 1478.) 

RECEPTION 

621.396.61/.621.029.63  1455 
Four-Twenty Is Funl —Tilton. (See 1509.) 

621.396.619.11/.14  1456 
Better N.F.M. Reception with A.M. Re-

ceivers—E. Harrington and W. Bartell. (QST, 
vol. 31, pp. 38-41, 126; November, 1947.) 
Construction details of a simple and inexpen-
sive narrow-band f.m. adapter for use with 
a.m. receivers having an i.f. of about 456 kc. A 
squelch circuit is used to suppress noise when 
the carrier is off. 

621.396.62  1457 
Tendencies in the Design of the Communi-

cation Type of Receiver —G. L. Crisdale and 
R. B. Armstrong. (Jour. I.R.E. (London), 
part III, vol. 94, pp. 418-420; November,1947. 
Discussion on 223 of 1947. 

621.396.621+621.396.69+621.385.1  1458 
Miniatures in Radio—Sliiitovie (See 1339.) 

621.396.621  1459 
Receiver Design—L. Ratheiser. (Radio 

Tech. (Vienna), vol. 23, pp. 475-480; October, 
1947.) Discusses simple means of obtaining in-
creased sensitivity, increase of output with 
parallel connection of end-stage tubes, practical 
limit of sensitivity increase by increase of 1.f. 
amplification, various circuits for 1.f. stages, 
coil design, coupling, and screening. 

621.396.621  1460 
On Amplitude Selectivity—Ya. I. Efrussi. 

(Radiolekhnika (Moscow), no. 7, pp. 41-56; 
1947. In Russian.) Certain nonlinear systems 
used as amplitude limiters do not respond to 
the input voltage until the latter exceeds a 
certain minimum value; above this value, the 
output of the system increases linearly with 
the input (Fig. 2). Such a system could be used 
for amplifying a weak signal with a background 
of a stronger signal of the same frequency, 
since the weak signal would be, as it were, 
carried on the crests of the waves of the stronger 
signal. The author calls the system an "ampli-
tude filter" and gives a theory of its operation. 
Suitable circuits are proposed and methods for 
designing these are discussed. Results of ex-
periments are given and possible uses of the 
filter indicated. 

621.396.621  1461 
The Reproduction of High and Low Tones 

in Radio Receiving Seta —V. C. Hendriquez. 

(Philips Tech. Commun. (Australia), pp. 3-9; 
December, 1946.) Reprint of 751 of 1941. 

621.396.621  1462 
Radiomobile Model 100—( Wireless World, 

vol. 54, pp. 48-50; February, 1948.) A broad-
cast receiver with push-button tuning, for car 
use. Input is 3.25 amperes at 12 volts; output 
is 3.5 watts. Full circuit and component details 
are given. 

621.396.621  1463 
'Merkur W' Ireceiverj —V. Stuzzi. (Radio 

Tech. (Vienna), vol. 23, nos. 8 and 9, pp. 391-
392; 1947.) Circuit details of an a.c. 4-stage 
receiver for short and medium waves, using 
tubes of the E21 series. 

621.396.621  1464 
A Receiver for the Amateur Bands —L. F. 

Worssam. (R.S.G.B. Bull., vol. 23, pp. 130-134; 
January, 1948.) Circuit and construction de-
tails of an 11-tube superheterodyne receiver 
with good performance over the frequency range 
1.7 to 60 Mc. It uses plug-in coils, and has two 
r.f. stages, a two-tube frequency changer, three 
i.f. stages at 1.6 Mc., second detector, beat-
frequency oscillator, noise limiter, two a.t. 
stages, power supply, and a voltage stabilizer. 

621.396.621:621.396.645.371  1465 
Selectivity by Counter-Reaction —X. de 

Maistre. (Radio Franc., pp. 8-11; January, 
1948.) Further discussion, with practical re-
sults. For earlier work, see 1041 of 1947. 

621.396.621:621.396.662  1466 
Reactance Adjustment of Oscillator Coils — 

(Philips Tech. Commun. (Australia), pp. 10-13; 
December, 1946.) Padding errors encountered 
in radio receivers are shown to be mainly due 
to the self-capacitance of the oscillator coils. 
By adjusting coils so that their reactance is 
correct at the central tracking crossover fre-
quency, instead of adjusting the inductance to 
the correct value, this trouble is eliminated. 

621.396.621:621.396.662  1467 
Station Selection with Frequency Modula-

tion Receivers—E. G. Beard. (Philips Tech. 
Commun. (Australia), pp. 17-24; September, 
1946.) Severe harmonic distortion and false 
tuning positions may be caused by the tuned 
circuits in f.m. receivers. The "skirts" of the 
resonance curves of the tuned circuits in a f.m. 
receiver should fall in the gaps between f.m. 
channels and the width of the gaps affects the 
least permissible Q of the tuned circuits if 
interference from adjacent channels is to be 
avoided. 

621.396.621:621.396.8  1468 
Sensitivity of Broadcast Receivers —A. 

Lennartz. (Funk und Ton, pp. 251-256; No-
vember, 1947.) Sensitivity is defined and its 
limitation by noise voltages is discussed. The 
design of receiver input circuits is considered 
with special reference to noise reduction and 
optimum sensitivity. 

621.396.621.001.4: 621.396.615.17: 621.396.822 
1469 

Impulse Noise Generator for Testing F.M. 
Receivers —Tellier (See 1418.) 

621.396.621.029.62  1470 
The Varif —A New Receiver for 2 Meters — 

L. P. Neal and H. B. Wells. (CQ, vol. 3, pp. 
15-19, 99; November, 1947.) A superhetero-
dyne receiver with good sensitivity and includ-
ing a.noise limiter. Uniform gain is combined 
with continuously variable bandwidth. 

621.396.621.53  1471 
Broad-Band Crystal-Controlled 10-Meter 

Converter for the Car—N. F. Ennis. (CQ, 
vol. 3, pp. 27-29, 87; December, 1947.) A fre-
quency-changer for tuning to 10 meters with a 

broadcast receiver. Stability is comparable to 
that of I.f. stations. Full circuit details are given. 

621.396.621.54  1472 
Wide-Band Superhet A. M. Turner—M. 0. 

Kappler. (Communications, vol. 27, pp. 20-
22, 39; December, 1947.) A receiver in which 
background tube noise is considerably reduced 
by using Ge-crystal rectifiers in a balanced 
bridge circuit as the mixel unit. Other features 
include broad-band i.f., infinite-impedance 
second detector, and a tuning meter arranged 
to show a dip in the center of the broad if. 
pass band. 

621.396.621.54:518.4  1473 
Abacs for the Calculation of the Oscillatory 

Circuits of  Superheterodynes—R.  Bussat. 
(Radio Franc., pp. 14-16; December, 1947.) 
Since experiment is usually found necessary for 
checking calculations of these circuits, abacs 
would appear to provide the ideal method of 
obtaining approximate values of the circuit 
components. The abacs here given meet all 
practical requirements. 

621.396.622  1474 
On the Detection of U.H.F. Oscillations — 

E. S. Antseliovich. (Zh. Tekh. Fiz., vol. 17, 
no. 4, pp. 443-450; 1947. In Russian.) An ap-
proximate method for designing a rectifier cir-
cuit is proposed. Parasitic capacitance is dis-
cussed in detail, and methods for reducing its 
effects are suggested. 

621.396.622  1475 
Performance Characteristics of F. M. De-

tector Systems—B. D. Loughlin. (Tele-Tech, 
vol. 7, pp. 30-34; January, 1948.) A detector 
system using a diode as a dynamic limiter, and 
with a variable threshold level, is described and 
its operation analyzed. The characteristics of 
other f.m. detectors, using grid-bias limiters, 
locked oscillators, or ratio detectors, are dis-
cussed. 

621.396.622.71  1476 
Improved Type of Ratio Detector—A. E. 

Hayes, Jr. (Tele-Tech, vol. 6, pp. 41, 96; No-
vember, 1947.) Discussion of a degenerative 
feedback circuit which secures efficient f.m. 
detection while maintaining satisfactory a.m. 
rejection. See also 3643 of 1947 (Seeley and 
Avins) and 248 of February. 

621.396.667  1477 
A Quality Switch in Lieu of a Tone Control 

—E. G.  Beard. (Philips  Tech. Commun. 
(Australia,) pp. 8-11; February, 1947.) The 
advantages of a quality switch as compared 
with a continuous tone control are discussed 
and details of a practical circuit are given. 

621.396.82+621.396.11  1478 
Radio Propagation in the Frequency Range 

40-100 Mc/s. —T. W. Bennington. (B.B.C. 
Quart., vol. 2, pp. 233-243; January, 1948.) 
Interference with local short-distance trans-
missions due to long-distance propagation of 
h.f. waves is discussed. 
F-layer propagation will cause long-dis-

tance interference on frequencies of 40 to 50 
Mc., and can take place during daylight at the 
equinoxes and during the winters of years near 
sunspot maxima, but will be very infrequent 
above 48 Mc. Sporadic-E propagation will also 
cause intolerable medium-distance interference 
during the day in summer. This will occur in 
the frequency range 40 to 53 Mc. but can be 
neglected above 53 Mc. Medium-distance in-
terference can also be caused over the whole 
range of 40 to 100 Mc. by tropospheric propa-
gation. This will be prevalent during the hours 
of darkness in summer, but weak and rare 
enough to be tolerated from transmission dis-
tances greater than a few hundred miles. 

621.396.82:621.396.662.3  1479 
Cavity Type Filters for Interference —D. E. 
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Noble. (Tele-Tech, vol. 7, pp. 35-37, 86; 
January, 1948.) Cavity filters can be effectively 
used by mobile radio-telephone services, operat-
ing on neighboring frequencies, to eliminate or 
reduce interference and so make the best use 
of the frequencies available. Examples show 
how receiver adjacent-channel selectivity is 
improved, and cross modulation of adjacent 
transmitters reduced. 

621.396.822  1480 
Effect of the Fluctuations [noise] and Signal 

Voltages on a Non-Linear System —V. Booni-
movich. (Jour. Phys. (U.S.S.R.), vol. 10, no. 1, 
pp. 35-48; 1946.) A study of the analytical 
method using the correlation function and its 
relation to the intensity spectrum of the noise. 
The correlation functions for the noise from a 
simple tuned circuit, an ideal band-pass sys-
tem, a Gaussian filter, and from two coupled 
circuits are evaluated. The effect of a nonlinear 
detector is treated in a general introductory 
manner. See also 440, 2168, and 2169 of 1945 
(Rice.) 

621.396.822  1481 
Method for Determining Receiver Noise 

Figure —M. Allen. (Tale-Tech, vol. 7, pp. 38-
39, 78; January, 1948.) The receiver output is 
compared with that of an ideal receiver whose 
output results solely from the thermal agita-
tion noise developed across a resistance equal 
to the radiation resistance of the antenna. The 
noise factor is calculated in terms of the effec-
tive bandwidth of the receiver, its effective in-
put resistance, and the values of receiver out-
put without and with a known input signal. A 
numerical example is given for a 5-stage radar 
receiver. 

621.396.822  1482 
Noise Factor, Its Practical Calculation and 

Measurement —W. Daudt. (Funk und Ton, 
pp. 191-199; October, 1947.) 

621.396.822  1483 
Random Noise in Radio Receivers. —E. G. 

Beard. (Philips Tech. Commun. (Australia), 
pp. 14-22; July, 1946.) "A brief explanation of 
the nature of impulsive and random noise is 
given. The input circuits to a radio receiver are 
then considered from the viewpoints of gain 
and noise separately, and the manner of arriv-
ing at the optimum compromise is explained. 
Optimum signal-to-noise ratio requires a tighter 
coupling than optimum gain." 

621.396.822:621.317.7.089.6  1484 
Factors Affecting the Accuracy of Radio 

Noise Meters —H. E. Dinger and II. G. Paine. 
(Peoc. IRE., vol. 35, pp. 1505-1507; Decem-
ber, 1947.) Discussion on 2227 of 1947. 

621.396.822:621.385.3/.5  1485 
Triode Mixer vs Pentode Amplifier. —J. 

Tannenbaum. (QS T, vol. 31, pp. 30-31, 118; 
November, 1947.) Noise levels in triodes and 
pentodes are discussed. A 28-Mc. weak-signal 
converter is described, in which one section of a 
6J6 twin triode is used as a square-law converter 
and the other section as an oscillator. An if, of 
6.8 Mc. permits the converter to be coupled to 
most commercial receivers. Details of con-
struction, operation, and performance are 
given. 

621.396.822.029.62:523.745  1486 
Meeting of the Royal Astronomical Society 

[10th Oct. 1947] (See 1355.) 

621.396.828: 621.396.622  1487 
Noise Neutralizing Detector Circuit —D. L. 

Hings and \V. W. Garstang. (Tele-Tech, vol. 7, 
pp. 40-41; January, 1948.) A sideband accept-
ance circuit is connected in the detector circuit 
so as to modulate a locally generated carrier of 
suitable phase and amplitude. The resultant 
circuit combines the incoming carrier, damaged 
by noise, and the local carrier, modulated by 

noise, in such a way that the incoming carrier is 
restored to its original form without the noise. 

STATIONS AND CO MMUNICATION 
SYSTEMS 

621.394.441  1488 
Carrier-Frequency Telegraph Systems — 

F. Lucantonio. (Alta Frequenza, vol. 16, pp. 
242-265; October, 1947. In Italian, with Eng-
lish, French, and German summaries.) A gen-
eral account of voice-frequency systems. 

621.395.44  1489 
The S12-102 12-Channel Carrier-Current 

System—M. Parmentier, J. L. Hurault, and 
E. Boucherot. (Cables and Trans. (Paris), vol. 
2, pp. 31-50; January, 1948. With English 
summary.) Equipment to be used as a basis for 
most carrier systems at present envisaged is 
discussed in detail. The 12 channels are in-
cluded in the frequency band 60 to 108 kc. 
Double modulation is used. The filters have 
only inductance coils and capacitors. The 
principal applications planned or actually In 
service are outlined. 

621.395.44: 621.315.052.63  1490 
The Subscriber Terminal for Rural Power-

Line Carrier—L. Hochgraf. (Bell Lab. Rec., 
vol. 25, pp. 413-417; November, 1947.) In the 
MI carrier system, call signals are received as 
pulses which, after rectification, ring a bell. 
When the receiver is lifted, relays are operated 
to switch on the transmitter and connect it to 
the power line. 

621.396.1  1491 
How Rigid Is the Hartley Law? —(Tele-

Tech, vol. 7, pp. 52-53; January, 1948.) An 
extension of the law indicates that bandwidth 
can be increased if signal-to-noise ratio or 
power is reduced, and vice versa. Discussion 
shows that pulse count modulation gives high 
transmission efficiency. 

621.396.1  1492 
High Frequency Allocations Revised —K. R. 

Boord. (Radio News, vol. 38, p. 132; December, 
1947.) The new international radio allocations 
are given for h.f. broadcasting, tropical broad-
casting, and amateur use. These will have 
effect from January 1, 1949, and will replace 
the regulations of the 1938 Cairo Conference. 
Future meetings of other international con-
ferences on radio frequencies are also men-
tioned. 

621.396.324  1493 
Frequency-Shift Radio Teletype in World 

War II—R. A. Vanderlippe. (Bell Lab. Rae., 
vol. 25, pp. 442-446; December, 1947.) Fre-
quency-shift methods of operating radio tele-
graph systems reduce the effects of fading, 
since the carrier is radiated continuously and 
quick-acting automatic-volume-control can be 
used in the receiver. In teletypewriter systems, 
clear reception is important, as a lost or false 
pulse results in printing a wrong character. 
Frequency-shift systems, as used in conjunc-
tion with dual diversity reception by the Amer-
ican services, are discussed. See also 3702 of 
1947 (Wickizer). 

621.396.619.11/.13  1494 
2-Channel [communication system) with 

F.M. and A.M. —Etzold. (Funk und Ton, 
no. 2, pp. 82-92; 1947.) An investigation of the 
effects of applying simultaneous f.m. and a.m. 
to a transmitter. An a.m, receiver was used, 
with rhythmic frequency sweep synchronized 
with the transmitter, thus providing a second 
channel. 

621.396.619.13  1495 
The Phasitron—M. Adam. (Tiler. Franc., 

pp. 20-24; November, 1947.) A detailed ac-
count of the construction and working, with an 
outline of its use for f.m. See also 2239 of 1947 
(Adler). 

621.396.619.13  1496 
Frequency  Modulation —E.  G.  Beard. 

(Philips Tech. Commun. (Australia), pp. 3-30; 
January, 1946.) A chapter from the author's 
Manual of Radio Practice (2303 of 1947.) 

621.396.619.16  1497 
Pulse  Modulation —J.  Moline.  (Radio 

Franc., pp. 3-8; January, 1948.) Definitions 
and a simple account of technique. 

621.396.619.16:621.385.832  1498 
Old and New Modulation Methods. Part 3 

—Pulse Modulation— W. Nowotny. (Radio 
Tech. (Vienna), vol. 23, nos. 11 and 12, pp. 
511-521; 1947.) A description of single- and 
multichannel p.m. transmission systems. Noise 
limitations, bandwidth, and the various types 
of p.m. are discussed and an account is given 
of the use of the cyclophon for modulation and 
demodulation. See also 883 of April (Grieg, 
Glauber, and Moskowitz) and back reference. 

621.396.619.16:621.395.43  1499 
Advanced Pulse Code Modulation System 

— Tale-Tech, vol. 6, pp. 31, 103; November, 
1947.) Coding is simplified by the use of an 
electron beam which is modulated to scan a 
target plate perforated so as to give "on" or 
"off" pulses according to the code in use. 
For other accounts of pulse-code modulation 
see 258 of February (Batcher), 545 of March 
(Goodall) and 818 of April. 

621.396.712.2:621.317.32  1500 
The Measurement of Circuit Voltages in a 

Studio Installation —F. de Fremery and J. W. 
G. Wenke. (Philips Tech. Commun. (Australia), 
pp. 3-7; February, 1947.) Translation from an 
article in Philips Tech. Rev, noted in 2722 of 
1942. Describes a monitoring system for a 
broadcasting studio giving a meter indication 
of audio level with a rapid response to peaks of 
high level and a slower decay. A nearly linear 
decibel scale is obtained by using a nonlinear 
potential divider between the diode peak volt-
meter and the d.c. amplifier. A selenium recti-
fier and a resistor with the same temperature 
coefficient are used to avoid effects due to 
changes of ambient temperature. 

621.396.933+621.396.96  1501 
Air-Line Radio —( Wireless World, vol. 54, 

p. 28; January, 1948.) Photograph and brief 
description of radio equipment installed in an 
aircraft of British South American Airways. 

SUBSIDIARY APPARATUS 

621.318.572:[621.395.623.8+621.396.61  1502 
An Experiment in Voice Controlled Relays 

—L. A. Wortman. (Radio News, vol. 38, pp. 
56-57, 162; December, 1947.) A voltage, de-
rived from a speech-modulated input, actuates 
a relay switch in another circuit. A time-delay 
circuit prevents the relay from attempting to 
follow each word. Operating details and circuit 
diagrams are given for a loudspeaker address 
system and a radio-telephone transmitter. 

621.396.68:621.316.722  1503 
Ripple Current through Input Capacitor in 

Half-Wave Rectifiers —M. J. Kobilsky and J. 
Tepper. (Philips Tech. Commun. (Australia), 
pp. 21-24; October, 1946.) Measurements on 
power-supply units for a.c./d.c. receivers are 
described and a curve is given for accurate pre-
diction of ripple current. 

TELEVISION AND 
PHOTOTELEGRAPHY 

06.064:621.396/.397  1504 
Television Topics Dominate N.A.B. Tech-

nical Conference —(Tele-Tech, vol. 6, pp. 56-
59, 104; November, 1947.) Report of 1947 
National Association of Broadcasters' Conven-
tion. A demonstration of large-screen television 
projection was given. The use of empirical 
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formulas, recent advances in studio equipment, 
maintenance of transmitters and antennas, 
broadcasting standards, and antennas for cir-
cular polarization, were also discussed. 

621.397.331.2  1505 
Television Tubes by the Thousands—F. E. 

Butler. (Radio News, vol. 38, pp. 39-42, 171; 
December, 1947.) General description of the 
processes of manufacture. 

621.397.331.2  1506 
New Television Field-Pickup Equipment 

employing the Image Orthicon —J. H. Roe. 
(Paoc. I.R.E. vol. 35, pp. 1532-1546; Dec-
ember, 1947.) A general description of the 
main units, with discussion of special features 
of some of the circuits used. 

621.397.62.001.41:621.317.79:621.396.615 
1507 

Generator for Alignment of Television Re-
ceiver Circuits —Lecointe. (See 1415.) 

TRANSMISSION 

621.396.61.029.62  1508 
Miniature Ten Meter Phone Transmitter — 

D. R. Rhodes. (Radio News, vol. 38, pp. 60-61, 
138; December, 1947.) Conventional circuit, 
using miniature components, gives good signal 
strength. Ranges up to 3000 miles can be ob-
tained with input power of 2 watts to the final 
amplifier. 

621.396.61.621.029.63  1509 
Four-Twenty Is Pun! —E. P. Tilton. (QST, 

vol. 31, pp. 13-16; November, 1947.) The con-
struction of a superregenerative receiver and a 
simple low-power transmitter for 420 Mc. The 
transmitter may be built from standard com-
ponents or the war-surplus equipment AN/ 
APS-13 may be included. 

VACUUM  TUBES  AND  THERMIONICS 

621.383:537.311.3  1510 
Conductivity of Evaporated Films of Lead 

Selenide —Simpson. (See 1376.) 

621.383: [546.86 + 546.36  1511 
The Photoelectric Properties of Antimony-

Caesium Photocells for Transmitted Light as 
Determined by Their Thickness —D. M. Khor-
osh. (Zh. Tekh. Fiz., vol. 17, no. 3, pp. 341-348; 
1947. In Russian.) The effect of the thickness of 
the antimony layer on the spectral characteris-
tic of the photo cell was investigated experi-
mentally. The layer thickness necessary for ob-
taining the maximum sensitivity was deter-
mined. The light absoi ption characteristics for 
various thicknesses of the layer are plotted. 

621.385  1512 
Type ECH-35 Triode Hexode —(Philips 

Tech. Commun. (Australia,) pp. 12-21; April, 
1946.) Description with complete electrical 
data and characteristics. 

621.385.1+621.392+621.396.694.012.8  1513 
Circuits and Valves in Electronics: Part 2— 

Charbonnier and Royer. (See 1291.) 

621.385.3/.5: 621.396.822  1514 
Triode Mixer vs Pentode Amplifier—Tan-

nenbaum. (See 1485.) 

621.396.615.141.2  1515 
Wavelength Laws of Split-Anode Magne-

trons—G. H. Metson. (Wireless Eng., vol. 24, 
pp. 352-356; December, 1947.) The "negative 
resistance" mode of oscillation of a split-anode 
magnetron, in which the generated frequency 
is within wide limits independent of time of 
electron flight, obeys the law X = ml+c, where 
is the length of the Lecher line resonator and 
m and c are constants for a given magnetron. 

This law is reconciled with that for a resonant 
Lecher line, X/4  I, the constant c/4 being shown 
to represent a length of line which would 
have substantially the same equivalent ca-
pacitance as the interanode capacitance of the 
magnetron. 

621.396.615.141.2  1516 
Oscillations in a Two-Segment Magnetron 

Loaded with a Lecher System—S. D. Gvoz-
dover and E. M. Moroz. (Zh. Tekh. Fir., vol. 
17, no. 7, pp. 819-828; 1947. In Russian.) A 
Lecher system of variable length is connected 
to two anode segments of a magnetron (Fig. 1). 
Equations determining the frequency of the sys-
tem (8), stationary amplitude (9), condition for 
self-excitation (11), and condition for stability 
(13) are derived. The influence of skin effect on 
self-excitation is discussed in detail and the sta-
tionary amplitude under various operating con-
ditions is also examined. Curves are plotted in 
Figs. 3 and 4 showing, respectively, the limiting 
values of the operating wavelengths and of the 
lengths of the Lecher system. The conclusions 
reached agree with published experimental re-
sults. 

621.396.615.141.2: 533.59  1517 
The Effect of the Degree of Vacuum on the 

Frequency of a Decimetre- Wave Magnetron 
Oscillator —A. P. Maydanov. (Zh. Tekh. Fir., 
vol. 17, no. 3, pp. 283-290; 1947. In Russian.) 
An experimental investigation with vacuum 
varying from 10-,  to 10-,  mm. Hg. A rapid and 
comparatively accurate method of frequency 
measurement was developed and a number of 
experimental curves are shown. 

621.396.615.142:621.396.621.54:621.396.96 
1518 

Reflex Oscillators for Radar Systems — 
J. 0. McNally and W. G. Shepherd. (Puoc. 
I.R.E., vol. 35, pp. 1424-1435; December, 
1947.) The requirements for beating oscillators, 
with descriptions of typical tubes and discus-
sion of their characteristics. Difficulties en-
countered in the development and the methods 
of overcoming them are outlined. These in-
cluded "electronic hysteresis" broad-band op-
eration of reflex oscillators and thermal tuning 
of an internal cavity. Summaries noted in 1026 
and 3057 of 1947. 

621.396.615.142.2  1519 
The Manufacture of a Reflex Slystron — 

D. L. Hollway. (Paoc. I.R.E. (Australia), vol. 
8, pp. 4-15; October, 1947.) An outline of the 
techniques and equipment used in Australia for 
the CV35. Methods are described for sealing 
copper disks to glass tubes by h.f. heating and 
for inspecting strains in glass parts by use of 
polarized light. Modifications of the design in-
creased the tolerances and improved the grid-
control characteristics. 

621.396.822  1520 
A Method for Experimental Investigation of 

the Statistics of Electric Fluctuations —E. J. 
Pumper. (Compt. Rend. Acad. Sci. (U.R.S.S.). 
vol. 53, pp. 25-27; July 10, 1946. In English.) 

MISCELLANEOUS 

025.45  1521 
Universal  Decimal  Classification—An 

abridged English edition of the U.D.C. system 
will be issued as British Standard 1000A in the 
near future by the British Standards Institu-
tion, 24-28 Victoria Street, London, S. W.1, 
price 25 s. More detailed information about 
various sections of the U.D.C. can also be ob-
tained from the Institution. 
The classification of the vast majority of 

these abstracts is covered by British Standard 
1000, vol. I, part I, vol. 2, parts 1 to 3, and vol. 
4, part 2. 

06.064: 621.396/.397  1522 
Television Topics Dominate N.A.B. Tech-

nical Conference. (See 1514.) 

06.064 London: 621.396  1523 
The Amateur Radio Exhibition—(R.S.G.B. 

Bull., vol. 23, pp. 112-115, 108; December, 
1947.) A summary of Sir Stanley Angwin's 
opening speech and a short account of some of 
the exhibits. See also Wireless World, vol. 54, 
pp. 14-15; january, 1948. 

621.3 General Electric  1524 
The Research Laboratories of the General 

Electric Company—C. C. Paterson. (Proc. 
Roy. Soc. A, vol. 191, pp. 417-428; December 
3, 1947.) Primarily a discussion of the way the 
staff of the laboratories have learned from their 
experience to go about their work. The need for 
an intimate connection between the factory and 
the laboratory is stressed. A brief discussion is 
given of a few general examples of assistance 
given by the laboratories. 

621.396.97  1525 
Broadcasting Jubilee —P. P. Eckersley. 

(Wireless World, vol. 53, pp. 454-456; Decem-
ber, 1947.) Genuine high-fidelity reproduction 
is impossible on medium and long wavelengths, 
and on short wavelengths using f.m., there is 
the disadvantage of a complicated receiver. The 
use of wire broadcasting is advocated and tele-
vision should be developed in conjunction with 
the cinema. 

016:6(43)+6(52)  1526 
Reports on German and Japanese Industry 

[Book Noticel—H. M. Stationery Office, Lon-
don, 1947. Classified List No. 8 (88 pp., 1 s.) 
deals with material published on or before May 
31, 1947. Material published in June, 1947, is 
covered in Classified List No. 9 (8 pp., 2d.) and 
similar lists are available for later months. 

058: 621.001  1527 
Industrial Research 1947 [Book Noticel — 

P. Dunsheath (Ed.). Todd Publishing Co., 
London, 1947, 534 pp. A collection, published 
annually, of general information, including: (a) 
directories of various bodies undertaking or con-
cerned with research, both in England and over-
seas, (b) personnel, terms of reference, and 
summaries of recent reports of various officially 
appointed committees, (c) information about 
books, periodicals, libraries, films, and abstract-
ing organizations. 

62(083.74)  1528 
[British Standards Institution] Yearbook— 

[Book Notice) —British Standards Institution, 
28 Victoria Street, London, 1947, 3 s. 6 d. 
(Brit. Stand. Instn. Mon. Inf. Sheet., p. 2; Janu-
ary, 1948.) Contains a numerical list of British 
Standards with a synopsis of each and a subject 
index. 

621.396/.397(47)  1529 
Radio Symposium [Book NoticeJ —Central 

Technical Information Bureau of the U.S.S.R. 
Ministry of the Communications Industry, 
Moscow, 184 pp. (Radiotekhnika (Moscow), no. 
7, p. 72; 1947. In Russian.) Prepared for the 
Russian "Radio Day" in 1947. The book con-
tains 18 articles on various aspects of radio 
broadcasting and reception, including televi-
sion. 

621.395  1530 
Radio-Technik, Theorie und Praxis [Book 

Reviewl —j. Durrwang. Wepf and Co., Basel, 
fifth edition, 216 pp., 12 Swiss francs. (Wireless 
Eng., vol. 24, p. 308; October, 1947.) A non-
mathematical book intended for seriously 
minded amateurs and radio technicians, cover-
ing the whole field of radio from Ohm's law to 
radar and television. 



Ms' loony of these 
ideas 

canY00 ase? 

Here's an opportunity to learn how 
other electrical manufacturers solve 
metal selection problems—problems you 
yourself may have to solve. 
This brand-new, illustrated collection 

of ideas shows you in detail how INco 
Nickel Alloys resist high temperatures, 
corrosion, fatigue, abrasion—how their 
special properties are useful in scores 
of applications. 
Case histories, drawn from dozens of 

different fields, show how INco Nickel 
Alloys help improve the performance, 
cut the production costs, and extend the 
service life of many types of products 

and equipment. 
You will see where their special and 

for metal pre 
in electrical 

\ 

unusual properties have made possible 
successful products in the appliance 
field, the electronics industry, in special 
developments, and in general electrical 
manufacturing. 
Remember... this booklet brings you 

practical ideas—ideas tried and proved 
by other manufacturers. Just one may 
help you solve a difficult technical prob-
lem and repay your reading time a 
thousand-fold. 
Send for your copy today. Just clip 

and mail the attached coupon. 
This FREE booklet belongs in your 

files! Vail the coupon.  •11.•g  S Pat Oft 

THE  INTERNATIONAL NICKEL CO., INC. 

67 Wall Street, New York 5, N. Y. 

MONEL* • "K"* M ONEL • "Su* MONEL • "R"  MONEL • "KR"  MONEL • INCONEL ' • NICKEL 

EMBLEM  OF SERVICE 

NICKEL • "Z"* NICKEL 

THIS FREE BOOKLET 

BELONGS IN YOUR FILES! ! 

MAIL THE COUPON 

B. B. Winter 
The International Nickel Company, Inc. 
67 Wall Street, New York 5, N. Y. 

Please send me your new booklet, "66 Practical 
Ideas for Metal Problems in Electrical Products." 

Name   

Firm   

Address   

Title   

P.O.I.R.E. 6-48 

— 
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FRO M ROD STOCK 

TO SUPPORT BLOCK 

That smooth cylinder of Taylor Phenol Fibre pictured above 
doesn't appear very complex. 
But with a few deft motions in the machine shop, it be-

comes the hinge support block shown below ... intricate, 
carefully engineered, highly specialized. 
Sheets, rods, and tubes of Taylor Laminated Plastics, in 

various formulations, are serving industry in more ways 
every day. Their machineability is a paramount factor. 

For a dependable source of supply for Phenol Fibre, 
Vulcanized Fibre, or special laminates . . . get in touch with 
Taylor. For fabricating service, too . . . with on-schedule 
deliveries . . . depend on Taylor. You'll get the kind of service 
that eliminates production headaches. As a starter, send a 
sketch or blueprint today. We'll tell you exactly what we 
can do for you. 

T A3E16 011 
= I MR E 

C O M P A M "E. 
LAMINATED PLASTICS: PHENOL FIBRE • VULCANIZED FIBRE 

Sheets, Rods, Tubes, and Fabricated Parts 
NORRISTO WN, PEN NA. 

Offices in Principal Cities • Pacific Coast Plant: LA VERNE, CAL. 

BALTIMORE 

'Coaxial Cable Transmission Systems,* by 
J. A. Wood. American Telephone and Telegraph 
Company; March 16, 1948. 

BEAUMONT-PORT ARTHUR 

'Radio-Frequency  Heating,'  by  R.  H. 
Schneider, Westinghouse Electric Corporation; 
March 16, 1948. 

BOSTON 

'The Betatron and Synchrotron,' by I. A. 
Getting, Massachusetts Institute of Technology; 
March 25, 1948. 

BUFFALO-NIAGARA 

'Bessell Functions and other Screwball Con-
cepts,' by M. G. Nicholson, M. C. Scott. and R. W. 
Carlson, Colonial Radio Corporation; February 18, 

1948. 
'Pulse-Time Telemetering,' by N. L. Harvey, 

Sylvania Electric Products Company; March 17. 

1948. 
CEDAR RAPIDS 

'Traveling-Wave Tubes,' by J. R. Pierce, Bell 
Telephone Laboratories; March 26, 1948. 

CINCINNATI 

'Magnetic Recording,' by M. Camras, Ar-
mour Research Foundation; March 16, 1948. 

CONNECTICUT VALLEY 

'Applications of Sweeping Oscillators in Test 
Equipment,' by F. C. Marble, Kay Electric Com-
pany; April 14, 1948. 

DALLAS-FORT WORTH 

'Photoelectri'c Calorimeter,' by P. L. Harton, 
Southern Methodist University; March 15, 1948. 

'Peacetime Uses and Economics of Atomic 
Power,' by P. M. Thorp. Southern Methodist Uni-
versity; March 15. 1948. 

-Expressiveness in Engineers," by J. C. 
Homey, Southern Methodist University; March 15, 
1948. 

*Distributed Amplification," by W. R. Hew-
lett. Hewlett Packard Company; March 31, 1948. 

DAYTON 

'The Univac Electronic Computer,' by J. W. 
Mauchly, Electronic Control Company; March 11, 
1948. 

'Bandwidth Reduction in Communications 
Systems,' by W. G. Tuller, Melpar, Inc.; March 
31, 1948. 

'R.F. Tuners for Television and F.M.,' by 
R. Romero, Radio Corporation of America; April 
8, 1948. 

DETROIT 

'Some Equipment and Systems Aspects of En-
gineering Radio Communications,' by L. P. Mor-
ris, Communication and Electronics Systems Divi-
sion of Motorola, Inc.; March 19, 1948. 

EMPORIUM 

'Printed Circuits and Miniature Electronics.' 
by C. Brunetti, National Bureau of Standards; 
January 14, 1948. 

HOUSTON 

'Induction and Dielectric Heating,' by R. H. 
Schneider, Westinghouse Electric Corporation; 
March 15, 1948. 

'Distributed Amplification,' by W. R. Hewlett. 
Hewlett-Packard Company; April I, 1948. 

INDIANAPOLIS 

'Civilian Use of Subminiature Tubes,' by 
W. R. Jones, Sylvania Electric Products Company; 
February 20, 1948. 

(Continued on page 36A) 
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If you want 

a 5 KW AM Transmitter 

right away... 

. . . you can get immediate shipment from stock 
on the famous Western Electric 405B-2 utilizing 
the Doherty high-efficiency circuit. 

If you plan 

to step up to 10 KW 

later on... 

AUXILIARY EQUIPMENT FOR USE 

WITH THE 4058-2 5 KW TRANSMITTER 

33C ANTENNA CONTROLUNIT 

Identical in styling with the 405B-2 
Transmitter, the 33C controls, 
under power, the relative meg - 
tude and phase relation of the 
element currents in • two-tower 
antenna system. 34A Antenna 
Phase Control Units may be added 
for control of a larger number of 

towers. 

CONTROL DE M 
Incorporates volume indi-
cator  panel, monitor  p. audio  

d ilineer'anmeterannouncepanel, control 
nel.power switch pa.nele 

forcontro lling transmitter 

circuits. 

.4.• Lead r im  

... you can order a complete conversion kit for 
change-over in the field. Kits are available also 
to present users of the 405B-1 and 405B-2. 

When you buy a Western Electric 405B-2 
5 kw AM Transmitter, you get these 
outstanding advantages: 
The Doherty high-efficiency circuit 

permits attainment of extremely low 
noise, harmonic distortion and inter. 
modulation distortion. The negligible 
carrier shift assures full utilization of 
assigned carrier power. 
With low level modulation, no damage 

will result if the transmitter should be 
heavily overmodulated with either inter-
rupted or continuous tone at any audio 

frequency, even for extended periods. 
Compact design permits installation 

in relatively small space. Modern styl-
ing harmonizes with any architectural 
treatment. 
You get these—and many other fea-

tures—when you buy a 405B-2. And ... 
you can get one without waiting—con-
vert it later to 10 kw if you step up your 
power! For full information, call your 
local Graybar Broadcast Representative 
—or write Graybar Electric Company, 
420 Lexington Ave., New York 17, N.Y. 

Western Electric 
— QUALITY COUNTS — 

DISTRIBUTOIS: IN THE U. S. A. — Graybar Electric Company. 
IN CANADA AND NEWFOUNDLAND — Northa m Electric Company, Ltd. 
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WSAV Truscon Radio Tower STANDS UP 
IN 100 MILE-AN-HOUR HURRICANE! 

• On October 15, 1946, a tropical hurricane struck with 
tremendous force on Whitemarsh Island, Savannah, Georgia, 
location of WSAV's FM installation. Wind velocities were 
estimated in excess of 100 miles per hour. 

Inspection of the Truscon Radio Tower immediately after the 
storm showed there was no damage to the antenna or tower. The 
surrounding area suffered great damage. The ability of this 
structure to STAND UP under such severe punishment is a 
fitting tribute to the balanced design, quality materials and 
skilled workmanship built into Truscon Radio Towers. 

Truscon experience encompasses every modern radio tower 
need. There are hundreds of Truscon Radio Towers in America 
and foreign lands, operating in a wide range of wind, tem-
perature and humidity conditions. The knowledge gained 
from such a diversity of installations assures you highly com-
petent engineering service. 

Truscon Radio Towers are available in guyed or self-support-
ing types, either tapered or uniform cross section, for AM 
and FM broadcasting. Experienced Truscon radio tower engi-
neers will be glad to help solve your radio tower problems 
of today and tomorrow. 

TRUSCON STEEL CO MPANY 
YOUNGSTO WN 1, OHIO 

Subsidiary of Republic Steel Corporation 

TRuscoN  sE,A,N_Dsuu,N,I0FORRT.,N. TOWERS  
CROSS SECTION GUYED I 

(Continued from page 34A) 

'Components for Magnetic Recording,' by 
T. E. Lynch. Brush Development Company; 
February 27, 1948. 

"V.H.F. Direction Finders," by A. G. Richard-
son, Federal Telecommunications Laboratories; 
March 12. 1948. 

'Avenues of Improvement in Present-Day 
Television," by D. G. Fink, Electronics; March 12, 
1948. 

LONDON (CANADA) 

'Interference in f.m. Links," by R. W. Cooke, 
University of Western Ontario; March 5, 1948. 

'A Vector Cardioscope," by S. Kostashuk, 
University of Western Ontario; March 5. 1948. 

'Analysis of Wave Forms," by G. Lang. Uni-
versity of Western Ontario; March 5, 1948. 

'Power Metering," by R. McNarry, University 
of Western Ontario; March 5, 1948. 

'Configuration of Electrostatic Fields in Elec-
tron Lenses," by G. Harrower, University of 
Western Ontario; March 5, 1948. 

'Frequency Allocation and Rulings Arising 
Out of the Atlantic City Conference," by J. C. 
Burbank, Royal Canadian Air Force; April 2, 1948. 

Los ANGELES 

'A 50,000-Watt F.M. Transmitter for 100.5 
Megacycles," by R. L. Norton, Eitel-McCullough, 
Inc.; March 16, 1948. 

'Television Receiver Sound System," by A. A. 
Barco, RCA Industry Service Laboratory; March 
16, 1948. 

LOUISVILLE 
'Atomic Energy, Tool or Weapon," by J. E. 

Reilly, Westinghouse Electric Corporation; March 
12, 1948. 

MILWAUKEE 

'Understanding Twentieth Century Art." by 
G. B. Cumming, Milwaukee Art Institute; Febru-
ary 11, 1948. 

'Progress in the Electric Power Rectifiers and 
Invertors," by W. E. Gutzwiller, Allis-Chalmers 
Manufacturing Company; March 10. 1948. 

NEW YORK 

'Metallic Dielectrics and Lenses for Micro-
waves,' by W. E. Kock, Bell Telephone Labora-
tories; April 7, 1948. 

OTTAWA 

'Electronics in Atomic Energy Research," by 
N. F. Moody, National Research Council; March 
11. 1948. 

'Tasks for the Radio Engineer for the Army in 
the Field.' by A. E. Wrinch, Ottawa Army Head-
quarters; March 25, 1948. 

'Development of Atomic Power," by B. IL 
Prentice, General Electric Company; April 6. 1948. 

PHILADELPHIA 

"Microwave Spectroscopy." by D. K. Coles. 
Westinghouse Research Laboratories; April 1, 1948, 

PORTLAND 

'Audio-Frequency Response Measurements", 
by A. E. Richmond, Radio Station KALE; March 
31, 1948. 

'A Distributed Amplifier," by A. P. Copson, 
Oregon State College; April 10. 1948. 

'An Electronic Watch Analyzer." by J. W. 
Moulton, Oregon State College; April 10, 1948. 

PRINCETON 

'Radio Observations in the Field of Astron-
omy," by J. L. Pausey, Council for Scientific and 
Industrial Research (Sydney, Australia); March 4, 
1948. 

'High Energy Electro-Nuclear Accelerators.' 
by M. G. White, Princeton University; April 8, 
1948. 

(Continued on page 38A) 
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for a smooth performance 

Synthetic sapphire wheels are unequalled 

for grinding or burnishing small metal 

parts to a matchless finish. Because of 

superior hardness and dimensional sta-

bility, sapphire wheels will maintain 

exact wheel form, eliminating any need 

for machine adjustment. 

LINDE synthetic sapphire has many 

other properties to recommend it to 

makers of small but vital parts: 

Knoop Hardness   1,525 to 2,000 

Chemical Resistance  All Acids 

Compressive Strength, psi .  300,000 

Water Absorption   0.0 

Dielectric Constant . .  7.5 to 10 

Thermal Conductivity . . . 0.010 
cal. sec.-1 cm.-1 deg. C.—' 

at 300 deg. C. 

Half•boules, weighing 
up to 150 carats 

Rods, 0.065-in. 
to 0 125-in diameter 

plus: 
Unicrystalline structure — offers no location 
for immediate wear. 

Superior wear resistance. 

Extremely low coefficient of friction. 

Send for Booklet No. 3A—see how synthetic 

sapphire can help you with your problems. 

Ymete,e4nee4?4,,X6e( 
when the small part is the important part 

THE LINDE AIR PRODUCTS COMPANY 
UNIT OF UNI ON CARBIDE AND CARB ON CORP ORATI ON 

30 EAST 42nd STREET • NEW YORK 11 • N.Y. ETT  KA OFFICES IN OTHER PRINCIPAL CITIES 

IN CANADA: DOMINION OXYGEN COMPANY, LIMITED, TORONTO 

The word "Linde" is a trade-mark of The Linde Air Prodorts Compatts 
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474ten:  An accurately 
scaled model 
of an aircraft— 

with 
scaled 
antenna 
installed: 

luid• • The radiation pattern 
of that antenna on that air-
craft in any plane and for 
either vertical or horizontal 
polarization. 

410 /44 kOot:  With a three-man 
crew to operate it, our 

Type 105 
Aircraft Antenna Pattern 

Plotting System 

can measure and  record 
more than 100 such radiation 
patterns in a routine work-
ing day. 

This Sole•n  with its 
TRANSMITTERS (500 to 10,300 Mc) 
RADIATORS 
RECEIVER SYSTEM 
RECORDING SYSTEM 
SERVOS and MOTOR CONTROLS 
MECHANICAL STRUCTURES 

is an excellent example of the kind of 
SYSTEMS DEVELOPMENT WORK 

we are staffed, experienced, and equipped to perform 
for you. 

Consult with us on your requirements for 
HIGH-QUALITY CUSTOM-BUILT 

ELECTRONIC DEVICES 

Write, wire, or telephone: 

c7 181441/1e 4 1:tillille/146 011111/13 
IN C O R P O R A T E D 

160 OLD COUNTRY ROAD • MINEOLA, N.Y. 

Tel. Gorden City 6880 

(Continued from page 36A) 

ROCHESTER 

"Electronic Digital Computers," by A. W. 

Tyler, Eastman Kodak Company; March 18, 1948. 

"Present Status of Television Broadcasting." 
by R. E. Shelby, National Broadcasting Company; 
April 15, 1948. 

SACRAMENTO 

"Latest Developments of Radar and Micro-
wave Radio Equipment," by J. 0. Perrine, Ameri-
can Telephone and Telegraph Company; March 31, 
1948. 

ST. Louts 

"Elements of Magnetic Recording." by C. T. 
Lynch, Brush Development Company; March 25. 
1948. 

"Safety in Aircraft Flight," by L. F. Jones, 

Radio Corporation of America; April 15, 1948. 

SAN DIEGO 

"Radar and Microwaves," by J. 0. Perrine, 
American Telephone and Telegraph Company; 
March 19, 1948. 

SAN FRANCISCO 

"Modern Interpretations of the Atom and 
Universe," by L. Reukema, San Francisco Section 
Chairman; March 10, 1948. 

SEATTLE 

"Application of Radio to Railroad Operation," 
by F. A. Mackenroth, Northern Pacific Railroad, 
and L. G. Sands, Bendix Radio Company; March 
12, 1948. 

SYRACUSE 

"Selected Patents." by M. D. Norse, General 
Electric Company; April 1, 1948. 

TORONTO 

"Electronics in Atomic Energy Research," by 

N. F. Moody, National Research Council. January 
12. 1948. 

"Modern Air Navigation Systems," by H. A. 
Ferris, Trans Canada Airlines; February 2, 1948. 

"Trigger Circuits." by J. C. Gray, University 
of Toronto; February 23, 1948. 

"Lateral Disk Recording and Reproduction." 
by R. E. Penton, University of Toronto; February 
23. 1948. 

"Volume Expansion." by C. J. Urban, Univer-
sity of Toronto; February 23. 1948. 

"Magnetic Tape Recording," by T. E. Lynch, 

Brush Development Company; March 15, 1948. 

TWIN CITIES 

"Use and Control of Feedback in A. M. Trans-
mitters," by J. C. Herber. Western Electric Com-
pany; March 4. 1948. 

W ILLIAMSPORT 

"Two Signal Performance of Some F. M. Re-
ceiver Systems," by B. D. Loughlin, Hazeltine Elec-
tronics Corporation; March 31. 1948. 

SUB-SECTIONS 

AKRON 

"Radio Telemetering Airborne Vehicles." by 
L. L. Rauch, Princeton University; March 25, 1948. 

FORT W AYNE 

"Electrolytic Capacitors," by J. West, Magna-
vox Company; March 8. 1948. 

(Continued on page 40A) 
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presenting the NE W 

"NOIFILAME-COR" 
the TELEVISION hookup wire 

approved by 

Underwriters' Laboratories of 

by 

CENTIGRADE 9 600 VOLTS 

This is IT! Tops in hookup wire for television, F-M,  quality radio and all exacting 

electronic applications. Available for immediate delivery in all sizes, solid and 

stranded, in over 200 color combinations . . . ready to demonstrate anew the 

Efficiency and Economy of CORNISH WIRES AT WORK  

•Flame Resistant •Heat Resistant  •High Insulation Resistance 

•High Dielectric  •Easy Stripping •Facilitates Positive Soldering 

COMPLETE ENGINEERING DATA AND SAMPLES ON REQUEST 

RUBBER   75° 

PLASTIC  80° 

"NOFLAME-COR"  90° 

"made by engineers for engineers" 

CORNISH WIRE COMPANY, inc. 
605 North Michigan Avenue, 

Chicago 11 
15 Park Row, New York 7 N. Y. 1237 Public Ledger Bldg., 

Philadelphia 6 

MANUFACTURERS OF QUALITY WIRES AND CABLES FOR THE ELECTRICAL AND ELECTRONIC INDUSTRIES 



ELECTRONICS 
INDUSTRY 

TRANSFORMERS 
CATALOG TRANSFORMERS ... that meet 

(iil) catalog specifications. 
SPECIAL TRANSFORMERS  . that meet 

your specifications. 

• A wide range of stock transformers is 
accompanied by an engineering service that 
offers industry a dependable source of spe-
cial transformers for every requirement. 
,Write for catalog or supply specifications 
for special transformers. 

FILTERS 
Engineering to provide 
any filter that you will 
need. Manufacturing 
facilities that assure you 
dependable production 
schedules and uniform-
ly dependable filters. 
Illustrated band pass filter is 

typical of the unusual engineered 
filters that ADC produces for 
electronics industry. Write ADC 
for prompt and efficient engi-
neering and production service 
for filters. 

PATCH CORDS 
and JACK PANELS 

ADC patch cords are used as stand-
ard by hundreds of broadcast stations 
over the country. They are preferred 
for their dependability and quality. 
Write for catalog. 

Jack panels ... companion to patch 
cords. Molded plastic for better in-
sulation. Used where quality and 
durability are needed. Mount on 19' 
relay rack. Furnished with jacks 
assembled or panels only. Write 
for ADC catalog for complete speci-
fications. 

1;11;allJAll 

evree:94e INQUIRIES SOLICITED 

... please direct foreign inquiries 
to the ADC foreign export office 
same address. 

CABLE ADDRESS: AUDEVCO MINNEAPOLIS 

fielded DEVELOPMENT CO. 
"Audio Develops th• Finest" 

• 2833 13th AVE. SOUTH • MINNEAPOLIS 7, MINN. 

(Continued from page 38A) 

HAMILTON 

'Radio Broadcasting in Canada," by 0. R. 
Smith, Radio Station CHM L; January 26, 1948. 

'Quality Control in Radio Tube Manufactur-
ing," by A. H. Sievert, Canadian Westinghouse 
Electric Corporation; February 16, 1948. 

'Radio Relaying," by C. Bridgland, Canadian 
Telegraph Company; March 8, 1948. 

LONG ISLAND 

'Application of High-Speed Electronic Count-
ers.' by J. J. Wild, Potter Instrument Company; 
March 10, 1948. 

NORTHERN NEW JERSEY 

'The Central Radio Propagation Laboratory 
Automatic Ionosphere Height Recorder," by C. J. 
Franks. C. J. Franks Laboratories; February 11, 
1948. 

Tour of the Federal Telecommunications Lab-
oratories; April 14, 1948. 

TOLEDO 

'Cathode-Ray Instrument Developments," by 
S. Sterling, S. Sterling Company; March 29, 1948. 

ALABAMA POLYTECHNIC INSTITUTE, I.R.E. BRANCH 

'The Atomic Age—A New Challenge to Scien-
tists and Engineers,' by J. Kuderna, Alabama Poly-
technic Institute; March 1, 1948. 

UNIVERSITY OF ARKANSAS, I.R.E. BRANCH 

'Design Considerations of a Cathode-Ray Os-
cilloscope,' by J. A. Boatwright, Student of Uni-
versity of Arkansas; March 24, 1948. 

CASE INSTITUTE OF TECHNOLOGY, I.R.E. BRANCH 

'Co-Channel Interference,' by R. A. Fox, 
Radio Station WGAR, March 24, 1948. 

UNIVERSITY OF ILLINOIS, I. R. E. —A.I.E.E. BRANCH 

'Recent Developments in Automotive Electri-
cal Equipment,• by B. H. Short. General Motors 
Corporation; March 16, 1948. 

KANSAS STATE COLLEGE, I.R.E. —A.I.E.E. 
BRANCH 

'Magnetic Recording Illustrates Utilization of 
Fundamentals,' by G. E. Zeigler, Midwest Research 
Institute; April 1, 1948. 

MANHATTAN COLLEGE, I.R.E. BRANCH 

'Magnetic Amplifiers," by W. Dornhoefer. 
Ward Leonard Company; March II, 1948. 

MICHIGAN STATE COLLEGE, I.R.E. —A.I.E.E. 
BRANCH 

'The Engineer in the Field of Management,' 
by S. Dean, Detroit Edison Company; March 3, 
1948. 

UNIVERSITY OF MICHIGAN, I.R.E. —A.I.E.E. 
BRANCH 

'Design of a High-Fidelity Portable Phono-
graph Amplifier,' by G. R. Leopold, Student; 
March 24, 1948. 

'Developments in Man-Made Radio Interfer-
ence,' by R.. C. Walker, Student; March 24, 1948. 
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STUDENT 

BRANCH 

MEETINGS 

COLLEGE OF THE CITY OF NEW YORK, I.R.E. 
BRANCH 

'Theatre Sound Systems,' by R. Siegel, Altec-
Lansing Corporation; March 16, 1948. 

'The Present Technical Status of Television,' 
by N. Marchand, Columbia University; March 23, 
1948. 

'Video Techniques,' by Professor Millman, 
College of the City of New York; April 6, 1948. 

NORTHWESTERN UNIVERSITY, I.R.E. —A. I.E.E. 
BRANCH 

'Choosing a Career in Electrical Engineering,' 
by C. S. Mitchell, Commonwealth Edison Com-
pany; February 26, 1948. 

Student Paper Competition; March 5, 1948. 

PRATT INSTITUTE, I.R.E. BRANCH 

'D.C. and A.C. Phase Inverters,' by W. J. 
Heacock, Student; February 24, 1948. 

STANFORD UNIVERSITY, I.R.E. —A.I.E.E. BRANCH 

'Radar and Microwaves,' by 3. 0. Perrine, 
American Telephone and Telegraph Company; 
March 29. 1948. 

SYRACUSE UNIVERSITY, I.R.E. BRANCH 

'Opportunities for Engineers in the Future,' 
by E. W. Davis, Simples Wire and Cable Company; 
March 18, 1948. 

'Plant Construction and Operation,' by B. 
Green, Oswego Steam Station; April 7, 1948. 

THE UNIVERSITY OF TEXAS, I.R.E. —A.I.E.E. 
BRANCH 

'Some Experiments in Frictional Electricity,' 
by W. F. Helwig, The University of Texas; March 
15, 1948. 

UNIVERSITY OF UTAH, I.R.E. —A.I.E.E. BRANCH 

'History and Organization of the A.I.E.E.,• 
by J. A. McDonald, Secretary, local chapter of 
A.I.E.E.; March 9, 1948. 

WORCESTER POLYTECHNIC INSTITUTE, I.R.E. — 
A.I.E.E. BRANCH 

'Opportunities that are Available for the 
Young Engineer Today,' by E. W. Davis, Simples 
Wire and Cable Company; March 8, 1948. 

'A Simplified Frequency Standard,' by W. A. 
Beers, Student; April 8. 1948. 

'Automatic Combustion Control.' by F. Hol-
by, Student; April 8, 1948. 

'Automatic-Frequency Control for 75 WA Al-
ternator,' by 0. Kennedy, Student; April 8. 1948. 

'Phase Measurements by Pulse Technique,' 
by R. Leaner, Student; April 8, 1948. 

'Characteristics of D.C. Motors on Rectified 
AC.,' by A. Welsey and W. Wagner, Students; 
April 8, 1948. 

'Pulse Detection,' by D. Anthony, Student; 
April 8, 1948. 

The following transfers and admissions 
were approved on May 4, 1948, to be ef-
fective June 1, 1948: 

Transfer to Senior Member 
Cole. L. S., 696 E. Fourth North St., Logan, Utah 
Daugherty, It M.. 14433 Mark Twain Ave., De-

troit, Mich. 
(Continued on page 444) 

Pi 
Entirely New! Completely Service-Tested! 

RAYTHEON 
Voltage Stabilizers 

An Outstanding New Line of High Per-

formance, Space and Weight Saving 

Models that Make It Easy to Build En-

during Accuracy Into Your Product. 

The new Raytheon voltage stabilizers 
enable you to build voltage stability right 
into your electrical or electronic equip-
ment. They come to you in neat, com-
pact, easy-to-install packages—ruggedly 
built and performance-engineered for 
lifetime satisfaction. Choose your models 
from a wide range of standard catalog 
types . . . or have them custom-engi-
neered to suit your special needs. In 
either case, count on Raytheon experi-

Complete information 

Now on the press 

A new bulletin covering 
applications, perform-
ance features, operating 
characteristics, graphs, 
specifications, etc., for 
the entire new line of 
Raytheon Voltage Stabi-
lizers. 

SE ND FOR IT 

ence and skill to provide the electrical 
characteristics you want in the most con-
venient, compact and economical unit. 

VOLTAGE STABILIZER HEADQUARTERS 

Since 1927 

Build These Advantages 

Into Your Equipment 

• Control of output volt-
age to within ± 

• Stabilization at any load 
within rated capacity. 

• Many designs with very 
low harmonic distor-
tion of the output volt-
age wave at any load. 
• Quick response. Stabi-
lizes varying input volt-
age within 1/20 sec-
ond. 

• Entirely automatic. No 
adjustments. No mov-
ing parts. No mainte-
nance. 

• Wide range of designs 
including hermetically 
sealed types. 

RAYTHEON MANUFACTURING COMPANY 
Waltham 54, Massachusetts 
Gentlemen: Please send me copy of your new Voltage 

Stabilizer Bulletin DL-V-304-F 

Name   

Position   

Company   

Street Address  Zone No. 

City  State   
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$$C skezatif 
Do not fail to closely examine this list of war surplus bargains. We believe that every item 
listed below is a sensational value that soon can never be repeated. All equipment advertised 
herein is unconditionally guaranteed to the customer's satisfaction to this extent: Return 
any item advertised within five days after delivery for full refund except transportation 

charges (both ways). 

CP-11, APS-15A 
Parts and tubes galore-a total of 17 tubes 
included, consisting of 13-6SN7GT's, 3-
6SA7GT's and I-5Y3GT. Other useful parts 
such as 24 V. DC motor and blower (op-
erates on 110 V. AC), precision wire-wound 
1 Meg. resistors, 80.86 Kc. crystal (1 mi. 
wavelength), pots, condensers, relays, etc. 
too numerous to mention. Weights 21 lbs. 
Size 22"L x 8" W x $"H.  Price $9.95 

BC-1 155-A SYNCHRONIZER 
Another invaluable unit for the Television 
and VHF experimenter. Contains 19 Mc. 
IF strip using 5-WE717A tubes. A total of 
24 tubes included, consisting of 6-WE. 
717A's, 2-6SL7GT's, 2-6AC7's, 5-6SN7GT's, 
2-6N7GT's, 2-6L6's, 1-6V6GT, 2-6AG7's, 
1-6AC7, and 1-6H6GT. Other parts included 
are 6 pots, 10 Amphenol 831R chassis con-
nectors and numerous condensers, resistors, 
and transformers. Weight 22 lbs. Size 21"I. 
x 11V2"W x 7)4"H.  Price $17•75 

SN8/APQ-58 
Contains 31 useable tubes consisting of 2-
6H6's, 3-6AC7's, 2-2050's 1-6SA7GT, 2-
VR105's, 10-6AG7's, 7-6SN7GT's, 1-VR75. 
2-6SL7GT's, 1-6N7. Other parts such as 17 
Shallcross precision wire-wound resistors of 
30,000, 120.000, 150,000, 250,000, 20.000, 200,000 
and 100,000 ohms value. Relay DPDT, vari-
able condensers, Amphenol and Cannon con-
nectors, tap switches, networks and trans-
formers make this another invaluable parts 
item at the advertised low price. Weight 28 
lbs. Contained in aluminum case 17%9_, 
x  x 754"H.  Price $14.95 

ID-57 APO-7 RADAR SCOPE 
Contains 12 tubes: 1-5F1'7, 3-61.6G's, I-
6AG7, 2-6SL7GT's, 2-6AC7's, 2-6SN7GT's, 
1-6H6GT. 2 WE D168479 tube type K80 re-
lays, magnetic yoke, pots, precision resist-
ors, condensers, toggle switches, etc. Weight 
26 lbs. Size 14"H x 201/4 "L x 8" W. 

Price $14.95 

SN-7C/APQ-13 
Sensational offer for Television engineers. 
Contains 19 Mc. IF strip containing 5-
WE717A tubes. Other HF strips containing 
2-6AK5's,  3-6SEIGT's,  1-WE717A,  4-
6SN7GT's, 2-6N7's, 2-6L6's, 1-6H6, 3-
6AC7, 2-6AG7, 1-6V6. A total of 26 tubes. 
Other parts such as DPDT relay, 7 pots, 12 
Amphenol 83IR chassis connectors, and nu-
merous condensers, toggle switches, RF 
chokes, variable condensers, and transform-
ers. Weight approx. 25 lbs. Size 20"L x 
11)4" W x 7yrri  Price $19.50 

PEC-181 RECTIFIER 

Input: 105-125 V. or 210-250 V. 50-60 cycle AC. 
Output: 7 amps. continuous at 120 V. DC. The out-
put is effectively controlled over a range of no-
135 volts. By means of • screw-driver slot control, 
the rectifier may be adjusted to maintain any 
voltage within above range. Size 32.5"H a 20.5"W 
14.5"D. Weight 265 lbs.  $79.50 

ARGON INCANDESCENT LAMP 
2 watt pear shape with regular AC type screw blve 
\cw. Sold 9.35 each carton of ten only 

WESTINGHOUSE MERCURY-VAPOR 
Battery charger bulbs. Commercial OA. Style 
.N0416, for screw socket. For 6 or I batteries 
barged at one time-2000 to 3000 hours with 

high resisting glass. New.  $3.95 

PP-72/APQ-7 
Contains 20 tubes: 6-5R4GY's, 1-6L6GT, 
6-6Y6G's,  3-6SL7GT's,  2-VR105's,  2-
VR150's, 1-24 V. blower and motor (may be 
operated on 110 V. AC 60 cycles). Numerous 
power resistors, HV transformers, condens-
ers, jacks, cannon connectors, etc. Weight 
approx. 40 lbs. Size 25"L x 15,/," W x 7WH, 
in metal case.  Price $19.75 

PP-2/APQ-5 POWER UNIT 

400 cycle, 115 V. Contains 10 tubes as fol-
lows: 2-5U4G's, 1-6X5GT, 4-6Y6G's, 1-
6SL7GT's, 2-VR150-30 and numerous con-
densers, transformers and resistors. Weight 
17 lbs. Size 21"L x 5,/3"W x 7)4"H. 

Price $5.75 

INDICATOR SCOPE ID-41 APO-
13 
About 6" diameter by 15" deep. Contains 
1-5FP7, 1-6AK5 tube, 5 Grain of Wheat 3 
V. pilot lights, magnetic deflection yoke, 
condensers, potentiometers, sockets. 

Price $6•95 
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T-26 APT-2 RADAR TRANSMITTER 
Contains tunable VHF curcuit using 2— 
JAN CTL 703A's or 368AS tubes. Other 
tubes are: 2-5R4GY's, 1-2X2, 1-807, 1-
6AG7, 2-6AC7's, and 1-931A. Other parts 
such as 24 V. DC motor and blower, HV. 
condensers  and  transformers,  terminal 
strips and Amphenol connectors, knobs, fuse 
holders, etc. make this unit invaluable for 
parts alone. Weight approx. 45 lbs. Size 
21"L x 10.4" W x 73/4 "H, in metal case. 

Price $9.75 

T-39/AP0-9 RADAR TRANSMITTER 
Loaded with VHF parts and tubes such as 
2—RCA 8012's, 1-931A, 2-807's, 1-6AG7, 2-
6AC7's. The RCA 8012's are rated at 50 W. 
tnput to 500 Mc. Contains variable parallel. 
plate oscillator silver plated, ventilating 
blower and motor, ceramic tap switch, pots, 
terminal strips, gears, counters, etc. Weight 
36 lbs. Size 22"L x 10./," W x 714"H. 

Price $9.75 

PP-51 / APO-9 RECTIFIER  POWER 
UNIT 
400 cycle 115 V. Contains 4-5R4GY, 2-4Mfd. 
1000 V. DC condensers, 2-1 Mfd. 1500 V. DC 
condensers,  400-2600  cycle  transformers, 
power resistors, etc. Weight 38 lbs. Size 
21"1, x 5)‘" W x 73/4 "H.  Price $4.95 

ANTENNA KNIFE SWITCH 
Has 2,/2' porcelain insulator bakelite base, 
heavy blades 4" long. 
Single Pole Double Throw  $ .75 
Double Pole Double Throw   1.00 
Triple Pole Double Throw   1.25 

CSSt 

CUTLER-HAMMER 
SWITCH ASSEMBLY 

Consists of four DPST bat-
handle toggle switches, each 
rated at 20 amps 125 volts, with 
connecting straps. Price per as-
sembly of four $1.00 

HEAVY DUTY TOGGLE 
SWITCH 
CH type C-5A DPST 20 A. 125 
V. $35 

HEAVY DUTY TOGGLE 
SWITCH 
CH type AN-3023-10 DPDT Mo-
mentary Contact 30 A. 125 V. 
8.35 

HEAVY DUTY TOGGLE 
SWITCH 
CH type C-2 DPST Center off 
30 A. 125 V. $.50 

HEAVY DUTY TOGGLE 
SWITCH 
AN-3022-6B SPDT Center off 30 
A. 125 V. $.25 

HEAVY DUTY TOGGLE 
SWITCH 
CH type AN3027-2B DPST 20 
A. 125 V. $.25 

6 V. (New) 
(Dry-charged)   $3.00 

6 V. (In metal carrying ease) (Add 
electrolyte specific gravity  $4.0 0 
1.265) (Drugstore)   

DYNAMIC HANDMIKE 

High  impedance  type—with 
press-to-talk switch that shorts 
microphone when released and 
operates a relay or other cir-
cuit when depressed. Designed 
for close talking PA and mo-

bile communications service. 
Speech  is brisk  and clear. 
Made to stand rough handling. 
Black wrinkle finished. Has 6 
ft. 3 conductor shielded rubber 
covered cable  and  standard 
amphenol plug. Made by Elec-
tro-Voice for the Signal Corps. 
Comparable mikes list at $28.00. 
Special, each $7.95 

SPERRY A-5 AUTO PILOT AMPLIFER 
RACK 
Contains 115 V. AC voltmeter and 350-450 cycle 
Frequency meter. A total of 4 amplifier chassis 
complete with following tubes included in rack: 
2-1631's, 6-1632's, 3-1633's, 3-1634's, and 2-
1644 tubes. Numerous transformers, resistors 
and condensers make this unit invaluable for 
parts. Weight 38 lbs. Size 12"L x 14" W x 
10Y2"111.  Price $6.95 

TYPE CRZ-43AA AIRCRAFT RADIO 
RECEIVER 
Another item for the VHF experimenter. Con-
tains ten tubes: 6—SII7's, 2-6H6's, and 2-
7193's. Relays, condensers, resistors, Amphenol 
connectors, dynamotor, carbon pile voltage reg-
ulator and numerous other parts. Weight ap-
prox. 32 lbs. Size, 12" W x 11"H x 8"D. $6.95 

BC-800A RADAR TRANSMITTER & 
RECEIVER 
Loaded with tubes and components for the VHF 
experimenter. Contains 19 tubes including 1-
955, 3-956's, I-2C26, 1-5U4G, 1-2X2, 1-651‘17, 
7-6AC7's,  2-6SLIGT's,  1-6V6GT,  and  1-
6H6GT/G. Several HF tuned circuits, 7 am-
phenol chassis fittings, sockets, 24 V. blower 
and motor (will operate on 110 V. AC), 2-4Mfd. 
600 V. condensers, and many other resistors 
and parts. Weight approx. 40 lbs. In metal 
case 12%" W x 11Y2"H x 8"D.  $14.95 

32 FT. MAST 
And complete antenna kit. Four round wooden 
poles (1)4" dia.) each 8 ft. long; when fitted 
together makes a 32 ft. mast. Can be erected 
to a height of 8, 16, 24 or 32 ft. Complete with 
guy ropes, hardware, 100 ft. PB antenna wire, 
80 ft. PB ground wire, hand reel and heavy 
Army canvas carrying bag—suitable for use 
as sleeping bag. An excellent kit for field use. 
FM or TV antenna supports, flag, poles etc. 
Our low price complete, only  i18.95 

Radio el 
130 W. New York St. 

Unless Otherwise Stated, All of 
This Equipment Is Sold As Used 

CASH REQUIRED 
WITH ALL ORDERS 

Indianapolis 4, Ind. Orders Shipped F.O.B. Collect 
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Simple New (.5:14 / 441-- Couplings 

Maintain Constant 51.5 Ohm Impedance 

ANDRE W 
e‘COAXIAL 

TRANSMISSION LINE 
FOR FM-TV 

Offering the dual advantage of easy, solderless assembly 

and a constant impedance of 51.5 ohms, this new ANDREW 

FM-TV line is available in four diameters. Eoch line fully 

meets official RMA standards. It also is recommended for 
AM installations of 5 Kw or over. 

Fabricated in twenty foot lengths with brass connector 

flanges silver brazed to the ends, sections ore easily bolted 

together. A circular synthetic rubber -0- gasket effec-

tively seals the line. Flux corrosion and pressure leaks are 

avoided. A bullet-shaped device positively connects inner 

conductors. 

Close tolerances are maintained on characteristic im-

pedance in both line and fittings, assuring an essentially 

"flat - transmission line system. 

Mechanically and electrically better than previous types, 

this new line has steatite insulators of exceptionally low 

loss factor. Both inner and outer conductors of all four 

sizes ore of copper having very high conductivity. 

Flanged 45 and 90 degree elbow sections, and a complete 

line of accessories and fittings available. 

Better be safe, than sorry. Avoid costly post-installation 

line changes. Get complete technical data, and engineer-

ing advice, from ANDRE W now. 
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shows total loss plus 10% situating 
factor to allow for resistance of joints 
and deterioration with time. 
Four diameters available, VA "-
3 1/4 "-- I Ye" and Ye". 

C O R P O R A TI O N 

363  EAST  75th  STREET  • CHI C A G O  19 

Pioneer Specialists in the Manufacture of a Complete Line of Antenna Equipment 
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Ellis, B. T., Jr., 610 Springfield Ave., Summit, N. J. 
Fund, S. It., 9224 Longbranch Pkwy., Silver Spring, 

Md. 
Gould. R. V., 56 Goodrich St., Hempstead, L. I., 

N. Y. 
Jackson, J. E., RCA Victor Company, Ltd., 1001 

Lenoir St., Montreal 30, Que., Canada 
Jackson, T. H., Jr., 4233 W. 61 St., Los Angeles, 

Calif. 
Kline, M. B., 267 Santiago Ave., Rutherford, N. J. 
Lafferty, J. M., General Electric Research Labora-

tory, Schenectady, N. Y. 
Lappin, L. S., 4227 Terrace Ave., Merchantville, 

N. J. 
Medd, J. S., Box 342, Chrsitian Ave., Stony Brook, 

N. Y. 
Nelson, J. E., Tube Division, General Electric Com-

pany, Schenectady 5, N. Y. 
Page, C. H., 11312 Old Bladensburg Rd., Silver 

Spring, Md. 
Paschon, H. E., 726 W. Maple Ave., Merchantville, 

N. J. 
Pierson, C. D., Jr., 1338 N. Laramie Ave., Chicago, 

Potter, E. H., 213 Morgan Ave., Collingswood. 
N. J. 

Pratt, J. H., RCA Victor Company, Ltd., 1001 Le-
noir St., Montreal. Que., Canada 

Randall. D. P., Box 28, University Station, Syracuse 
10, N. Y. 

Smith, S. It., 202 E. 52 St., Savannah, Ga. 
Stearns, H. M., 319 Northern Pkwy., E. Hempstead, 

L. I., N. Y. 
Stevens, C. A., 71 Wyman St., West Medford SS, 

Mass. 
Stone, F. B., 330 Beechwood Ave., Haddonfield, 

N. J. 
Terrell, J. A., 320 Belmont Ave., Haddonfield. N. J. 
Turner, C. G., 106 W. 14 St., Kansas City 6, Mo. 
Washburn, E. M., 6748 Rogers Ave., Merchantville, 

N. J. 
Webber, F. G., 9 Federal Ct., Springfield 5, Mass, 
Wiesner, J. B., 25 Bellevue Rd., Belmont, Mass. 
Wilner, J. T., 74 Dayton St., Elizabeth 2, N. J. 
Yanagisawa. S. T., Machlett Laboratories, Inc., 

Springdale, Conn. 
Young. K. A., 43 Dwhinda Rd., Waban 68, Mass. 

Admission to Senior Member 

Blauvelt, R. C., 510 Elmwood Rd., Bay Village, 
Ohio 

Cooper, W. H.. Box 9, R.F.D. 1, Long Branch, 
N. J. 

D'Albora, J. B., Jr., 84 Maple Ave., Morristown, 
N. J. 

Duke. V. J., 32 Fountain Ave., Rockville Centre, 
N. Y. 

Glentzer, K. V., 208 W. Washington St., Chicago. 

Perkins, J. It., E. I. du Pont de Nemours, 626 
Schuyler Ave., Arlington, N. J. 

Philpott. L. R., Finch Telecommunications, Inc., 
Fourth and Virginia Sts., Passaic, N. J. 

Rackey, C. A., ISO Chittenden Ave., Crestwood, 
N. Y. 

Steward, W. B., Box 2175, Houston 1, Tex. 

Transfer to Member Grade 

Austin, R. W., 1262 Lowell Rd., Schenectady 8, 
N. Y. 

Bawden, H. G., Chatham Courts, Apt. 45. Chatham, 
N. J. 

Blanchard, H. P., Electrical Engineering Depart-
ment. Stanford University, Calif. 

Buff, C., R.F.D. 2, Babylon, N. Y. 
Desikachar, P. It., 85 Livingstone St., Brooklyn 2, 

N. Y. 
Fitzallen, J. H., 68 Brentcliffe Rd., Toronto, Lea-

side. Ont., Canada 

(Continued on page 46A) 
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POWER 
EQUIPMENT 'ammailicataws" 

RADAR-AIRCRAFT 
AMATEUR-INDUSTRIAL 

MICROWAVE 
SPECIALS 

CU I4/APS-15A Al-
titude  Computer. 
Controls:  sweep 
phasing, range al-
titude.  Compiles 
slantrange- ground 
range against alti-
tude   $15.50 

"X" BAND AN/APS-15A: Complete RF head & 
modulator.  including:  725-A  magnetron  & 
magnet, 2-723/All klystrons. local oscillator & 
beacon. 11424 TR. receiver amplifier, duplexer 
unit. HV Pwr, supply, blower, pulse transformer. 
Pk. Pwr. out 45 K W (approx.) Input: 115 v, 400 
cy, 3 amps. Modulation pulse duration .5 to 
2 microsec. approx. 13 KV Pit pulse. Complete 
with all tubes. including 71513, 82911, ILKII 73. 
and 2-'72's. Complete Package. new -.1210.00 

"X" BAND APS-15B RF HEAD. Complete. In-
cluding 725-A magnetron and magnet. 2-723/AR 
klystrons  (local oscillator and beacon).  15124 
TR, receiver amplifier, duplexer unit, WV Pwr. 
Supply. blower, pulse transformer.  Pit. PWR 
out . 45 K W (approx.). Input: 115 v, 400 cy, 
3 amps Complete package. new  $150.00 

BC 70I-A Radar Receiver, Part of SCR 521 and 
ASE mot. 176 mc operation, receives bi-lobed 
search  and  homing  patterns.  Complete  with 
tubes and antenna switching motor.  $37.00 

BC 704.A Scope, Part of SCR 521 and ASE equip-
ment. "L" scope with linear range sweep up-
ward from bottom. Suitable for search, hom-
ing, on beacon or target. Willi all tubes, includ-
ing 5111'1.   $17.50 

Yam Antenna Switching Motor for ASE and SCR 
521 sets. Operates on 24 v.d.c. at 1800 RPM. 
DPDT.   $2.00 

Sra Radar Traneelver Console. Freq. range: 450 
to .50 me. Monitor scope, monitor receiver. 115 
vac power supply  $600.00 

10 CM PLUMBING 
Pounder Mixer Cavity. 10 CM  $4.50 
721-A TR cavity with tube. Complete with tuning 
plungers.   $5.50 

Line Stretcher complete with remote control cable 
in standard amide with square flanges  $50.00 

Wavegulde section. MC 445A, it, angle bend. 514 
ft. OA, 8" slotted section.  $25.00 

RIGID COAXIAL LINE 
%", %" IC Slotted section. 10" long  $5.50 
Flexible section. 34". %" IC connectors 15" L. 
Male to female. Pressurized  $3.25 

%".  14"  IC.  TYPE 4 W  flexible section CO 
54/U.   $4.75 

%" Quarter wave tuning stub, 8" stubs.  $4.50 
%" slotted section, 10" L.  $3.75 
Type "N" Dual Female output section, for flex 
coax line  $2.75 

3CM. PLUMBING 
214" Flexible section, cover to cover  $4.00 
Short Arm "I" section, with additional choke out-
put on vertical section.  $4.00 

Cutler feed dipole for use with parabola, 12%" 
L.   $5.50 

00 Deg. twists. 5" L. choke to cover, with press. 
nipple  $5.00 

2K251723A13 X band local oscillator mount with: 
choke coupling to beacon reference cavity; choke 
coupling to Tit and receiver; Iris coupling with 
AFC  attenuator  to  antenna waveguide  RUN 
Radar  AFC  crystal  mount;  Receiver  crystal 
mount;  Attenuating  slugs.  Mfg.  De:11,0.par 
Budd   $22.50 

TR/ATR Duplexer section for above.  $4.00 

TEST EQUIPMENT 
3 cm. Wavemeter. Micrometer head mounted on 
X-Band guide.  Freq.  range approx.  7900 to 
10,100 hfc.  $75.00 

Direct reading vswn meter. Complete with am-
plifier, tmlometer input-AC crystal connections 
 $45.00 

MISCELLANEOUS 
Magnet ring, made of Alnico V. 314" ed. 214" 
Id, X 1-%" thick. Wt. 2% Lbs  52.00 

Leather viewing hoods for 5', Oscilloscope .41.85 

CONNECTORS 
170 254/17   75 
530 255/U, Adapts CO 254/U to Amphenol low loss 
series  $  85 

COAX CABLE 
RG 18/1I. Armored, 52 ohm imp. Per ft.  51 
140 24/U. Twin Coax, 125 ohm imp. Armored. 
Per ft.  551 

510 2.11/17, 48 ohm imp. Per ft.  51 

KLYSTRON TUBES 
2K25-723/AB ... $7.75  7n7 I 

CATHODE 
RAY TUBES 

1201'7  -.510.95 
3EPPI 
3Dpl.   52.55 
3011.   13.55 

 $20.00 

MICROWAVE ANTENNA 
EQUIPMENT 

AN/MPG-I  ANTENNA.  Rotary feed type high 
speed scanner antenna assembly, including horn. 
Parabolic reflector, as Illustrated. Less internal 
mechanisms.  10  deg,  sector  scan.  Approx. 
12'L x 4' W x 3'H. Unused  $250.00 

DBM  ANTENNA. Dual, baek-to-back parabolas 
with dipoles. Freq. coverage 1,000-4500 me No 
drive mechanism  $65.00 

AS 69/APT, Transmitter Jamming antenna, con-
sists of 4 radiators.  polarized for hor,  and 
cert. radiation. Type "N' input  $18.50 

DYNAMOTORS 

PE 73 CM (0.E.) Power supply for BC 375 In-
put: 29 VDC Output: 1000 VDC ® 350 Ma. 
New   $4.95 

BD 77KM l'ower Supply for BC 191 with spare 
fuse links, etc. Input 14 v.d.c. Output 1000 v 
350 ma. New  $9.95 

Used excellent condition  $5.95 
PE 101-C input 13/26 VDC a 12.6/6.3 A Out-
put 400 VDC ® 135 Ma., 800 VDC ® 20 Ma. 
VAC a 1.12 A. new  $3.49 

PE 86 N. Imput: 28 VDC, Output: 250 VDU a 
60 ma.  $1.95 

DAG 33A Input: 18 VDC ® 3.2 A. Output: 450 
VDC  60 Ms.   $2.45 

DM 33: Input 28 VDC ® 7 a. Output: 540 VDC 
® 250 Ma. l'ower supply for SCR 274 modu-
lator   $3.95 

DM 23350: Input 27VDC ® 1.75 A. Output: 285 
VDC  75 Ma.   $3.50 

DM 21: Input: 14 VDC. Output 235 VDC 0 90 
Ma. Power supply for 13C 312  $2.49 

PB 55. Input: 12 vdo 410 25 amp. Output 500 
vdc 90 400 ma. (alightlY used)  $4.95 

MP  10 0 Power supply.  using 2 dynamotors. 
Input: 24-28 ode. Output: 1000 vdc 00 400 ins, 
230 vdc  100 ma. New complete with relays. 
filters. etc. BENDIX  $40.00 

B-19 power pack (dynamotor). Input: 12 vde 00 
9.4 amp. Output: 275 vdc (4 110 ma. 500 vdc. 
a 50 ma. New, complete in metal case with 2 
Plugs, filters etc.  $6.95 

DM 28-11  Input: 28 v.d.c.  a  1.25 amp. Out-
put: 270 v.d.c. 4) 70 ma. New, with enclosed 
terminal box.  $3.25 

ZA/USA .0515. Input: 12/24 v.d.c. 4/2 amp Out-
put: 500 v.d.c. ® 50 ma. Compact square shape. 
size: 71/2 "x414" x3"   $3.95 

ZA/USA .0516, Input: 12/24 v.d.c. @ 8/, amp. 
Output: 275 v.d.c. 00 110 ma.. 12 vd.e.  3 
amp. Compact square, size 71/2 ":414"x3" $4.25 

DM-25:  In 12VDC 2.3A Out 250DVC 50 ma. 
$2.49 

DM-42: In 14VDC. Out 515/1030 VDC 215/260 
ma. and 2/8VDC  $3.95 

BD-AR 93. Input: 28vdc ® 3.25 amp. Output: 
375 vdo ® 150 ma. Pioneer, New  $4.95 

INVERTERS 
PE 206-A. Input: 28 v.d.c. (e) 38 Amp, Output: 
80 volts a 500 volt-amp, 800 cy. Leland Elec-
tric, New. complete with instruction book, relays. 
Oilers. etc.   $12.50 
pit: 215 -Input: 25-28 v.d.c.  02 amp. Output: 
115 volts, 1500 volt-amps. 380/500 cy. Leland 
Electric. Used, good condition  $20.00 

RELAYS 
BO 8E135.  DPDT.  18-28 vdc.  contacts  10 
amps @ 115 vao  $1.25 

7220-24, Contactor. SPST, 24-28 vdc. con-
tacts 400 amps  $1.20 

1077I3F,  Antenna  changeover.  DPDT,  28 
vdc.   $1.15 

TELEPHONE RELAYS 
OR 206, DPST. 500 oh ms, 24 vde (Normally 
open)   $1.05 

SC 5853 A. SPST w/spdt section, 24 vdc  
1000 ohms  $1.10 

Korman latching relay 7X-1400. 110 vac, 60 
cy.   $1.45 

PULSE 
EQUIPMENT 

APQ-I3 Pulse modu-
lator. Pulse width, 
.5 to 1.1 micro see, 
repetition rate 624 
to  1348  PI'S.  pk 
pwr.  out 35 K W. 
Energy 0.018 
Joules.  _____ 549.00 

Pulse transformer for 
725-A  magnetron. 
 $12.65 

715-B with socket  $8.50 
Pulse Xfmr. KS 9948, Imp ratio 700 to 50 ohms, 
18 KVDC. unpotted. uneased,  $6.50 

Line Insertion attenuator, type OAK-i.  20 Db. 
attenuation,  with  3-contact  plug  and  socket 
(Amphenol 165-5)  $2.25 

Delay Line. 5.0 micro sec max, 500 ohms im-
pedance. 12 taps.  $4.00 

Triliedral Radar Reflector. MK 1.  $4.00 
Lighthouse  Cavity  for  GL  446.  Cavity  dim: 
3- %" X 214" diem.  $5.50 

PO WER EOUIPMENT 

STEP  DO WN  TRANSFORMER: American Pt-I: 
440/220/110 volts a.e. 00 cycles. 3 KVA. Sec. 115 

1470.0 v9 
v. 2500 volt insulation, size: 12"  x 12"  x 
7"   

PLATE TRANSFORMER. Amertran Pri: 1$ 
144 ma. with choke. Oil Immersed, Size 26" x 

29" x 13"  $65.00 
PLATE TRANSFORMER. American Pri: 220 v. 
60 ey, 3 phase. 30 KVA, Sec: 6150. 5620, 5050, 
4500 volts. 011 filled, 89 gal., with thermostat. 
Size: 51" x 32" x 23". Wt. APX 1500 lbs. 
  $250.00 

Plate Transformer: Prl: 115/230 v.a.c, 50-60 cy. 
sec: 21.000 v. 100 ma.   

Plate Transformer: PH: 115 var., 400 (7. See: : 
9800 or 8000 v. ®  ma. de.   

VOLTAGE REGULATORS 
LINE VOLTAGE SEC 2 K W Saturable reactor 
type Pri 95-130 v 60 cy Sec 115 v 60 cy. 11176.04.4 
K W 100%, P.F. Raytheon   .00 

LINE VOLTAGE REG Prt 92-130v 57/63 cy. 1ph 
15 A Sec 115, 7.15A, 82 06% Pr. Raytheon 
 $3 o 

Self-Contained Unit in Grey Cabinet. 

OIL CONDENSERS 
.25 mf ® 20000 VDC Aerovox  517.50 
1.5 mf 00 6000 VOC Aerosol  $12.50 
.1 mid ® 10.000 KVDC, GEPYR 51 0'191 515.00 
.0016 mfd  15 KVDC. GEPRY 526F700  48.45 
.015 mfd (4 16 KVDC. GEPYR 525F835   
.005-.005-.01 mfd ® 10 KVDC, GEPYR 6261735440 
 $6.95 

,06 mfd ® 15 KVDC. GEPYR 25F585-02 ..•  $8.70 
2X.1 mfd 00 7,000 vdc.MOEAPYR 25F774  $3.95 

IC   

.08 mf ® 1500 VDC. Sprague MX60  $11.50 

.03tuf ® 2000 VDC, CD 551A-50  $12.75 .045 mf ® 2000 VDC. Sangamo. 01   

$8$2215$2.:007500 
00015 mf  20KV Aerovox 1970-404   
.0001 mf fia 20 KV, Sangamo 03   

CERAMICON CAPACITORS 
(Erle, Centralab) $7.50 per 100 

3 mint  ±3):  67 mmf  +20 
5 lillut  +5% 100 mmf  ±5 
4 mnif  -1-.5 nunf  115 mmf  -1-2 
8.5 mmf  '4- 5 writ  120 mmf 
11 mmf  +5%  240 ninif 
15 mmf  +2.5 mmf  200 mmf 
48 mmf  +2% 500 mmf ....+15-307 
50 mmf  -1-20%  1000 mmf  ±5i 
60 mint  +3% 

SILVER-MICA BUTTON CAPACITORS 
(Erie. Centralab) $9.50 per 100 

185 mmf  +2.5mmf 
175 mmf  +2.5nunf 
500 nun(  +10% 

-4-5° 
+3. 

PRECISION COMPONENTS 
Precision condenser: W.E. :1)-166602. 16 mfd (18 
400 vdc. temp comp-50 to 85 deg C.  $7.50 

Precision condenser: W.E. 1)-161270, 1 mid a 200 
vdc, temp comp -40 to plus 65 deg. C.  $5.00 

Precision Resistor: W.E. D-171221. matched pair. 
6.330 meg.  $2.50 

400-2400 CYCLE TRANSFORMERS 
513345T-3. Fit Xfmr: Pe: 115 v, 400 cy. See: 
1150-0-1150 v, 40 ma. GE 680631  $1.75 

$12033. Plate Xfmr: Pri: 115 v, 800 cy. Sec: 4540 
vet.  250 ma. 

512139, Fit. Xfmr: Pit: 115 is 800-2400  see$440 
8 

v. 3 amp. 6.3 is 2 amp.  $1.75 
KS 9445, User. Xfnir. PH: 115 v. 400-2400 cy See. 
592 vet. 120 ma; 6.3 v. 8 amp: 5 v. 2 amp $3.50 

Plate Xfmr: Psi: 115 v. 400-2400 cy, Sec: 4500 
V. 6 ma.   $6.50 

57143, Psi: 115 v. 400 cy. Sec: 6.3 is 7 amp, 13$.3y0. 
8 8 amp, 6.3 is 1.3 amp.   $2 

Plate Xfmr. l'ri: 115 v. 400 ey .012 KVA. SF,(': 
600 vet, .036 amp GE 7003001.  $1.15 

FU.  Xfmr,  Psi: 

All merchandise guaranteed. Mail orders promptly filled. All prices, P.O B., New York City. 
Send Money Order or Check. Shipping charges sent C.O.D. 

CO M MUNICATIONS EQUIP MENT CO.  1 
13I-R Liberty St., New York City 7, N.Y.  (Mr. Rosen)  Digby 9-4124 

115 v. 400 cy. 
Sec: 6.3 v, 9 
amps; 6.3 vet. 
.65  amp;  2.5 
V. 3.5 amp: 2 
V.  3.5  amp. 
 $3.25 
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Product of CRONAME, INC. 
Chicago, HI. 

HO W TO GET 

"DUAL CONTROL" FROM ONE KNOB 
The illustrations above show the ingenious 

way in which this was done on an automobile 
radio with S.S. White flexible shafts. 

Note the method used to connect the coupl-
ing shaft to the worm gearing on the remote 
control shaft. It passes through the worm 
wheel hub and is clamped by a split collet on 
the end of the hub as shown in the sketch. This 
permits a nice adjustment of the coupling shaft 
length to give smooth, free operation. 

You may find this idea useful in your design 
work. If you want to know more about it—and 
about many other design-simplifying uses of 
flexible shafts— 

SEND FOR THE FLEXIBLE SHAFT HANDBOOK 

This 260-page book gives facts and full en-
gineering data about flexible shafts and 
how to select and apply them. A copy sent 
free, if you write for it on your business let-
terhead and mention your position. 

IS.WHITEINDUSTRIAL 
THE S. S. WHITE DENTAL MFG. CO. DIVISION 

DEPT. G IS SASS 40th ST.. NEW TOUR IC N. T. 
m i ni  • M I MI 148•1111001111  • gulitee, ft ACCISSOltelle 

Sauk% CI MINO an* lierlfirliall 50011  •  IO WA\ POSIMpul 
NO M& leleR0111  • M alt 11111018 M1 • COMIIIIACI PIA.1101 

ace oi Arreelle4;s AilA4 T•tdosalleal Eatatfrs‘dat 

(Continued from page 44A) 

Gerry, M. E., 40-16 -12 St.. Long Island City. 
L. I., N. Y. 

Hannon, S. Raytheon Manufacturing Company. 
Westham 54. Mass. 

Helt. S., 53 W. 72 St.. New York, N. Y. 

Lomas, E. G., 2007 Northcliffe Ave., Montreal, 
Que., Canada 

McClenon, D., Radio Techniques Section. Bldg. 46. 
Naval Research Laboratory. Washington 
20, D. C. 

Michael, 1-1.. 3310 Campbell Dr., New York 61, 
N. Y. 

Matthews. L. M., Electrical Engineering Depart-
ment, University of Cincinnati, Cincinnati 
21, Ohio 

Miller. T.. 2313 Tilbury St.. Pittsburgh 17, Pa. 

Nadeau, A. G., 11 St. Benoit St.. Quebec, Que., 
Canada 

Premack. J., 3270 Webster Ave., Minneapolis 16, 
Minn. 

Rao, G. V., Controller's Office of Radio Const., Wil-

lingdon Aerodrome, New Delhi. India 
Sarasohn, H. M.. General Headquarters, Supreme 

Commander for the Allied Powers. Civil 
Communication Section, APO 500, c/o 
Postmaster, San Francisco. Calif. 

Schmidt, J. C., 8118 S. New Hampshire Ave., Los 
Angeles 44, Calif. 

Schrader, W. A., c/o American Overseas Airlines, 

LaGuardia Field, Jackson Heights, L. I., 
N. Y. 

Shaw, G. S., 528 \V. University Ave., Gainesville, 
Fla. 

Soler, J., Caribbean Broadcasting Corporation, 

WCMN, Box 755, Arecibo, P. R. 
Travis, E. F., 147 Sacandaga Rd., Scotia, N. Y. 

Woodcock, A. J., Box 41, Los Angeles 42. Calif. 
Wyland. G. P.. 1728 N. Mariposa Ave.. Hollywood 

27, Calif. 

Admission to Member Grade 
Burton, G. D., 2700 Arundel Rd., Apt. 4, Mt. 

Rainer, Md. 

Bruce, D. C., 101 Gunterstone Rd., London W. 14, 
England 

Conrad, T. E., Jr., 30 Hedden Pl., East Orange, 
N. J. 

DeLiban, R., 744 Creston Rd., Berkeley 8, Calif. 
Donelson, C. H., 219 Westerly Pkwy., State College, 

Pa. 

Duncan-Smith, E., 72 Lonsdale Ave.. Cosham, 
Portsmouth, Hants., England 

Fine, R. S., Advanced Development Section, RCA 
Victor Division, Bldg. 5, Rm. 304, Cam-
den, N. J. 

Gardiner. C. E.. 39-20 -220 St., Bayside, L. I., 
N. Y. 

Gilliland. VV. D., 1448 -29 Ave., Oakland I, Calif. 
Glass, A. H.. 3403 Highland Ave., Kansas City. 

Mo. 
Glaze. G. 0.. 4308 Halley Ter., S.E., Washington 20. 

D. C. 
Hansen, W. 0., 1333 Paul Ave.. Schenectady 6. 

N. Y. 

Harriss, J. B., 8154 Barkley Dr., Houston 17, Tex. 
Jones, C. E., 206 W. Cortland St., Box 98, Croton, 

N. Y. 
Jones. J. W., 6 Peter Cooper Rd., New York, N. Y. 

Kamen, I., 200 Bennett Ave.. New York 33, N. Y. 
Larks, S. D., Signal Section, Headquarters Eighth 

Army, APO 343, c/o Postmaster. San 
Francisco, Calif. 

Michaels, A. C., 197 Christian St., Lowell, Mass. 
Moskow, H. J., 6305 N. Richmond Sc., Chicago 10, 

Nemec, I. V., 186 Podebradska, Praha IX-Vyso-
cany, Czechoslovakia 

Rattray, A. I., 3638 N. Fremont St., Chicago 13, 
Sarma, P. H. N. B., Radio Superintendent, Arthur 

Hope Polytechnic, Coimbatore, S. India 

- (Continued on page 48A) 
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Here's the Helipot Principle that is Revolutionizing 
Potentiometer Control in Today's Electronic Circuits 

CONVENTIONAL POTENTIOMETERS have a coil diameter 
of approximately l'h" and provide only 4" (about 300°) 
of potentiometer slide wire control. 

Cutaway view of the Helipot 

* HILIPOTS ARE AVAILABLE IN 3 STANDARD SIZES: 

TYPE A-5 worts, incorporatmg 10 helical turns and a slide wire length of 46 
inches, case diameter 1 Y4 ", is available with resistance values from 25 ohms 
to 30,000 ohms. 
TYPE 15-10 watts, with 15 helical turns and 1.10" slide wire, case diameter 
3 1/4 ", is available with resistance values from 100 ohms to 100,000 ohms. 

TYPE C-2 watts, with 3 helical turns and 131/2 " slide wire, case diameter 
PA", available in resistances from 5 ohms to 10,000 ohms. 

The Type B is also available in special sizes of 25 and 40 helical turns, with 
resistances ranging from 500 ohms to 300,000 ohms, and containing 'TWO 
than 100,000 change-of-resistance steps. 

*Data above is for the standard Type A unit. 

THE BECKMAN HELIPOT has the same coil diameter, yet 
gives up to 46" (3600°)* of potentiometer slide wire con-
trol—nearly TWELVE times as much! 

Some of the multiple Helipot advantages 

EXTENSIVELY used on precision electronic equipment 
during the war, the IIelipot is now being widely adopted 

by manufacturers of quality electronic equipment to increase the 
accuracy, convenience and utility of their instruments. The Helipot 
permits much finer adjustment of circuits and greater accuracy in 
resistance control. It permits simplifying controls and eliminating 
extra knobs. Its low-torque characteristics (only one inch-ounce 
starting torque*, running torque even less) make the Helipot ideal 
for power-driven operations, Servo mechanisms, etc. 

And one of the most important Helipot advantages is its 
unusually accurate linearity. The Helipot tolerance for deviations 
front true linearity is normally held to within + 0.5%, while pre-
cision units are available with tolerances held to 0.1%, .05%, and 
even less—an accuracy heretofore obtainable only in costly and 
delicate laboratory apparatus. 

The Helipot is available in a wide range of types and resis-
tances to meet the requirements of many applications, and its 
versatile design permits ready adaptation of a variety of special 
features, as may be called for in meeting new problems of resis-
tance control. Let us study your potentiometer-rheostat problem 
and make recommendations on the application of Helipot advan-
tages to your equipment. No obligation of course. Write today. 

Send for the Ne w Helipot Booklet! 

THE Helipot CORPORATION, 1011 MISSION STREET, SOUTH PASADENA 6, CALIFORNIA 
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This is the NE W Astatic 

MAGNETO 
INDUCTION 
PICKUP 

they're talking about... 

. . . And small wonder, indeed, that 

such a radical departure from established engineering prece-

dent is causing universal comment in the field. The Astatic 

Magneto-Induction Pickup Cartridge, contrary to operating prin-

ciples of previous magnetic type units, eliminates the need for 

"air gaps." Revolutionary? Yes, in construction and equally 

so in terms of performance. Absence of delicately spaced air 
gaps means no more trouble or diminishing quality of reproduc-

tion due to lint and dust collection. No more need for delicate 

handling. No more costly, troublesome armature balancing 

problems. Free of such limitations, the Magneto-Induction car-

tridge provides peak, unchanging fidelity of reproduction, under 

consistent service or adverse climatic conditions. It is another 

major contribution to greater listening pleasure by Astatic. 

Write for Complete Technical Data, Prices. 

TWO MODELS NOW AVAILABLE 
MODEL MI-1,  MODEL MI-2, 

Standard Housing  Mumetal Housing' 

'Provides increased shielding effect 
for maximum reduction of hum. 

Two Equalizer-Amplifier Models Available 

Model EA-I, compact unit designed 
for radio sets and audio amplifiers 

having insufficient gain for operation 

of Astatic Magneto-Induction Pickup 
Cartridges. Provides "bass-boost." 

Model EA-2 Equalizer-Amplifier, self. 

powered, provides adjustable "bass-
boost" with adjustable treble "roll-

off" and selection of "turnover fre-
quency." 

Manufactured under Massa Laboratories License 

THE 4 1 2n rite ?  

A S j  CORPORATION 
CO N NE A U T.  O N 10 

lama N CANADA CANADIAN ASIATIC LTD. meow° omr.wvo 

(Continued from page 46A) 

Sorg, H. E., 2015 Edgewood Rd., Redwood City, 
Calif. 

Thompson, J. R., 115 W. McMicken Ave., Cincin-
nati, Ohio 

Watts, J. M., 5304-41 Street, N. W., Washington, 
D. C. 

Wesley, F. D., Prairie View, Tex. 
Weyer, L. R., Department of Electrical Engineer-

ing, University of South Corolina, Colum-
bia, S. C. 

The following admissions to Associate 
were approved on May 4, 1948, to be ef-
fective as of June 1, 1948: 

Anderson, E. M., 1773 Lafond Ave., St. Paul 4. 
Minn. 

Arnesen, R. F., 62 Clark St., Brooklyn 2. N. Y. 
Ball, M. T., 74 Niagara St., Buffalo 2, N. Y. 
Becker, J. G., R.F.D. 3, Kitchener, Ont., Canada 
Bern, G. M., 1352 Sheridan St., N M., Washing-

ton, D. C. 
Bertola, J., Brown Boveri, Cia Sudamericana de 

Electricidad. San Martin 379, Buenos 
Aires, Argentina 

Biascoechea, E., Box 114, 236 Carretera, Stop 331. 
Hato Rey. Rio Piedras, P. R. 

Blocker, C., 44-19 Ketcham St., Elmhurst, L. I., 
N. Y. 

Boduch, T. S., 11 Tilson Rd., Toronto 12, Ont., 
Canada 

Boffo, A. P., 3313 W. Walnut St., Chicago, Ill. 
Boyle, B. H.. 6019 Primrose Ave., Indianapolis. 

Ind. 
Breitzer, D. I., 186 Tompkins Ave., Brooklyn 6, 

N. Y. 
Brinn, J. M., 8035 Stalielin Ave., Detroit 28, Mich. 
Bryan, C. R., Jr.. 542 Cedarhurst Ave., Dayton 7, 

Ohio 
Callahan, J. J., 144 School St., Somerville 43, Mass. 
Capri, M. F., 5 King Ave., Albany 5, N. Y. 
Crowley, D. J., Jr., 28 Bayard St., Allston 34, Mass. 
Davis, J. S., Jr., 418 Forest View Rd., Linthicum, 

Md. 
Dinning, J. R., 2371 Overland, Los Angeles 25,Calif. 
Dusseau, A. E., Jr., 7413 Hawthorn Ave., Los Ange-

les 46, Calif. 
Eadie, D., Apt. 44B, 44 Oak Grove Dr., Baltimore, 

Md. 
Edwards, C. V., Demerara River, 330 Berbice Rd., 

McKenzie, British Guiana, S. A. 
Erickson, R. S., 483 W. Lynnhurst Ave., St. Paul 4, 

Minn. 
Fisher, A., 570 Lexington Ave., New York 22, N. Y. 
Flower, R. A., 192 Mamaroneck Rd., White Plains 

N. Y. 
Foulks, E. D., 239 W. Second, East Liverpool. Ohio 
Gillespie, J. B., 208 W. Water St., Sandusky, Ohio 
Graber, L. J., 158 Albertson Pl., Mineola, L. I., 

N. Y. 
Hammer, A. C., Buchanan Heights. Valparaiso. 

Ind. 
Haney, C. A., 5943 Race Ave., Chicago 44, III. 
Hansen, A. S., Countryside, Mundelein, Ill. 
Hartmann, E. E., 325 Leonard Ct., Danville, Ky, 
Hauser, D. J., Box 265. Cuba City, Wis. 
Helmer, P. M., R.F.D. 1, Box 71A, Osborn, Ohio 
Hoffman, B. L.. General Delivery, Lambertville, 

N.J. 
Holmes, D. D., 1984 Harwood St., Lincoln 2, Neb. 
Houlihan, R. P., Main St., East Brookfield, Mass. 
Howe, J. H., General Delivery, Roanoke, Ind. 
Javorsky, J. J., 4601 Springfield Rd., Dayton 3, 

Ohio 
Johnston, C. J., 909 High St., Des Moines 9, Iowa 
Jones W. G.. 122 Adams Court Apts., Vidalia, Ga. 
Joseph D., 1042 North Fifth St., Reading, Pa. 
Kahn, B., 342 W. 18 St., New York 11, N. Y. 
Kassel, P., 1571 Sheridan Ave., New York, N. Y. 
Kimes, R. W., 6709A Newell St., Huntington Park, 

Calif. 

(Continued on page 56A) 
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Department store demonstrations show how television makes shopping easier—saves time! 

Shopping by Television —a co ming convenience 

You know television as an excit-
ing source of news and entertain-
ment. But what about its many 
other uses? 
250,000 people—at a demonstra-

tion arranged by RCA Victor— 
learned the advantages of a "Shop-
by-Television" program. Television 
receivers, conveniently located 
throughout a big store, showed cus-
tomers what was going on in other 
departments ... saved time ... made 
shopping simpler. 

88% of these customers said television 
was a major help ... 62% said the pro-
gram had drawn them to the store . . . 
more than half intended to visit depart-
ments where televised merchandise 
was sold. Sales of many televised items 
jumped 200% above normal! 
Beyond its value within a store, 

"Shop-by-Television" is already 
reaching across the air waves to 
enter customers' homes. How con-
venient it will be to see merchan-
dise on the screen of your RCA 
Victor television receiver, and then 

be able to do much of your shopping 
by telephone! 
Such types of progressive research 

lead to new uses for radio-electronic 
products and services, and to the qual-
ity you associate with the names RCA, 
and RCA Victor. 

When in Radio City, New York, be sure to 
see the radio, television and electronic won-
ders at RCA Exhibition Hall, 36 West 49th 
Street. Free admission. Radio Corporation 
of America, RCA Building, Radio City, 
N.Y. 20. 

RA DIO CORPORATIO N of A MERICA 
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Vaated 
* PHYSICISTS 

* RADAR ENGINEERS 

* SYSTE MS ENGINEERS 

* ELECTRONIC ENGINEERS 

To enable us to carry out our long-term engineering 
program on missiles, radar, communications, etc., 
we must add a considerable number of qualified 
graduate engineers with electronic, research design 
and/or development experience to our staff. Please 
furnish complete resume of education, experience 
and salary expected to: Personnel Manager 

BENDIX RADIO DIVISION 
Bendix Aviation Corporation 

Baltimore 4, Maryland 

gnveitiyate thu  O prattanity 

To join the staff of one of the largest research organizations in the country 
devoted exclusively to 

VACUUM TUBE RESEARCH 

Working conditions are ideal in these laboratories which are located in 
the New York Suburb of Orange, New Jersey. Your associates will include 
men of many years experience in vacuum tube research and development. 

This rapidly expanding organization is devoted to both commercial and 
military research. It is a division of one of the oldest vacuum tube manu-
facturers in America. Security and stability for the years to come are assured. 
You will have an opportunity to gain experience with the different kinds 
of vacuum tubes, receiving, power, cathode ray, sub-miniature, micro-wave, 
radial beam and various special types. 

If you can qualify as a 

PHYSICIST 
MATHEMATICIAN 
ELECTRICAL ENGINEER 
CIRCUIT TECHNICIAN 
VACUUM TUBE TECHNICIAN 

write at once to 

DIRECTOR OF RESEARCH 

RESEARCH DIVISION 

NATIONAL UNION RADIO CORPORATION 

350 Scotland Rd. 

Orange, New Jersey 

The following positions of interest to 
I.R.E. members have been reported as 
open. Apply in writing, addressing reply 
to company mentioned or to Box No. ... 

The Institute reserves the right to refuse any 
announcement without giving a reason for 
the refusal. 

PROCEEDINGS of the I.R.E. 
I East 79th St.. New York 21. N.Y. 

ENGINEER 

Engineer—Trans former  (power, audio 
and pulse). Thoroughly familiar with elec-
tronic circuits; production methods. Con-
tact customers for technical purposes. Lo-
cation about midway between New York 
and Chicago. Box 511. 

ELECTRICAL ENGINEERS 

Wanted electrical engineers with B.S. 
degree or equivalent experience for engi-
neering application and operational work 
with electronic equipment—company con-
ducting airborne geophysical surveys in-
volving extensive United States or for-
eign travel—bonus for flying and and 
overseas duty. Box 512. 

MICROWAVE ENGINEERS 

Engineers or physicists for research and 
development in microwave field. B.S. de-
gree essential, M.S. degree preferred. 
Positions open at both senior and junior 
levels. Salary commensurate with ability. 
Company has long term program and 
offers excellent working conditions in-
cluding opportunity for advanced study. 
Location Brooklyn, N.Y. Give complete 
information in reply. Box 513. 

ENGINEERS—PHYSICISTS 

The Aeronautical Research Center of 
the University of Michigan at Willow 
Run, Michigan, has several openings for 
engineers and physicists with experience 
in the fields of servo-mechanisms, elec-
tronics and instrumentation. Interested ap-
plicants should furnish complete outline 
of experience with letter of application. 
University of Michigan, Personnel Office, 
208 University Hall, Ann Arbor, Michi-
gan. 

BUYER 

Steel buyer with knowledge of western 
New York market for nationally known 
radio manufacturing company. Excellent 
salary. Permanent. Fine future. Apply 
Rawle Deland, 1440 Broadway, New 
York 18, N.Y. 

RESEARCH SCIENTISTS 

Scientific research and development 
positions at the Naval Research Labora-
tory Washington, D.C. are open in the 
fields of physics, mathematics, engineering 
(including electronics, radio, electrical, 
mechanical, chemistry, metallurgy, etc.). 
A B.S. degree in the appropriate field 
from an accredited college or university 
is essential. Advanced academic standing 
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and pertinent research experience is de-
sirable. Both permanent and summer re-
search and development positions are 
open. Qualified scientists are invited to 
communicate with Employment Officer, 
Code 151 (I), Naval Research Labora-
tory, Washington 20, D.C. 

TECHNICAL RADIO ENGINEER 

Radio engineer, capable of adjusting (or 
learning) complex directional antennas, 
for position with Washington consultant. 
State detailed qualifications, education and 
salary requirements. Box 514. 

ELECTROLYTIC CAPACITOR ENGINEER 

Exceptional opportunity for right man 
who can qualify for development engi-
neering post with leading manufacturer. 
Please send complete particulars in first 
letter. Our men know of this advertise-
ment. Reply Box 515. 

TELEVISION ENGINEER 

Chief engineer of television broadcast 
station located in midwest city. Please 
state fully experience and qualifications. 
Box 516. 

RADIO RECEIVER ENGINEERS 

Radio receiver engineers. Various types 
of qualifications. Please state experience 
and salary requirements in first letter. Box 
517. 

ENGINEERS 

Allen B. DuMont Laboratories, Inc. 
have several openings in their Clifton 
plant for intermediate and senior engi-
neers. Must have B.S. degree in physics 
or electrical engineering and experience in 
V.H.F., television deflection or general 
circuit  development.  Apply  personnel 
Dept., 1000 Main Ave., Clifton, New 
Jersey. 9:00 A.M. to 3:00 P.M. 

ELECTRONIC DESIGN ENGINEER 
PRODUCTION ENGINEER 

(1) ELECTRONIC DESIGN ENGI-
NEER—Boston firm developing electronic 
instruments for radioactivity detection and 
measurement. Offers excellent opportunity 
for high calibre design engineer. Write 
full details. 
(2) PRODUCTION  ENGINEER— 

Boston firm manufacturing electronic ra-
dioactivity instruments has opening for 
qualified man experienced in engineering 
production models from prototype designs. 
Position also entails responsibility for 
component and production quality control. 
Write full details. Box 518. 

COMMUNICATIONS ENGINEERS 

Communications engineers to staff a 
new division in California civil service 
will be selected by examinations on July 
8, 1948. Engineers at senior level are paid 
monthly salary ranging from $458-$556. 
Associate level salary range $393-$481. 
College graduates with a major in engi-

(Continued on Page 52A) 

COMPUTER 
ENGINEER 

• 

Nationally known organization 

seeks experienced engineer to 
assist in construction and op-
eration of large scale elec-
tronic digital computers. This 
is a permanent position with 
operating company. To con-

serve your time and ours, let-
ter should include complete 
summary of personal and pro-
fessional data, including edu-
cation, management and busi-
ness background, religion, de-
pendents, salary requirements 
and references. This is an 
outstanding opportunity for 
qualified man. Address Box 
No. 720. 

THE INSTITUTE OF 
RADIO ENGINEERS 

1 East 79th St. 
New York 21, N.Y. 

SENIOR AUDIO 
ENGINEER 

Long established company 
located in metropolitan area 
of New York City has opening 
as head of one of the engi-
neering groups of the com-
pany. This company manu-
factures  audio  amplifiers, 
telephone equipment, trans-

ducers etc. 
Man desired will have op-

portunity made possible by 
transfer of former section 
head to work in another field. 
Must be graduate electrical 

engineer. Experienced in min-
iature  circuit  components, 
telephone  relays,  receivers, 

circuits etc., highly desirable. 
Knowledge of theory and pro-
duction practice essential, as 
well as ability to control cost 
and schedules. 

Box No. 525 

The Institute of 
Radio Engineers 

East 79th St. 
New York 21, N.Y. 

Engineers Electronic 
Senior and Junior, outstanding opportunity, small growing 
company. Forward complete resumes giving education, ex-

perience and salary requirements to 

Box 509 
The Institute of Radio Engineers 
1 East 79th St., New York 21, N.Y. 

RADIO and RADAR 

Development and Design Engineers 

Needed by 

HAZELTINE ELECTRONICS 
CORPORATION 

Please furnish complete resume of experience with salary ex-
pected to: Director of Engineering Personnel, Hazeltine Electronics 
Corporation, Little Neck, Long Island, New York. (All inquiries 

treated confidentially) 
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Ambient 
AIR TEMPERATURE PROBE 

Provides Greater Accuracy 

With Simpler Calculations 

At velocities above 300 MPH, the Gionnini 
Temperature Probe simplifies data reduc-

tion by measuring total air temperature. 
All the velocity energy is converted to 

temperature. No need to correct for 
partial adiabatic rise. Simplified calcu-

lations, less flight-time, and greater 

accuracy ore the major factors contrib-

uted by this Giannini instrument for 
flight-test purposes. 

Write Tor •noin•ering derails. 

• 

/  I 

REACTION POWER PLANTS • AUTOMATIC FLIGHT EQUIPMENT 

255 WEST COLORADO STREET • PASADENA I, CALIFORNIA 

" TV here 
Professional 
Radiomen 
Study" 

WANTED 
PHYSICISTS 
ENGINEERS 
Engineering  laboratory  of  precision 

instrument manufacturer has interest-

ing opportunities for graduate engi-

neers with research, design and/or 

development experience on radio com-

munications systems, electronic It me-

chanical aeronautical navigation instru-

ments  and  ultra-high  frequency  It 

microwave technique. 

WRITE FULL DETAILS 

TO 

EMPLOYMENT SECTION 

SPERRY 
GYROSCOPE 

COMPANY, INC. 

Marcus Ave. & Lakeville Rd. 
Lake Success, L.I. 

CAPITOL RADIO 
ENGINEERING INSTITUTE 

An Accredited Technical Institute 
16th and Park Rd., N. W. 
Washington 10, D. C. 

Advanced 
Home Study and Residence 
Courses in Practical Radio. 
Electronics and Television. 
Approved for Veteran Training. 

ELECTRONIC MAJOR 
• 

Offering recent graduate interested in electronic 
digital computers, permanent well-paying position. 
Submit letter detailing experience, personal data, 
education and salary. Address Box No. 719. 

• 

THE INSTITUTE OF RADIO ENGINEERS 
1 East 79th St., New York 21, N.Y. 

(Continued from page 51A) 

neering or physics and 3 years engineer-
ing experience in the fields of electrical 
communications are required for associate 
level. Seniors must have 5 years engineer-
ing experience, including 2 in design or 
operation of radio communication systems. 
Exams will be held throughout the U.S. 
Those who pass written test must appear 
for oral interview in Calif. Details of re-
quirements and application blanks may be 
secured from the State Personnel Board. 
1015 L St. Sacramento 14, Calif. 

TELEVISION INSTRUCTOR 

Television instructor wanted by a tele-
vision training institution of long stand-
ing in Hollywood; must be well versed in 
the principles and practice underlying 
television  transmitting  and  receiving. 
Minimum $3,200. State particulars, in-
cluding educational and experience back-
ground. Box 521. 

MATHEMATICIANS, ENGINEERS, 
PHYSICISTS 

Men to train in oil exploration for op-
eration of seismograph instruments, com-
puting seismic data, and seismic survey-
ing. Beginning salary—open depending 
upon background; excellent opportunity 
for advancement determined on ingenuity 
and ability. Nature of work requires sev-
eral changes of address each year; work 
indoors and out; general locations in oil 
producing states. To apply, write giving 
scholastic and employment background, 
age, nationality, marital status and in-
clude recent snapshot to National Geo-
physical Co., Inc., 8800 Lemmon Ave., 
Dallas 9, Texas. 

ELECTRONIC ENGINEERS 

Salaries $3021 to $4149 per annum. In 
charge of major field communication in-
stallation projects including electronic, 
radio, and teletype equipment system. 
Contact Civil Aeronautics Administration, 
385 Madison Ave., New York 7, N.Y. 

ELECTRONIC ENGINEER 

Salary $4902 per annum. Responsible 
for the type certification of radio and 
electronic equipment as well as for its 
installation in aircraft and for engineer-
ing approval of aircraft electrical sys-
tems. Contact Civil Aeronautics Admin-
istration, 385 Madison Ave., New York 
7, N.Y. 

PROFESSOR OF COMMUNICATION 
ENGINEERING 

Professor of communications engineer-
ing needed for fall 1948 by southeastern 
university. Will be in charge of gradu-
ate work and research activities. $6000.00 
for nine months with extra income for 
summer teaching. Must have Ph.D. or 
D.Sc. degree. Write Box 522. 

PROJECT ENGINEERING 

Electronic  engineer  with  practical 
background in television is required by 
small television manufacturer to act as 
project engineer on television distribution 
systems. Metropolitan New Jersey. Box 
523. 
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Positions Wanted 
By Armed Forces 

Veterans 

In order to give a reasonably equal op-
portunity to all applicants, and to avoid 
overcrowding of the corresponding col-
umn, the following rules have been 
adopted: 
The Institute publishes free of charge 

notices of positions wanted by I.R.E. 
members who are now in the Service or 
have received an honorable discharge. Such 
notices should not have more than five 
lines. They may be inserted only after a 
lapse of one month or more following a 
previous insertion and the maximum num-
ber of insertions is three per year. The 
Institute necessarily reserves the right to 
decline any announcement without assign-
ment of reason. 

ENGINEER 

Engineer, 25 years old desires person-
nel or contact position where three years 
as a Signal Corps officer followed by 
two years of electronic laboratory and 
factory experience will pay dividends. 
Married and will locate anywhere. Box 
142W. 

DESIGN AND DEVELOPMENT ENGINEER 

Design and development engineer—ex-
tensive experience FM and VHF, broad-
coast equipment and audio, some micro-
wave.  Both theoretical and practical 
background. Registered Professional En-
gineer. Employed, but good reason for 
desiring change. Box 143 W. 

ENGINEER 

Ph.D. candidate (physics) completing 
second year scholastic requirements by 
May. Available June 1st for employment 
in metropolitan area. Vacuum tube, elec-
tronics etc. B.S., M.S. physics. Strong 
minor in chemistry. Captain, radar A.U.S. 
Graduate Harvard,  M.I.T.  Electronic 
Training Center. Box 153 W. 

PHYSICIST 

B.S. 1942. Age 26. Single. Four years 
research laboratory experience, with some 
electronics training received in Service. 
Desires development work preferably in 
southwestern U.S. Box 154 W. 

EXECUTIVE ENGINEER 

Desires administrative position in Los 
Angeles area. Extensive administrative 
and electronic engineering experience. 
M.S. degree Harvard. Box 155 W. 

JUNIOR ENGINEER 

Graduating University of Michigan in 
June 1948 with B.S.E.E. (communica-
tions) and B.S.E. (mathematics). Tau 
Beta Pi, Eta Kappa Nu. One year experi-
ence Navy electronics. Interested in tele-
vision broadcasting, production or devel-
opment. Details on request. Box 156W. 

(Continued es page 54A) 

FASTER, SIMPLER 

AUDIO ANALYSIS 
with Model AP-1 

PANORAMIC 
SONIC ANALYZER 
Reduce time, complexity and cost of mak-
ing audio measvrements with the unusual 
advantages  offered  by  the  Panoramic 
Sonic Analyzer. By resolving a complex 
audio wave into a spectrograph showing 
the frequency distribution and voltage am-
plitude of the co -nponents, Model AP-1 ... 

• Eliminates flow point-by-point fre-
quency checks • Provides a quick 
overall view of the audio spectrum 
• Enables determination of changes 
in waveform content while parame-
ters are var'ed • Furnishes simple 
presentations  for  production  line 
testing. 
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Panoramic Sonic Spectrograph of 
750 cps square wave. 

Use Model AP-1 for analyzing ... 
• Harmonics • Intermodulation • Vibra-
tion • Noise • Acoustics • Materials 

features... Continuous scanning from 40-
20,000 cps in one second • Wide input 
voltage range • Linear and log voltage 
scale • Closely logarithmic frequency scale 
• Built-in voltage and frequency calibra-
tor • Simple operation. 

WRITE for detailed specs, price and delivery. 

IANOIIAMI[ 
RRO10/ - .CORP.  
92 Gold St. '.  ,  Cable Address 

New York 7, N.Y.  PANORAMIC, NEW YORK 
trrlasere Canad/an Representative Canadlan Marron, Ltd 

PROCEEDINGS OF THE LR.E.  June, :948 53A 



for RADIO and Television receivers •  • 

punched, threaded or grooved to meet individual specifications with 

nominal tooling costs. 

These spirally laminated paper base phenolic coil forms and tubes give 

exceptional performance with the added advantage of lower material 

costs. Note: We also have available numerous stock punching dies. 

Partial list of 

Radio and Television 

Receivers 

in which Cosmalite 

is used: 

Admiral 

Arvin 

Belmont 

Bendix Radio 

Colonial 

Farnsworth 

General Electric 

Howard 

Magnavox 

Motorola 

Sentinel 

Stewart Warner 

Warwick 

Wells Gardner 

Zenith 

• Trade Mark Registered 

Your inquiry will receive im-

mediate and intelligent atten-

tion. 

Ask also about other Cosma-

lite types ... #96 COSMA-

LITE for coil forms in all 

standard broadcast receiving 

sets. SLF COSMALITE for 

permeability tuners. COSMA-

LITE deflection yoke shells, 

cores and rings. 

Spirally wound km,' and 

fish  paper Coil Forms  and 

Condenser Tubes. 

Tie CLEVELAND CONTAINER a. 
6201 BARBERTON AVE.  CLEVELAND 2, OHIO 
• All-Fibre Cans. Combination Metal and Paper Cans 
• Spirally Wound Tubes and Cores for all Purposes 
• Plastic and Combination Paper and Plastic Items 

P1100OCTION PLANTS also at Plymouth,WIsc ,Oideasburd II I ,Chleado,111 ,Detrolt.MIch ,lamisburg.11.1. 
PLASTICS DIVISION at Plymouth. Wise • ABRASIVE DIVISION at Cleraland, Ohl, 

SAILS OFFICES Room 5632 Grail UMW Tom BIld Kew York 1/ N I also 541 Mall St °Hartford, Con.. 
CANADIAN PLANT Tao Cleveland Container Casale, Ltd. Prescott, Wart, 

Positions Wanted 
(Continued from page 53A) 

ELECTRONIC ENGINEER 

B.S.E.E. Jan. 1948, Cooper Union. Age 
23. Two years experience as electronics 
technician, U.S. Navy. Would like position 
preferably in the vicinity of New York. 
Box 157W. 

JUNIOR ENGINEER 

B.S.E.E. from University of Illinois in 
1948. Navy experience in radar and sonar. 
Seeks position as junior engineer in elec-
tronics. Prefers vicinity around New 
York City. Box 158W. 

ADMINISTRATIVE ENGINEER 

Business administration plus engineer-
ing training. M.B.A. Harvard Business 
School, June 1948. BEE. Rensselaer, 
1942. Tau Beta Pi, Sigma Xi. Age 26. 
Navy radar and patent experience. Desires 
job in small to medium size concern. Box 
159W. 

PATENT ENGINEER 

B.E.E. Illinois Institute of Technology. 
Now enrolled graduate law school patent 
course. 10 years diversified experience— 
research, production, army radio instruc-
tor, radar, etc. Desires patent position. 
New York area or Chicago preferred. 
Box 170W. 

RADIO ENGINEER 

Interested in going abroad. Will gradu-
ate with B.S. in E.E. in June. Already 
have degree in radio engineering. Age 23. 
Single. Willing to locate in almost any 
country. Box 171 W. 

ENGINEER 

B.S.E.E. June 1948, Columbia Univer-
sity. Age 28. Married, two children. Offi-
cer, Army Signal Corps, 2% years, ad-
ministrative and communication experi-
ence. Desires sales engineering or ad-
ministrative position in New York area. 
Occasional travel possible. Box 172W. 

JUNIOR ENGINEER 

B.E.E. graduating June 1948. Tau Beta 
Pi, Eta Kappa Nu. Prefer metropolitan 
area, anywhere near a graduate school. 
Box 173 W. 

ENGINEER 

B.S.E.E. from University of Florida 
June 1948. 3 years experience in com-
munications work in Army Air Forces. 
Would like position in audio engineering 
or allied fields. Any location within the 
United States. Box 174W. 

JUNIOR ENGINEER 

Wants summer employment New York 
or New Jersey. Junior E.E. Clarkson Col-
lege of Technology. Graduate of 7 radio 
and radar courses-5 schools, including 
N.Y.U. (Pre-radar) as civilian and dur-
ing 3% years in army. 1 year A.A.F. in-
structor airborne radar. 1% years experi-
ence with standard broadcast 1st class 
F.C.C. license. Experience also in induc-
tion heating and c.r.t. construction. Single. 
Age 24. Box 175 W. 
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Positions Wanted 

ELECTRICAL ENGINEER 
B.S.E.E. Illinois Institute of Technol-

ogy 1948. Age 27. Married. 2T/2 years 
Signal Corps. Installation and maintenance 
of radio equipment. 2 years electronic in-
strument experience.  1st class  radio-
telephone license. Desires position with 
opportunity for advancement. Box 176 W. 

JUNIOR ENGINEER 
Graduate, west coast radio and televi-

sion school. Single. Age 28. 1st class phone. 
21/2 years AAF as VHF specialist. Now 
employed Navy guided missile base. De-
sires position with television station, pre-
ferably maintenance. Will work any where 
in U. S. Box 177 W 

JUNIOR ENGINEER 
College Junior, Syracuse University 

Age 25; Army experience 3 years VHF 
link-carrier; amateur license; interested 
in summer 1948 position. Location irrele-
vant. Box 169 W. 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued from page 24.4) 

New "Range-Master" Fea-
tures Protective Built-

in Fuse 
Encompassing a wide range, and incor-

porating a standard Littelfuse which pro-
tects the meter movement, rectifier, and 
shunts against overload on all ranges, a 
new Model 10-F "Range-Master" has been 
developed by Bradshaw Instruments Co., 
348 Livingston St., Brooklyn 17, N. Y. 

The 10-F covers the following ranges: 
(1) capacitance-0.001-0.1, 0.01-1, 0.1-
10 /Ad.; (2) a.c. -0—.15, 0-1.5, 0-15 am-
peres; (3) a.c. voltage-1, 10, 100, 500, 1000 
volts; (4) d.c. voltage-10, 100, 500, 1000 
volts; (5) d.c. -1, 10, 100, 1000 milliam-
peres; (6) resistance-0 to 10,000, 100,000, 
1 megohm; (7) special high-range ohm-
meter to 2 megohms and 20 amperes with-
out external battery; and (8) sensitive a.c. 
microammeter to 1100 microamperes. 
Direct reading on all ranges insures 

rapid circuit analysis. Using wire-wound 
calibrating controls for accuracy, and an 
exclusive sealed-in manganin wire-wound 
shunt, the 10-F employs 1% carbofilm 
multipliers.  Portable  model  measures 
81" X7r X 4"; bench model, 51"X WX21". 

(Continued on page 57A) 

NOW! SELF-CONTAINED, EXPERIMENTAL 

. INDUSTRIAL LAB EQUIPMENT. 
• 

Kopec) Electronic 

Instruction Panel 

Model  104, 

available sep-
arately. 

Kepco Laboratory Multiple 

Pewer Supply Model 103, 

a•ailable separately. 

A 

utit 

Now you can perform electronic experiments 
simply, easily with the Kepco Electronic Instruc-
tion Panel. Here is a teaching aid that graph-
ically illustrates vacuum tube principles — 
enables all students to grasp fundamentals in 
the laboratory. 

Extremely versatile, the Kepco Electronic In-
struction panel covers a wide range of tubes, 
comes with a packet of 23 keyed interchange-
able circuit charts, 3 master charts and 12 blank 
keyed sheets for additional experiments. Panel 
contains 3 octal tube sockets, 18 binding posts. 
By placing a keyed circuit diagram on the panel 
and wiring the circuit, students determine tube 
and circuit characteristics. 

For a basic electronic instructional aid that 
vastly simplifies the teacher's task, it's the 
Kepco Electronic Instruction Panel I 

F 

Now you can elim nate the use of cumber-
some separate voltage supplies with the Kepco 
Laboratory Multiple Power Supply. Designed to 
be used with the Kepco Electronic Instruction 
Panel, this versatile, compact, easy-to-use unit 
supplies four common y used voltages, is invert-
triable for the school or industrial laboratory. 

CHECK THESE FEATURES: 
Two continuously variable B supplies, ad-
justable from 0-300 volts at 120 m.o. 

Variable (grid) supply, adjustable from 
minus 50 to plus 50 volts at 5 mo. 

6.3 volt filament supply at 5 amperes. 
All connections made to sturdy, front panel 
binding posts. 

Input: 105 to 125 volts, 50 to 60 cycles. 
Two SY3 rectifiers, Two 6Y6 control tubes. 
16" long, 8" high, 8.6" d•ep. Wgt.: 28 lbs. 

WRITE FOR FULL INFORMATION TODAY! 

epco • LABORATORIES 
Electronic Instruments 

•••• 

149-14 41st Avenue 
Flushing, New York 

"FREQUENCY MODULATED GESarRTTOR 

MODEL 78FM 

86-108 MC 
Also Available For 

Other Frequency Ranges 

MANUFACTURERS OF 

s:anclara Signal Generators 
Pulse Generators 

SS U rgaul ssrcSmlltmlaprgis al h maog ti t 16: :GIB t inmlms ":est rsis s: :11): field:s  

Phase Sequence Indicators 
youwisise snd F M Test 

Equipment 

1 to 10 0, 0 0 0 
MICROVOLTS 
Variable Output 

With Negligible Carrier Leakage 

MODULATION: 400 cycle internal audio 
oscillator. Deviation directly calibrated: 0 
to 30 kc. and 0 to 300 kc. Can be modu-
lated from external audio source. 

Audio fidelity is flat within 2 db from dc to 
15,000 cycles. Distortion less than 1% at 

75 kc. deviation. 

The Model 78FM 
when used with 
Measurements 
Model M-275 
Converter pro-
vides output in the 
IF ranges of 4.5, 
10.7 and 21.7 mc. 

Circular 
on Request 

MEASUREMENTS  CORPORATION 
BOONTON  0  NE W JERSEY 
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CRYSTALS 

BUILT TO YOUR SPECIFICATIONS 

Crystal users appreciate the complete serv-

ice James Knights Co. offers. 

If you have a special crystal problem, James 

Knights is equipped to build crystals to your 
exact specifications-no matter what they 
may be. Because of a special production line 
for short runs, the price is right-whether you 

need one, ten or several thousand crystals! 

In addition, James Knights fabricates a 

complete line of crystals to meet every or-

dinary need-precision built by the most 

modern methods and equipment. 

Fast service is yours, too! Two company 

planes save hours when speed is important. 

Your inquiries-and crystal problems-are 

invited. 

Send For New James Knights Catalog 

JK 11/2" Doughnut Quartz Crystal 

tdalV 

(Continued from page 48A) 

King, C. B., 215 W. Center St., Lebanon, Ill. 

Klein. J. J., 611 W. 148 St.. New York 31, N. Y. 
Kobi, J., 101 E. 87 St., New York 28, N. Y. 
Lauderdale, D. M., ET annex NATC, Patuxent 

River, Md. 
Lawrence, G., 1122 Brown Ave., Columbus, Ga. 
Lee, R. H., 511 Fifth Ave., New York 17, N. Y. 
Lee, R. E., 143-26 Ash Ave., Flushing, L. I., N. Y. 
LeFever, C. F., 615 S. Darling St., Angola, Ind. 
Lepage, J. L.. Deep River, Ont., Canada 
Levin, J., Alvarez Thomas 1326 -4 piso Dept. 5, 

Cuerpo B., Buenos Aires, Argentina 
Lietzen, A. A., 6815 Eighth Ave., Los Angeles 43, 

Calif. 
Lyle, I. W., Jr., 1806 Radnor Ave., Louisville 5, 

Ky. 
Malinowski, E., 25 Warnes, Buenos Aires, Argen-

tina 
Mercer, J. P., 4917 First St., N.W., Apt. 3, Wash-

ington 11, D. C. 
Mette. R. J., 2231 N. Mulligan Ave., Chicago 39, 

Moore, F. H., 4315 N. Fourth St., Apt. 101, Arling-

ton. Va. 
Monroe, J., 339 New York Ave., Brooklyn 13, N. Y. 
Morrissey, R. D., 15 Bigelow St., Cambridge 39, 

Mass. 
Moy, M., 49 Massachusetts Ave.. Boston, Mass. 
Nelson, M. D., 1267 Grant Ave., New York 56, 

N. Y. 
Ordesch, W. E., J. N. Ceazan Company. 1700 S. 

Figueroa St., Los Angeles, Calif. 
Omer. E. S., 319 S. Darling St., Angola, Ind. 
Paneyko. M., Fairfield 10, Conn. 
Parlett, W. G.. Box 105, Angola, Ind. 
Pelowski, S. F., 1212 N. LaSalle, Chicago 10, III. 
Petrovich, M. L., 1136 W. Lill Ave., Chicago 14, 

Plum, M. J.. 35-27 -72 St., Jackson Heights, L. I., 
N. Y. 

Probert, L. J., 304 Erie St., Valparaiso, Ind. 
Quick, J. D., 616 E. Broad St., Angola. Ind. 
Rao. P. R., c/o Sri P. Vyasa Rao, Retd. District 

Munsif., Kadri Rd., Mangalore, South 
India 

Reid, T. D., 2809-15 St., N. W., Washington 9, 
D. C. 

Richards, A., 7201 72 Ct., Brooklyn, N. Y. 
Rink, J. F., Box 1897, Anchorage, Alaska 
Roach. W. E., Box 72, Lawrenceburg, Ky. 
Robertson, R. E., 4430 Main St., Snyder 21, N. Y. 
Rowe, H. S., 20. Groathill Ave. Edinburgh 4, Great 

Britain 
Roy, H. L., Radio Station KSYL, Alexandria, La. 
Sack, A., 74 Glenville Ave., Allston 34, Mass. 
Schmid, E. R., 75 Irving Ave., Brooklyn 27, N. Y. 
Seshadri, G., Beam Wireless Station, Poona 6, India 
Sims, D. S., Westinghouse Research Laboratories, 

East Pittsburgh, Pa. 
Smith, F. B., Radio Station KSYL, Alexandria, La. 
Smith, W. F., Jr.. 517 Cook St., Denver 6, Colo. 
Snooks, W. E., 2217 Fourth St., S.W., Akron 14, 

Ohio 
Spalding. R. L., 4703 Market St., Youngstown, Ohio 
Spoor, T. A., Apartado Postal 7255. Mexico. D. F. 
Sterk, A. A., 320 W. 76 St., New York 23, N. Y. 
Stewart, H. K., 708 Greenwood Ave., Takoma Park 

12. D. C. 
Swaringen, C. T., Jr., 1059 Miller St., Winston-

Salem 7, N. C. 
Teece, K. A., 13, Kenilworth Rd., London W.5, 

England 
Tufro, A., 12 W. 56 St., New York 19, N. Y. 
Turner, T. L., 188 W. 135 St.. Apt. 4E, New York, 

N. Y. 
Wallmark, J. T., 104 Jefferson Rd., Princeton, N. J. 
Wayne, S. J., c/o Paris, 9 Wyckoff St, Matawan, 

N. J. 

56A 

MAX 

Television---FM 
ANTENNAS 
Premax Television and FM Antennas have, 
in actual operation in what were considered 
unfavorable locations, been found to ma-
terially reduce man-made electrical noises 
and improve the reception of the set. 

FM-254--Extended V-type Dipole Antenna 
for all frequencies between 44 and 216 mc. 
Extended arm V dipole element is mounted 
on hardwood mast and crossarm. Permits 
proper impedance matching to 300-ohm line, 
for TV or FM reception. 

FM-/30-Adjustable V Dipole Antenna, for 
maximum reception of TV and FM. Dipole 
arms of heat-treated aluminum may be ad-
justed to any angle for best reception to 
counteract man-made electrical noise or re-
flected signal. Provides better reception than 
any straight dipole in congested areas. 

FMT-330-Similar to FM-130 described 
above excepting it has a built-in reflector 
element which is also fully adjustable for 
best results in getting more distant TV and 
FM stations. Insures optimum reception of 
signals from all stations within line of sight. 

4811 Highland Ave.  Niagara Falls, N.Y. 
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Internal Standard Flame 
Photometer 

The Model 52-A Flame Photometer 
has been developed by the Perkin-Elmer 
Corp., Glenbrook, Conn. for the analysis 
of the alkali and alkaline-earth elements. 
Provision for internal standard measure-
ments with their higher accuracy is fea-
tured with the new instrument. The in-
strument also incorporates an a.c. ampli-
fication system with chopped light and 
synchronous amplification at the output. 
This provides the amplifier system with 
high sensitivity and maximum flexibility. 
Sodium, potassium, and lithium may be de-
tected in concentrations down to 1/10 
part per million. Good analyses can be 
made anywhere in the range from 10 to 
1000 ppm. Calcium may be detected down 
to 1 part per million. For the other alka-
line earth elements the sensitivity is some-
what less. 5 cc of sample is required for 
each determination, and accuracies of plus 
or minus 1% to 2% of the amount present 
are obtainable in the range of favorable 
concentrations. 

The cutaway drawing shows schemati-
cally the general arrangement and operat-
ing principles. The sample is poured into 
the inlet funnel of an atomizer. A fine fog 
separated from the atomized spray in the 
glass atomizer chamber is blown into the 
base of the burner. When mixed with gas 
and burned, it colors the flame with the 
characteristic spectra of the salts it con-
tains. The entrance slit of a two-prism 
monochromator looks directly at the center 
of the flame just above the top of the 
burner. Light from the flame is dispersed 
into a spectrum and divided by a beam-
splitting mirror so that part falls on a 
fixed exit slit and part on a movable one. 
For internal standard measurements, 2 

phototubes measure simultaneously the 
amounts of light at two different wave-
lengths in the spectrum. One of them is 
set for the wavelength of the lithium emis-
sion lines used as the internal standard; 
the other is adjustable for the selection of 
different elements. The intensities of the 
lights falling on the two are balanced 

,k2K  
uuc 
nir COMMUNICATION 

and LF NAVIGATION SYSTEMS 
meet every Operational Need 

THE A.R.C. TYPE 11A 

Meets basic needs by providing 
for VHF Transmission, LF 
Range Reception and Rotatable 
Loop Navigation. 

THE A.R.C. TYPE 17 

A 2-way VHF equipment, in-
cluding a tunable VHF Receiver 
and a 5-channel, crystal con-
trolled VHF Transmitter. 

THE A.R.C. TYPE 12 (Above) 

Combines the advantages of the 
Type 11A and the Type 17, of-
fering 2-way VHF, together 
with LF Range Reception and 
Rotatable Loop Navigation. 

All units of these systems have been Type-Certificated by 
the CAA. For the highest standards of design and manufac-
ture and the finest in radio equipment, specify A.R.C. 

Aircraft Radio Corporation 
BO ONT ON  NE W JERSEY 

DEPENDABLE  ELECTRONIC  EQUIPMENT  SINCE  1928 

FOUR NE W N2. W INSTRU MENTS 

B & W SINE W AVE CLIPPER  
Model 250 

A device for generating a test signal particularly useful for 
examining the transient and frequency response of audio 
circuits. 

B & W  FREQUENCY METER 
Model 300 

An accurate and convenient means of making direct meas-
urements of unknown audio frequencies up to 30,000 cycles. 
Integral power supply. 

B & W  AUDIO OSCILLATOR 
Model 200 

A source of stable, accurately calibrated frequencies be-
tween 30 and 30,000 cycles. Self-contained power supply. 

B & W  DISTORTION METER 
Model 400 

Ideal for measuring low level audio voltages and determin-
ing their noise and harmonic content. Self-contained power 
supply. 

Write for descriptive folders and prices. 

BARKER & WILLIAMSON 
(Continued on page 58A) 
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RECORDERS 

like to SHOP at 'NEWARK' 
for ALL Their Needs in 

RADIO and ELECTRONIC 
• EQUIPMENT • COMPONENTS • ACCESSORIES 

For all your personal or professional needs in Radio 
and Electronic equipment — save time, save 
MONEY, by shopping 'Newark' FIRST! 

Engineers, who "live by the clock" have 
learned to depend on Newark's speedy, 
efficient service . . . our high geared or-
ganization of technically trained personnel 
know how important YOUR order is to 
YOU . . . mail and phone orders shipped 
same day! All standard makes of Tubes, 
Components, Receiving,Transmitting,Public 

Address, and Recording Equipment, 
in stock. 

WIRE & TAPE RECORDERS — all 
makes now on demonstration at any 
of our THREE GREAT STORES, 

• te‘ipi jp,  centrally located in New York and 
' 

‘,. .46.- - 

TELEVISION SETS 

TUBES 

P.A. SYSTEMS 

INE W YORK offices & Warehouse 
242 W 554, St. N.Y.19 

F-M TUNERS 

refir 

TRANSMITTING and 
RECEIVING EQUIPMENT 

CHICAG O 
323 W. Madison St. 
Ch1cago 6, Ill. 

New York City Stores: 115-17 W. 45th St. & 212 Fulton St 

AS NEAR AS YOUR PHONE! 
in NEW YORK 

Phone: Cl. 6-4060 

in  Phone: CHICAGO 
5TAte 2950 

Chicago. 

„Selects TECH LABS 

%  MTENUATORS 

for new CONSOLE INSTALLATION 

afli 
004)4). DO 

041410•0000000•• 

•410 00000•0 04,00  

V ON 

Courtesy of W HKC, 

United Broadcasting Co. 

The Rick of a finger operates the 
patented —Gore" Vertical Atten• 
voter. Representing the very latest 
in  broadcast  components,  these 
units are suitable for every type 
of sound equipment from elabor. 
ate  broadcast  stations  to  the 
simplest P.A. system. Unit gives 
smooth  easy operation  and can 
be cleaned from front of panel 
by  removing  escutcheon.  Com• 
pletely shielded ond dust proof. 

Manufacturers of Precision Electrical Resistance Instruments 

News—New Products 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 574) 

against each other, to read their ratio 
directly. Of course, direct intensity meas-
urements may also be made without the 
use of the internal standard. 
Features that are not shown in the 

figure are the vibrating shutter and syn-
chronous rectifier included to permit the 
use of ac amplification, and the connec-
tion from the element selector and wave-
length scale to the moving slit. Additional 
amplification makes the final output large 
enough to read on a meter. 
The instrument can burn either pro-

pane or acetylene merely by changing the 
grid on the top of the burner. The flame 
recommended for the determination of 
sodium, lithium and potassium is propane 
and air. Acetylene is used to give a hot 
flame for the determination of the other 
elements. The amplifier operates on 110-
volt, 50- or 60-cycle power. Compressed air 
at 20 to 150 pounds per square inch is 
needed for the atomizer. Pressure regu-
lators are included for the air and gas 
supplies. 

Phase- Modulated 

Microphone 

Announcement  of  the  "Tru-Sonic 
Phase-Modulated Model C-1" microphone 
has been made by Stevens Manufacturing 
Corp., 10416 National Blvd., Los Angeles 
34, Calif. 

The principle of carrier-frequency 
phase modulation is employed. Measure-
ments of the ovoid-shaped pickup assem-
bly are 1')(11'. 
Other features claimed by the manu-

facturer are: (1) true and absolute linearity 
of response—low response is linear to one-
half cycle in 24 hours, (2) no distortion can 
be read or detected, (3) no arc-over or 
breakdown, (4) pressure-operated at all 
frequencies, (5) polar pattern at all fre-
quencies—almost  completely  one-half 
sphere, down 5 db at 90° off the axis, (6) 
signal-to-noise ratio at least 11 db higher 
than the best prior microphones, (7) pick-
up unit contains only the acoustic valve 
and carrier-matching coil. It is of such 
rugged construction that the valve assem-
bly may be thrown on the floor without 
damage. 

(Continued on page 594) 
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Grommet Inserter 

This tool has recently been developed 
by D. B. Rich Manufacturing Co., 6217 N. 
Melvina Ave., Chicago 30, Illinois to ef-
ficiently simplify grommet inserting. 
Each insertion takes only a few sec-

onds. The nose of the tool is slipped 
through the hole which is to receive the 
grommet. The operator places a grommet 
into the claw nose, withdraws the tool, and 
the grommet is automatically inserted in 
position. Snug, perfect fitting is insured be-
cause undersized grommets need not be 
used to make inserting easier. Damage to 
grommets ordinarily caused by forcing and 
jamming methods is eliminated when us-
ing this new device. 
The inserting claw has only one moving 

part, decreasing the possibility of malfunc-
tion. It is available in four standard sizes 
for instering  r and 1.7e grommets. 
Custom sizes made to order. 

Constant Voltage for 
Mercury-Vapor Lamps 
Announcement of the Sola Type 

CVM-1 constant voltage ballast trans-
former by Sole Electric Company, 2525 
Clybourn Ave., Chicago 14, Illinois, marks 
the formal extension of the Sola constant-
voltage principle to the field of high-pres-
sure, high-intensity mercury-vapor-lamp 
controls. The Type CVM-1 ballast trans-
former is a unit specifically designed to 
protect and stabilize the operation of the 
G. E. Type UA-4 mercury-vapor lamp and 
offers advantages over high-reactance bal-
lagt transformers. 
Operation of the lamp is completely 

stable and free from the effects of improper 
or widely varying line voltage. Lamp life 
is increased by preventing over-voltage 
operation. Lamp outages resulting from 
momentary voltage drops are eliminated. 
There can be no damage to the lamp from 
improper selection of primary taps. Con-
stant spectral distribution of light output 
is maintained. Inherently high input power 
factor permits operation of lamp on 115-
volt lighting circuits. The Type CVM-1 is 
entirely automatic, has no moving parts, 
and requires no maintenance or adjust-
ments. 

50/1/C 

rifid kl/fIGI 5  IC 

CRY MI5 

• 

• 
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• 
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Alrea dy in wide  use by sonic-equipment manufacturers 

and research laboratories for such emudiversifiecl applica-

tions as  disintegration of bacteria,  lsificction Ho of un-

like liquids, and pasteurization of milk, gee' ore  voi 

es- ffman 

super-sonic and ult-a-sonic cr ystals  3 lable  in 

15 mc. 

ranges from  k to 15  c 

Accor ding to specification, these  crystals can  be pro-

vided with optically flat surfaces or with sp herica l or 

cylindrical contours. Plating in  either g ad or silver can 

be mode to  any specified degree or  area. Design ed for 

your particular opplication, sizes range  from 3" 0")(3" 

tO thickness of  

REEVES  IHHOFFMAN 
CO R P O R A TI O N 
CHERRY AND NORTH STREETS  •  CARLISLE, PA. 

(Continued on page 60A) 
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( 
This signficant new 

book points the road 

to  future  research 

Preparation and 
Characteristics of 
Solid Luminescent 
Materials 

Published  by  arrangement 
with the American Physical 
Society, under the auspices of 
the National Research Coun-
cil.  Edited by GORTON  R. 
FONDA, General Electric Com-
pany, and FREDERICK SEITZ, 
Carnegie Institute of Technol-
ogy. 

This volume is the outgrowth of 
a conference of leading scientists 
and engineers. They reviewed 
work of the past and present, and 
considered possible approaches to 
new research. The book consists of 
twenty-nine papers presented, and 
an account of the discussions 
which followed. 

Understanding of 
Phenomena and Theory 

of Storage 
The book summarizes the infor-
mation necessary to an understand-
ing of luminescence phenomena, 
serves as a guide in preparing 
phosphors, and demonstrates the 
dependence of luminous character-
istics upon measurable features of 
chemical composition. It explains 
theories now being used to deter-
mine more exactly the processes 
involved in the storage of lumi-
nescence energy, and describes 
excitation and emission phenom-
ena. 

Factors Affecting 
Fluoresence Characteristics 
The book also deals with factors 
which affect fluorescence charac-
teristics.  Measurement,  proper 
organization of experiments, and 
induction and decay of stored en-
ergy are discussed. 
1948  459 pages  $5.00 

ON APPROVAL COUPON 1 

JOHN WILEY it SONS, INC. 

I 440 Fourth Ave., New York 16, N.Y. 
I Please send me. on 10 days' approval, a copy I 
of PREPARATION AND CHARACTERIS-
TICS OF LUMINESCENT MATERIALS. If I I 

I decide to keep the hook, I will remit $5.00 plus 
postage: otherwise I will return the book I 
Ipostpaid. 
Name   

I Address   
I City   State   

Employed by   
not valid omiudt U.S.)  IRE-6 21 

iMMI•11. •Mt  11 1  M EM 

News—New Products 
These manufacturers have invited PROCEEDINGS 
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(Continued from page 59A) 

Constant-voltage ballast transformers 
are also available, or under development, 
for a number of other mercury-vapor-lamp 
applications. 

Recent Catalogs 

• • • On "the magic of making television 
picture tubes," an illustrated folder in 
color by the Dept. of Information, R.C.A., 
30 Rockefeller Plaza, New York 20, N. Y. 

• • • On how other plant engineers and 
electrical maintenance men are using 
snap-action  switches,  Micro Tips by 
Micro-Switch, Freeport, Ill. 

• • "On how oscillograph operation was 
unaffected in high acceleration and shake-
table tests, in "CEC Recordings," by 
Consolidated Engineering Corp., 620 N. 
Lake Ave., Pasadena 4, Calif. 

• • • On various types of crystal units in-
cluding a plated-type wire-mounted unit, 
hermetically sealed and filled with dry 
nitrogen. Fundamental frequencies from 
1 to 2 Mc can be supplied with tolerances 
from 0.02% down to 0.003% over a tem-
perature range-55 to 90 C°, by Standard 
Piezo Co., P. 0. Box 164, Carlisle, Pa. 

• • • On high-strength corrosion-resisting 
alloys with a chart and an offer of free 
samples to test under your own conditions 
on page I, by Haynes Stellite Co., Kokomo, 
Ind. 

• • • On a chimney mount antenna base, 
extremely light weight and rapidly in-
stalled (antennas may be mounted in 
series), by South River Metal Products 
Co., South River, N. J. 

• • • On capacitors, contacts, rectifiers, 
resistors, switches, vibrators, welding tips 
and holders, and various special metals 
and alloys, by P. R. Mallory & Co., Inc., 
3029 E. Washington St., Indianapolis 6, 
Ind. 

• • • On antennas and a chart by Charles 
Valach on rf connector characteristics, 
the Amphenol Engineering News, by 
American Phenolic Corp., 1830 So. 54th 
Ave., Chicago 50, Ill. 

• • • On their 56th Annual report for the 
year ended December 31, 1947 by Philco 
Corporation, Lioga & C Sts., Philadel-
phia 34, Pa. 

• • • On a newly designed Model HPL 
High Speed Recorder. Requests for the bul-
letin "Sound Advances" will be promptly 
complied with by Sound Apparatus Co., 
233 Broadway, New York 7, N. Y. 

• • • On Operation Recorders, with a guide 
to assist in determining their selection and 
use, "The Graphic," Bulletin 247 by 
Esterline-Angu- Co., Inc., Indianapolis, 
Ind. 

"YEW 
• 

TER MINALS 

JOIN THE 

CTC LINE 

Hollow lugs speed wiring from top or 

bottom of terminal board. 

X1783 

X1798 

X1797 

X1782 

I it 
1  X1784 

ir 
; X1785 

/, 
s• 

Lugs shown actual size. Notice the midget 
split lug for hearing aids and other small-

space applications. Ask for prices by 
code number. 

These new CTC terminal lugs for 
quick, easy, neat connections are 
typical of the broad line in midget, 
short, turret, double-end and split 
types ... in sizes to meet widely 
varying needs. They're all strongly 
made of quality brass, heavily silver 
plated; yet they're free from surplus 
metal that would draw heat and slow 
down soldering. Their tolerances are 
uniform enough for automatic 
swaging. And, of course, like all CTC 
components and hardware, they're 
guaranteed for materials and work-
manship! 

CUSTOM SERVICE 

Chances are you'll find the terminal 
lugs you need in the CTC standard 
line. It's wise to check first. If not, 
CTC will custom-engineer lugs to 
your specifications. A discussion of 
your requirements will not obligate 
you in any way. 

qt: 4 
C..1 

swoger  Double•End 

C f ah9lit oe trAwdaitut 

TA. &Imam/owl 

Comfieneos6 

te beS 
Terminal 
Board 

CAMBRIDGE THERMIONIC CORPORATION 

456 Concord Avenue, Cambridge 38, Moss. 
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(Continued from page 60,4) 

• • • On multipurpose step-down trans-
formers with five wiring schematics to illus-
trate their uses and advantages, by Elec-
tran Mfg. Co., 4587 N. Elston Ave., Chi-
cago 30, III., in their bulletin 47A. 

• • • On new and more complete data on 
all commercially available types of "Si-
lastic" the Dow Corning Silicone Rubber, 
in "Silastic Facts No. 5," a 16 page book-
let by Dow Corning Corp., Midland, Mich. 

• • • On a list of relays, timing devices, 
and location of sales engineering offices in 
the 1948 catalog by Potter & Brumfield 
Sales Co., 549 W. Washington Blvd., 
Chicago 6, Ill. 

• • • On complete and kit television re-
ceivers with listings of twenty-five promi-
nent manufacturers in the field, "The 
Rider Television Manual," Volume 1, by 
John F. Rider, Publisher, Inc., 404 Fourth 
Ave., New York 16, N. Y. 

• • • On electronic timers employing RCA 
thyratrons 2D21 or 2050 with several 
schematic diagrams of circuits by RCA 
Tube Dept., Harrison N.J. Request March 
issue. 

• • • On “Trancors by Lenkurt," a new 
24-page folder describing the complete 
line of moulded magnetic cores, core 
assemblies, and filters manufactured by 
Lenkurt Electric Co., 1129 County Road, 
San Carlos, Calif. 

PRODUCT INFORMATION 

in 72 Engineering Classifica-
tions 

for 2000 Supply Firms 

will appear in your 1948 
I.R.E. Yearbook coming out 
in July. 

An alphabetical listing is given for 
all manufacturers who have pro-
vided us up-to-date product data. 
Listing shows the firm's complete 
radio-electronic line. 

Complete product index is given on 
120 leading firms who are advertis-
ing in the Yearbook. 

"Look in the I.R.E. Yearbook." 

Midwest Sales Engineering 
Office: 

Alfred Crossley & Assoc. 
549 W. Randolph St., Chicago 
6, Illinois 

STAte 7444 

for general 

laboratory use 

and as a signal 

source for 

R-F bridges 

NOTE THESE FEATURES 

• 100 kc to 10 Mc 
• High output—approximately 30 volts 

• 50-60  output impedance 

• Internal modulation 

• Output voltmeter 

• Compact design 

Write today for Bulletin 408 containing complete 
information and specifications on the Type 410-A 
R-F Oscillator. 

hv--1 TECHNOLOGY INSTRUMENT CORP. 
  1058 MAIN STREET, WALTHAM 54, MASS 

For over 20 years, the 
KENYON "K" has been a 
sign of transformer reli-

ability. Ever since the cat's-whisker, crystal-set 
days, KENYON has pioneered high quality trans-
formers. Skillful engineering, progressive design 
and sound construction have resulted in depend-
able, conservatively-rated transformers with an 
enviable record for minimum field rejections. Cut 
engineering and replacement costs. Improve prod-
ucts. Insure repeat'business. Specify KENYON! 

Consult 
KENYON 
about your 
transformer 
problems. 

KENYON TRANSFORMER CO, • In c.  8N4EW O 0 BARRY 
YORK  
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LABORATORY TEST EQUIPMENT 

No. 1020 
Direct Read-
ing Megohm-
eter uc. to 
1.000.000 
megoh-ns. 

Self contc ined. 
A.C. operated. 

No. 1110 
Incremental 
Inductance 
Bridge. 

SEND FOR CO MPLETE CATALOG 

No. 1010 
Comparison 
and Limit 
Bridge. Self 
contained. 

A.C. operated. 

No. 1040 
Wide Range 
Vacuum Tube 
Voltmeter. 

FREED 

No. 1030 
Direct Read-
ing Low Fred 
quency -Q" 
Indicator — 
-Q" .5 to 
500 — Fre-  
quencies from; 
50-50 000 
cycles. 

TRANSFORMER CO., INC. 
Instru ments Division 

78 SPRING STREET NEW YORK 12, N. Y. 

PILOT LIGHT 
ASSEMBLIES 

PLN SERIES  Designed for 
NE-51 Neon Lamp 

Features 

• THE MULTI-VUE CAP 
• BUILT-IN RESISTOR 
• 110 or 220 VOLTS 
• EXTREME RUGGEDNESS 
• VERY LOW CURRENT 
Write for descriptive booklet 

The DIAL LIGHT CO. of AMERICA 
FOREMOST MANUPACTURER OF PILOT LIGHTS 

900 BR OAD WAY, NE W YORK 3, N. Y. 
Telephone—Spring 7-1300 

PROFESSIONAL CARDS 
W. J. BR O W N 

Consulting Engineer 
INDUSTRIAL ELECTRONICS 
RADIO AND TELEVISION 

25 years active electronic development 
experience 

P.O. Box 5106, Cleveland, Ohio 
Telephone & Telegrams Yellowstone 7771 

Office: 501 Marshall Building 

ED W ARD J. C O NTE NT 

Acoustical Consultant 

Functional Studio Design 
FM - Television - AM 

Audio S)stems Engineering 

Roxbury Road  Stamford 3-7459 
Stamford, Conn. 

ST A NLEY D. EILE NBER GER 

Consulting Engineer 

INDUSTRIAL ELECTRONICS 
Design —Development —Models 

Complete Laboratory and Shop Facilities 
6309-1 3-2 7th Ave. 

Kenosha, Wis.  Telephone 2-421 3 

PAUL GODLEY CO. 
Consulting Radio Engineers 

P.O. Box J, Upper Montclair, N.J. 
Offs. eir Lab.: Great Notch, N.J. 
Phone: Little Falls 4-1000 

Established 1926 

HER M A N LE WIS G ORD O N 

Engineering Consultant —Registered 
Patent Attorney 

Product Development and Design 
Electronics — Mechanical Devices — Optics 
100 Normandy Drive  1416 F Street, N. W. 
Silver Spring, Md.  Washington 4, D.C. 
Shepherd 2433  National 2497 

Samuel Gubin, Electronics 
G. F. Knowles, Mech. Eng. 

SPECTRUM ENGINEERS, Inc. 
Electronic & Mechanical Designers 

540 North 63rd Street 
Philadelphia 31, Pa. 
GRanite 2-2333; 2-3135 

D AVI D C. KALBFELL, Ph.D. 

Engineer — Physicist 

Complete laboratory facilities 
Industrial instrumentation and control 
Broadcast engineering and measurements 
1076 Morena Boulevard  Jackson 1939 

San Diego 10, California 

EUGENE MITTELMANN, E.E., Ph.D. 
Consultins Enginoor & Phynitlal 

1111:11 FREQUENCY HEATING 
INDUSTRIXL ELECTRONIC.S 

APPLIED PHYSICS & 
MA riiEmATics 

549 W. Washington Blvd. Chicago 6, Ill. 
Phone: State 802 1 

IRVING RUBIN 
Physicist 

Radio Interference and noise meters.  Inter-
ference suppression methods for ignition sys-
tems and electrical devices. Laboratory facih• 
ties. 
P.O. Box 153  Shrewsbury, New Jersey 

Telephone: REDBANK 6-4247 
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ARTHUR J. SANIAL 
Consulting Engineer 

Loudspeaker Design; Development; Mfg. 
Processes. High Quality Audio Systems. 
Announcing Systems. Test and Measuring 

Equipment Design. 

168-14 32 Ave.  Flushing, N.Y. 
FLushing 9-3574 

News—New Products 
Atomic Energy Commission 
Orders Radiochemical 

Compounds 
The Atomic Energy Commission has 

enlisted the services of Tracerlab, Inc., 55 
Oliver Street, Boston, Mass., to manufac-
ture and stock a number of compounds 
tagged with carbon-14, for which there is 
a widespread need in research problems. 
A substantial contribution to more ex-

tensive use of radioisotopes in research 
is expected to be achived in a new coopera-
tive venture between the Atomic Energy 
Commission and private industry. 
This new program should have several 

beneficial results. First, a variety of 
tagged compounds will be made available 
to many research groups who otherwise 
would not be in a position to synthesize 
them. Second, it is hoped that the syn-
thesis of these compounds on a relatively 
large scale will result in a substantially 
lower cost than if they were made for a 
single customer. Third, it is believed that 
considerable time will be saved by having 
such compounds available for immediate 
shipment upon receipt of an order ap-
proved by the Atomic Energy Commission. 
To obtain, apply for Form 313, "Ap-

plication for Radioisotope Procurement," 
to the Isotopes Division, U. S. Atomic 
Energy Commission, P. 0. Box E, Oak 
Ridge, Tenn. 
Barium carbide tagged with carbon-14 

is available for immediate delivery at 
$150.00 per millicurie with a specific ac-
tivity of two millicuries per millimole. The 
cost of the carbon-14 is included in this 
price. 
Carbon-14-labeled sodium cyanide is 

available from stock at a price of $250.00 
per millicurie. 

Interesting Abstracts 
Federal Telephone and Radio Corp., 

100 Kingsland Road, Clifton, N. J., have 
released an explanatory booldet describing 
"Intelex," and automatic reservation ex-
change for airline travel, which is compara-
ble to an automatic telephone exchange. 
This electrically operated device al-

most entirely eliminates manual operation, 
and decreases the time expended in making 
a reservation from hours to a matter of 
seconds. 
Intelex automatically checks avail-

ability of the space requested. If available, 
the machine advances its storage recorder 
one place for each seat requested, and 
answers over the teleprinter by repeating 
the message and adding a serial number. 
This serial number tells the clerk that the 
space requested is confirmed. 
The complete operation normally re-

quires less than 20 seconds and eliminates 
entirely the possibility of making duplicate 
sales. 

NEy PRECIOUS METALS IN  INDUSTRY 

NEY -ORO *28B BRUSH CONTACT ON 

ADVANCE WIRE WOUND POTENTI-

OMETER RUNS 4,300,000 SWEEPS 

WITH NO CHANGE IN RESISTANCE 

Examine these unretouched photographs of 

mandrel (wound with Advance #36 B & S) 

and brush adjusted for 50 gms pressure. 

There is no appreciable wear on 

the winding after 4,300,000 sweeps 

of the brush and the wear on the 

brush is less than .008'. Through-

out the test there was no per-

ceptible change in resistance. Truly 

a remarkable performance when 

you consider the additional fact 

that the test was conducted at a 

speed of 37.5 cycles (75 sweeps) 

per minute, considerably faster 

than normal operation. The test 

was conducted by a leading manufacturer of precision equipment and the 

complete test data is available on request. It is, we believe, further convincing 

evidence of the interesting possibilities offered by the use of Ney Precious 

Metal Alloys in industrial and scientific applications. 

Write or phone (Hartford 2-4271) our Research Department. 

Mandrel and brush shown 409 full size. 
Season of mandrel 6 23 x magnsfiration. 

THE  J. M.  NEY  CO MPANY 
171 EL M STREET  •  HARTFORD 1, CONNECTICIr: 

•INSTANTLY'ci,in 
reading. No 

• ACCURATELY termination of 0.05%. 
• ..to a frequency de-

•VISUALLY indicator turn  of  the  dial  nclacator knob. 

Used effectively in leading labora-
tories, such as: Harvard University, 
Bell Aircraft Corp., and Hamilton 
Standard Propellers ... for measur-
ing natural frequencies or speed of 
rotating objects, checking or cali-
brating tachometers, oscillators, im-
pulse generators, similar equipment. 

C. G. CONN LTD., DEPT. 613 

ELKHART, IND. 

M UM 

ono eam.T.www *mem 

7/oritekvt  , 
#r e e 

Please send free Stroboconn 
folder containing information 
about operation and applica• 
tion of this new precision in-
strument. I understand this places me under no obli-
gation. 

Name  Position   

Company   

Address 

City  Zone  State   
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WUXTRY! 

GET THE XL-347! 

AC10 
THE CONNECTORS WITH 

TECHNICAL SUPERIORITY... 
favorite of sound technicians in night 
clubs, radio stations, motion picture 
studios—and also used extensively by 
"hams". Cannon Connectors require 

XL-3-12 PLUG  XL-3-11 PLUG 
LIST $1.20  LIST $1.25 

a minimum of servicing—that's why 
sound men prefer Cannon. 
Latch-lock keeps plug positively con-

nected—no scratchy connections with 
loose coupling nuts. It stays connected! 
Available from more than 300 dis-

tributors: In NE W YORK, Harvey and 
Newark Radio. In CHICAGO, Allied, 
Newark and Walker-Jimieson. 

We'll send the XL-347 and the 
RJC-2 for the asking. Address I 
Department F 377. 

U1.111CiAl 

•4 4/111•Z aVaiY 

SINCE 1915 

C•NNON 
ELECTRIC 

3209 HUMBOLDT ST., LOS ANGELES 31, CALIF. 

IN CANADA & BRITISH EMPIRE: 
CANNON ELECTRIC CO, LTD., TORONTO 13, ONT. 

WORLD EXPORT (Excepting British Empire): 
FRAZAR & HANSEN, 301 CLAY ST., SAN FRANCISCO 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
Fnforrnation. Please mention your I.R.E. affiliation. 

Standardized Interchange-
able Components For New 

Welding Guns 
Standardized spot-welding guns de-

signed with and constructed from stand-
ardized interchangeable component parts 
are now being produced by Progressive 
Welder Co., 3050 E. Outer Drive, Detroit 
12, Michigan. 
Seven basic gun types, in heavy-duty 

and standard-duty versions, will take care 
of 95% of all gun welding requirements. 
Moreover a gun can be quickly converted 
to a different job by simply changing one 
or two standardized parts. 
With this standardization of com-

ponents it is possible to obtain as many as 
57,600 variations with a single basic gun 
chassis, varying only jaw extensions and 
standard electrodes. 
Jaw extensions are available in incre-

ments of length from 1 to 6 inches and 
with four (0°, 10°, 20° and 30°) variations 
for the angle at which electrodes are 
mounted. Chassis jaws are equipped with 
clamp-type locks, while jaw extensions 
have 0-ring type seals effectively prevent-
ing leakage. 
Special variations include manually re-

tractable or rotary jaws, to clear extremely 
wide flanges; special jaw extensions and 
point adaptors to suit unusual conditions; 
linkages to provide extra long stroke; stroke 
decreasers (to reduce the normal return 
stroke of a gun for exceptionally fast opera-
tion); self-locking hydraulic cable terminal 
clamps which permit the gun to be swiveled 
free of the cable until welding pressure is 
applied. 

Recent Catalogs 

• • • On a wide variety of special military 
motors, with circulars briefly describing 
their specialized tasks, also small 5- and; 
10-watt output two-phase servo motors; by 
Eastern Air Devices, 130 Flatbush Ave., 
Brooklyn 17, N. Y. 

• • • On electric branding irons, with in-
closed lists of instructions for ordering, 
materials that may be branded, use of the 
iron, and suggestions for designing a brand 
which will be effective and economical 
by Hexacon Electric Co., 181 W. Clay 
Ave., Roselle Park, N. J. Request No. 
300. 

• • • On Kodak Linagraph films and 
papers for use in instrument recording, is-
sued by Industrial Photograph Division, 
Eastman Kodak Co., Rochester 4, N. Y. 

• • • On a price list of magnetic wire, and 
a listing of sales offices and warehouses in 
important cities, by Essex Wire Corp., 
Fort Wayne 6, Ind. 

• • • On small high-voltage capacitors, de-
signed exclusively for television with three 
types of terminals for flexibility and con-
venience and made with "Ceramic-X," by 
Centralab Division of Globe-Union, Inc., 
Milwaukee 1, Wis. 

TECHNICAL 
MANUALS 
CUSTOM DESIGNED TO 

YOUR SPECIFICATIONS 

• 

Planned, written and illus-

trated by a select staff ... 

experts in creating radio 

and electronic manuals for 

civilian and military use. 

0 

When you call upon Boland & Boyce 

to create your manuals you are relieved 

of every detail in their preparation. 

The entire operation is taken over and 
completed by a specialized staff with 

years of experience in publishing books 

and manuals. 

First the requirements for your manual 

are completely surveyed. The working 

conditions to which they will be put 

are studied and the operations or 

equipment described in the manual are 

thoroughly analyzed. A complete out-

line is then prepared and submitted for 

your approval, along with a dummy of 

the manual as it will appear when fin-

ished. Upon your approval the job is 

completed and delivered with your sat-

isfaction guaranteed. 

Boland & Boyce manuals incorporate 

only the most modern editorial and 

illustrative style. Each project is treated 

with individual attention in technique 

of presentation and editorial approach. 

The Boland & Boyce military and civilian 

manuals now in use throughout the world 

are our best recommendations. 

U. S. Navy 

U. S. Signal Corps 

Sylvania Electric Products, Inc. 

The National Company 

Western Electric Co. 

Bell Telephone Laboratories 

Maguire Industries, Inc. 

Allen B. Dumont Laboratories, Ino. 

General Electric Co. 

Mine Safety Appliances Co. 

Write or wire Boland & Boyce 
today for more information 

Radio Maintenance  Radio Data Book 
Technical Manuals  Video Handbook 

BOLAND IL BOYCE INC., PUBLISHERS 

MANUAL DIVISION M-2  MONTCLAIR, NJ. 
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First Choice of The 
Great Silver Fleet 

I 
I 
I 
I 
It ' 

ooses onstella Ply tines Cll  WIt.C.01 

118-13 2 Mc. Band by 

for  Wet  ttevelype C tions 

Type 3 61A Communications System 

the Wilcox  

--11 / 

New Features Offered in the 

Write Today FOR COMPLETE 

INFORMATION AND SPECIFICATIONS 

int iktTik k,A,) aum  
cootAl,m, 

• UNIT CONSTRUCTION FOR EASE 
IN HANDLING 

The 50 watt transm,tter, high sensitivity receiver. 
and compact power supply are each contained 
in a separate 1/2  AIR Chassis. Any unit may be 
readily removed from the common mount for 
inspection. Individual units are light in weight. 
small in size, and easily handled. 

• 70  CHANNELS  COVER  PRESENT 
AND FUTURE NEEDS 

Both the receiver and transmitter contain a fre• 
quency selector mechanism with  provisions for 
70 small hermetically sealed crystals. Selection of 
the crystals automatically adjusts the radio fre-
quency amplifiers and harmonic generator circuits 
to operate at their maximum performance for 
each selected frequency. Either simplex or cross. 
band operation may be obtained. 

• SIMPLICITY OF CIRCUIT DESIGN 
MEANS EASY MAINTENANCE 

Simple, conventional circuits minimize the num-
ber and types of tubes, and require no special 
training or techniques for adjustment. All com-
ponents are accessible for routine inspection and 
service. 

14th AND CHESTNUT STS. • KANSAS CITY 1, MO. 
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FREQUENCY RANGE 

54 to 216 MEGACYCLES 
The model 202-B is specifically designed 
to meet the needs of television and FM 
engineers working in the frequency range 
from 54-216 mc. Following are some of the 
outstanding features of this instrument: 

RF RANGES -54-108, 108-216 rric.  0.5 % ac-
curacy. 

VERNIER DIAL -24:1 gear ratio will,  main he-
guency dial. 

FREQUENCY  DEVIATION  RANGES -0-80  kc; 
0-240 kc. 

AMPLITUDE  MODULATION -Continuously  vcifi-
able 0-50 %, calibrated at 30 % and 50 % 
points. 

wit 

air'-spaced aiticulated 
R.F. CABLES 

THE LO WEST EVER 
CAPACITANCE OR 
A T TE N U A TI O N 

We are specially organised 
to handle direct enquiries 
from overseas and can give 

/AMMO/ATE DfarfP/Effa MPORT 

.Wrde o, cable for data sheets ciedahve.-/e..rer., 
ilm av:Oratem  tr/eduat aff..Ipoced  CoNes 

T RAN SRADIO LTD 
C O N T R A C T O R S  T O  1-1. M•  G O VE R N M E N T 

I3BA CROM WELL ROAD-LONDON .SW7. ENGLAND 

CA WS TRAVICAD 

MODULATING OSCILLATOR -Fig  internal mod-
ulating frequencies from 50 cycles to 15 hr., 
available for FM Cr AM. 

RF OUTPUT VOLTA  volt to 0.1 micro-
volt. Output impeda.,n 26.5 ohms. 

FM DISTORTION- Less than 2% a. 75 kc deviation. 

SPURIOUS RF OUTPUT -All spurlous RF voltages 
30 db or more below fundamental. 

Writ• for Catalog D 

LOW Alrf14 

TYPES 

A 1 

A 2 

A 34 

LOW CADA( 
TYPES 

C 1 

PC I 

C11 

C 2 

C 22 

C 3 

C 33 

C44  41  252  2.1 

IMPIO 

OHMS 

74 

74 

73 

LA M( 

7.3 

10.2 
6.3 

6.3 

5.5 
5.4 

4 8 

DESIGNERS AND MANUFACTURERS OF 

THE 0 METER  • OX CHECKER 

FREOUENCY  MODULATED  SIGNAL  GENERATOR 

SEAT  FREOUENCR GENERATOR 

AND OTHER DIRECT READING INSTRUMENTS 

Potents. Re p' ode 404 

O MEN  LOADING 
41,1001.  it» 

/00 Afç. 

1.7 

1.3 

0 6 

IMPEL) 

OHMS 

150 

132 
173 

171 

184 

197 

220 

0.11 

0.24 

;C HEN 

Jb 1001e 
WO W, 

2.5 

3.1 

3.2 

2.15 

2.8 
1.9 
2.4 

0 0" 

0.36 

0.44 
0.88 

0.36  

0.36  

0.36  

0.44 
0.44  
0.64  

0.64 

1.03 

PHOTOCELL 
CABLE 

Attention 

Associate 

Members! 

Many Associate Members can 

qualify for higher membership 

grades and should certainly do 

so. Members are urged to keep 

membership grades up in pace 

with their present development. 

An Associate over 24 years of 

age who is occupied as a radio 

engineer or scientist, and is in 

this active practice three years 

may qualify for Member Grade. 

An Associate who has taught 

college radio or allied subjects 

for three years may qualify. 

Some may possibly qualify for 

Senior Grade. But transfers can 

be made only upon your appli-

cation. For fuller details request 

transfer  application-form  in 

writing or by using the coupon 

below. 

Coupon 

Institute of Radio Engineers 

East 79th St., 

New York 21,  N.Y. 6-48 

Please send me the Transfer 
Application Membership-Form. 

Name    

Address    

Place   

State    

Present Grade   
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Electronic Market #1 
16,930 Radio Engineers 

This is the story of a technical market which 
consumes millions of dollars of components, instru-
ments, materials and transmitting equipment an-
nually to make up the two billion dollar radio-
electronic industry. 

Manufacturers tell us that nearly half of all 
their sales are "audience sales" made through ad-
vertising, or mass selling. The reason is under-
standable — it takes a sales engineer to do this kind 
of selling; and they are hard to get. The engineer 
is the buyer; and he is hard to reach. 

But it is not hard to sell the radio industry if 
you tell your story to the radio engineer using a 
medium which talks his language; his monthly tech-
nical journal, "Proceedings of the I.R.E." for pro-
motional copy, and his annual "I.R.E. Yearbook" 
for reference data ads. These publications can serve 
you as a sales engineer staff big enough to contact 
16,930 engineers, all qualified I.R.E. members. Our 
new A.B.C. statement will give you audited facts on 
this Electronic Market #1. Ask us for a copy, today. 

The illustrations show some of the scenes from 
the 1948 Radio Engineering Show at Grand Central 
Palace, March 22-25 which attracted 14,800 men to 
technical exhibits. Thus the I.R.E. brought a major 
segment of the "Proceedings" audience right to its 
advertiser-exhibitors. 

THE INSTITUTE OF RADIO ENGINEERS 
Proceedings of the I.R.E. 

I.R.E. Yearbook  Radio Engineering Show 

Adv. Dept.: 303 West 42nd St., New York 18, N. Y. 
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interference filtering with CD 

We have designed—and have 
available—many types of C-D Quietones 
which are equally effective on 
both Radio and video bands. They meet 
every requirement of manufacturers' 
cost and production schedules. 

One of these standard types may 
remove your product from the list of 

Radio interference generators. 
If not, we're ready and waiting—with 
a modern and complete laboratory 
and experienced engineers—to design 
and build a Quietone to meet your 
specific needs. Your inquiry is 
cordially invited. Cornell-Dubilier 
Electric Corporation, Dept. M-6 
South Plainfield,New Jersey. Other 
large plants in New Bedford, Worcester 
and Brookline, Massachusetts, and 
Providence, Rhode Island. 

CORNELL-DUBILIER 
WORLD'S LARGEST MANUFACTURER OF 

CAPACITORS 

Rea. U.S. Pat. Off. 

_ 
s, 0 
..,o_oxso ot  siv‘a 

Not"  tios  

Ogle 

04:11.°4  

Make Your Product 
More Saleable 
with C-D Quieten. 
Radio Interference 
Filters and Spark 
Suppressors. 



FREQUENCY MEASUREMENTS 
TO 3,000 Mc 

-rum. acvantage of the simplicity of the heterodyn 
method of frequency measurement is taken in chi; 

frequency meter. With a fundamental range of 100 to 
200 mega:ycles, accurate frequency measurements tna-, 
be made Eetween 10 and 3,000 megacycles. 

The tu ling circuit is our butterfly type with no 
sliding contacts, obviating many of the difficulties en-
countered in the usual tuning elements used in u-h-f-
equipmen:. 

A standard plug-in silicon crystal is used as the de-
tector, followed by a three-stage audio amplifier. The 
band width of the amplifier is 50 kc to permit visual 
beat indication even if the signal under measuremen: 
is unstable. 

For very strong signals beat indication may be ob-
tained either aurally from the built-in dynamic loud 
speaker or visually from the panel meter. For weak 
signals a telephone jack is provided for headset detec-
tion. 

Normally no direct connection to the signal under 
measurement is required, the retractable 'antenna' pro-
viding the necessary coupling. On weak signals, ter-
minals are provided for additional pick-up if necessary. 

This instrument is finding wide application both in 
the laboratory and in the field where a portable, self-
contained, stable and accurate heterodyne frequency 
meter is needed for measurements over a very wide range 
of high and ultra-high frequencies. 

TYPE 720-A HETERODYNE FREQUENCY METER $340 

SPAPF 
CRYSTAL 

CRYSTAL 
DETECTOR 

SPECIFICATIONS 

FREQUENCY RANGE — fundamental range of instrument 
is 100 to 200 Mc; by harmonic methods measurement 
range is 10 Mc to 3,000 Mc. 

CIRC AT — our butterfly tuning unit used in the oscillator; 
crystal detector (with spare); 3-stage audio-fre-
viency amplifier. 

BEAT NDICATORS — built-in dynamic loud speaker and 
panel meter for aural and visual beat indication; 
telephone jack for headset indication from weak 
signals. 

ACCURACY — over-all accuracy is ± 0.1 % 

CALIBRATION — main dial calibrated in frequency, each 
division being 1 Mc; one-half turn of vernier dial 
corresponds to approximately 1% change in fre-
Cl ency over entire tuning range. 

PORTABILITY — instrument weighs only 2734  pounds 
complete with batteries. Separate a-c power supply 
may be ordered for a-c operation. 

GENERAL RADIO COMPANY 
90 West St., New York 6 

Cambridge 39, 
Massachusetts 

920 S. Michigan Ave., Chicago 5  950 N. Highland Ave., Los Angeles 38 


