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polyester no I 
net,t) Winding Wires & Strips 

with these important characteristics: 

HIGH THERMAL STABILITY 

HIGH DIELECTRIC STRENGTH 

GOOD ABRASION RESISTANCE 

EXCELLENT FLEXIBILITY 

Polyester No. x Winding Wires are a new development 
by BICC. 
They are superior to, and supersede BICC Teramel 

Winding Wires, and have the additional advantage of 
improved flexibility on rectangular conductors. 

a BICC product 
BRITISH INSULATED CALLENDER'S CABLES LIMITED 21 BLOOMSBURY STREET LONDON WCI 
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U.H.F. MEASURING EQUIPMENT 
With basic measuring instruments, such as the Slotted Line or Admittance Meter, 
generators, detectors, and a wide range of inter-related coaxial elements, all linked 
through the ingenious Type 874 connector, 'GENERAL RADIO' offer the scientist 
and engineer a 50-ohm U.H.F. measuring system that is 

, . • 

Complete • Integrated • Accurate • Versatile 

Micrometer Vernier 

shown attached. 

TYPE 874-LBA SLOTTED LINE: 

Basic measuring instrument for examination of the standing-wave-pattern 
of the electric field in a coaxial line, from which VSWR, impedance of 
load, phase of reflected wave, losses in attached elements, degree of 
mis-match between line and load, etc. can be determined. Accurate and 
straightforward in use. Frequency range 300-5000 Mc/s (with some loss 
in accuracy: 150-7000 Mc/s). Also available: Type 874-LV Micrometer 
Vernier (for measurement of high VSWR). Type 874-MD Motor Drive 
for oscillographic display of standing-wave pattern. 

TYPE 1602-B 
ADMITTANCE METER: 

A compact and versatile instrument, accurate 
and rapid in use, for determining the compon-
ents of an unknown admittance in the VHF-
UHF range. Scales read directly in conductance 
and susceptance, independent of frequency. With 
unknown connected through quarter-wave-
length line, scales read in resistance and 
reactance. Can be used for measurement of 
VSWR and reflection coefficient, matching or 
comparison of impedances, and measurements 
on balanced line circuits (with the Type 874-UB 
`Balun'). Frequency range 41-1500 Mc/s. (Down 
to 10 Mc/s, with correction). Includes conduc-
tance and susceptance standards. 

THE SYSTEM 

Keystone of the entire system is the unique Type 874 coaxial 
connector, fitted to all elements (see illustration below); this low-loss 
connector, any two of which, although identical, can be plugged 
together gives the system versatility and ease in setting-up for any 
measurement, and is characteristic of G-R's clear-sighted engineering 
philosophy. Low-loss adaptors are obtainable to link up with other 
systems. 
Around this connector G-R have developed a wide range of coaxial 
elements :— lines, stubs, filters, attenuators, capacitors, inductors, 
insertion units, ells, tees, terminations, etc., of excellent electrical 
characteristics. These coaxial elements, together with generators, 
measuring gear, detectors, 'Balm' (balanced-to-unbalanced trans-
former) and other instruments form a complete and integrated line of 
high-frequency measuring equipment, designed for highest accuracy, 
dependability and convenience in use ... in keeping with the G-R 
tradition of supplying only the finest in laboratory equipment. 

Identical Type 874 connectors. 

For complete information on G-R U.H.F. measuring 
equipment, and of the entire range of G-R labora-
tory gear, apply for Catalogue '0'. 

76 OLDHALL STREET, LIVERPOOL 3, LANCS. TELEPHONE: CENtral 4641-2 

VALLEY WORKS, HODDESDON, HERTS. TELEPHONE: HODdesdon 4541 - 4 
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1/4 
1/41/4e a stabilized 

d.c. supply at 4 amps 
ty, 

How to obtain high current 

constant voltage D.C. supplies? 

You could use cumbersome batteries, with 
their need for constant attention, but it is 
far simpler and certainly more reliable to use 
one of the new 'Advance' Constant 
Voltage D.C. Supply Units. Eight standard 
models are now available as listed, but if you 
have requirements outside this range our Technical 
Representatives and Engineering Department 
are at your service to help you. 

These new D.C. Supply Units.... 

• Provide HIGH CURRENT OUTPUT AT LOW COST 
e Are SMALL IN SIZE AND WEIGHT FOR VA OUTPUT 
• Have HIGH ENERGY RESERVOIR, thus are suitable 

for pulse, intermittent or variable loads 

e Operate with HIGH EFFICIENCY 

GD.77 

, TYPE OUTPUT RATINGS PRICE 

DC.! 6 volts 1.25 amp £15 
DC.2 6 volts 4.00 amps £25 
Dc.3 12 volts 1.25 amp £18 
DC.4 12 volts 4.00 amps £27 
DC.5 24 volts 1.00 amp £20 
DC.6 24 volts 5.00 amps £30 
DC.7 48 volts 1.00 amp £25 
DC.8 48 volts 4.00 amps £35 

CONSTANT 
VO LTA G E 

D.C. POWERS SUPPLIES 

Full technical details available in Leaflet R59 

iidea4tee COMPONENTS LIMITED • ROEBUCK ROAr • HAINAULT • ILFORD • ESSEX • TELEPHONE: HAINAULT 4444 
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The heart of the matter... the art of the matter 

0)1 

offer the widest range of 

The formation 
of a single 
silicon crystal 

ingot , 

swim Semiconductor Devices 
in the United Kingdom 

Ferranti Ltd. were the first company in Britain to introduce Silicon 
semiconductor devices as used in magnetic amplifiers, in aircraft, guided 
missiles, radar and computers. Until recently they were the only firm in 
the United Kingdom supplying silicon diodes in quantity. Commencing 
their programme of research and development in 1954, they have already 
made outstanding contributions to technique, and are now producing at 
Gem Mill, Oldham well over half-a-million silicon diodes annually in the 
widest range offered by any British manufacturer. 
Among the 120 or more different devices are rectifiers, fast diodes, zener 
diodes, tetra-layer diodes and triodes, alloy junction transistors, diffused 
junction transistors, photo-voitaic cells, voltage variable capacitors and 
many new ones. 
Data Sheets, Application Reports etc., advice and assistance in techniques 
of application are freely available. 

FERRANT! LTD 

FERRANTI 

SILICON 
SEMICONDUCTOR 

DEVICES 

GEM MILL • CHADDERTON • OLDHAM • LANCS Telephone: MAIn 6661 

London Office KERN HOUSE • 3 6 KINGSWAY • W. C. 2 Telephone: TEMp1e Bar 6666 

FE 190 
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the name to remember for 

INDUSTRIAL TYPE 

TRANSISTORS 
BIDIRECTIONAL GERMANIUM TRANSISTORS 

(Effectively symmetrical in significant parameters) 

TYPES TK 20 B, TK 25 B 
For high frequency switching circuits (8 Mc/s and 
above with the TK 25 B), or small signal amplifi-
cation. 

TYPES TK 21 B, TK 24 B 
For intermediate frequency, high voltage switching 
circuits, or small signal amplification. 

ASYMMETRICAL GERMANIUM TRANSISTORS  

TYPE TK 23 A 
For general purpose low and intermediate 
frequency applications, and telephone and tele-
graph carrier systems. 

TYPE TK 40 A 
For audio and intermediate frequency oscillators 
and amplifiers requiring high gain and a power 
output of several hundred milliwatts. 

SILICON TRANSISTORS 

TYPES TK 70 A, TK 71 A 
For amplification, switching and control in 
extremes of ambient temperature; and having 
excellent saturation characteristics at high col-
lector currents, unusual in silicon transistors. 

Standard Telephones and Cables Lintited 
GROUP 

: 

Registered Office: Connaught House, Aldwych, London, W.C.2 

TRANSISTOR DIVISION FOOTSCRAY • SIDCUP • KENT 
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A CALL FOR... 7:10, h 

et—à 

...BAKELITE Copper-Clad Laminated 
TRADE MARK 

Printed circuits based on BAKELITE Copper-Clad 

Laminated have an important message for telephone 

manufacturers and for the radio and electronics 

industries. 

Siemens Edison Swan Limited are the first to 

employ this modern technique in a telephone. 

By using BAKELITE Copper-Clad Material as the main 

mounting plate in their attractive new Centenary 

Neophone, the rate of assembly and ease of main-

tenance are greatly increased. Correct connections are 

automatically made when components are installed or 

BAKELITE LIMITED 

REG D. 

12-18 GROSVENOR GARDENS • LONDON SWI • SLOane 0898 
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replaced, no internal wiring is involved, and human 

errors are virtually eliminated. 

High quality printed circuits on BAKELITE Copper-

Clad Materials are already being widely used in radio 
and electronics applications. They give greater 

freedom and precision to the designer, and ensure a 

lighter, more compact and reliable instrument for 
the customer. 

Write today for your copy of 'Copper-Clad 

BAKELITE Laminated for Printed Circuits'. 

Bakelite Limited manufacture an extensive range 

of plastics materials and maintain a technical 

service unequalled in the industry. No matter 

what your plastics problems, this service is at your 

disposal. SLOane 0898 is the telephone number. 

TGA LP] 8 



MADE TO MEASURE 

OR "OFF THE PEG" 

You can nearly always find a screw in the 
vast Unbrako range calculated to do just 
what you want better than any other 
screw. 

But modern developments sometimes call 
for special screws not even standard to 
Unbrako. 
When that happens our highly trained 
team of fastener-minded experts really get 
enthusiastic, responding to the challenge. 
They like to co-operate with you at the 
blueprint stage for preference, helping to 
design the perfect screw for the job, or 
they will simply make the screw to your 
specification, just about as well as a screw 
can be made. 

So, standard or special, you can always 
safely specify Unbrako, the people who 
offer the most comprehensive specialised 
screw service in the world. 

To be on the safe side, better get in touch 
with Unbrako over any fastener question. 
Remember what they say — Unbrako 
screws cost less than trout*. 

There are two Unbrako lists you should 
have in your library, and a postcard 
or telephone call will bring them by 
return. They form a detailed and 
comprehensive guide to the whole 
Unbrako range, standard and non-
standard, and no progressive firm should 
be without them. 

Unbrako screws cost less than trouble 

UNBRAKO SOCKET SCREW COMPANY LIMITED • COVENTRY • Telephone: COVENTRY 89471 

(> Electronic Ce Radio Engineer, August 1959 



Transistorized Power Units 

HIGHLY STABILIZED OUTPUT 4 VERY LOW OUTPUT IMPEDANCE 
VERY SMALL RIPPLE CONTENT 

MODEL 1328 LABORATORY POWER UNIT 

Model 1328 provides a continuously variable output monitored by two 
front-panel, mirror-scale, voltage and current meters. It is eminently suit-
able for use in the design stage of transistor circuits where a power supply 
of high purity is essential. 

Output: 0-30V at 1A. 

MODELS 1326 & 1329 LOW VOLTAGE POWER UNITS 

The 6V Transistorized Power Unit Model 1326 is an ideal supply for transistor d.c. 
amplifiers, transistor pulse-technique circuits and filaments of thermionic valve 
amplifiers, particularly in low-level microphone stages. 

MODEL 1326 
Output: 6V at 0-2A. 

(chassis mounting) 

MODEL 1329 
Output Voltage: Continuously variable 5V- 10V. 
Output Current: 0-1A in range 5V-9V 

0-0.5A at 10V. 

MODEL 1327 BATTERY ELIMINATOR 

The Battery Eliminator Model 1327 has been designed primarily to power the 
Cossor Pre-amplifiers, Models 1430, 1434 and 1440, but it can be used in many 
other applications requiring a power unit to provide high and low tension supplies. 

L.T. Supply: Output 6V-6.5V at I.7A. 
H.T. Supply: Output 120V at 15mA. 

Please send for the latest Cossor Catalogue or ask for a representative 
to call and discuss your special requirements. 

COSSOR INSTRUMENTS LTD 

The Instrument Company of the Cossor Group 

COSSOR HOUSE, P.O. BOX 64, HIGHBURY GROVE, LONDON, N.5. 

Telephone: CANonbury 1234 (33 lines). Telegrams: Cossor, Norphone, London. 

Electronic ee Radio Engineer, August 5959 

Cables: Cossor, London. Codes: Bentley's Second. 
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TEXAS SILICON 

VOLTAGE 

REGULATORS 

8 WATTS 

22 to 91 VOLTS 

ACCURACY 5% 

OPERATING TEMPERATURE 

—65°C to +150°C 

Available also as double anode clipper 

This new range of Texas Silicon Voltage Regulators 

covers zener voltages from 22 to 91 Volts in 16 steps 

of approximately 10%. 

Performance data and some typical applications are 

shown on the right. 

If your name is already on our Mailing List, the data 

sheet is now being mailed to you. If you are not on 

our List, and would like to receive details, please 

write your name and address in the margin of this 

page and return to us. 

8 

SHUNT REGULATED POWER SUPPLY 

type 

zener 
voltage 

Vz 
(a lz 

volts 

zener 
current 

lz 

mA 

zener 
impe- 
dance 
Zz 

(max) 
vr lx 

ohms 

reverse 
current 

Llb 
ql — I OV 
25° C 

tl A 

power 
dissipa-
tion 

P (max) 
Ts_ 50 C 

watts 

typical 
temp. 
coef-
ficient 

°,„/'C 

15501 22 150 4 10 8 0.08 

15502 24 150 4 10 8 0.08 

15503 27 150 4 10 8 0.08 

15504 30 150 5 10 8 0.08 

15505 33 150 5 10 8 0.08 

15506 36 150 6 10 8 0.09 

15507 39 150 6 10 8 0.09 

15508 43 100 7 10 8 0.09 

15509 47 100 8 10 8 0.09 
Actual 

15510 51 100 10 10 8 0.10 Size 

15511 56 100 II 10 8 0.10 

15512 62 50 14 10 8 0.10 

15513 68 50 16 10 8 0.10 

15514 75 50 24 10 8 0.1 I 

15515 82 50 26 10 8 0.11 

15516 91 50 40 10 8 0.12 

LOAD 

Output Current (1 ouTi 50 to 200 mA. Ripple 10 mV. Total Regulation (for input and output 

variations) 10%. 

SUPPLY 

VOLTAGE 

o  
TYPICAL AMPLIFIER 

L.   

TRANSISTOR SURGE PROTECTION 

TEXAS INSTRUMENTS LIMITED 
TELEPHONE: BEDFORD 68051 DALLAS ROAD BEDFORD CABLES: TEXINLIM BEDFORD 

 o 

o 

132 
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The logical advance i 
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Retaining 

CI RCLIP 

FITTED IN 

GROOVE 

save material— reduce assembly time 

When it's a question of assembling components 
in any engineering field, Salter Retainers are the 
answer. They replace nuts and bolts, screws, 
cotter pins, and eliminate expensive threading and 

Send for the Salter Retainer 
catalogue— no designer is 

complete without it. 

0 Ci rcl ips Fasteners 

OLD WAY 

This fluid seal involved 
internal threading of 
the tube, which was 
sealed with an expen-
sive cap- nut. The 
assembly was laborious 
and spanners were 
needed. 

THE SALTER WAY 

The tube is recessed 
and then simply 
grooved with the 
SALTERGroovingTool. 
A Circlip is snapped 
into position and 
secures the fluid retain-
ing plate with positive, 
vibration-free locking. 
When necessary the 
Circlip can be removed 
quickly and easily. 

-cut costs 

machining operations. A large standard range is 
at . your immediate disposal, and we should 
welcome the opportunity to assist in developing 
special retainers to solve your problems. 

QRetainers 

Geo. Salter & Co. Ltd., West Bromwich • Spring Specialists since 1760 

Electronic Ce Radio Engineer, August 1959 
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Now PTFE 
Insulated 
Instrument 
Wire Conforming to Sections B & C of Specification EL1930, M.O.S. (Air) 

Siemens Ediswan PTFE insulated instrument wire, developed for certain highly 

specialised services, has a wide potential field of application in modern 

electronic engineering. The physical and electrical properties of PTFE make it the 

best material available wherever the emphasis is on performance 

and complete stability. In brief, PTFE has these advantages: 

II Stable at all temperatures from —75°C to +250°C 

• High dielectric strength 

• Low dielectric constant 

• High resistance to corrosives and solvents 

• Non-chafing and self-lubricating 

• Available in 11 colours 

• Non-adhesive 

PTFE is extremely difficult to form, but we have considerable pioneering 

experience in its processing and fabrication. As a result we are able to produce 

PTFE insulation by extrusion with concentricity guaranteed to close limits. 

We are anxious to extend the uses of this wire and will gladly supply 

interested manufacturers with samples for them to test. If we can help you with 

information on the use of PTFE in any shape or form, please let us know. 

10 

Send your enquiry to: 
SIEMENS EMISON SWAN LIMITED An A E.I. Company 
PTFE SECTION (PD17) 
155 Charing Cross Road, London WC2 
Telephone: GERrard 8660. Telegrams: Sieswan, Westcent, London 

CRC 17/17 
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RANGE OF 

ATTENUATORS 
from D.C. to U.ILF • mosimml...m.,\ 

d. c. 10 cis 100 cis 

AUDIO 

1 kcis 10 kc/s 

TYPE A64 (Resistive) 
Attenuation Range: 0-70 dB in I dB steps 
Input and Output Impedance: 600 ohms. 

V. H. F. 

£15 

TYPE A37 
As Type A38 but supplied less resistors for 
customers to fit their own ladder network 

TYPE A38 (Resistive) 
Maximum Attenuation: 80 dB. 
Impedance: 75 ohms. 

TYPE A55 (Inductive) 
Attenuation Range: 20 dB 
Inductance: 0.1,uH 

TYPE A75 Concentric Drive ( Resistive) 
Attenuation Range: 99 dB in I dB steps 
Input and Output Impedance: 75 ohms 

TYPE A76 (Resistive) 
Attenuation Range: 90 dB in 10 dB steps 
Input and Output Impedance; 75 ohms 

TYPE A94 
As Type A76 but supplied less resistors for 
customers to fit their own ladder network. 

TYPE A79 ( Resistive). In case. 
Attenuation Range: 99 dB in I dB steps 
Input and Output Impedance: 75 ohms 

TYPE A84 (Resistive) 
Attenuation Range: 99 dB in 1dB steps 
Input and Output Impedance: 75 ohms. 

U. H. F. 

£3.15 

£1.7.6 

£3 

£19 

£7 

£22.10 

£17.10 

TYPE A57 ( Inductive) 
Attenuation Range: 126 dB 
Output Impedance: 75 ohms. 

CO-AXIAL SWITCHES 

£60 

100 kcis 

Small dimensioned switches, for use up to V. H. F., employing the same clean break 
mechanism as used in Types A37 and A38 (6 position) and A76 and A94 ( 10 position) 
Attenuators. 

MODEL CS 10 MODEL CS 11 
10 position 6 position 

£8.0.0 £4.10.0 

MODEL CS 12 
6 position (terminated) 

£5.0.0 

1 Mc's 10 Mc's 100 MO 1000 Mis 

SEND FOR 
LEAFLET 

39 

57 

57 

57 

57 

4drivance COMPONENTS LIMITED • Instruments Divisicn 
GD 78  ROEBUCK ROAD • HAINAULT • ILFORD • ESSEX • Telephone: HAINAULT 4444' 
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NEW High Slope R.F. Pentode 

Designed for a.c. or a.c./d.c. Television Receivers 
EDISWAN MAZDA 6F23 
For the information of set designers we are publishing details of 
individual 0.3 amp heater valves in our 'First Preference' range for 
TV circuits. If you are a TV manufacturer we shall be pleased to supply 
full technical details of our 'First Preference' range, together with a 
set of valves for testing on receipt of your enquiry. 
The 6F23 has similar characteristics to the 30F5 and can be used, for 
example, as an amplifier in sound I.F., vision I.F. and video stages and 
as a synchronising pulse separator. The 6F23 has the advantage of 
having a 6.3 V, 0.3 A heater. 

Tentative Ratings and Characteristics 

MAXIMUM DESIGN CENTRE RATINGS 
Anode Dissipation (watts) Nona.) 3* 
Screen Dissipation (watts) 11/2 2(max) 1* 
Anode Voltage (volts) Vsomw 250 
Screen Voltage (volts) Va(max) 250 
Heater to Cathode Voltage 

(volts r.m.s.) Vi,-konaaw.m.a. 200** 
*With a grid to cathode circuit resistance not exceeding 

10,000 ohms. 
**Measured from cathode to higher potential heater pin. 

INTER-ELECTRODE CAPACITANCES (PF)t 
Grid 1 to Earth ci,, 9.0 
Anode to Earth Cout 3.7 
Grid 1 to Anode Cgl-s 0.007 
tMeasured in fully shielded jig, without can. 

MAXIMUM DIMENSIONS (mm) 
Overall Length 67.5 
Seated Height 60.5 
Diameter 22.2 

93 
91 

VIEW OF 
FREE END 

h. h 

92 

TYPICAL OPERATION 
Anode Voltage (volts) Va 170 
Screen Voltage (volts) Vas 170 
Self Bias Resistance (ohms) Rk 150 
Anode Current (mA) la 10 
Screen Current (mA) las 2.6 
Mutual Conductance (mA/V) g. 9.2 
Inner Amplification Factor PRI-R2 64 
Equivalent Grid Noise Resistance (ohms) Rea 670 
Input Loss at 38 Mc/s (ohms) rgl-k(W) 8500* 
Input Capacity Working (pF) cia(W) 12.1tà 
Change in Input Capacity produced by 

biasing valve to cut-off (pF) A cia(W) 2.45 A 
Figure of Merit (valve only) (Mc/s) 210: 
Effective Figure of Merit (valve and 

*The two cathoaes strapped and joined directly to earth. 
A Measured at 38 Mc/s. 
t Inter-electrode capacity with holder capacity balanced out. 

gni X 103 

Given by 
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SIEMENS EDISON SWAN LIMITED An Company 
Technical Service Department, 155 Charing Cross Rd., London,W.C.2. 
Telephone: GERrard 8660. Telegrams: Sieswan, Westcent, London. 
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Tentative Characteristic Curves of Ediswan Mazda Valve Type 6F23. 
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adjustable pot cores gives you 

,   
IMullardi 

outstanding 

• Wide range of sizes 

• Easily assembled 

• Close tolerance 

permeability 

• Precise and easy 

inductance adjustment 

• Stability 

• Single hole chassis 

mounting 

!dullard 

POT CORE DESIGN 

advantages 

Muliard Vinkors are the most efficient 

adjustable pot core assemblies com-

mercially available. In addition to high 

performance, they have the distinct 

advantage of close tolerance permea-

bility, thus enabling designers to 

precalculate to within ± 3% the induct-

ance of the core when wound. Final 

adjustment, taking into account normal 

capacitor tolerance, can be easily 

effected to an accuracy of better than 

0.02%by means of a simple self-locking 

device built Into the core. 

Write today for full details of the wide 

range of Vinkors currently available. 

ITINKOR POT CORES 

MULLARD LIMITED COMPONENT DIVISION • MULLARD HOUSE • TORRINGTON PLACE • LONDON VV.C.1 
MC280 

14 Electronic Ce Radio Engineer, August I9:59 



ELECTRONIC & 

VOLUME 36 NUMBER 8 RADIO ENGINEER 
AUGUST 1959 incorporating WIRELESS ENGINEER 

Colour Vision 

OUR attention has recently been drawn to some experiments with 
the reproduction of coloured pictures which have been carried out 

by E. H. Land, of Polaroid fame. The results of these experiments cannot 
be explained by the ordinary theory of colour vision, and it thus appears 
that this theory is in need of amendment or, at least, extension. 

This month's "Fringe of the Field" contains an account of some of 
Land's work, and we were interested enough to carry out one experiment 
ourselves. We took tWo photographs of a scene on ordinary black-and-
white film, one through a green filter and the other through a red filter. 
After development, positives were prepared and we projected and 
superposed the two pictures, using white light for the one taken through 
the green filter and red light for the other. 
The resulting picture contained much more colour than the red, pink 

and white that one would expect. There were definite yellow, orange and 
green and an excellent brown. 
By chance our picture was seen by a colleague, who at once said that 

it was not nearly as good as Land's! It turned out that he had been 
present at one of Land's demonstrations and we had from him a first-hand 
account of it. We need say here only that he confirmed the report, which 
we had seen elsewhere, that Land's pictures, projected with only white 
and red light, give a colour picture of quality comparable to that of 
modern colour transparencies, save only for the blue. We need say no 
more about this, for he recorded his impressions at the time in Amateur 
Photographer for 18th June 1958 (Vol. 115, p. 803). 
Our interest in this, of course, arises out of its possible effect on colour 

television. We do not necessarily mean that we think the method could 
be directly applied to it. It might be, and there might be some saving of 
bandwidth. In our view, the importance is an indirect one. A new 
theory of colour vision seems necessary to explain Land's results. When 
this is found, it may well open the way to further developments, and it 
would be surprising if these did not have repercussions on colour tele-
vision. At the moment, we can only say that there is much more in colour 
than meets the eye! 
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Drift Transistor 
SIMPLIFIED ELECTRICAL CHARACTERIZATION 

By J. te Winkel* 

SUMMARY. Equivalent circuits for a dr¡ft transistor are developed starting from a set of parameters derived from the physical 
principles underlying the device. It is shown what approximations are possible ¡f limited frequency ranges or large values of the 
drift field are considered. Further simplifications are obtained from the introduction of suitably chosen frequency parameters. The 
resulting equivalent circuits appear to be simply related to those commonly used for a normal alloy transistor. The form is the 
same and the values of the circuit elements can be found by means of a number of multiplying factors that depend on the dnft 
field only. These are given in graphical form. 

he derivation of an equivalent circuit for any 
transistor should start from the physical principles 
underlying the working of the device. For a drift 
transistor, where the effect of the built-in electric field 
has to be accounted for, the derivation itself presents 
no particular difficulty, provided that the field is 
assumed constant throughout the base region. However, 
the resulting expressions for the elements of an equivalent 
circuit appear to be quite involved. So there is a 
definite need for simplification, if necessary at the cost 
of exactness. 
The purpose of the present paper is to develop two 

basic equivalent circuits, one for common-base operation 
and another for common-emitter operation. Special 
attention will be paid to the simplest possible repre-
sentation of the circuit elements. Another paper will 
deal with the implications of this approach as regards 
the choice of parameters to characterize transistor 
performance and the measurement of these quantities. 

Fundamental Parameters for a Common-Base 
Circuit 

Among the small-signal parameters which are 
obtained from physical reasoning those associated with 
the transport of minority carriers through the base 
should be considered first. Other parameters to take 
account of are the junction capacitances and the 
resistances appearing between the junctions and the 
electrodes. 
The base transport phenomena can be described by 

a set of fourpole parameters, which have been published 
in various forms 1,2. The complete equivalent circuit 
is then obtained by adding to this fourpole the other 
elements mentioned above. 
Of the four base transport parameters, as previously 

given by the author2, two are related to the flow of 
minority carriers from the emitter through the base to 
the collector. The two others represent the control of 
this flow by the collector-to-base voltage via a change 
in the effective base width (Early-effect). Considering 
the two latter parameters first, it appears that they 
cannot be put in a simple and generally applicable 

* Philips Research Laboratories, N. V. Philips' Gloetlampenfabrielten, Eindhoven, 
Netherlands. 
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form; moreover, actual values will differ considerably 
from the theoretical ones when the drift field is only 
approximately constant. However, as has been shown 
by Kriimerl, the Early-effect becomes small when the 
drift field is large. Therefore, when a simple equivalent 
circuit is aimed at, one is justified in neglecting the two 
parameters in question and in leaving what residual 
effects there are to be determined by measurement. 

e 

e 

Ce Yee t 0Ue Cc 

rb 

fc 

(a) 

fc 

Yob' t YmVeil Cc 

b' 

(b) 

Fig. 1. Fundamental common-base equivalent circuits 

The two remaining parameters then are the ratio of 
the minority carrier currents at the collector and emitter 
junctions, in other words the internal alpha, and the 
ratio of the emitter current and the voltage across the 
emitter—base junction, the internal input admittance. 
As an alternative to either of these parameters one may 
take the ratio of the collector current and the emitter-to-
base voltage, the internal transconductance. The 
emitter efficiency (i.e., the ratio of the minority carrier 
current at the emitter junction and the total current 
crossing this junction) is assumed to be unity. 
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The complete common-base equivalent circuits thus 
obtained are shown in Fig. 1(a) and (b); a, yeb' and ym 
constituting the internal parameters. The junction 
capacitances are denoted by C6 and Ce, the series 
resistances by Tb and re. As shown, one has to dis-
tinguish between the internal base b' and the base 
connection b and also between the current flowing in 
the emitter terminal ie and the minority carrier current 
across the emitter junction in. Expressions for the 
internal parameters can be found in Ref. 2 or, in another 
form, in Ref. 1. 

The expression for the internal alpha in Fig. 1(a) is: 

a 

represents the emitter diode differential resistance, 
./e being the emitter direct current. 
Approximations for the three internal parameters 

are derived in the succeeding sections. 

Fundamental Parameters for a Common-Emitter 
Circuit 

For common-emitter operation one would prefer an 
equivalent circuit with the current generator connected 
between emitter and collector. The necessary trans-

A w2  
 sinh ,j1 A2 ± -I- 2j —coo ± cosh A2 + + 2 j (-Jo 

\b./12 yi-W2 + 2coo 

and for the internal input admittance in Fig. 1(a) and (b) 

1 + A +  2 j— 2 j — 
L2 wo cuo 

W2 Co 

Yeb — 

î A + / 1A2 + coth „ji A2 + 
re W 2 W2 

The transconductance in Fig. 2(b) is: 

1 
Yrn — 

W 2 co 

+. A ± I A2 ± coth j1 A2 ± smh /1+442 ± y2 + 23 (7,0 
W2 

in these three expressions. 

F W 
A — 

krq ' (4) 

where F represents the drift field and W the base width. 
Thus A is equal to the drift potential across the base 
expressed in units of the thermal voltage kTlq. The 
quantity A is also simply related to the ratio of the 
impurity concentrations at the emitter and collector 
junctions', 2. 

Ne 
A = loge . • • • (5) • • • • 

The quantity WI L is the ratio of base width to 
diffusion length; it is small and the square is usually 
negligible. Furthermore 

2D 
= .. (6) 

with D equal to the diffusion constant of minority 
carriers in the base. This expression may be recognized 
as one which is sometimes used to define the cut-off 
frequency of a transistor for the case where the drift field is 
zero. However, the definition which is used in the 
present article would give a value 1.21 times larger. 
Thus, for the present, Equ. (6) should be looked upon 
as defining merely a frequency parameter coo. 
Finally 

kT 
re = 

q ie • • (7) 

formations can be readily • made. As internal para-
meters, one may have either the input admittance yve 
and the ratio of collector and base current: a' 
[Fig. 2(a)] or the input admittance and the trans-
conductance [Fig. 2(b)]. Again, one must distinguish 
between internal and external base and between the 
current ib flowing into the base terminal and that 
fraction in , associated with the base transport only. 
The transformation from Fig. 1(a) to Fig. 2(a) yields 

Yve = Yeb' ( 1 — a) • 

and 

a 
a 

1 — a 
• • 

The transconductance in Fig. 2(b) appears to have 
the same absolute value as that in Fig. 1(b). However, 
as shown, the phase is reversed. 
Approximations for yb ,, and a' will be discussed 

below. 

Approximations for a. 

The purpose of this section is to show in what ways 
the expression ( 1) for a can be simplified. 

Large Values of A 

When the argument is large the hyberbolic functions 
in ( 1) both tend to become equal to half the exponential. 
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Fig.-2. Fundamental common-emitter equivalent circuits 

 oe 

For large values of A and co/coo, neglecting W2//,2 at 
the same time, Equ. ( 1) can be simplified to 

— 

The substitution of this expression in (9) leads to 

2L2 

A2 

— A — I + e-A w 2L2 • 
1 + j — . 

COO 

Considering now a transistor for which the drift field is 
zero, Equ. ( 1) will reduce to 

.. ( 12) 

a (0) — .. (13) 
W2 •co 

cosh 1-7,2 + 2j 

which expression at low frequencies, under the condition 

W2 0: a) 

L2 + "J coo 

can be expanded to 

2L2 

a' (0) = 
W2 

2L2 
1 + j 700 fv-i 

4 1 

. . ( 14) 

2 ,j1A2 + 2 

° co exp.[— j1 A2 + 2 je7ow — 

¡A + ,j1A2 + 2 j7a .0 

The range of validity of this expression must be 
found by computation. It may be noted first that ( 10) 
again approaches ( 1) at very low frequencies, if one 
neglects W2/L2 in ( 1) as well. Computing the differ-
ence between ( 10) and ( 1) as a function of frequency 
for a given value of A, one therefore finds a maximum. 
Taking A = 3, for instance, this occurs at wiwo = 1.34 
and amounts to less than 1%. The difference appears 
to decrease rapidly if one takes larger values for A. 
Thus the approximation ( 10) may be used for all 
values of cu/coo provided that A v 3. 

Evaluation of a' and Introduction of the Frequency Para-
meter col 

The equation ( 10) for a still contains coo as the unit 
of frequency, which is only a meaningful quantity when 
the drift field is zero. However, a change of the 
frequency scale may be obtained by considering the 
ratio of collector and base current a', as given by (9). 

An expression for a' valid at low frequencies can be 
found by taking ( 1) and expanding the square root 
and the hyperbolic functions. To obtain a useful 
result the expansion will be restricted to values of A 
such that the condition 

IL2w2 ;To « A2 
is fulfilled. Then, with this restriction, 

(1 - 
282 

• • • • .. (10) 

When comparing ( 12) and ( 14), it is seen that the 
presence of the drift field increases the zero-frequency 
value of a'; it is multiplied by the first factor that appears 
in ( 12). The cut-off frequency of a' is not affected, 
however. Denoting the zero-frequency values of a' and 
a' (0) by a'o and a'o(0) respectively and the cut-off 
frequency of both quantities by coc,„., one has from ( 14) 
the well-known relations for a normal field-free 
transistor 

or 

W2 2L2 
cow  = coo 2—L2 and a'(0) = 

oc% (0) aka, = coo • • • .. (15) 
The corresponding relation for the drift transistor, 

taken from ( 12) would be 
As 

cc:° wc"' — A — 1 + e-A w° • 

When A is so small that the condition for ( 12) is no 
longer fulfilled and one has instead 

ws 

• • (16) 

it can be shown that the relation ( 16) must be replaced 
by 

1  

° — 1 — if A *4) • 

2 W 2 4w "J sinh cosh ¡ A 71v2 
A2L2 A o 

, A ,i, e2A+12 2./. coo)} + cosh 4- A + A L + 2j -c shih+ A ( W .! (11) 2 0) 
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This, however, is also the expression obtained by 
expanding ( 16) for small values of A. 

It is now proposed to use the quantity ce.coce, 
given by ( 16) and henceforward to be denoted by an, 
as a new unit of frequency that should replace coo in 
(1) and ( 10). For a field-free transistor, coo and col 
are obviously equal; for a drift, transistor, one should 
have from ( 16) 

co A2 

coo — A — 1 ± • • ( 17) 

As will appear from the following, the quantity (di 
can be used to describe the frequency behaviour of the 
alpha of a drift transistor in much the same way as coo 
can for a normal transistor. Thus, comparing transistors 
of the same base width, the relation ( 17) may also be 
interpreted as showing the measure in which the high-
frequency properties may be improved by the incor-
poration of a drift field. It also will represent the 
increase in the zero-frequency value of cc'. 
The relation ( 17) is given in a graphical form by 

Fig. 3. As shown by Kremer' the highest value of A 
obtainable in practice is about 8, for the upper limit 
in this figure and in those to follow a value of 9 has 
been taken. 

The fact that the cut-off frequency of oc' is not affected 
by the drift field needs some comment. For a given 
alternating collector current the base current can be 
divided into two parts, one which supplies the majority 
carriers necessary for recombination and another, in 
phase quadrature with the former, which provides the 
majority carriers needed to maintain space charge 

dA 

of the varying part of the total minority carrier charge; 
the proportionality factor being the reciprocal of carrier 
life-time 1/T for the first component and the angular 
frequency co for the other. At the cut-off frequency 
of cc' both currents will be equal in magnitude. 
Thus 

1 
(»Ca' = T 

a result that also could have been found from (6) and 
(15), with the help of L2 = DT. It is seen that the 
cut-off frequency coce does not depend either on the 
total number of minority carriers in the base or on their 
distribution, quantities which will depend on the drift 
field. 

In most transistors, one has to consider other com-
ponents of the base current besides those discussed 
above, which were the only ones taken account of in 
the derivation of Equ. ( 1). Additional components 
will result from a surface recombination current and a 
flow of majority carriers from the base to the emitter. 
As long as these currents are proportional to the bulk 
recombination current discussed above, all that has 
been said earlier will still hold, provided T is replaced 
by some other quantity. If L is changed accordingly, 
the relations represented by Equs ( 11) to ( 17) will thus 
also be valid in this more general case; provided, of 
course, that the term replacing W 2/L2 remains suffi-
ciently small. Similar remarks apply when r has 
different values in different parts of the base. 

Representation of cc with wi as a Frequency Parameter 

Replacing coo by coi and neglecting W 2/L2 the 
expression ( 1) for cc becomes 

4  
4  

co 
sinh A col A — 1 ± e-A  

4 

CO1 A — 1 e—A 

neutrality. Considering now the minority carriers in 
the base, it may be assumed that at low frequencies 
their concentration will vary at a uniform rate over the 
base region. In this case, the two components of the 
base current will each be proportional to the amplitude 

5 

4 

o 

Fig. 3. The ratio of the frequency parameters to, and coo 

2 3 4 5 

A 
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• • • • .. ( 18) 

When A 3, the simplified expression ( 10) may be 
used. In this case, the exponential in ( 17) may be 
neglected and the introduction of col results in 

ct 
2 exp. [— A( j 1 (»IA — 1 1)] 

co  4  

. ( 19) 
1 

1 + 
. co  4  

NI 1 + I coi A — 1 

For a normal transistor A= 0 and coo 
neglecting W 2/L2 here also, one has from ( 13) 

cc-
1 

col; 

cosh „j2j col.. (20) 

A plot of ac for various values of the drift potential A 
using col as a unit of frequency is shown in Fig. 4. 
Also shown is the half circle 

1 

. co 
1 + — 

col 

which approximates all curves at low frequencies. 
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Fig. 4. oc-curc.es with a), as the frequency parameter 

It may be noted that W2/L2 has been neglected purely 
as a matter of convenience. With the help of ( 12) and 
(9) a correction can easily be applied; for not too,small 
values of ccio, however, it will only be important at low 
frequencies. 

When examining Fig. 4 it will be seen that the 
points where co/col = 1 lie very nearly on the vertical 
line that passes through the point 0.5 on the horizontal 
axis. This suggests that, to a very close approximation, 
one might also define col as the frequency where the 
real part of a equals 0.5f. The error made can be seen 
from Fig. 5, which shows the real part of a at co = col 
for various values of A. 
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Fig. 5. The real part of a at os tos 

° A = 9 

K = 0.90 A 

and 

= 0.221 + 0.98 A 

Cut-q# Frequency of a 

A parameter commonly used to describe the frequency 
behaviour of a transistor is the a cut-off frequency WC. 
By definition, it is the frequency at which the magnitude 

of a equals j- t/2. When computing the curves of 
Fig. 4 coc can be found by interpolation, and so one 
can determine a factor K given by 

(21)• • 

The phase angle of cc at the cut-off frequency can be 
calculated at the same time. For reasons which will 
become obvious from the next section, the phase angle 
itself will not be used to characterize transistor per-
formance; it will be replaced by a quantity # which 
is 45 degrees or 44 radians less than the negative of 
this angle. Figs. 6 and 7 show # as a function of the 
drift potential A. 

An interesting fact which can be observed from these 
figures is that, for values of A of practical interest, 
both K and # are very nearly linear functions of A. 
One has, with an error of less than 1% and up to 

t For this suggestion the author is indebted to Mr. L. G. Cripps of Mullard Research 
Laboratories, Salfords, who will discuss its implications in a succeeding article. 
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or 

in radians, 

.. (22) 

= 5.59 A in degrees. .. (23) 

For a normal transistor A = 0 and K = 1.21, hence 
WC = 1.21coo, as mentioned when discussing Equ. (6). 

Representation of a with WC as a Frequency Parameter 

Changing the frequency parameter aj to coc using 
values of K specified by (22), Fig. 4 has been redrawn 
in Fig. 8. The half-circle is now meant to represent 

1 

.. (24) 

An examination of Fig. 8 will show that the points on 
the oc-curves and on the half-circle that correspond to 
fixed values of co/coc smaller than unity lie very nearly 
on circles that have their centres at the origin. So, 
provided that co/co, 1, the magnitude of a will be 
practically independent of A and equal to the absolute 
value of (24). 

When the values computed for the phase angle of a 
are examined, another interesting property is revealed. 
If one takes a particular oc-curve and the half-circle 
and compares points that have equal values of co/coc, 
it appears that the phase difference is very nearly 
proportional to frequency. 

The two observations combined suggest the following 

euc 

Fig. 6. The ratio of the frequency parameters to, and coo 
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approximation for at 

exp.  (oc] 
—  

If A 3 a simplified expression can be found when one 
introduces cc, as given by ( 1), in the equation (2) and 
subsequently substitutes this quantity by the simplified 

.. (25) expression ( 10). Neglecting exp. (—A) in respect to A, 
one gets 

, 1 ( 1 — exp. [ — A] 
_Yeb .= 1 + NI 1 + j A —4 1) 

1 — exp. [— A \ + j 1] 

The quantity e has been defined in the preceding 
section. It is seen that by this definition and by that of 
co, the equation (25) will give the correct value when 
co = coe. A final check on its validity can be obtained 
by comparing computed values with ( 18), ( 19) or (20). 
Considering first the frequency range co = 0 to co ---- coc 
it is found that the error has a maximum at some inter-
mediate value of co and that it increases with A. Taking 
A = 9 as the highest value of practical interest the 
maximum appears to occur at co/co, = 04 and to 
amount to 1-5%. At frequencies above coe the error 
becomes larger, as may be seen from Fig. 8, where 
Equ. (26) is represented by the dashed curves. A general 
criterion for the validity of (25) in this frequency region 
can be given with the help of the frequency parameter 
coi• For all values of A the error is about 3% for co/col 
= 25 and 10% for co/on = 3. 

Conclusion 

It is shown that to a good approximation the internal 
alpha of a drift transistor can be characterized in a 
simple form by two quantities only. These may be 
either the drift potential A and the particular frequency 
col where the real part of cc equals 0-5 or the cc cut-off 
frequency cue and a quantity # associated with the phase 
angle of cc at this frequency. 
The first approximation is valid over a wide frequency 

range, it is given in two forms depending on the magni-
tude of A. For frequencies well below coi and for not too 
large values of A, the parameter coi alone might suffice. 
The second approximation, simpler in form, is only 
valid somewhat beyond the cut-off frequency co, 
As an alternative, one might also take as one character-

izing parameter the frequency col, and as the other, 
instead of A, either the frequency toe or the phase angle #. 

Approximations for the Common-Base Input 
Admittance 

Introduction of col 

An expression for the input admittance with col as 
the frequency parameter is obtained when one takes the 
original Equ. (2), neglecting W2/L2, and introduces col 
according to ( 17) : 

.. (27) 

Admittance at Low Frequencies 

For small values of co/coi the product of the square 
root and the hyperbolic function in (26) can be expanded 
with the result 

yeb'o = r-6{l wiA e_4(1 — A — l-FrA)} 

.. (28) 

Thus, at a low frequency, the admittance can be 
regarded as consisting of the parallel combination of a 
resistance r, and a capacitance 

Ceoio — 
1 1 

wire A — 1 e-A 
(1 2A  

A — 1 
e-A) (29) 

IfA .>..3 one may neglect exp. ( —A) in this expression. 
For a normal transistor one has A = 0 and coo = col, 

in this case Equ. (2) will reduce to 

Yeb' (0) = -1  j —t° coth j . r, col col .. (30) 

The capacitance at low frequencies again will follow 
from the expansion, its value is 

Ceb'0(0) — 2  3 wire . 

One may put Equs. (29) and (31) 

1  
Ceti° mojire 

.. (31) 

in a general form: 

.. (32) 

where M depends on A only. Its value ranges from 1-5 
for A = 0 to about 8 for A = 9, see Fig. 9. 

Admittance of Other Frequencies 

For fixed values of A one may calculate the real and 
imaginary parts of the admittance as given by (26) or 
(27) and compare these to the low-frequency values speci-
fied by (28). The result is shown in Fig. 10, the change in 
conductance by the product geb'r, and the change in 
capacitance by the ratio Ceo'/Ceo'0. It appears that up 
to co/coi = 1 the change with frequency is rather small; 
therefore, it would not be worth while to attempt a 
better approximation by replacing the parallel com-
bination of re and Ceb% by a more elaborate network. 

1 1 ±• coth ¡ A j1 
4 4 

Yeb" — 
1 coth ¡ A re 

.. (26) 

The approximation given in this section agrees in form with the one that Thomas 
and Moll have derived from experimental data'. However, the analysis given by 
these authors requires that 4, = K - 1, which is only approximately true, as may 
be seen from (22) and (23). 
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As may be seen from the equivalent ciicuit (Fig. 1) 
the junction capacitance Ce must be added to the input 
capacitance Cebt derived above. It should be noted that 
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the former is nearly independent of the emitter direct 
current, while the latter is directly proportional to it. 

Approximations for Transconductance 

This quantity, which can be used in both the 
common-emitter and the common-base circuit, is given 
in full by Equ. (3). Neglecting W2/L2, the introduc-
tion of an according to ( 17) will simplify this expression 
to 

Ynz — re 4  
sinh,4111 J col A  

sinh ¡ A . 

.. (33) 

At low frequencies, Equ. (33) may be approximated by 
the first terms of the series expansion, as follows 

1 1  

Ye° — re co A coth ¡ A — 2 

+1 w A — 1 ± e-A 

.. (34) 

Fig. 8. cc-curves with we as the frequency parameter. Full lines: exact 
values from Fig. 4; dashed lines: approximate values according to Equ. (25) 
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COO 

For a normal transistor one can put A = 0 and 
= col and Equ. (3) will reduce to 

. cu 
2,/ — 

l 
y. (0) — 1 co  .   , • .. ( 35) 

Te 
sinhj2 j 

, wj 

the low-frequency value of which is 

Ymo (0) — 1 • 1 • .. (36) 
re 

1 +j 3wi 

The relations (34) and (36) may be put in the general 
form 

1  Ynao —  1 5 .. (37) 

1 + j N — 

where N will depend only on A. Its value varies from 
0.333 for A = 0 to 0.87 for A = 9, see Fig. 11. 
When computing the difference between (33) and 

(37) it is found that the approximation (37) can be used 
up to co/an = 0.5; the error is about 6% in magnitude 
and 1° in phase angle. With co/an= 0.25 the error is 
less than 1%. 

Approximation for ce 

A suitable expression has been derived already in the 
form of Equ. ( 12); i.e., 

or 

,  ¡ A2 
a 
— A — 1 + e- A , w 21.2 ' 

1 + 3 — . — 
coo W 2 

2L2 

147 2 

in another form, introducing an from ( 17) and the 
zero-frequency value of cc', 

a'o  

1 + «so . . (38) 

The validity of this approximation will be realized 
by recalling the condition under which Equ. ( 12) was 
derived: 

14 72 

L2 + 21 WO 
<I A ° 

Fig. 9. The multiplying factor M for the common-base input capacitance 
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Fig. 10. The change with frequency of the common-base input capacitance (a) 
and conductance (b) 

Inserting cc' from ( 12) in this relation, it becomes 

cc' 
4 

A 1 e A 

For.very small A or A = 0 the condition is 

A2 + ±17-2  
L2 coo 

with the result 
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Fig. 11. The multiplying factor N associated with the transconductance 

Using ( 12) and ( 17) one can also write 

Yb'eO 1  = + • • ' .. (43) 
Ot 0 re an re  

Thus, the admittance is the parallel combination of a 
resistance ao're and a capacitance Cb ,e = 1/col re. 
In a similar manner one obtains for a normal field-free 
transistor 

1 . CO 

. . (39) Yb'e0 — , CC  in\ + j (Kv) re coo re • 

It is seen that this expression is also applicable to a 
drift transistor when coo is replaced by col. 

Admittance at Other Frequencies 

To this end one can take Equ. (41), neglect W2/L2 
.. (40) directly (which is equivalent to putting a'0 = co), 

and introduce col from ( 17). The result is 

1 1 — e A 

"Yb'c = re 2 1 ± 1j col A — 1 ± e-A 

4  cosh .4; j1 A e-A 
to 4 

4 co 
sinh A 1 ± (01 A _ 1 + e "A  

Approximations for the Common-Emitter Input 
Admittance 

The full expression for this admittance, substituting 
(1) and (2) in (8), is 

1 A 
Jb'e= re •  

W 2 j 2 
—Là COthl i  E47A2 + 

(44) 

The admittance can be computed for various values 
of A and plotted in the complex plane. It is then found 
that, up to co/col= 2, the points lie very nearly on 

/1 A2 ± .T2- 1472 ± 2j j  (cosh,/ I A2 ± L2 —1412 ± 2 i -£1  — *A ) 
coo e 

1 + o  
f W 2  «, 

o A sinht, A2 + ± 2j (-0-0 

Admittance at Low Frequencies 

The expansion of the square root and the hyperbolic 
functions in (41) under the condition 

w2 co 

L2 + 2 *1 coo 

and neglecting W2/L2 with respect to A2, will yield 

_WO = —L2 + 2i 
1 (W 2 coA-1 e-A  

.. (42) 
coo) A2 

+ A2 

.. (41) 

half-circles that pass through the origin and have their 
centres on the horizontal axis. This suggests that a 
good approximation would be obtained by considering 
the impedance to consist of a resistance and a capacitance 
in series. So one might put 

1 
— = Pr 1e + .  (45) 
,b'e .7 toCb'e0 • 

The factor P in the real part has been introduced to 

Electronic £..e Radio Engineer, August r959 287 



0.6 

0-4 

0.2 

o 2 3 4 

A 

6 7 9 

Fig. 12. The multiplying factor P for the common-emitter input resistance 

Fig. 13. The change wzth frequency of the common-emitter input 
capacitance (a) and conductance (b) 
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represent the effect of the drift field, the imaginary part 
is assumed to be determined by the low-frequency 
capacitance derived from Equ. (43) 

1  
Cb'eo — • 

wire 

Computed values of (45) can be compared with the 
reciprocal of (44). It is then found that the approxima-
tion Pre is correct within 1% up to wityi = 1 and A = 9. 
The values of P following from this calculation range 
from 0.167 for A = 0 to 0.51 for A = 9, see Fig. 12. 
The difference between the series capacitance deduced 
from (44) and C5'80 is about 2% at w/wi = 1 and A = 9 
and still less at lower values of A. 
To obtain an approximation that will be usable at 

very low frequencies as well, one may, of course, connect 
a resistance oc' ore in parallel with the series combination. 

For many practical purposes, one would prefer a 
representation cf the common-emitter input admittance 
in the form of the parallel combination of a resistance 
and a capacitance. To this end Fig. 13 has been derived 
from the real and imaginary parts of (44). The change 
with frequency of the conductance is shown by the 
product gb' ere, that of the capacitance by the ratio 

CVeiebieo• 
The change of the parallel capacitance is seen to be 
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small when moderately low frequencies are considered. 
The conductance shows a considerable increase, how-
ever, in particular when the field is large. Its value will 
no longer depend on ceo, provided that the latter 
quantity is reasonably large; a value of 100 has been 
assumed for Fig. 13. 

Conclusion 
By the introduction of suitable multiplying factors 

and by a proper choice of the frequency parameter 
small-signal equivalent circuits for a drift transistor can 
be obtained that are essentially the same as those in 
common use for the normal alloy transistor. 
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SPUTTERED RESISTORS INCREASE COMPONENT DENSITY 
According to a paper presented by D. A. McLean of Bell Telephone 

Laboratories at the recent Western Electronics Conference, San 
Francisco, U.S.A., sputtered thin-film resistors, formed from refractory 
metals such as tantalum and titanium, may be one of the more 
important developments in microminiature electronics. Such 
resistors can be produced on glass or ceramic bases in lines as narrow 
as 0- 001 in., spaced 0.001 in. apart. 
These newly developed resistors rely on a high precision masking 

process which makes it possible to produce thin films in specifically 
restricted locations. 

In producing a resistor, an over-all thin film of copper is first 
deposited on the ceramic or glass base. Then the desired pattern is 
etched into the copper surface by standard photo-etching techniques, 
leaving the base material exposed. Tantalum or other refractory 
metals are then deposited on to the etched copper pattern and the 
whole unit placed in an etching bath. The copper with its overlay 
of tantalum is removed, leaving behind only the tantalum which is 
in direct contact with the bare surface. Since the masks are extremely 
thin, fine detail is possible. Also, since the sputtered materials adhere 
to the base material itself, support considerations are not necessary 
and complex patterns can be produced. 

In one experiment, a three-stage flip-flop circuit which occupied 
a standard printed-circuit card about 3¡ in. x 7 in. was reduced to 
a ceramic base 2 in. x 2 in. The experiment did not attempt to 
achieve the maximum reduction possible, but the board still con-
tained 24 resistors in values up to 121 ka, nine capacitors of 
10,000 pF and plug-in arrangements for six transistors and nine 
diodes. In this arrangement, the density of the passive components 
is about 275,000 per cubic foot, including the 0- 05-in, thick base. 

Illustration shows comparison of conventional printed-circuit card with the 
ceramic circuit card using sputtered resistors and capacitors. The small card 
incorporates all the components appearing on the conventional card except 

the diodes 

Electronic Ce Radio Engineer, August 1959 



Power in an Angle- Modulated Wave 

By W. C. Vaughan, M.B.E., B.Sc., Ph.D., M.I.E.E. 

It is commonly accepted that no net power is involved 
in the process of modulating the angle of a sinusoidal 
carrier wave by a sinusoidal signal. Indeed, one of the 
advantages claimed for frequency and phase modulation 
is that these are methods which, in contrast with 
amplitude modulation, operate at a constant power 
level. One might therefore expect that most textbooks 
treating the theory of modulation would include at 
least some indication of the proof of this assertion. It 
is, however, almost always given as an unsubstantiated 
statement of fact. To conclude, as is sometimes done, 
that the modulator supplies no power because it does 
not alter the amplitude of the modulated wave is 
erroneous, since to do so takes no account of the modifi-
cation to the shape of the wave. 

In a search for information on this subject, the writer 
has found only one textbook which considers the power 
aspect of angle modulation. For an essential part of 
the treatment, however, this refers the reader to "A 
Course of Modern Analysis' by Whittaker and Watson. 
Even in this authoritative mathematical treatise the 
desired information is still elusive, for formal proof is 
set as an exercise for the student. Fortunately the 
authors give a hint regarding the method. 
The practice of referring readers to advanced works 

en pure mathematics is not uncommon in communi-
cations-engineering textbooks. Although this is often 
unavoidable when the mathematical analysis is difficult 
or tedious, it is frequently frustrating to the assiduous 
student who may not find mathematical texts the 
easiest of reading. In the case of propositions such as 
that now to be considered, where the proof is short 
and does not involve unfamiliar mathematical processes, 
there is much to be said for including the analysis in the 
engineering textbook. Either of the following methods 
of estimating the power in an angle-modulated wave 
would, it is suggested, suffice for this purpose. 

Modulation of the phase-angle (wct ± #) of a periodic 
voltage having an instantaneous value 

vc = Ve cos (cod ± 0) • • • • (1) 
by a sinusoidal signal of amplitude V. and a frequency 
com l2e is expressed in the relation 

V = V, cos (coot ± m sin co. t) . . .. (2) 

where m is a pure number termed the modulation index. 
Equation (2) describes frequency modulation by a 
signal wave 

tine = Vin COS cote 

if m is proportional to V./com. Alternatively, it describes 
phase modulation by a signal wave, 

Vni -= V. sin cone 

if m is proportional to V. but independent of W.. If, 
as it is claimed, no power is expended in the modulation 
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process, the average power developed in a resistive load 
R when the voltage v is applied across it must be the 
same as that due to the unmodulated sinusoidal voltage 
ve, viz., V2/2R. 

Power in the Modulation Products 

The fuhction on the right-hand side of Equ. (2) may 
be expanded to show the equivalence of the modulated 
wave to a symmetrical pattern of sinusoidal modulation 
products centred on the carrier frequency coc/27r. 
These sidebands are spaced about the centre component 
at intervals of frequency which are multiples of the 
modulation frequency wc/27r. In both phase and 
frequency modulation the amplitudes of the sideband 
components are proportional to integral-order Bessel 
functions of the modulation index m. The centre 
component has an amplitude proportional to Jo (m). 
These modulation products are expressed in the 
familiar mathematical relation, 

ve = V, cos (wet m sin conit) 
= V, {Jo (m) cos cud Ji (m) [cos (WC co.)t 

— cos (WC — co.)t] 
(m) [cos ( ctic 2w.)t 

-I- cos (WC — 2(.0.)t] 
+ J3 (M) [cos (wc + 3(0.)t 

+J2 

— cos (ctic — 3c0.)t] 

(3) 
The average power supplied by a sinusoidal voltage 

V cos cot to a resistive load R in any interval of time r 
is given by, 

1 1' 
W = f [V cos <4 2 d ( cut) 

COT It 0 

V 2  sin 2/ 
— 11 + 
2R COT 

It follows from this relation that if 7. greatly exceeds 

the period 27r/co, W tends towards V2/2R. The pair 
of nth-order sidebands described in the expression on 
the right-hand side of Equation (3) will therefore 
contribute to the load, in any interval which is long 
compared with the frequency period of the member 
of lower frequency, an average power [VC ja (m)]B/R 
To take account of the infinite spread of the sideband 
spectrum, it is necessary to average over an indefinitely 
long time interval to obtain the total contribution of all 
the modulation products. The average power then 
tends towards a value, 

—  Ve2 r 
Woe = tuo(m)]2+2 cuicnor+[J2 ( n)]2+. • • )1 

.. (4) 

Fortunately, it is a simple matter to show that the 
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extremely complicated function, 

{[ (m)12 ± 2 [J. (m)]2} 
n 

has unit value. To do this, use is made of the expansion 

of the exponential function exp. {-m(x - -11 viz., 
2 x 

exp.[;z(x_D] 
.{p ± + m_xî kTy+....] 

x[1_72L2x±k;_ix)2....il 
1 [1 1!(7)2+ 2 !12! (\r2ny -. •••] 

-+-x[n1.(7)-1!12,(7272)3+2 !13 !(-7;)5. •••] 
( 1 

4 X2 [72!1 ( 7) 1 !!(.7) ! 2- 13 4 + 2 14 ! C2.1 f!t ) • • 

1 r 1 (77, 1 (my 1 (my 1 

x ri!2) 1!2!U) + 2!3!U) ••••j 
1 r I (my (77z4 I (my 

-1-x21.2!) ) +2!41w..1 
± • • • .1 

= (m)+(x -)Ji(m)+(x2+,).(m)...} 
• • (5) 

Similarly, expansion of exp. { --;2(x -D 

exp. [ ] gives, 
îm(x -x-1)] 

= {Jo (m) - (x - lx)J1 (m) -F.(x21- 2)J2 (m) • • • .1 

.. (6) 
I\1 

Now the product of exp. rni (x - -x)] and 

exp. { - 2-m (x -;11 is unity, so that if (5) and (6) are 

multiplied together it follows that, 
1 \ 

= {[ Jo (M)±(X (M) ( ii)J2 

x [Jo(m) _(x-)Ji (m) -I- (x2 -42)J2 (m) ....]} 

= {Jo (m) jo (m) + terms in x] 

▪ (m) [2 Ji (m) ± terms in x] 
▪ (m) [U2 (m) ± terms in x] 

-I- • • • .} 

Since the left-hand side of Equ. (7) is independent of x, 
the sum of all terms containing x on the right-hand side 
must be zero. Accordingly, 

1 = {[jo (m)i2 ± 2 z (M)1 2) 
n = 1 

It is now evident that W. tends to a value V02/2R as 
the time interval is indefinitely extended. 
The frequency spectrum of a sinusoidal carrier wave, 
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• • (7) 

angle-modulated by a sinusoidal signal, is a complicated 
pattern of modulation products distributed over an 
infinite frequency band. The frequencies of these 
components are dependent on the modulation frequency; 
their amplitudes are functions of the modulation 
index m. Such patterns have one feature in common, 
namely that with rising order there is a progressive 
decrease in amplitude of components whose orders are 
greater than the modulation index. In fact, the 
practicability of communication by angle-modulation 
methods depends upon this. Experience has shown 
that the exclusion of components having orders greater 
than (m + 4) does not prejudice reconstruction of a 
tolerable replica of the modulation signal at the 
receiver. The components in the frequency band 
1 /27r [we ± (m + 4) cum] therefore suffice for satisfactory 
communication. If m is a whole number, the excluded 
component having the largest amplitude will then be 
that of order (m -I- 5). Examination of a table of 
Bessel functions will confirm that when m is less than 20, 

Jrn.-1 (m) the ratio always exceeds 20. This means 
jtn+5 (m) 

that, with this bandwidth limitation, there will be at 
least one transmitted component whose amplitude is 
more than twenty times that of the most prominent 
excluded component, if the modulation index is kept 
below 20. In these circumstances, extremely small 
power is associated with each excluded component. It 
therefore seems likely that the power dissipated by the 
modulation products within the pass-band will not 

differ substantially from W.. This power is carried 
by a group of sinusoidal components which have, in 
practice, frequencies very much higher than the 
modulation frequency cum /27r. It may be inferred, 
then, that the average power delivered to the load in 
a time interval comparable with the modulation period 
is very nearly V02/2R. Negligible power is therefore 
required of the modulator. 

Average Power in the Modulation Period 
The conclusion drawn from the above analysis, 

although reasonable, is not completely satisfying since 
it assumes the sum of a rapidly converging series of 
very small terms to be a negligible fraction. Rigorous 
justification of this assumption would be difficult. The 
following method, which yields an exact expression 
for the average power dissipated in an interval equal 
to the modulation period, is more elegant. It assumes 
the carrier frequency to be a multiple of the modulation 
frequency. The consequent slight loss of generality 
cannot be regarded as serious, since it is hardly likely 
that the modulation process will be dependent on 
fortuitous choice of the modulation frequency. More-
over, the conclusion from the second method supports 
that derived from the first. 

Suppose that foc = Kcom, where K is an integer. 
Then since cos [K cone m sin cum/ 

= cos [K (wmt + 2e) m sin (conit 2ir)] 
for all values of t, the function representing y in 
Equation (2) is seen to have a period aq./27r. In these 
circumstances, the instantaneous voltage o may be 
represented by, 

v = Vo cos (KO m sin 0) . . • • (8) 
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where O = «init. During each modulation cycle, this 
voltage will dissipate in a resistance R an average power, 

vc2 r 
j cos2 (KO + m sin 0) dO 

o 
2,7 

1702 f 1 

= Rj 
[1 + cos 2 (KO + m sin 0)] dO 

o 
2ir 2 

2v 

VC2 [7r + f cos 2 (KO m sin 0)0] 
27rIt 2 

o 
When n is an integer, the definite integral 

217 

1 f 
2/7. cos (nyi.) x sin 4, ) 4 

(9) 

o 
defines, as will be shown in Appendix 1, the Bessel 
function' (-1)/1 Jn (x). The result at (9) may there-
fore be written as 

Ve2 r 1 
L1 (2m)] .. (10) 

since 2K is an even number. 
Bessel functions always have values less than unity; 

their values fall rapidly with ascending order for n > x. 
In practice, it is unlikely that the factor K will be less 
than a hundred times the modulation index m. As a 
consequence, the Bessel function j2K (2m) will always 

be a very small fraction. Thus Wm, the average power 
delivered to the resistive load in a time interval equal 
to the modulation period 27r/com will differ inappreciably 
from Ve2/2R. The average power supplied by the 
modulator during this interval will therefore be 
substantially zero. 

APPENDIX 1 
The definite integral 

eir 

f cos (ne + x sin 4,) de 
o 

may be written as 
217 2e 

fcos ne cos (x sin e) (1,1, — f sin ne sin (x sin e) dçb 
These two integrals may be evaluated from the following well-known 
expansions in Bessel functions, 

cos (x sin e) = Jo(x) + 2 { J2(x) cos 2e +.14(x) cos 44i+ ....) 
.. ( 11) 

sin (x sin 4.) = 2 {J1(x) sin e + Mx) sin 3e + .... (12) 
If ( 11) and ( 12) are multiplied respectively by cos 4 d4) and 
sin tie de and integrated term by term between 0 and 2n, then 

2,r 2n 

5 COS ne COS (v sin 4.) de Jo f cos nqS dy6 

2e 
± 2 j2 ( x) f cOS we COS 2e de 

o 

+ 2 J, (x) f cos ne cos 4e de 
o 

+ .. (13) 
2,7 2n 

and f sin n0 sin (x sin e) 2 J, (x) f sin ne sin 9!, 

2w 
+ 2J, (x) I sin tuk sin se dib 

2if 
+ 2J, (x) f sin ne sin 3e dcf, 

o 
.. (14) 

1 This integral is closely related to that encountered in the Fourier analysis of 
the beam current of a velocity-modulated tube. 
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The integrals on the right-hand side of Equ. (13) have the general 
form, 

2ir 
fcos n el. cos ke 
o 

where k = 0, 2, 4, etc. This may be evaluated as follows, 
2« 2n 

fcos ny& cos k# = [cos (n + k) 4, ÷ cos (n—k) 4 

0 
1 rsin (n+k) e sin (n—k) 4,12s• 

— 2 L (n+k) (n—k) Jo 

If n is zero or is a whole number and is not equal to k, the terms 
in the bracket disappear at both limits. When n is equal to k and 
the latter is not zero, the general terni becomes, 

2». 
1 [ sin 2ne-12 

f cos' ne de 1. e +  
2n Jo 

If, how• ever, n and k are both zero, the general term reduces to 

fde which has a value 2n. Consequently, o 
217 J0 (x) when n = 

$ • cos ne cos (x sin 0) 4 = 0 when n = I, 3, 5, etc. 

O 2/T J„ (x) when n = 2, 4, 6, etc. 

.. (15) 
In a precisely similar manner it can be shown that, 

0 when n = 0 

f sin ne sin (x sin e) d4, = 2nJ„ (x) when n = 1, 3, 5, etc. 

O 0 when n = 2, 4, 6, etc. 
The results at ( 15) and ( 16) may now be combined to give 

2.n 

-;{ f cos nyó cos (x sin e) de —f sin ne sin (n sin e) dO} 

2ir 

f cos (ne + x sin e) de = ( — 1)n j, (x) 
27ro 

when n = 0, 1, 2, etc. 

FORTHCOMING COURSES 

Lectures on Solid State Physics 

A course of ten special lectures dealing with modern 
developments in solid state physics is to be held at the 
Enfield Technical College, Queens Way, Enfield. 

The lectures, which will be delivered by members of 
Mullard Research Laboratories, will begin on Monday 
5th October 1959. The course is suitable for physics 
graduates or others with comparable background 
knowledge and the fee is £ 1. 

Application forms may be obtained from the Head of 
the Department of Pure and Applied Science at the 
College. 

I.E.E. Part III and I.Mech.E. Part C Courses 
South East London Technical College are running a 

six-months' full-time course leading up to the Institution 
of Electrical Engineers Part III examination and/or the 
Institution of Mechanical Engineers Part C examina-
tion. Lectures start on 19th October 1959 and end in 
May 1960 and will be held Monday to Friday 9.0 a.m.-
1.15 p.m. and 2-5 p.m. 

The London fee for the complete course is £17. 

Applications to attend the course should be sent to 
the Head of Electrical Engineering and Applied Physics 
Department, Lewisham Way, London, S.E.4. 
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The Fringe of the Field by Quantum 

TWO CO-ORDINATE COLOUR 

Sorne long time ago (February and March 1957), I 
attempted an analysis of the processes of colour mixing 
and colour reproduction. Not at any learned level, of 
course, but simply to try and work out the connection 
between the principles of colour-television transmission 
and Newton's colour circle. The conclusion seemed to 
be that there are three attributes to colour, which require 
three separate pieces of information for their trans-
mission or recording, but that in many cases we can get 
away with two. Considering why this should be so, one 
wonders whether the three attributes are interwoven 
rather than independent; whether one of them is rated 
less highly than the other two; or whether we are simply 
content with an imperfect specification. And the answer 
would appear to be that all three of these reasons are 
relevant. None of them, however, tells us anything about 
the nature of the colour-vision process. 
The three characteristics of colour are: 

Subjective, describing a sensation: hue, luminosity, and 
saturation; 

Objective, specifying a stimulus: dominant wavelength, 
luminance, purity. 

In Newton's colour-circle, the second of these two 
factors is left out of account; it is a plane diagram, and 
two co-ordinates locate a point in a plane. The same is 
true of the colour triangle and the C.I.E. chromaticity 
diagram. Three co-ordinates are in fact used, R, G, B, 
or X, Y, Z, but this is an algebraic device to avoid 
negative values, on the principle thát the eye can only 

RED 
FILTER 

ORIGINAL 
SCENE 

GREEN 
FILTER 
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add; for they are not independent. In all these diagrams 
chrominance (the colour factor) has been effectively 
separated from luminance (the intensity factor). The 
same kind of thing (though without the restriction of 
purely positive quantities) is done in preparing colour 
information for television transmission. The luminance 
signal Y is separated from the chrominance signals I and 
Q; though there are additional subtleties in that some 
chrominance is in fact packed into Y, and the minimum 
of information is allotted to Q, which makes do with a 
niggardly bandwidth on the score that people can 
manage without it in regions of fine detail. 
I said the same kind of thing but there is, in fact, a 

vast difference in principle if you try to bring the eye 
into it; for the diagrams dissociate luminance from 
chrominance, and the signals insert some chrominance 
into luminance. There seems the basis for a profitable 
slogan here, when somebody gets round to promoting 
these tergents of mine; "takes chrominance from 
luminance" should send you all flocking to exchange 
your valuable vouchers at the tallow-chandler's. 
What has brought this up again is the recent work of 

Dr. Edwin Land on what can be called two co-ordinate 
colour. This has caused such a stir that I felt I ought to 
say something about it. He has described his experi-
ments admirably in an article in Scientific American (May 
1959), which I expect many of you will have read. I first 
met the work in a more popular account by Francis Bello 
in Fortune, also for May 1959; and a review of the work, 

Fig. 1. Colour reproduction using red light and white light only 
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Fig. 2. Colour reproduction using lights of two colours only: (a) short-
record in green, long-record in sodium yellow; (b) short-record in sodium 

yellow, long-record in red. M is a lightly silvered 'semi-mirror' 

with its possible implications, was given in The 
Manchester Guardian for 14th July 1959. 

Before getting on to this, however, a nearly irrelevant 
analogy in the matter of co-ordinates or parameters 
intrudes itself. If you want to be able to write down the 
behaviour of a circuit completely, you must know three 
things about it, namely R, L, and C. If you are only 
interested in the proportion of the incident power that 
it dissipates, as a fraction of the power that a purely 
resistive circuit of the same impedance would dissipate 
in the same circumstances, then X and R alone suffice. 
It all depends on whether you are interested in absolute 
power dissipation, or merely in power factor. 

Land's Experiments 

Since these are fully described in the Scientific American 
article, and beautifully illustrated there, I need only 
summarize them briefly here. 

1. The Red- White Experiment 

Two photographs of the same scene are taken through 
red and green filters respectively. The black-and-white 
negatives, l and s, are printed out to give black-and-white 
positives L and S, the long-wavelength-record and short-
wavelength-record. Projected in register, using red light 
for L and white light for S (Fig. 1), a satisfactory full-
colour picture is seen. This is, as Land mentions, a 
rediscovery of an effect tried out in the early days of 
colour cinematography. 

2. The Two-Colour Experiments 

With the same two records, viewing S through a green 
filter and L in sodium yellow light, superposing the two 
pictures (Fig. 2) reproduces full colour; the same result 
is found if S is viewed with sodium yellow, and L using a 
red filter. No spectral light apart from sodium yellow 
and the transmission band of the filter is present in 
either of these two cases [Fig. 3(a)]. 

3. Monochromator Experiments 
These are essentially a repetition of (2), using mono-

chromatic light. Within limits, provided that S is 
illuminated by the shorter wavelength, and L by the 

Electronic ee Radio Engineer, August r959 

longer, it does not matter what the actual wavelengths 
are; a good colour picture is seen. Wavelengths between 
4,300 and 6,150 A can function either in the capacity 
of shorter or longer wavelength. The full range of 
colours is seen only if both lie within 5,750-6,150 A, 
but they can be as close as 100 A to one another. A reversal 
effect is shown in the short-wave part of the spectrum, 
below 4,900 A, where the shorter of the two wavelengths 
must illuminate L and the longer of the two serve for S. 
These results are summarized in Fig. 3(b). 

4. Quantitative 

Whatever the two stimuli are, the action of the two 
record pictures is in each case to vary the percentage of 
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Fig. 3. (a) Spectral lights used in Fig. 2 (a); (b) ranges of the spectrum 
in which the long and short wavelength stimuli can lie 
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line, with red, orange, yellow (the 'warm' colours) above it, and blue and 
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each stimulus at different parts of the pattern. If I have 
understood the argument correctly, Land attributes this 
to two acts of evaluation by the eye. The first is an 
appreciation of the percentage of each stimulus in terms 
of the maximum available—assessing what we will call 
Ps and PL. The second is a response to the combination 
of PL and Ps. Fig. 4 illustrates the quantitative results 
obtained. Note that the stimuli themselves simply have 
to fulfil the conditions of being `long' and `short' relative 
to one another. In discussing this, Land goes back to 
the old Newtonian idea of "taking moments and finding 
the centre of gravity", and suggests that the eye acts in 
some such way in performing the evaluations. He makes 
one rather interesting point, that we enjoy a very wide 
waveband for the transmission of colour information; 
and that in a world in which pigments were designed to 
act in keeping with the minimum needs, the full gamut 
of colour sensations could be furnished from a very much 
narrower visible spectrum. 

Goethe 

But you will doubtless be hearing a great deal more 
about Land's .experiments and their interpretation as 
time goes on. My preoccupation at the moment is with 
the mystic number two, and it crops up in what might be 
called the two co-ordinate theory of colour published by 
Goethe in 1808. A paper on this, given by M. H. Wilson 
and R. W. Brocklebank at the 1958 Physical Society 
Exhibition and printed in the Society's Yearbook for 
1958, shows what can be done with edge spectra in 
producing subjective colour effects. If we have either 
a white-illuminated slit, or a brightly-illuminated white 
line on a black card, and view it through a prism 
[Fig. 5(a)] the normal sequence of spectral colours is 
seen, with violet nearest the edge of the prism, since this 
is a virtual-image spectrum. With a black band on a 
white card, however, the upper edge as seen through the 
prism has red, orange, yellow (reading down), and the 
lower edge violet, blue, cyan (reading up), the coin-
plementaries to the colours of the upper edge [Fig. 5(b)]. 
Goethe considered that these 'edge spectra' were the 
really fundamental colour effect, and that Newton's 
spectrum, that of Fig. 5(a), was a secondary effect given 
by the overlapping of the edge spectra from the two 
sides of the slit. By observing black-and-white patterns 
through a prism, Goethe concluded that there were two 
attributes only to a colour—light and darkness. 

Wilson and Brocklebank show the physical basis for 
this idea. They plot out the edge-spectra colours on the 
C.I.E. chromaticity diagram, and show that every 
possible chromaticity can be produced from the two-edge 
spectra, or by additive combinations of them. They also 
demonstrate the wide variety of colours obtained using 
black-and-white patterns and a prism. Their most 
interesting picture is a subjective record showing a wide 
colour range and including pink, yellow, and green, and 
obtained by projecting in register three separate trans-
parencies through three different blue filters. It seems to me, 
on my very recent acquaintance with them both, that 
there are some common features between Goethe's ideas 
and Land's experiments, though at a very general level. 
Goethe thought of colour as the interplay of light and 
darkness; Land's experiments seem to translate this into 
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another dimension, as the interplay of two lots of inter-
plays between light and darkness. But there is one 
important feature about Goethe's ideas which we might 
look into further. He did not regard 'white' as a sort of 
artefact built up of Newton's spectrum. To him, white 
was a colour. I think he would have considered that Land 
was doing things the hard way, using, say, yellow-and-
black with green-and-black when he himself managed 
quite well with white-and-black. Do not misunderstand 
me here. I am speaking quite seriously, and with 
sufficient innocence of the subject to be duly guarded and 

EYE 4 

(a) EYE 

Fig. 5. Virtual-image spectra observed by eye through a prism. (a) Newton's 
spectrum, from a white-illuminated slit or a white stripe on a black card; 
(6) the two edge-spectra from the edges of a black stripe on a white card 

circumspect. For the last piece of two co-ordinate work 
I want to discuss, that of Ragnar Granit, faces the 
problem as to whether white is perceived as a sensation 
in its own right, and concludes that it is. 

Dominator and Modulator 

Granit's 1945 Thomas Young Oration (Proceedings of 
the Physical Society, Vol. 57, p. 448, November 1945) 
describes experiments on the responses obtained by 
inserting microelectrodes in the living eye of rat, 
guinea-pig, snake, and cat. The electrode picked out a 
single nerve fibre proceeding from a ganglion fed by 
several retinal receptors, and the intensity of the response 
to light was measured by the rate of generation of electri-
cal impulses. As a rule, with the eye light-adapted, the 
variation of response with wavelength followed a very 
similar pattern to that of the relative luminosity curve 
of the human eye. 
The point here is that, whatever the wavelength of the 

light, the basic signal sent to the brain is a series of 
impulses, the number per second conveying only one 
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piece of information, which Granit interpreted as the 
sensation of brightness or whiteness. No evidence for 
three different and separate fundamental response 
curves was found; but fibres were found which had a 
preferential response in one region of the spectrum, not 
unlike the response curves found subjectively in human 
observers. There appeared to be four types- , with peaks 
in the red, yellow, green, and blue. But these were not 
sharers in generating the `whiteness' signal; their 
function was to superpose an additional signal upon it. 
Granit called the generators of the whiteness signal 
dominators; and the selective generators modulators. Here, 
the two co-ordinate aspect has perhaps involved us in a 
certain amount of difficulty; we are just about where 
we came in, with an eye which according to the 
physiologists, can separate luminance from chrominance 
—orS rather, which responds to `white' as a sort of carrier 
wave, and accepts 'colour' as a signal superposed on this. 
Unless I have miscounted, we seem to have lost one of the 
co-ordinates of chrominance somewhere. Or else cheated 
in putting all the modulators together as one signal 

generator. Although "some kind of local sign" is as 
near as Granit will go towards describing their action. 

Conclusion 

To say that all this has me going round in colour-
circles is a mild understatement. We know what the 
chromaticity diagram does; it enables us to compound 
and analyse things of the same kind, namely stimuli of 
the same kind, expressed in absolute energy terms if 
need be. Except that it involves the relative luminosity 
curve of the eye, it is as objective as algebra. Land's 
experiments suggest that there are subjective processes at 
work which involve comparison and assessment, and 
that though the stimuli may be of the same kind their 
operation is not a simple addition effect. Granit's 
experiments suggest that there are two different kinds of 
response to stimuli. Goethe, on the other hand, regarded 
the sense of vision as something much more than a mere 
response to stimuli; to him it was an active and creative 
sense. It may well be that all these different approaches 
will eventually converge. 

Concertina Phase-Splitter 2 

LOW FREQUENCIES 

rom the discussion in Part 1 it will be evident that 
valve capacitances normally have appreciable effect 
upon the concertina phase-splitter only at high audio 
frequencies. Their effect is usually negligible under 
some 20 kc/s. The analysis of the basic circuit, given in 
Part 1, is thus highly accurate at low frequencies. 
The condition for the anode output to be equal in 

amplitude and opposite in phase to the cathode output 
is merely that the anode load impedance Z. shall be 
equal to the cathode load impedance Zk. These 
impedances purport to be resistances at low frequencies, 
for then shunt capacitances are negligible. However, 
even if the resistances are made precisely equal, Z. and 
Zk usually become unequal at a sufficiently low frequency 
because Z. contains the impedance of the power supply 
or anode decoupling circuit whereas Zk does not. 
As it is normally applied, therefore, the concertina 

phase-splitter becomes unbalanced at very low fre-
quencies. It is important, therefore, to investigate the 
magnitude of this effect. With anodè decoupling the 
circuit takes the form shown in Fig. 5. We assume that 
the impedance of the power supply is negligible com-
pared with Rd, and we can then write 

Zie = Rk 
Rd  

Za = Ra 
1 - FiCt1T4 

where T4 = CdRd. 
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For balanced outputs at the higher frequencies it is 
necessary to have Rk = Ra. In all that follows, there-
fore, we shall take Zk = Ra. From equation (3) of 
Part 1 

—va Za , R4/Ra  
—= 
Zk 1 + iwTd 

.. (24) 

It is obvious that the unbalance is large at zero 
frequency. Typically, Rd is of the order of twice Ra 
and so the anode output becomes about twice the 
cathode output. The usual concertina phase-splitter is 
thus useless if the response must be maintained down 
to zero frequency; however, the circuit can be modified 
in a manner which will be described later to remove 
this limitation. 
The phase angle between —va and vk can be written 

from (24) as 
Rd/Ra  

• O = tan-1 — w Td . . (25) 
+ Rd/Ra co2Td2 

By differentiating and equating to zero we find that 
O is a maximum when ca Td = V(1 Re/ Ra). Inserting 
this value in (25) we get 

,  Rd' Ra  
OflzX = tan-. 

2V (1 ± Rd/ Ra) 
With Rd = Ra, a normal minimum value for Rd, the 

maximum phase angle is tan-1 —0.3535 = — 19.45°. 
With Rd = 22 kJ), Cd = 8 tF, this occurs at a frequency 
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Fig. 5. Circuit of concertina phase splitter with anode decoupling 

of 1.28 c/s. At 25 c/s we have w Td = 27.6 and so 
O = —2.07°. There is thus no difficulty in keeping 
unbalance negligibly small down to the lowest audio 
frequency with quite reasonable values of decoupling 
capacitance. If 2° phase unbalance is considered excessive 
at 25 c/s it can be reduced almost as much as one wants. 
This value is for 81.2.F only. The use of 100 i.z.F would 
not be impracticable and would reduce the phase shift 
to 2/12.5 = 0.16° and shift the 2° frequency to 2 c/s. 
With such a large capacitance it would usually be 
possible to reduce Rd and so obtain still less unbalance. 
When satisfactory balance is obtained over the 

working range of frequencies the variations of gain will 
usually be negligible. This comes about because 
satisfactory balance demands Za R. If the stage is 
connected in a feedback loop, however, the performance 
at frequencies below the working range may be important 
from the point of view of stability. 

One output is vk, the other is —va. Both are subject 
to further amplification and we shall assume that they 
are equally amplified, and are then combined in a 
transformer, say. The total output is thus proportional 
to vk — va and a fraction of this is fed back to the input. 

Now 
Vk — Va = ice (Zk Za) 

since by definition —va = iaZa. 

Equation (2) of Part 1 gives ia in terms 
from these we get, after a little algebra, 

Vk — Va 1 + X + jcoTd 
— 2A0 

via 1 y -Fjcon 

where x = R4/2R0 

Y — — 2xAolp. 
- ra Ra(2 P.) 

¡zRa  
Ao — 

ra Ra(2 

of via and 

.. (26) 

From (26) 

tan-1 — co Td (1 + x) ( 1 + y)  +.2T42 

This is a maximum when 

co T d = [(1 + x) ( 1 + y)] 

X — y 
(27) 

and is 

x y 
fliaz =- tan-1 2 V[(1 x) ( 1 -I- y)] 

The maximum phase angle is independent of the size 
of the decoupling capacitor; altering the capacitor 
value merely changes the frequency at which the 
maximum angle occurs. Since y = 2xA0/14, it follows 
that if 1 > 2A0/i, which will often be the case, the 
maximum phase angle is approximately 

tan-1 — 
2V(1 + x) 

assuming that x is not much larger than unity. If x = 1 
(i.e., Rd = 2Ra) the angle is tan-1 — 1/2V2 19.5°. 
Ifx = 0.5 (i.e., Rd = Ra) the angle is tan-1 —0.25/V1.5 

—11.8°. In this latter case the more accurate 
formula with y = 0.044 leads to an angle of — 10.35°, 
so the simple approximation is normally adequate. 
The concertina phase-splitter can thus be seen to 

introduce appreciable overall phase shift at some very 
low frequency and may thus affect the stability of a 
negative-feedback amplifier. The magnitude of the 
phase shift depends mainly on Rd/Ra and falls as this 
ratio is reduced. 
The obvious way of eliminating low-frequency 

unbalance is to make Zk = Za by adding cathode 
components as in Fig. 6. With equal component 
values in anode and cathode circuits perfect balance is 
obtained down to zero frequency. Practically, however, 
it is impossible to match the capacitors closely, for they 
will normally be electrolytic types and will operate 
with different polarizing voltages. 

Although this circuit will give proper balance, the 
impedances of the loads vary with frequency and so the 
gain varies to some extent. This is readily calculable 
but it is not worked out here since the circuit is not one 
likely to have much application. 
An alternative way of maintaining balanced outputs 

down to zero frequency is shown in Fig. 7. The anode 
output is taken via a frequency-compensated potential 
divider. This is a well-known technique in other spheres 
and the requirement is to have 

R4/R0 = R1/R2 and CdRd 
Additionally it is clearly necessary to have 

Fig. 6. Modeed phase splitter with equal anode and cathode loads 
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Rk = RaR2I(Ra + R2) for, at high frequencies, the 
capacitances are effectively short circuits and the anode 
load comprises Ra and R2 in parallel and must obviously 
equal the cathode load Ric. 

The ratio of R2 to Ra is arbitrary and it is usually 
convenient to make R2 about 10 times Ra; Ra, Rd and 
Cd can be chosen in the ordinary way. The other values 
then follow from the relations given. Thus, for 

Ra = Rd = 22 Cd =, 8 le and R2/Ra = 10 
we have: 

R2 = R1 = 220 Id), Rk = 20 ki), C1 = 0.81£F. 

Again the gain, as distinct from the balance, is 
frequency dependent. The impedance of the anode 
load as a whole increases as frequency falls. For constant 
input voltage, therefore, the anode current falls some-
what as frequency is reduced and so the output falls. 
This anode current effect also occurs with Fig. 6, of 
course, but as in that circuit the voltages are developed 
across the rising impedances the output rises, and quite 
considerably. 

When the above relations hold, Equ. (2) of Part 1 
applies with 

1 Zk = Rte and Za = Rk [l Ra/Ra  
1 jwCedj. 

At high frequencies the denominator of (2) is 
Rk (2 ± F); at zero frequency it is ra Rte 

(2 + R4/ Ra). With ra = 15 kg Rk = 22 kl) and 
F = 20 the total is 499 ki) at high frequencies and 
543 k S1 at zero frequency. The drop in gain at zero 
frequency thus amounts to about 0.7 dB only. The 
important factors in minimizing the variations are it, 
which should be as high as possible, and R4/Ra, which 
should be as small as possible. 

Although in this way the circuit of Fig. 7 can be 
utilized satisfactorily down to zero frequency, there is a 
mean voltage difference between the output terminals. 
With Fig. 6 this is 50-100 volts; with Fig. 7 it is lower 
and it can be made zero. This is not usually realised. 

For a response effective at zero frequency decoupling 
becomes impracticable and there is no point in including 
decoupling components. The circuit can thus take the 

Fig. 7. Circuit with compensation for the low-frequency effects of an9de 
decoupling 
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V„. 

Fig. 8. Circuit designed not only for equal and opposite signal outputs but 
for zero potential difference between the output terminals under no-signal 

conditions 

form of Fig. 8, in which C2 represents unavoidable 
capacitance across R2. If Cifti = C2R2 the potential 
divider is frequency compensated at high frequencies. 

Using capital letters for no-signal voltages and 
currents, if the potential difference between the two 
output terminals is to be zero we must have 

laRk 

Equality of signal outputs obviously demands 

R Ra (Ri +R2) R2  
k — 

Ra ± R2 R1 + R2 
In addition we have 

= laRa (Ra + R1 + R2) 

Normally one will start by knowing thedesired values 
of /a, Vak and Via. By inspection of Fig. 8 

Vate = 

convenient to assume an arbitrary value for 
such as, 0.1. A little algebra then gives 

Rk Valet 1a 

.4 R2 R1 
= 2Ra 

and it is 
/lira = a 

whence 

R2 — 
oc 

Rd = Vit,t121a 

• = Vak10:4 = 

Ra ( 1 — a) — ccRi 

• = ocR2 

As an example, let Via = 300 V, Vate = 100 V, 

4 = 2 inA, cc = 0-1. Then Ra = 75 kJ), R2 = 175 kJ), 
and Rk = 17.5 la). The no-signal output voltage is 
/aRk = 35 V and so the anode—earth voltage is 135 V; 
as a check this should equal the h.t. voltage less the drop 
across Ra, or 300 — 75 x 2.2 = 135 V. 

The anode load of the valve is 75 x 675/750 = 67-5 
kf2. The signal voltage at the anode is thus 67.5/17.5 
= 3-85 times as great as at the cathode. At the anode 
output terminal it is reduced by the factor 175/675 
= 1/3.85 times by the potential divider. 

The circuit is not one which is likely to be of great 
utility for the mean potential between the output 
terminals is obviously affected by h.t. and bias voltage 
variations. It has not previously been described, as far 
as the writer knows, and it has seemed worth while 
putting its characteristics on record. 

297 



Signal Flow Graphs 
APPLICATION TO LINEAR CIRCUIT ANALYSIS 

By R. F. Hoskins M.Sc. * 

SUMMAR.Y. This paper is an account of the Signal Flow Graph technique of circuit analysis developed by S. J. Mason 
in two "Proc. I.R.E." papers. This technique can be applied with advantage to transistor-amplifier circuits, and the treatment in 
this article enables the results to be directly related to Bode's classical feedback theory. Detailed accounts are given of the 
formal operations necessary to reduce flow graphs to simpler forms, to which Mason's gain formula can be easily applied. 

In a great many cases, the steady-state analysis of 
linear networks involves the calculation of the ratio of 
output signal to input signal. Thus we may require the 
transfer impedance of a network, which is simply the 
ratio of output voltage to input current; alternatively 
calculation of the gain of a voltage amplifier amounts to 
determining the ratio of output voltage to input voltage, 
and so on. In general, this type of problem is tackled by 
expressing the input and output signals in terms of 
intermediate voltages and currents existing in various 
parts of the network. This gives a system of linear 
simultaneous equations which must be solved to obtain 
the required ratio. 

A signal flow-graph is a topological model of such a 
system of equations and, by manipulation of the graph, 
it is possible to obtain a solution of the equations without 
performing the usual algebraic operations. The formal 
algebra of such flow-graphs, together with a general 
method of solution, is presented by Mason in Refs. 1 
and 2. The treatment in this paper differs from that of 
Mason in that a more algebraic approach is used. 

Basic Principles of Flow-Graphs 

Currents and voltages are represented as nodes, xi, 
in the graph, while the linear relations existing between 
them appear as directed branches connecting the nodes. 
Thus, the equation x2 = k.xi is to be expressed by the 
graph shown in Fig. 1 (a). Here, xi may be a current 
and x2 a voltage, in which case the branch k will have 
'-.11e dimensions of an impedance. If, on the other hand, 
xi and x2 are both voltages, for example, k will represent 
a linear amplifier. More generally, the equation: 
X4 = ki xi k2 x2 ± k3 x3, is to be represented by the 
configuration shown in Fig. 1 (b); i.e., each node is to 
be the algebraic sum of all contributions which enter it 
from other nodes. 

It should be noted at this stage that all branches are 
directed: that is to say, we cannot reverse the direction 
of a given branch without making appropriate altera-
tions in the form of the linear relations which the 
graph represents. For example, the graphs shown in 
Fig. 1(c) and (d) are equivalent since the first graph 

• Siemens Edison Swan Ltd. 
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Fig. I. Simple graph (a) and more complex arrangement, (b) showing three 
paths to x4. A graph showing x2 in terms of x, appears at (c) and the inverse 
of this to show x, in terms of x, at (d). A reversal of the direction of the 

x2, x4 branch of (b) leads to (e) 

represents the equation x2 = kxi and the second 
represents the equivalent equation xi = x2/k. 

In the more complicated configuration shown in 
Fig. 1(b), suppose we wish to reverse the direction of 
the branch which connects node x3 to x4. This means 
that we wish to express x3 as a function of x4 rather 
than x4 as a function of x3; i.e., instead of an equation: 
X4 = k2x2 ksx3, we wish to represent the 

1 ki k2 
equivalent equation, x3 = x4 — 7 XJ. — 7 x2. 

n3 IC3 

Hence we see that the result of such a reversal leads 
to the new, but equivalent, graph of Fig. 1(e). This 
process is discussed more fully in the later section 
on Inversion. The above formal rules for setting up 
flow-graphs give us two basic laws of combination: 
Rule (1). If several branches entering a node x2 all 
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(a) 

+ k2 4-k3 

(b) 

Fig. 2. Several branches like (a) may be replaced (b) by one 

node x2, of magnitude g, will introduce a factor 1/(1— g) 
into the gain from xi to x3. 

 0 The quantity k2K2 above is called the loop gain of 
e2 

the feedback loop which connects nodes x2 and x3. 
In the graph of Fig. 4(b), the quantity would be 
described as the loop gain of the se-loop at x3. 

start from the same node xi, then they may be replaced 
by a single branch linking xi to x2 which is the algebraic 
sum of the original branches. Thus, the graphs of 
Fig. 2(a) and (b) are equivalent since 

x2 = kixi + ken ksxi = (ki k2 ± k3). xi 

Rule (2). Since the pair of equations, x2 
X3 = k2x2 is evidently equivalent to the single relation 
x3 = kik2xi, the two graphs which represent, first, the 
two equations, and second, the resultant single equa-
tion, must be equivalent. This is illustrated in the 
graphs of Fig. 3(a) and (b). 

Finally, we must consider the situation in which two 
nodes are linked by branches going in both directions. 
The nodes are then said to be linked by a feedback loop. 
Consider the flow-graph of Fig. 4(a). The corresponding 
equations will be: 

X2 = Ken • • 

X3 = k2X2 • • 

X4 = k3X3 . . . . 

If we eliminate x2 from equations ( 1) 
reduce the system to the two equations: 

X3 = kik2xi k2Kes 

X4 = k3x3 

From these we can solve directly for x4 in terms of xi 
and get: 

.. ( 1) 

.. (2) 

• • (3) 
and (2), we 

(4) 

1 
X4 = kik2k3   • .. • • (5) 

( 1 — k2K2) 

However, we can equally well represent the pair of 
equations (4) by introducing the concept of a se-loop. 
The flow-graph representation is shown in Fig. 4(b). 

Here, x3 is expressed as the result of a contribution 
from node xi together with a fedback portion, k2K2, of 
its own output. Since this graph must also express the 
relation between x4 and xi shown in equation (5), we 
have the rule: 
Rule (3). If a path goes from a node xi to a node x3 
by way of an intermediate node x2, then a self-loop at 

k 2 
o o 
XI 1 2 x 3 X I 

(a) b) 

k 1 .k 2 
X3 

Fig. 3. Tandem-connected branches (a) may be replaced by one as in (b) 
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Illustration: Earthed-Base Configuration 

As an example of the setting up and manipulation 
of a flow-graph, consider the equivalent circuit of an 
earthed-base p-n-p transistor. The circuit equations 
are: 

• = (re + rb) — rb 
(Tm + rb) ie= (Tb + re + R1,) • ie 
Vo = ic RL. 

The corresponding flow-graph is shown in Fig. 5(b). 

( a) 

o  
X i 

(b) 

k3 

x2 

o  
x1 k 2(2 

k2 

X 3 
3 

o 
X4 

Fig. 4. A graph with a feed back loop (a) may be transformed to one 
with a see-loop (b) 

In this form, the graph will give the input resistance 
Vi/i6. Here, Vi appears as the sum of one branch 
coming direct from node ie, and another coming by 
way of ic. Combining these branches by the basic 
operations already defined, we have: 

Tm+ Tb  
• = (r rb) (— r b)• 
z, rb + re + 

(r, + Tb) (Tb + re + RL) — Tb (rni Tr)) 

rb + re + Rr, 

(re —  RL) 
= re + rb • 

Tb + rc + RI, • 

Suppose we now wish to obtain the voltage amplifi-
cation; i.e., to express Vo in terms of V. This 
requires that Vi should appear as a source, and this 
can be done by inverting the path from ie to Vi. This 
gives a new graph, Fig. 5(c), corresponding to a re-
phrased system of equations: 

1 Tb  . 
  •V4. te 
re -F rb re -I- rb 

rra + rb  . 

Tb+Tc+RL te 

Vo = RL • ic 
This is the same form as the feedback graph discussed 
in the preceding section and reduces to the self-loop 
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form of Fig. 5(d), in the same way as before, the feed-

rb (rm re))  
back loop 

(re ± ro) (To ± re ± RL) 

now appearing as a self-loop. 
Hence, 

Vo (rne rb) Rz, 

Vt — (re + rb) (rb 4- re 

Tb (rc ± re 

[1  1 

Tb (rm rb)  

(re ± ro) (To + re RL) 

(rm ro) . RL  

+ RL — Ten) re (re 4- RL) 

This very simple case illustrates a general method of 
attack: 
A graph is first set up from the circuit equations, 
and suitable branches are then inverted, where 
necessary, to set up the appropriate nodes as source 
and sink. The next step is to number the intermediate 
nodes in order, so that each is defined in terms of the 
preceding ones. In the case of the above example, 
the second graph, Fig. 5(c), shows node ie defined in 
terms of the source Vi; io is then expressed in terms of 
and finally, Vo in terms of ie. In the general case, 

this means that we would consider a set of equations 
in the form: 

Xi = aoi xo an xi ± an X2 + • • • • + anl xn, 

X2 = a02 xo a12 XI a22 X2 + • • • • 4- an2 Xn) 

xti aon xo ain xi -F. a2n x2 . . . . ann, 

Here, the source is represented by xo and the sink by xn; 
the intermediate nodes are xi, x2, . • • , xs-i. The 
coefficient aii represents the branch going from x.g to xj; 
similarly ajt represents the return branch from xi to xi. 
With the nodes numbered in this order, we may speak 
of a forward branch ai5, with i < j, and a backward 
branch, with j < i. Lastly, the coefficient a evidently 
represents the self-loop at node xi. Note that in the 
general case, the source xo feeds every one of the nodes 

. . . . , x5. In practice, it is usually only one node, 
xi, which receives a contribution from xo—as in the 
case of the example worked above. 

In solving such a system of equations we can 
proceed in two ways. First we can eliminate the 
intermediate variables xi, x2, . . . . , xn_i, one by one, 
until we derive a final equation expressing xn in terms 
of xo. Alternatively, we could solve for xfl in terms of 
xo by using determinants and Cramer's rule. Similarly, 
we can either reduce the flow-graph stage by stage, by 
successively eliminating the intermediate nodes (as 
was done in passing from the feedback graph of the 
example to the self-loop graph by eliminating node i,), 
or use a general formula derived by Mason2. This 
formula allows the gain from source to sink to be read 
directly from a graph without any preliminary manipu-
lations. In practice, it is easier to use a combination 
of both methods; i.e., first reduce the graph to a 
simpler form by node elimination and then apply 
Mason's formula. In the next section, graph reduction 
is discussed in detail. 
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(a) 

(c) 

rb 

vi 
o 

(d) 

ie rin+ rb lc Vo 

rb+rc+ RL 

r (r +r ) 

o b b  (re+ rb)(rb+rc+ 

rm + rb te 

(re+ rb)(rb +r, - -RL) 

VO 
o 

Fig. 5. Equivalent circuit of an earthed-base transistor (a) and its graph (b). 

Transformations of the graph are shown in (c) and (d) 

Reduction of Flow-Graphs 

It has already been shown how a simple feedback 
loop can be replaced by a self-loop. In effect, what 
has been achieved is the elimination of a backward 
path from the graph. We consider more complicated 
examples of such a process. The equations shown 
below are represented by the flow-graph of Fig. 6(a). 

xi = aoi xo a21 X2 + asi X3 
X2 = ai2 xi -I- as2 X3 
X3 = a23 X2 

Eliminating xi from these equations, gives the new set 
of equations: 

X2 = am • an xo 4- a12 • an X2 ± (a32 asi • ai2) X3 
X3 = a23 • x2 

and this gives the new graph, Fig. 6(b), in which 
node xi has been removed. 

This process of node elimination is one which may be 
applied to the simplification of flow-graphs provided 
the appropriate rules are followed. Provided there 
is no self-loop at node xk, the elimination of xk from the 
graph involves the following operations: 

Rule (4). Any two nodes xl, xi which are linked via 
xk (i.e., such that there is a path, (Ilk, from xl to xk, 
and a path, aki, from xk to xi), now appear as linked 
by a single path, of gain aik . aki, going from x5 to xi. 
Rule (5). If xk forms part of a feedback loop, then its 
elimination results in the appearance of one or more 
self-loops corresponding to the original feedback loop. 
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Thus, if (Ilk links node x5 to xk, while aki links xk to xi, 
then, when xk is eliminated, this feedback loop becomes 
a self-loop at xi, of loop gain ape • aid-

In the example shown above, xo was linked to xs 
via node xi in Fig. 6(a). By rule (4), the elimination 
of xi results in a path of gain aoi . a12 going from xo 
direct to x2. Again, x3 was linked to x2 via xi, and so 
Fig. 6(b) contains a path of gain a31 . an going from 
x3 to x2. This combines with the path a32 by rule ( 1). 
Finally, xi and x2 are linked in Fig. (6a) by a simple 
feedback loop, of loop gain a12 an. This appears, 
by rule (5), as a self-loop at x2. 

Suppose we now wish to reduce the graph one stage 
further by eliminating node x2. This requires an 
explicit expression for x2; i.e., from the equation, 

(a) 

xo.o ao1 

o  

al 2 X 2 a23 

al 2. a21 

(c) 

a31 

X5 

a32 + a31 a12  

X0 

(d) 

am.% 
I —an av 

clop a12. a 23  
an•an 

X 2 a23 X3 

a23. + (123 a31.  
an. a21 

Fig. 6. General graph (a) and successive transformations (b), (c) and (d). 
The addition of a new forward path to (a) leads to (e), (f) and (g) 
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X2 = aoi • a12 xo ± an • am X2 ± (an + asi • a12) 
we must obtain the explicit form, 

aoi . a12 a32 an • ais 
x2 — , X0 X3 

— an • an 1 — als • an 

before substituting for x2 in x3 = a23 • xo. 

In terms of the flow-graph this means we must first 
remove the self-loop at x2, giving the graph of Fig. 6(c). 
Now we can eliminate node x2, and obtain the reduced 
graph of Fig. 6(d). 

If the original graph had had a self-loop of loop 
gain all at xi, then the same sort of process would 
have been necessary before eliminating node xi. In 
fact, the only change would have been in the first 
equation. Instead of; xi = aoi xo ± a21 x2 --I- asi • xs 
we should have had, 

aoi ) asi  ) x3 
— , xo , ,  x2 + 

— all — an 1 — all 

Hence we can deduce a further general rule: 
Rule (6). In eliminating a node xk which has a self-
loop, of loop gain akk, rules (4) and (5) may be used 
as before, provided we replace every branch ark which 
enters node xk, by a branch ark/( 1 — akk). 

Effect of adding a Further Loop 

It is worth while to compare the gains from xo to x3 
which would be obtained from the graphs considered 
above. With no self-loops in the original graph we 
get, from Fig. 6(d) : 

x3 aoi • ab. ass/ [ 1 a23 • a32 + ass • asi • ais 

xo 1 — an • an 1 — a2 . 

aoi • ais • a23 

l — a12 • am) — a23 • a32 ais • a23 • as]. 

The numerator in this expression is the forward gain 
from node xo to node x3; i.e., the gain we would have 
obtained had no return paths existed. Each of the terms 
in the denominator, part from unity, is the loop gain 
of one of the feedback loops in the graph. 

Now if the graph had contained a self-loop--say at 
xi—the same expression would be obtained, provided 
we replaced the branches entering xi; viz :— 

aoi a21 asi  
am and an, by branches 

1 —ail' 1 —all, and 1 —an 

The gain would then become: 

aoi 
. ai2 • a23 

X3 1 —an 

xo a21 asi  
1 — ais • , ass • a32 ais • ass • 

—all. 1 —all 

aoi • ai2 • ass 

1 — all —ais.a2i —a23.a32 —ais.ass•asi +aii.a23,232 

The denominator has been changed in that the loop 
gain of the self-loop an now appears in common with 
all the other loop gains of the graph but, in addition, 
the product of all and the feedback loop ass • an 
also appears, with a different sign prefixed. It should 
be noted that an and a23.a32 represent the only loops 
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in the graph which have neither nodes nor branches 
in common. 

Effect of adding a New Forward Path 

Now suppose that the graph of Fig. 6(a) is modified 
by the addition of a further forward path, a03, linking 
nodes xo and x3, as in Fig. 6(e); i.e., we consider the 
modified set of equations: 

xj = aoi xo ± an x2 + an X3 

X2 = ai2 xi + (232 X3 

X3 = a03 X0 + a23 X2. 

It is clear that the flow-graph will reduce to one 
similar to Fig. 6(d), but with the addition of a further 
forward path a03, as shown in Fig. 6(f). Writing, 

a23 • a32 + a23. an. ais aoi • a12 • a23  
G = , A03 — 

1 — a12 • an 1 — a12 . an 

we carry out the process of graph reduction as before 
to obtain the reduced graph, Fig. 6(f), and then using 
rule ( 1), reduce this to Fig. 6(g). Hence, 

X3 = A03 + ao3 aoi • ai2 • a23 + aos ( 1 — a12 • an)  
—  
xo 1—G — l—a12.a21—a23. a32—a23. asl.a12 

The effect of this additional forward path has been 
to introduce a term into the numerator of the gain 
expression of the graph of Fig 6(a) viz 
an ( 1 — a12.a21) ; i.e., the product of the new forward 
path itself, and a factor ( 1 — a12.a21) where a12.a21 is 
the loop gain of the only feedback loop in the graph 
which does not touch the forward path a03. 

Solution by Determinants. The General Gain 
Formula 

Considering the equations corresponding to the graph 
of Fig. 6(e), let us solve the system for x3 in terms of xo 
. by Cramer's rule. To do this, we re-write the equations 
in the form: 

—aolxo= — xi + an X2 + a31 X3 

O = ai2 Xl — X2 + a32 X3 
—6203.4 = + (123 X2 — X3 

X3 
By Cramer: — = 

X0 

—1 
a12 
O 

an —aoi 
—1 0 

a23 —a03 

—1 a21 asi 
ai2 — 1 an 
0 .223 —1 

Evaluating these determinants shows that the first is 
numerically equal to the numerator and the second to 
the denominator of the gain expression obtained from 
the graph in Fig. 6(g). This suggests that if a method 
can be found of evaluating the determinants associated 
with a graph by combining the various branch gains 
and loop gains according to certain rules, it would be 
possible to calculate the gain of an arbitrary graph 
without performing any of the node-eliminations and 
other manipulations described above. Such a formula 
has, in fact, been derived by Mason and, in its most 
general form, is as follows: 

(1). First select all possible forward paths from source 
to sink, and let the gains of these paths be Ai, A2, . . Ak 
respectively. In the example we have been considering, 
there are two such paths, viz.: (aoi. a12 ass) and a03. 
(2). Take each path, Ai, and select all those feedback 
loops (including any self-loops) which do not touch the 
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path At; i.e., which have neither nodes nor branches in 
common with At. In the example, there are no such 
loops corresponding to the path an . a12 a23, and only 
one loop, viz.: a12 . a21, which does not touch path an. 
(3). Let the loops which do not touch At have loop 
gains T1, T2, T3 . . . Form the expression: 

Ai (1 — — T2 — T3 ... + T1 T2 + T1 T3 + • • • 
Ti T2 T3 — • • .) 

In the brackets, each of the loop gains T1, T23 • • • 3 
appears, pre-fixed with a minus sign. The next group, 
T1 T2, etc., éonàists of all possible products of pairs of 
loops, with the proviso that only those loops are to be 
taken which do not touch each other. These terms have 
a positive sign pre-fixed. Similarly we next take all 
possible products, Ti T2 Ts, of trios of mutually non-
touching loops and again prefix a minus sign. This 
process is continued until all such sets of non-touching 
loops among the Ti T2,. • Tk, are taken into account 
The numerator of the gain expression will then be thci 

sum of all such expressions Ai (1 — T1 — T2.. .). In 
the example, the numerator consists of the sum of 
aoi . a12 a23 (there being no loops which do not touch 
this) and the expression, aos (1 —a12 • a21)• 

To form the denominator of the gain expression we 
consider all the feedback loops occurring in the graph— 
not simply those which do not touch a particular 
forward path. To avoid confusion, we denote these 
by Gi, G2, . . . , remembering that a certain subset of 
these will be the loops T1, T2, ..., Tk, already con-
sidered. The denominator is then the expression: 

1 — — G2 — . . . G1 G2 + Gi Gs G2G3 
± • • • — GiGsGs — • • • 

where, in forming the products of loop gains, we are to 
observe the same proviso as before, viz.: that each 
product of loop gains shall only involve loops which do 
not touch each other. The appearance of such a product 
of non-touching loops was illustrated in the section on 
the effect of adding a new loop, when a self-loop was 
added to node xi. 

The statement of this gain formula is somewhat 
lengthy, but its application is quite simple. As a further 
example of its use we take the graph of Fig. 7 which 
involves various sets of non-touching loops and several 
forward paths. The forward paths from xo to x4 are: 
aoi . a12 • a24, aoi ai2 . a23 . a34, aoi . ais . a34, and 
aoi . a13 . a32 . a24. The numerator of the gain from 

a21 a42 

Fig. 7. Complex graph with various non-touching loops and several forward 
paths 
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I a33 

'2 13 a13 

—a2 

a13 

(a) (b) 

Fig. 8. Graph (b) is the inverse of (a) 

xo to x4 is then: aoi. ai2 a24 ( 1 — a33) + aoi • a12 • a23 • a34 
+ aoi • a13 • a34 am. • a13 • a32 • a24. The denominator is 
the expression: 1 — ai 2 . a21 —a24 • a42 — a23 • a32 — a33 

+ ass (a12 • am) + a33 (am • au) —ala a32 a21 — a34 a42 a23 

—ai3 a34 a42 a21. 
It will be seen that the more complicated a graph 

becomes the greater will be the danger of failing to 
•notice all the existing feedback loops and forward paths. 
Accordingly it is advisable, in practice, to carry out 
some initial reduction of the graph before applying the 
general formula. 

Mason's derivation of the gain formula takes the form 

o , O a" 
an+a zi•a i3 X3 

(a) ( b) 

Fig. 9. Inversion of a path leaving x, (a) results in the elimination ef x1 (b) 

of a topological analysis of general flow-graphs and fails 
to bring out the relationship with the associated deter-
minants of the corresponding systems of equations. It 
is possible to prove the formula from a strictly algebraic 
point of view but the proof is lengthy. 

Inversion 

It has already been noted that the inversion of a 
branch in a flow-graph causes considerable alteration to 
the graph. Since this may result in some simplification 
of the gain calculation, the process is here considered in 
more detail. Suppose xk is a node which appears in the 
original flow-graph as a pure source; i.e., a node from 
which branches leave but into which no branches enter. 
This means that xk will only appear implicitly in the 
corresponding equations. In particular we shall have, 
for some other node xj: 
X; = aoixo + + + akek + • • + anixn. 

The inversion of the branch which goes from xk to xj 
corresponds to the process of expressing xk as a function 
of xi (among other nodes) 

1 aco all an; 
xk = —  • — —  xo — —  — • • • — —  xn• 

aki aid aid 

In flow-graph terms this means we carry out the following 
operations: 
(1). The branch from xk to xj is reversed in direction 
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and its gain aid is replaced by the reciprocal, 11%. 

(2). Every branch which enters node xi now becomes a 
branch which enters node xk, and its gain changes in 
sign and is divided by ale;. In particular, a self-loop at 
xj becomes a path going from xi to zk with gain — aillaki. 
In this case, the total contribution which xi makes to xk 
is (1 —aii)laki. An illustration of branch inversion is 
shown in Fig. (8). 

Failure of the Rule 

Suppose we try to invert a path which leaves a node 
xi into which some other branch enters. For simplicity, 
consider the situation shown in the graph of Fig. 9 (a). 
The equations are: 

Xl = a21 X2 
X3 = a13 x + a2 x2 + a33 X3 

Inversion of the path from xi to x3 gives the equation: 

1 a33 a23 
= — — — X3 — x2 

a13 a13 J al3 

Since we also have xi = aux2, the result is the final single 
equation: 

X3 = X2 (a23 + a21 • al3) + 4233:x3 

and we are left with the flow-graph of Fig. 9 (b). 

Thus, the only possible interpretation of inversion in 
such a case is the elimination of the node xi. 

There is, however, a case in which inversion can be 
applied when neither of the nodes are pure sources, 
namely when the nodes in question are connected by a 
feedback loop. Consider, for example, equations: 

xj = aid Xk tioi X0 ± ail xi + • • • + ani xn• 
Xk= ape x + aOk X0 ± aik + • • • + ank xn• 

and now invert both paths aid and aile; i.e., invert the 
whole feedback loop: 

1 aft aile ank 
Xi = — — X0 — X1 — • • • xn• 

aile aft ask aft 

1 aoi 
Xk = — Xi — — Xo — X1 — • • • — xn. 

ale; ale; ak5 
This is a perfectly meaningful procedure and is a useful 
device in some cases because it can result in the elimin-
ation of other feedback loops in the graph and so 

(b) 

a2I 

(a) 

a32 

a35 

Fig. 10. Inversion ef feedback loop changes (a) to (b) 
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(b) 

Z2 

(a) 

a necessary preliminary to the treatment of Bode's 
feedback theory from the point of view of flow-graph 
analysis. 
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Fig. 11. The simple circuit (a) has the graph (b) which reduces to the seY: 
loop form (c) 

simplify gain calculations. An example of this is shown 
in the graphs of Fig. 10 (a) and (b), where inversion of 
branches a23 and a32 reduces the number of loops from 
three to two. 

The Physical Interpretation of Flow-Graphs 

It must be emphasized that a flow-graph is essentially 
a representation of the relations existing between curients 
and voltages in a network, and not of the network itself. 
This applies particularly to the interpretation of feed-
back loops. Suppose we wish to find the ratio of V2 to Vi 
in the circuit shown in Fig. 11 (a). The circuit equa-
tions can be put in the form: 

1 1 , 
V2 = Z2 i 

Z1 

This gives the flow-graph, Fig. 11 (b), which reduces to 
the self-loop form, (c). The gain will be: 

V2 Z2/Z1 Z2 

— 1 ± Z2IZ1 —  Z1 + Z2 

Now this graph regards a simple potential divider as a 
voltage amplifier with a loop gain of — Z2/Z1. Evidently 
if we regard the circuit as a four-terminal black box, this 
does not matter in the least. However, it is obvious that 
care is required in interpreting a feedback loop as a 
representation of genuine current or voltage feedback in 
a physical circuit. Another example of a feedback loop 
occurring in a flow-graph when there is no corresponding 
physical feedback in the circuit, is shown when we 
consider any normal mesh analysis. If two meshes, say 
the first and second, have a common impedance, then 
i2 will appear in the Kirchoff equation for the first mesh 
and j1 will appear in the equation for the second mesh. 
This will inevitably result in a feedback loop linking 
nodes j1 and i2 in the corresponding graph. 

In general, the form of the loop gains and the nature 
of the nodes which are connected must always be taken 
into account when a flow-graph is being considered as 
a representation of the physical behaviour of a network. 

Conclusions 
The use of flow-graph techniques can greatly simplify 

linear circuit analysis in certain problems. The algebra 
of such flow-graphs has been described with an accom-
panying interpretation in terms of more conventional 
methods of solving linear equations. This approach is 
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ALUMINIUM TOWER FOR RADAR AND MICROWAVE AERIALS 

A 103-ft. high tower, built up from standard 
aluminium-alloy staging sections, has been erected at 
Hemel Hempstead, Herts, to demonstrate the potenti-
alities of this system of construction for permanent or 
demountable towers to support aerials for radar or 
microwave systems. 

This 'Zip-Up' stairway tower is built up from a series 
of interchangeable folding sections which, when opened 
out, form rigid box frames each incorporating its own 
stairway. These 100-lb frames are automatically held 
square and secure by the diagonal stairway and by braces 
which are provided with patented snap-on locking 
hooks. Successive sections are interlocked one on top 
of the other by spigots which register in the tops and 
bottoms of the vertical corner tubes. After the 18-ft 
level is reached, the pre-assembled sections are hoisted 
up by a davit which is hooked to the top of the tower 
and moved up progressively. 

Construction of the sections, which are manufactured 
by Access Equipment Ltd. of Hemel Hempstead, Herts, 
relies upon the close tolerance of extruded round tubing 
in various sizes of Noral alloy and cast aluminium-alloy 
couplings. 
The light weight of the tower structure eliminates the 

necessity for elaborate reinforced-concrete foundations 
and enables simple footings, such as railway sleepers, to 
be used. The ease with which the sections can be 
handled makes for rapid erection even by inexperi-
enced personnel. For example, in one recent appli-
cation, the erection and guying 
of a 204-ft high tower was com-
pleted by a team of eight men in 
only four hours. The system is 
suitable for towers where high-
speed erection is necessary for 
emergency communications, or 
where towers have to be moved 
from site to site. 

Erection equipment is kept to 
a minimum and includes a guy 
winch, a 35-lb davit with a 
lifting capacity of 150 lb, a 
tensiometer for uniform guying, 
and hoisting crane for heavy 
aerials. 
The aluminium tubing and 

cast couplings are supplied by the 
Northern Aluminium Company, 
Banbury. 

This 103-ft high demountable tower, designed 
to carry aerials for radar or microwave systems, 
incorporates 16 standard `Zip- Up' sections 
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MATHEMATICAL TOOLS By Computer 

Vectors and Trigonometrical Tricks 

We are accustomed to the idea of, say, a voltage 
whose magnitude at time t is Vo cos cot, and we regard 
such a voltage as having a 'frequency' co/2/r. We are 
also familiar with the idea that such a voltage can be 
represented by the component in a particular direction 
of a vector whose magnitude is constant and equal to Vo, 
rotating with constant angular velocity co. For engineers, 
the practical existence of currents of this nature is the 
main point, and the application of ideas borrowed from 
trigonometry, geometry, vector analysis, etc., is 
secondary. 
There is, however, an underlying simplicity associated 

with the geometrical viewpoint and, in this article, we 
shall start from first geometrical principles and give 
precedence to geometry (mainly of an analytical kind). 
The significance of various trigonometrical and other 
formulae and techniques will thus be made clear. 
Our starting point will therefore be Fig. 1, in which 0 

is the origin of co-ordinates, Ox and Oy are perpendicular 
axes, and P is the point (x, y), so that OM = x and 
PM = y, the angle PM0 being a right angle. Let the 
length OP be denoted by r (always positive) and let the 
angle through which the axis Ox of x must be turned 
about 0 in the anticlockwise sense to lie along OP be 
called O. Then we can specify the result of a displace-
ment from 0 to P in two equivalent ways, namely: 

(a) a displacement of magnitude r associated with a 
rotation through 0, and 

(b) a displacement of magnitude x in the direction 
Ox followed by a left turn (through 90°) and a 
further displacement of magnitude y in the 
direction Oy. 

The above definitions are valid whatever the magnitude 
of the angle 0 may be. Although Fig. 1 is drawn for the 
case when 0 exceeds a multiple of 27r by less than /42, it 
applies to all cases if xp and yp are given appropriate 
signs. In general, it is very helpful to draw figures for 
problems of analytical geometry for the simplest case, 
and to assume that the laws of the algebra of negative 
(and, where relevant, complex) numbers will auto-
matically extend the results obtained to other cases. 

Fig. I. Geometrical definitions 
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Fig. 2. Deriving the cosine formula' 
for a triangle 

a 

From the geometrical point of view, we define the 
symbol j as meaning 'turn left through an angle 7r/2 
radians'. Thus a and b by themselves can be regarded 
as ordinary numbers but associated with lengths 
measured in the direction Ox. The sum (a ± b) and 
the product ab are likewise associated with lengths 
measured in the direction Ox, and are found by the 
ordinary rules of arithmetic. The product ja (or aj), 
however, is different; it is associated with the same 
length a, but measured in the direction of the y-axis 
instead of that of Ox. With this definition of j, we can 

represent the vector OP, or the displacement from 
0 to P, by either the magnitude (or amplitude) rp and 
the phase (or angle of rotation) Op, or by the symbol 
(xp jyp), representing that P can be reached from 0 
via M. We define cos Op as meaning the ratio xp/rp 
and sin Op as meaning the ratio yp/rp in all cases. 
Our next objective is to derive the formula for 

cos (cc — 13) in a way which explains its geometrical 
significance, but we require one preliminary result 
associated with the triangle of Fig. 2, expressing b in 
terms of a, c and the angle 0 included between a and c. 
It is clear from Fig. 2 as drawn that, if AN is per-
pendicular to BC, 

AN = c sin 0, BN = c cos 0, CN = a — c cos 0 (1) 

and these results are still correct even if 0 > ir/2 (in 
which case N is to the left of B and therefore BN is 
correctly a negative quantity) or if LACN is obtuse (in 
which case N is to the right of C and c cos 0 exceeds a). 
Since in the right-angled triangle ANC 
AN2 NC2 = AC2 .. .. (2) 

it follows that 
b2= c2 sin2 0 ± (a — c cos 0) 2 
= a2 c2 — 2ac cos 0 • • (3) 

We now apply Equ. (3) to the triangle OAB in Fig. 3, 
in which LA0x is A, Z.BOx is B, and OA = OB = 1. 
The distance AB is given by drawing AX parallel to Ox 
and BX parallel to Oy meeting at X, so that 
AX = cos B — cos A; BX = sin B — sin A 
AB2 = AX2 BX2 = (cos B — cos A)2 

± (sin B — sin A)2 . (4) 
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Fig. 3. Deriving 
the formula for cos 

(A — B) 

The usual formula 
cos (A — B) = cos A cos B + sin A sin B (5) 

follows from Equ. (3), by substituting OA = 1 for a, 
OB = 1 for c and AB [from Equ. (4)] for b; Ois (B — A), 
and Equ. (5) is true whatever the values of A and B 

may be. 
Now in most textbooks on trigonometry, Equ. (5), 

and similar equations for sin (A ± B) are derived in a 
late chapter. We prefer here to derive most well-known 

and useful results as special cases of Equ. (5), which we 
have proved whatever the sizes of the angles A and B 
may be. We have only assumed the theorem of 
Pythagoras [in Equs. (2) and (4)] and the basic ideas 
associated with plotting graphs when the axes are 
rectangular, so we are in no danger of "arguing in a 
circle" by using Equ. (5). First, put A equal to 7/12 

radians (or 90°) and we find 
cos (e/2 — B) = sin B . . (6) 

since from Fig. 1 if Op = 7I12, Xp = 0 andyp = rp. 
Again, putting A equal to zero gives 

cos ( —B) = cos B . . .. (7) 
and in a similar way all the well-known results about 
the trigonometrical ratios of angles differing from a given 
angle by multiples of 77 may be derived. These 
results can be summarized by means of the following 
mnemonics 

S 

Subtract 
A from e (180°) 

Leave it 
alone 

(8) 
T C Sub tract Subtract 

e ( 180°) from 2ir (360°) 

The meaning of these mnemonics will be made clear by 
examples; it should be noted that the first one makes the 
word CAST if we start at the bottom right-hand corner 
and proceed anticlockwise. The mnemonics only apply 
to the sine, cosine and tangent; if the ratio required is, 
say, sec 127°, that must be written as 1/cos 127° before 
applying the mnemonics. 
Now cos 127° is associated with an angle in the second 

(top left) quadrant of the mnemonics (8), where the 
letter S appears and the instruction 'Subtract from 180°'. 
The mnemonics therefore tell us that cos 127° is 
— cos ( 180° — 127°) = — cos 53°; the sign is minus 
because the ratio (cosine) required does not begin with 
the letter S falling in the quadrant. The 'A' in the first 
(top right) quadrant denotes that all trigonometrical 
ratios are there positive. Similarly, tan 253° = + tan 
(253° — 180°) = ± tan 73° and sin 340° = — sin (360° 
— 340°) = — sin 20°. When letters are involved, 
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we proceed as if any single letter represented a small 
acute angle, whether it in fact does so or not. Thus, 
sin ( 180° — A) is treated as in the second quadrant, and 
reduces to ± sin [ 180° — ( 180° — A) = ± sin A. In 
the case of cos (270° B), the angle is treated as in the 
fourth quadrant, and reduces to ± cos [360° — (270° 

B)] = ± cos (90° — B); this reduces to sin B as 
already seen in Equ. (6). 
Our safeguard in any of the above is that they can 

always be derived by giving suitable values to A and B 
in Equ. (5) but the mnemonics (8) do the calculation 
for us instantaneously. 
We have already used Fig. 2 to derive Equ. (3); a 

further result, obvious from this figure, is 

c sin B = b sin C . . 
since both are equal to AN. In the form of Equ. (9) the 
result is true even if B or C is an obtuse angle; it can be 
divided through by sin B sin C to give 

a  

sin B = sin C — sin A 
the last member of Equ. ( 10) being added by 
symmetry [or by drawing CX perpendicular to AB]. 
Equs. (3) and ( 10) are those used to 'solve triangles', 
that is to say, to find all of a, b, c, A, B, C which are not 
known when enough is given to determine the triangle. 
Equ. (3) is not always very convenient and alternatives 
are available, but we shall not discuss these here since 
solving triangles is not often necessary for electrical 
engineering. Any soluble triangle can be solved by 
means of these two equations. 
There are a number of general results, similar to 

Equ. (5) and derivable from it, which permit us to 
manipulate trigonometrical expressions into the form 
most suitable for a particular problem. These results 
are: 

cos (A ± B) = cos A cos B — sin A sin B 

sin (A B) = sin A cos B ± cos A sin B (11) 
sin (A — B) = sin A cos B — cos A sin B 

The first of these is derived from Equ. (5) by putting 
— B instead of B, and the last of Equs. ( 11) is similarly 
derived from the second. To obtain the second, replace 
A by (7r/2 — A) in Equ. (5). 
So far, the obvious significance of Equs. (5) and ( 11) 

is that they are 'addition formulae', giving the trigono-
metrical ratios of compound angles A ± B in terms of 
those of the component angles A and B. If now we add 
the first of Equs. ( 11) to Equ. (5), we obtain 

2 cos A cos B = cos (A — B) ± cos (A + B) (12) 
and if we subtract the first of Equs. ( 11) from Equ. (5) 

2 sin A sin B = cos (A — B) — cos (A ± B) (13) 

By similarly manipulating the second and third of 
Equs ( 11) we derive 

2 sin A cos B = sin (A ± B) ± sin (A — B) (14) 

2 cos A sin B = sin (A ± B) — sin (A — B) (15) 

Equs. ( 12) to ( 15) enable us to. break up a product of 
two trigonometrical ratios into a sum; this is often 
advantageous in numerical work, because adding is 
easier than multiplying. Thus for example 

sin 33° sin 27° = (cos 6° — cos 60°) 
= [0.99452 — 0-5] = 0.24726 

Conversely, we may sometimes find it desirable to 

(9) 

. . (10) 
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factorize a trigonometrical expression given as the sum 
or difference of two terms. In this case we really need 
to use Equs. ( 12) to ( 15) the other way round, and many 
trigonometrical textbooks include separate formulae for 
this purpose which are equivalent to Equs. ( 12) to ( 15) 
with 

A + B = x, A — B = y, A = (x y) 
B = (x —y) . . .. (16) 

Consider for example the expression 

27r 
X = sin x + sin (x + —3 ) + sin (x + 4-e3) (17) 

Applying Equ. ( 14) to the first and last terms, with 

47r 
A+B=x+ -y, A—  B = x 

27r 27r 
so that A=x+ , B= T  (18) 

we find 

X = 2 sin (x + 7 '.") cos ?*--7- + sin (x + 
3 3 3 

27r 27r 
= sin (x + --3—) {1 + 2 cos y = 0 (19) 

since cos (27r/3) = —cos (7r/3) = 

This is typical of the way in which trigonometrical 
expressions often contain astonishing possibilities of 
simplification within themselves. Very often, a process 
like that indicated in Equ. ( 18) is begun simply because 
the given expression, here Equ. ( 17), does not look as if 
it was in a convenient form, and any alternative is 
worth considering. When the process is complete, we 
have often not only simplified the given expression, but 
obtained a clue as to its significance; in Equ. ( 17), if 
the middle term had the coefficient k instead of 1, 
Equ. ( 19) would tell us that sin (x 27r/3) was a factor, 
which is not at all obvious from the form of Equ. ( 17). 

In Fig. 1 we noted that we could regard the position 
P of a point in the (x, y) plane as determined either by 
the 'Cartesian' co-ordinates xp and yp or by the 'polar' 
co-ordinates rp and Op. The trigonometrical results we 
have obtained will enable us to see how these two kinds 
of co-ordinates fit together. 

We shall find it convenient to represent the vector 
—> 
OP or the displacement from 0 to P by the symbol 
x + iv as already mentioned. At this stage we shall 
assume that vectors can be added and multiplied in the 
way which common sense suggests, namely 

(xi + j)et) 4- (x2 +/vs) = (xi xs) ± j(yi ± y2) (20) 
and 

(xi jvi) ( x2 - - jy2) 
= (xix2 + j2yiy2) j (xiy2 x2y1) 

if we should find it necessary to do such things; we will 
consider the significance of what we have thus achieved 
later. In Equ. ( 12) we shall replace j2 by — 1; we can 
think of this as the only arbitrary rule associated with 
the multiplication of vectors. It is not an unreasonable 
rule in view of the association off with a turn to the left 
through 77/2 radians already mentioned; two such 
turns in succession do amount to a reversal, which is 
reasonably represented by a minus sign. 

If now we replace j2 by — 1 in Equ. (21) and put 
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the two vectors to be multiplied in polar form, we find 

jy].) (x2 - jy2) 
= rir2 (cos 01 + j sin 01) (cos 02 + j sin 02) (22a) 
= rir2{(cos 01 cos 02 —sin Ci sin 02) 
+ j(sin 01 cos 02 + cos 01 sin 02)} (22b) 

= rir2{cos (01 + 02) j sin (01 ± 02)} (22c) 
Equ. (22b) is derived by direct application of Equ. (21) 
to the right-hand side of Equ. (22a); Equ. (22c) is 
derived from Equ. (22b) by means of the first two of 
Equs. ( 11). 
Now the form of Equ. (22c) shows us that the process 

of multiplication, defined arbitrarily but sensibly by 
means of Equ. (21), means that multiplication is in fact 
achieved by multiplying the magnitudes (ri and r2) and 
adding the arguments (01 and 02), or by inflating the 
vector (r2, 02) in the ratio r2: 1 and subsequently 
rotating it through an angle 01 in an anticlockwise sense. 

If ri = r2 = 1, we note that multiplying the vectors 
involves adding their arguments. Now we first come 
across this idea of multiplying by means of addition 
when we are introduced to common logarithms, and it 
is this fact that makes it appropriate to represent 
cos O j sin 0 as exp. (k0) for some value of k. Further, 
since differentiating this expression twice reverses its sign 
and also multiplies its value by k2, k2 must be — 1 like j2. 

—> 
Thus we arrive at the result that the vector OP in 

Fig. 1 can appropriately be represented as either 
(xp ±jyp) or rp exp. (j0,,). 

Historically, the significance of exp. (j0) was dis-
covered in a slightly different but equivalent form known 
as De Moivre's Theorem, namely 

(cos 0 j sin 0)n = cos nO j sin nO .. (23) 

where n is not necessarily an integer. It is clear that 
Equ. (23) fits in with Equ. (22c), and we have only men-
tioned Equ. (23) separately because it enables us to 
obtain explicit formulae for cos nO and sin nO in terms 
of cos O and sin O. Thus from Equ. (23) with n = 2 

cos 20 + j sin 20 = (cos 0 — j sin 0) 2 
(cos20 — sin20) + 2j sin O cos 0 .. .. (24) 

so that 
cos 20 = cos20 — sin20; sin 20 = 2 sin 0 cos 0 (25) 

Equ. (25) could also have been derived by putting 
A = B = 0 in the first two of Equs. ( 11). But we could 
give n any value in Equ. (23) and write down an 
expression for cos nO and sin nO containing powers of 
cos 0 and sin 0 by using the Binomial Theorem (Mathe-
matical Tools, April 1959) which would require repeated 
application of Equs. ( 11). These expressions can, if we 
wish, be expressed entirely in terms of cos O; when this 
is done, they become what is known as Tchebycheff 
polynominals (or functions) in cos O. The point we 
wish to emphasize here, however, is that the form of 
these expressions, easily obtainable from Equ. (23) but 
having both sines and cosines present, is often just as 
useful as the strict Tchebycheff form in which only 
cos 0 (replaced by x) is allowed. 

CORRECTION 

In 'Mathematical Tools', July 1959, there is an error in Equ. (5b). 

which should read .4 = — (2//r2) 

and not I =— (2/7r2) [ 1 + -11 
ir 
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Hybrid Junctions 

FREQUENCY CHARACTERISTICS AS PHASE DIVIDERS AND DUPLEXERS 

By R. Levy, M.A.(Cantab.)* 

SUMMARY. A review of the existing theoretical analyses of hybrid junctions is presented to show how the phase difference 
between the waves from the two output arms varies with frequency. it is shown that this variation is very small in the case of 
all well-matched 90° hybrid junctions but, for the hybrid ring, a large variation in phase difference occurs due to asymmetry of the 
junction. In the application of 90° hybrids to the design qf balanced duplexers in the transmit condition, short-circuits are placed 
symmetrically in two arms (the previous 'output arms') to divert all the power into the fourth arm, and the symmetry of this 
arrangement gives an inherently broad-band duplexing performance. On the other hand, in the case of a hybrid ring duplexer in 
the transmit condition it is necessary to add an extra quarter guide-wavelength in one of the short-circuited arms. Because of 
asymmetry, if the extra quarter-wavelength is placed in one arm a very narrow-band v.s.w.r. characteristic is obtained but, if it is 
placed in the other (i.e., in the arm symmetrically placed between the input and output waveguides of the duplexer) an extremely 
broad-band characteristic is obtained. 
As is well known in the case of all hybrids, there are optimum positions for the short-circuits for the broadest-band match. 
Typical results for an X-band hybrid ring in the transmit condition show that the bandwidth to the points where the v.s.w.r.drops 

to 0.8 is 350 Mcls with the extra quarter-wavelength in one arm, but is no less than 1,650 Mcls with the extra quarter-wavelength 
in the other arm. 

90° Hybrid Junctions 

One of the most useful classes of hybrid junction 
consists of a 3-dB directional coupler with a symmetrical 
coupling element. The most usual forms for this type 
of hybrid in waveguide are the short slot, or narrow-wall 
coupler', the top-slot or broad-wall coupler2 and the 
branched-guide coupler3. Ideally, in all these couplers, 
the phase of the output waves differ by 90° and it is of 
interest to investigate the variation of the phase 
difference for a particular coupler over a frequency band. 
This problem has been solved by Ribletl, but his 
results appear to have escaped attention as they are 
presented only briefly in an appendix. The following 
is the analysis in an expanded form. 

General Tizeory of 90° Hybrids 

The box in Fig. 1 represents a linear passive network, 

Fig. 1. General symmetrical 90° hybrid 

the external behaviour of which is represented by the 
equation: 

(be) = (4) (ai) • • • • ( 1) 

* Applied Electronics Laboratories of The General Electric Company, Limited, 
Stanmore, England. 
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where (be) is a column vector representing the scattered 
voltages at the junctions, (al) is a column vector repre-
senting the input voltages, and (See) is the scattering 
matrix of the network. 

If i j, See represents the transmission coefficient 
between amis i and j, while See represents the reflection 
coefficient of arm i. 

Now if the junction is a 90° hybrid it is symmetrical, 
and therefore: 

sil = S22 = 5.33 = S44 

S12 = S21 = S34 = S43 

S13 = S31 = S24 = S42 

S14 = S41 = 523 = S32 

so that the scattering matrix becomes: 

Sul S12 

S13 S14 

S14 s13 

512 

S13 

S14 

Sil 

S12 

S14 

8 13 

S12 

511 

(2) 

Since the network is lossless, (See) is unitary, i.e., 

(Sei) (Se) = ( 1) • • . . (4) 

which results in the four equations: 

IS1.212 ± 151312 + IS1412 = 

Sl1S12* ±S12S11* ±S13S14* ±S14S13* = 

SuSi 3* +SisSi4* ±SisSii* -F-Si4Sis* = 

SnSie +Sieis* 4-SisSis* ±Si4Sii* = 

A useful relationship is derived from the last two 
equations by forming the product: 

(SllS13*-F512514*) (Sii*SiA±SieSis) 

= (Si3Sii* ±S14•312*) (SisSis* ±SieSii) 

• • (5) 

(6) 
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which reduces to: 

( 12 — 1S1212) (S13*S14 —St3S14*) 
= ( 1S1312 —1 S1412) i*S12 —SnS12*) • • •• (7) 

The condition for complete isolation between arms 1 and 
2 is that S12 = 0, and with this condition Equs. (5) and 
(7) reduce to: 

IS1112±1S1312+1S1412 = 1 
Si3S14* -1414.3* = 

Stan* -1413S11* = 
SuS14* -1-S14Sn* = 
1S1112(S13*S14 —S13S14*) = 

These equations can be satisfied simultaneously only if 
Sul = 0, for the alternative Sn 0 0 implies S13 = 0 or 
S14 = 0. If the former (say), then the junctions 1-4 and 
2-3 are mutually isolated, a degenerate case of no 
interest. Hence S11 = 0, and perfect (non-degenerate) 
isolation implies perfect match, so that the equations 
(8) reduce to: 

1S1312±1S1412 = 1 (9) 
.. ( 10) S13514* -4414S13* = 

• • 

(8) 

Now in the case of a perfect hybrid, Equ. (9) gives: 

ISisi = 1 S1 4 1 = 1/2 • .. (11) 

1 1 
Putting S13 = exp. (j Os), S14 = exp. (j 04), 

Equ. ( 10) becomes 

cos (03 — 04) = O .. (12) 

i.e., for perfect match, isolation and power division, the 
hybrid gives a 90° phase difference between equal 
waves in arms 3 and 4. In this case: 

Si3*S14—S13S14* = [exp. —j (03 — 04) 
—exp. j (03 — 04)] 

j sin (03 — 04) 
= j .. ( 13) 

and hence the coefficient of ( J5n12 — 1S1212) in Equ. (7) 
cannot vanish. Putting: 

Slk = Ak exp. (j Ok)} 
k = 1, 2, 3, 4 

Equ. (7) becomes for a slightly imperfect hybrid (i.e., 
A1, A2 < 1) : 

(Al2 —A22) = (A32 —A42) AJA2 sin (02-01) • • 

Hence, since A3 se A4, we have: 

Ai Ad A2 • • • • • • . . .. (16) 

which implies a relationship between the input v.s.w.r. 
and the isolation of the hybrid, as shown in Table 1. 

TABLE 1 

V.S.W.R. Isolation (dB) 

0.98 
0.95 
0.90 

—40 
—32 
—26 

(14) 

(15) 

The experimentally-determined performance of many 
hybrids shows that this relationship holds quite closely, 
even for 0° or 180° hybrids. Symmetry considerations 
(i.e., the 3-dB split) make this conclusion seem entirely 
reasonable. 
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A combination of equations ( 14) with the second of 
the set (5) results in the relation: 

A1Á2 cos (01-02) A8A4 cos (03-04) = 

i.e., !cos (03-04)1 = —411442 'cos (01-02)1 • • 
A3A4 

From Equs. ( 11) and ( 16) the voltage isolation of a 
slightly imperfect hybrid is: 

A2 A1 

V2A4 V2A3 

and hence in the worst possible case when 01 = 02, the 
phase difference between the waves transmitted by arms 
3 and 4 is given by: 

1 cos (03 — 04)1 = 2 (voltage isolation)2 
= 2/antilog (1/10) • • (19) 

where / dB is the isolation of the hybrid; e.g., for 
/ = 30, 1 cos (03 — 04)1 = 2 x 10-2, giving a phase 
difference which differs from the ideal 90° by only 0.1°. 
When the isolation falls to 20 dB the phase difference 
has increased to 1.1°. These results are plotted in Fig. 2. 

.. ( 17) 

.. (18) 

Phase Properties of the Branched-Guide Hybrid 

The results given above for the general case can be 
confirmed by an extension of the analysis given by Reed 
and Wheeler3 for the particular type of 90° hybrid 
known as the branched-guide hybrid [described, for 
example, in Reference (4)]. The expressions for the 
input v.s.w.r., isolation, and power division between 

25 

20 

w 
4. I 5 

(2, 

05 

04 

03 

02 

0 I 

50 4-5 4.0 35 30 25 20 15 10 

ISOLATION (dB) 

Fig. 2. Phase variation from ideal of any 90° hybrid as a function of the 
isolation 
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Fig. 3. Schematic diagram of the hybrid ring 

arms are obtained as a function of a parameter t, given 
by the expression : 

11.  t -= tan (71 . Ago) (20) 

where Ag is the guide wavelength and kw is the guide 
wavelength at the design frequency where t= 1. 
Carrying this theory a stage further, the expression for 
the phase difference between the waves in the two output 
arms in the case of the branched-guide hybrid with four 
branch guides has been obtained. The formula which 
results is somewhat unwieldly and is not reproduced 
here. However, a tedious computation has shown that 
it is certainly within ± 0-005° of 90° for a guide wave-
length deviation of ± 6%, where the isolation is 
theoretically greater than 45 dB. According to Riblet's 
theory this value of isolation would correspond to a 
phase difference AO of ± 0-0036°, which is in good 
agreement with the value produced by the above 
solution obtained from Reed and Wheeler's theory. 

Properties of the Hybrid Ring 

Scattering Matrix 

In the case of a perfect hybrid ring, a signal input 
to arm 1 (Fig. 3) produces in-phase signals in arms 
2 and 4, while a signal input to arm 3 divides equally in 
the same arms but with 180° phase difference. In the 
general case however, the only symmetry relations which 
can be written are the following: 

S11 = 544 

S22 = S33 

S12 = S21 = S34 = 543 

S13 = S31 = S24 = S42 

and the scattering matrix becomes: 

Sil 

S12 

S14 

S12 

S22 
S23 

S13 

Sis S14 

S23 S13 
S22 S12 
Si2 Sul 

.. (21) 

(22) 

This matrix contains six parameters compared with 
four in the case of the 90° hybrid [Equ. (3)], so that two 
additional complex quantities are required to specify 
the behaviour of the hybrid over a frequency band. 
Hence, there is no reason to suppose that the phase 
division of the hybrid remains nearly constant over a 
broad band as in the case of all 90° hybrids. 
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Calculation of the Variation in Phase Difference of the Outputs 
of the Hybrid Ring 

The variation of the power division with frequency 
for the hybrid ring has been calculated by Reed and 
Wheeler3, and their method may be extended to 
calculate the phase division. For an input to arm 1 
(Fig. 3) the complex ratio of the output waves in arms 
2 and 4 at planes in each of these arms equidistant from 
the centre of the hybrid is given by: 

2  

b2 {(A±D)-Fj(B-FC) + 

64 f  (A — D)±j(B  

1(A+ D)H-j(B-1-C) 

where : 

2  

(A' -1-D')-Fj(B' ±C') 

(A' —D')±j(B'  

(A' + D')d-j(B' -FC')f 
. . (23) 

1  A — 10t2  A' 5t4 t4 — 10t2 ± 5 
— ( , — 1 — 3t2) (t2 — 3) 

B = 2-V2t, B' = B 

C = V2t(3 t2), C' = -V2t(3t — 1It) 

D=l — 3t2, D' = t2 — 3 

and t is the frequency dependent parameter introduced 
in Equ. (20). For small deviations from the design 
frequency of the hybrid it is sufficiently accurate to 
expand the parameters listed in (24) in a Taylor series 
to the second term; i.e., 

A = 2 — 63a, 

B = 2 V2 + 2 V2At, 

C = 2 V2, 

D = —2 —6At, 

.. (24) 

A' = 2 + 10At 

B' = B (25) 

C' = 2 .V2 ± 4 V2At 

D' = —2 ± 2At 

Substituting these values in Equ. (23) it may be shown 
that the phase of b2/b4 is given by: 

AO = tan-1 (—Lt/V2) .. .. (26) 

Thus, for At = ± 0-05, M = 2°, and for At = ± 0-10, 
M = F 4°. 
An accurate computation gives results which agree 

closely with these values. Equ. (20) shows that a 
positive At, (i.e., t > 1) implies a decrease in Ag; i.e, 
an increase in frequency from the design frequency 
where t = 1. Writing: 

b2 = 1621 exp. (—j 02) 

b4 = 1b41 exp. ( —j 04) 

1 

or: 

b2 

= 
b2 

b4 
exp. —j (02 — 04) = 

b2 

b4 

.. (27) 

ex1). ( 3•0) 

. . (28) 

then a negative value of 110 implies 02 > 04, or a phase 
increase in arm 2 for increase in frequency. Equ. (26) 
shows that the opposite is the case for frequency decrease, 
i.e., the phase of the wave in arm 2 is then less than that in 
arm 4 at planes in these arms equidistant from the 
centre of the hybrid. Table 2 shows some theoretical 
characteristics for a hybrid ring in waveguide 16 at a 
mid-band frequency of 10,000 Mc/s. 

Use of Hybrids in Balanced Duplexers 

Comparison of 90° and 180° Hybrids for use in Duplexers 

A duplexer is a switching device which connects 
either a transmitter to an aerial in one position of the 
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switch, or the transmitter to 
a load and the aerial to a 
receiver in the other. Fig. 4 
shows balanced duplexers 
using either 90° or 180° 
hybrids. In the 'transmit 
condition the switches are 
short-circuits in the wave-
guide, and in the receive 
condition of the duplexer 
the switches are open-
Circuits. 
The 90° hybrid is now 

more frequently used in 
balanced duplexers than the 180° hybrid since it gives a 
more compact layout. In the transmit condition the 
short-circuits are placed at equal distances from the 
hybrid and lie in the same plane. Hence they may be 
replaced by a single shorting plate, or in the case of a 
duplexer for a pulsed radar system a common TR cell 
may be used. A photograph of a typical X-band 

'TRANSMITTER 
0--

0-
AERIAL 

TRANSMITTER 
0-

0-
AERIAL 

90° HYBRID 

SWITCH 

180° HYBRID 

SWITCH 

(a) 

SWITCH 

• SWITCH 

(b) 

90° HYBRID 

180° HYBRID 

RECEIVER 

LOAD 

RECEIVER 

LOAD 

Fig. 4. (a) Balanced duplexer using 90° hybrids; (b) balanced duplexer 
using 180° hybrids 

duplexer using two top-slot 90° hybrids in cascade is 
shown in Fig. 5. This duplexer uses a VX9204 plug-in 
pre TR cell. 

In the case of the 180° hybrids it is necessary to stagger 
the position of the switches by a quarter guide-wave-
length at the design frequency. Two types of 180° 
hybrid are in general use, the hybrid-T and the hybrid 
ring. In the former, the frequency sensitivity of the 
extra quarter wave means that in the transmit condition 
the duplexer is inherently narrow-band unless a com-
pensating element is placed in one of the arms5. The 
device also suffers from the disadvantages of being 
difficult to manufacture and of being a `three-dimen-
sional' structure; i.e., with arms lying along a set of 
three axes mutually at right angles. The main advantage 
of the hybrid-T is that it is a symmetrical device so that 
the amplitude and phase division are both frequency 
independent. 
On the other hand, the hybrid ring may be optimized 

to have a very broad-band performance as a transmit 
duplexer, as shown later, and all the arms lie in the same 
plane. However, it is difficult to design a compact 
duplexer using hybrid rings because the output arms 
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TABLE 2 

t 
Wavelength 
Deviation 

Frequency 
Deviation V.S.W.R. Isolation 

Power 
Division 

Phase 
Division 

Increase or 
Decrease of 
Phase in 

4À 81A80 Afife (dB) (dB) Degrees Arm 2 

+0-10 — 6% +3.4% 093 29.3 0.14 ' 4 Increase 
+0-05 —3% + I • 7 % — 35 - 2 0-025 2 Increase 
0 0 0 1-0 co 0 0 — 

—0-05 +3% —1-7% — 35-2 0-025 2 Decrease 
—0-10 +6% —3.4% 0•93 29-3 0.14 4 Decrease 

_ 

containing the switches subtend an angle of 120°, so 
that these arms must each contain a 120°. bend. 

V.S.W.R. of a 90° Hybrid as a Duplexer in the Transmit 
Condition = • 

The input v.s.w.r. of the transmit duplexer is deter-
mined by the combination of two waves, one reflected 
from the hybrid itself and one due to the departure of 
the wave division from ideal in both amplitude and 
phase. In the ease of the 90° hybéid the relative phase 
difference between the waves in the output arms 
remains almost constant at 90° acrcss 'a: broad band 
and only the amplitude difference need be 'considered. 
With this assumption, C. W. Jones has shown6 that if 
the ratio of the powers in the output arms of the hybrid 
is given by R dB, where: 

1 +, a 
R = .10 logio .. (29) 

— cc 

then assuming a hybrid which is in?herently perfectly 
matched, the v.s.w.r. of the duplexer in the transmit 
condition is: 

.(30) 

Thus, for a power ratio of 1 T111 R = 1) a = 0-115, 
giving ST = 0-79. However, the v.s.w.r. of the' hybrid 
alone may be of the same order, and advantage may be 
taken of this fact to obtain a considerable degree of 

Fig. 5. X-Band delexer using top-slot 90° hybrids and a plug-in VX.9204 
„pre T.R. cell 
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Fig. 6. V.S.W.R. of hybrid ring in duplexes transmit condition 

cancellation between the two waves over a wide fre-
quency band by correct phasing of the short-circuits 
with respect to the hybrid7. A v.s.w.r. of better than 
0.85 over a frequency band of at least 15% may be 
obtained in both receive and transmit conditions of the 
duplexer using any pair of 90° hybrids of the type 
described in the referencest2,3. 

V.S.W.R. of the Hybrid Ring Duplexer in the Transmit 
Condition 

In the transmit condition of a duplexer using hybrid 
rings, short-circuits are placed in arms 2 and 4 of the 
hybrid (shown in Fig. 3) with a quarter-wavelength 
difference in spacing of the position of the shorts in these 
arms with respect to the centre of the hybrid. This 
arrangement is asymmetrical in that the extra quarter-
wavelength may be placed either in arm 2 or in arm 4, 
and the resulting arrangements are not identical. In 
the case of a perfect hybrid the wave incident at arm 1 
may be thought to divide equally and in phase between 
arms 2 and 4, be reflected from the short-circuits, and 
re-enter the hybrid 180° out of phase, one wave having 
travelled one half-wavelength more than the other so 
that the waves recombine in arm 3. However, when the 
extra quarter-wavelength is placed in arm 2 the wave 
travelling via the short in this arm must have travelled 
one whole wavelength more than the wave which is 
reflected from the short in arm 4. Inevitably, this 
arrangement will be very narrow band owing to the 
frequency sensitivity of the extra distance travelled by 
the wave reflected from arm 2. For a broad-band 
performance it is necessary to place the extra quarter-
wavelength in arm 4 so that the waves travelling via 
the two short-circuits will not only have the same phase 
to recombine in arm 3 but will also have travelled the 
same physical length. 

The results of experiments made on an X-band 
hybrid ring as a transmit duplexer are shown in Fig. 6. 
The bandwidth to the points where the input v.s.w.r. 
falls to 0.8 is 350 Mc/s when the extra quarter-wave-
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length is placed in arm 2, but it is no 
less than 1,650 Mc/s when it is placed 
in arm 4. In the latter case, care was 
taken to place the short-circuits in the 
optimum position relative to the centre 
of the hybrid in order to obtain 
cancellation of the wave reflected from 
the hybrid7. 

Conclusions 

In the choice of hybrids for use in 
microwave circuits ease of construction 
and compactness of layout are often 
prime considerations. 90° hybrids not 
only satisfy this condition but also 
retain their 90° phase-shift property 
over a wide band, and give an excellent 
performance when used in duplexers. 
Of 180° hybrids, the various types of 
hybrid-T (or "magic-T") are difficult 
to manufacture, result in awkward 
three-dimensional layouts, and are 
narrow band when used in the transmit 

duplexer condition. The hybrid ring is also difficult to 
use in complicated microwave circuits and, though it may 
give a wide-band duplexer performance when care is 
taken to position the short-circuits correctly, the hybrid 
does not retain its 0° or 180° property over a broad band. 
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OBITUARY 

It is with regret that we learn of the death of two pioneer engineers: 

William Theodore Ditcham, A.M.I.E.E., Senior M.I.R.E., 
born in London, 1881, joined Marconi's Wireless Telegraph 
Company Ltd., in 1915. 
The subsequent years to 1915 saw him engaged in the installation 

and demonstration of wireless equipments of the day and, with 
Captain H. J. Round, Mr. Ditcham developed World War I 
wireless direction finders. In 1919, Round and Ditcham established 
two-way contact with Nova Scotia and, in 1920, inaugurated the 
world's first radio-telephony news service. From 1925 to 1944, 
Mr. Ditcham was in charge of the development of Marconi trans-
mitters and, during 1944, he was made assistant to the Engineer-in-
Chief, a position he held until his retirement in 1949. 

Noel Meyer Rust joined Marconi's in 1913 and subsequently 
worked under C. S. Franklin and, in the late 1920s, he became 
largely responsible for the development of the Stille system of 
recording on magnetized wire. In the 1930s he carried out a great 
deal of original research into the design of broadband feeders and 
aerials; among the many tangible results of this was his contribution 
to the aerial system of the B.B.C.'s first television station at 

Alexandra Palace. 
During World War II, Mr. Rust worked principally for the 

Admiralty and did much valuable work on the design of microwave 
aerials. 
Mr. Rust retired in 1955 after 42 years in Marconi's. He was 

68 this year. 
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Correspondence 

Letters to the Editor on technical subjects are always welcome. In publishing such communications 
the Editors do not necessarily endorse any technical or general statements which they may contain. 

Breakdown of Silicon Power Rectifiers 

Stn,—When investigating repeated breakdown failures of silicon 
junction rectifiers used in a circuit designed to provide 700 volts 
400 mA d.c. from a 2,400-cis supply an effect was noticed which 
appears to be important whenever such rectifiers are used in series 
to rectify a high-voltage high-frequency supply. 

The failures occurred despite strict adherence to the manu-
facturers' recommendations both to equalize the inverse voltage 
across each rectifier by shunting it with a resistance small compared 
with the reverse resistance, and to damp out transient voltages 
produced by transformer switching surges. Investigations using a 
differential amplifier fed from a capacitive potentiometer to examine 
the voltage across each rectifier showed that although the peak-
inverse voltage across each series stack was only about half the 
manufacturers' maximum ratings, the voltage distribution across 
individual rectifiers was very unequal, having a spread of about 
10 to 1, so that the inverse voltage rating of individual rectifiers was 
being exceeded. The explanation of this effect is as follows: 

The rectifiers will, in general, exhibit carrier-storage effects; 
therefore, when reverse voltage is applied to a rectifier following 
heavy forward conduction a large reverse current flows for a time 
depending on the magnitude of this reverse current. The time taken 
to restore normal insulation for a given reverse current varies con-
siderably from rectifier to rectifier; therefore, in any one stack one 
rectifier recovers its high reverse resistance first and this interrupts the 
flow of reverse current through the stack and, as the reverse current 
is now very small, the remaining rectifiers usually stay in the low-
resistance state for the remainder of the cycle and hence nearly all 
the inverse voltage appears across the one rectifier which fails as a 
result. 

These effects may be eliminated by shunting each rectifier with a 
small capacitor. In the reverse condition, when one rectifier of a 
stack assumes a high resistance, the current through the stack is not 
quite cut off as a small reverse current is diverted through the 
shunting capacitor, thereby bringing all rectifiers quickly into the 
correct high-resistance state. 

To avoid damage to the rectifiers it is essential to eliminate these 
minority-carrier storage effects early in the reverse cycle before the 
inverse voltage reaches a dangerous level. 

In general, this is better achieved by capacitor shunting than by 
resistance shunting since, with the former, the reverse current 
by-passing a high-resistance rectifier is proportional to the rate of 
change of inverse voltage and is, hence, at a maximum at the com-
mencement of the inverse-voltage cycle and, in the latter, maximum 
current is not attained until the inverse voltage is also at a maximum. 

To equalize the inverse voltages across individual rectifiers to 
within 10 per cent the required value of shunting capacitors is 
usually in the range 1,000 to 5,000 pF. 

M. A. W ESTON. 
Signals Research & Development Establishment, 
Christchurch, Hants. 
5th August 1959. 

Improving Aerial Directivity for Pulsed Signals 

SIR,—The interesting article by Mr. N. F. Barber on the subject 
of directional arrays, in the June issue, prompts me to draw attention 
to another way in which directional properties may be obtained. 

It is well known that a linear array of receiving elements, each 
of which has omnidirectional sensitivity, may be made to possess a 
directional response in a given plane. This depends on the existence 
of an Ordered phase relationship between the outputs of the individual 
elements arid various devices are used to enable this relationship to 
be recognized, in the presence of random background `noise', and 
used to determine the angular bearing of the signal source relative 
to the receiving array. For example, the outputs may simply be 
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added together either directly (plain array) or after systematic 
changes have been made in their relative amplitudes and phases 
(tapered arrays, superdirective arrays)1,2. Alternatively, they may 
be added in two or more groups and the results then multiplied 
together (multiplicative arrays)3. 

When the signal takes the form of a pulsed carrier (e.g., in echo-
ranging systems, radio beacons, etc.), the pulse envelopes of the 
outputs from the receiver elements will be characterized by an 
ordered time distribution, the envelope delay between the outputs 
of any two channels depending on the angle of approach of the 
wave fronts to the plane of the array. 

This additional means of recognizing a signal and of determining 
the bearing of its source normally seems to be disregarded com-
pletely, the difference in pulse arrival times appearing merely as a 
nuisance because it leads to distortion of the total output signal. The 
implication however is that existing receiving arrays, based only on 
the amplitude and phase characteristics of the carrier, do not make 
full use of the information presented to them by the arrival of pulsed 
waves in the medium. 

A fundamental investigation of this question is being carried out 
at Birmingham University and it is hoped that this may lead to the 
development of improved directional receiving arrays. 

It is interesting to note that, in contrast with the phase comparison 
method, the directional information is contained unambiguously 
in the pulse outputs of any pair of elements in an equi-spaced array, 
thus suggesting that thé full length of the array need not be utilized. 
It will probably be found, however, that increasing the number of 
elements used for pulse delay recognition will improve the chances of 
detecting coherent signals in the presence of random noise; i.e., will 
improve the signal/noise ratio of the receiving system. 

Electrical Engineering Department, V. G. W ELSBY. 
University of Birmingham. 
26th August 1959. 
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Fields 

Sta,—The recent Editorial on "Fields" in Electronic & Radio 
Engineer' raises some interesting points. It is certainly true that the 
field concept has come to the forefront of late, but it may be questioned 
whether it belongs there logically. Students may now be told, e.g., 
that one must not say that "charge A exerts a force on charge B" 
but rather that "in the vicinity of charge A is a field which exerts a 
force on charge B". Now if one defines the field as the force, this 
statement is a mere tautology; if he suggests that the field has some 
physical existence independent of the charge B, it must be answered 
that there are no experimental grounds whatsoever for such a belief. 
In fact, if one were interested only in forces between point charges, the 
"electric field" would be a completely useless concept, and likewise 
the "electrostatic potential". When complicated distributions of 
charge are involved, however, these concepts can be considered as 
useful summaries of results—they would seem to be nothing more— 
in the necessary summations or integrations. 

It does not seem ccmmcn to make any actual mistakes by taking 
the "elect ic field" too literally. The same cannot be said for the 
"magnetic field". In many text tocks there is still a problem in 
which two charges (e.g., electrons) move along parallel paths at a 
velocity tt, the line joining them being perpendicular to the direction 
of motion. It is concluded, then, on the basis of the action of magnetic 
fields, that the force between them is ( 1 — v2/c2) times what it would 
be if they were at rest, c being the velocity of light. Actually, all the 
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evidence points to the conclusion that only relative motion affects the 
force, so that in this case, the relative velocity being_z(r_o,gie_fqrcç, 
would be just the usual electrostatic force. ( It is true that relativity 
theory, by juggling times and distances, can do something about this. 
But why create difficulties in the first place?) In fact, an enormous 
amount of nonsense has arisen from taking the "magnetic field" 
concept too seriously; to anyone interested in seeing how much of 
this may be overcome, without abandoning the field concept, 
Bewley's books is highly recommended. 

Actually there have been formulations of electrodynamics which 
did not employ the field concept at all. Those of the previous 
century, and especially the earlier part thereof, naturally suffered 
from a lack of complete knowledge of the problem. Ritz's works, 
and more recently that of Browns and of Moon and Spencers, 
offers electrodynamics in which everything is expressed in terms of 
the forces between charges, as functions of their relative position, 
velocity, and acceleration, and the field concept is not needed. Much 
material pertinent to these matters may also be found in O'Rahilly's 
books. 

Naturally, the works mentioned above have been concerned 
primarily with theoretical electrodynamics. For the needs of 
electrical engineering, the field concept, even though nothing but a 
fiction, may be a most useful fiction. It might be questioned, 
however, whether either engineering or science can be ultimately 
the better for a fiction which, in places, contradicts the facts. Cer-
tainly some serious consideration of these matters is indicated; it 
may be that a little of the effort which is now going into the invention 
of elementary particles might well be spent on the invention of an 
elementary electrodynamics, free from logical inconsistencies and 
from conflicts with experience. 

Queen's University, H. L. ARMSTRONG. 
Kingston, 
Ontario, Canada. 
24th June 1959. 
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Balanced Push-Pull Phase Detector 

SIR,—A theory for the balanced push-pull diode phase detector in 
the figure-was given recently by one of the authors'. There it was 
assumed that R2/Ri » 1. We now give a formula for the operation 
of the detector which does not make this assumption, though the 

< < ir/2 < 04 < ir ; a (1 + x2 + 2x cos 

_ :F_x2 — 2x  x on E2fE, 

- The algebraic sum of these currents must equal the current 
flowing through Rs. That is, 

iiikj{(«El sin — EA01) — (*es sin 0,1,1- EA04)} = Et12 .. ( 1) 

Now, EA = ccEi cos 01 =- —e, cos 04 
Substituting these values of EA in Equation ( 1), we have 

-; • (tan 01 — 01) — -12 = — (tan 04 — 04) • • .. (2) 

wher: n  R2/Ri 
• • • • • • • • • • (3) 

Equ. (2) reduces to Equ. ( 10) of the, previous paper" if n I. 
Further calculations can be made on the basis of equations ( 11) 
and ( 12) of the previous paper, which are still valid. Again we 
note that the relation between 01 and 04 does not depend on the 
particular values of x and # responsible for them. This formula cail 
be discussed with respect to x and # as before. To indicate the effect 
of finite values of n, we only show in Table 1 how the critical value 
of 01 (and #) at which the diode 134 just starts conducting over the 
entire cycle (04 = 180°) varies with n for the particular case, x = 1. 

TABLE 1 

• Oterit ecrit 

00 77° 27' 24° 30' 
100 77° 33' 24° 18' 
30 77° 45' 23° 57' 
10 78° 17' 22° 54' 
3 79° 51' 19° 58' 
1 82° 37' 14° 33' 

0-3 86° 13' 7° 34' 
0.1 88° 25'' 3° 10' 

We note that as n decreases, the critical value of # decreases; that 
is, the flat portion of the output versus phase curve decreases. This 
fact seems to be important as a design criterion. 

It may be remarked that a load R connected across the output 
terminals may be taken as loading R2 by a shunt resistance R/2, thus 
altering the effective value of n. 
The authors wish to thank Prof. R. S. Krishnan and Dr. G. 

Suryan for their interest and encouragement. One of the authors 
(S.K.) is grateful to the Council of Scientific and Industrial Research 
for a Research Assistantship and the other (R.C.) to the Department 
of Atomic Energy for a Research Fellowship. 

Department of Physics, S. KRISHNAN. 
Indian Institute of Science, R. CHIDAMBARAM. 
Bangalore- 12 (S. India). 
11th June 1959. 
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CR1, CR2 values are still considered to be large compared with the 
period of the applied sine waves. 

The average currents flowing into node A through the diodes Di 
and 13.2 are respectively' 

1 1 
(ccEs sin 01 — EA01) and — — — ( Es sin 04 + EA02) 

irRs IrR1 

where 201 and 204 are the angles of conduction of 131 (and Ds) and 
134 (and D2) respectively, 

Subjective Impairment of Television Pictures 

SIR,—I would like to correct an error which was overlooked in 
my article in the May issue of Electronic ed Radio Engineer. 

It occurs towards the end of the article in the section headed 
"Conclusions". The third paragraph on the right-hand side of 
page 178 should read: 

"The differences between flat and triangular noise levels for the 
same degree of picture impairment are given by the table of Fig. 2. 
For 405-line pictures the difference is 4 dB and for 625-line pictures 
it is 6 dB, and it is interesting to note that the C.M.T.T. revised 
noise-weighting network for television agrees with these values to 
an amount which is well within one opinion limen." 
The values quoted of 6 and 8 dB refer, in fact, to the weighting 

network and not to the values taken from Fig. 2. 
Designs Department, L. E. WEAVER. 

The British Broadcasting Corporation, 
London, W.1. 
5th June 1959. 
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New Books 

Iluctuation Phenomena in Semi-Conductors 

By A. VAN DER ZIEL. Pp. 168 ± viii. Butterworth's Scientific 
Publications, 4 & 5 Bell Yard, London, W.C.2. 1ce 35s. 
As the author states in his introduction, the subject is of interest 

both because it should cast light on the internal mechanisms of semi-
conductors an ..cause an understanding of it is essential to the 
design of sern.conductor devices and circuits for minimum noise. A 
very br;.-f chapter on the characterization of noisiness in two- and 
four- .crininal networks is followed by a ten-page review of the 
statistical concepts and mathematical techniques which the author 
wishes to use; the latter includes the Wiener-Khintchine theorem, 
Carson's theorem relating the power spectrum of a random process 
to the Fourier transform of the constituent events and Langevin's 
equation which allows one to use a differential equation to represent 
the average behaviour of a stochastic system. 
The remainder of the book presents mathematical analyses of 

various theories and models of the several types of noise which occur 
in semiconductors. Among these are generation-recombination 
noise (or shot noise), which is easily understood, and inverse-
frequency noise which the author takes to be a form of modulation 
noise. A criticism of the book is that the reader is so rarely shown 
quantitative experimental evidence either to establish the relative 
magnitudes of the different effects or to support the theoretical 
models. Even in the section of Chapter 9 (Shot noise in transistors) 
headed "Experimental verification of the theory" we get only 
qualitative descriptions such as ". . . found that the experimental 
values of gn agreed very well with the theoretical expectations" and 
". . . found good agreement between the experimental values of gn 
and ./eq at relatively low frequencies, but at high frequencies . . .". 
This experimental evidence may indeed be satisfactory, but the 
reader should resent being asked to take it on trust in the absence of 
quantitative definitions of "good agreement" and "relatively low". 
The author assumes that the reader is already familiar with general 

semiconductor nomenclature and theory; and the serious worker in 
the semiconductor field will find this a useful reference book on the 
various models for fluctuation phenomena in semiconductors. 

D.A.B. 

Conductance Design of Active Circuits 

By KEKrs B. PULLEN Jr. Pp. 330 + xiii. Chapman & Hall Ltd., 
37 Essex Street, London, W.C.2. Price 80s. 
In a sense, this book is a companion to the author's "Conductance 

Curve Design Manual", reviewed in the September 1958 issue. In 
that book he gave data on a considerable number of valve types; in 
this, he explains how to use such data. 
In essence the book deals with ways of computing the proper 

operating conditions for a valve or transistor, calculating stage gain 
and the correct component values. 
The author claims that" 'Conductance Design of Active Circuits' 

is the first textbook published on the use of conductance curves in 
the design of tube and transistor circuits". It may well be that this 
is the first book to deal only with this subject; the bulk of the 
material is to be found in many textbooks of wider coverage, however. 
This does not mean that the fuller treatment given here is without 
value; the book will certainly be useful to the beginner in design. 
The point of novelty, both in this book and in the previous one, 

appears to be the inclusion of curves of gp( = lira) and gm as well as 
the usual anode-volts—anode-current curves. This is not really extra 
information, for it is inherently present in the usual characteristics 
curves. It is useful to have it separately presented and it is more 
accurate, as long as the gp and g„, curves are derived by direct 
measurement. W.T.C. 

Radio Circuits: A Step-by-Step Survey. 4th Edition 

By W. E. MILLER, M.A.(Cantab.), M.Brit.I.R.E. Revised by 
E. A. W. SPREADBURY, M.Brit.I.R.E., Associate Editor of Wireless 
CO Electrical Trudy. Published by Iliffe & Sons Ltd., Dorset House, 
Stamford Street, London, S.E.1. Pp. 172. Price 15s. (postage 10d.). 

This book explains in simple language all the varieties of circuits 
that are found in radio receivers of the kind that are used for sound 
broadcasting. The fourth edition has, in the light of modern develop-
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ments, been revised and it now covers all types of receiver, including 
those using transistors, car radio and f.m. receivers. 

From Microphone to Ear. 2nd Edition 

By G. SLOT. A Philips' Technical Library publication covering, in 
simple language, modern sound recording and reproduction tech-
niques. Available from Cleaver-Hume Press Ltd., 31 Wright's Lane, 
Kensington, London, W.8. Pp. 258. Price 21s. 

Acta Polytechnics Publications: 

"Kurze Ubergânge für 14.01-Welle", by M. G. ANDREASEN. Electrical 
Engineering Series No. 3. Pp. 22. Price Sw.Kr. 7.00. 
"Stetige Ubergânge für H01 Welle mit besonderer Berücksichtigung 
des konischen Ubergangs", by M. G. ANDREASEN. Electrical 
Engineering Series No. 4. Pp. 25. Price Sw.Kr. 7.00. 
"The Theory of the Indirectly Heated Thermistors", by Nms 
BjoRic. (In English) Electrical Engineering Series No. 5. Pp. 45. 
Price Sw.Kr. 7.00. 
"Polarization-Transforming Plane Reflector for Microwaves", by 
J. AAGESEN. (In English.) Electrical Engineering Series Vol. 8, 
No. 7. Pp. 27. Price Sw.Kr. 5.00. 
"Table of W = Z/(1 Z) for Complex Numbers", by KARL 
HousERG and JENS R. JENSEN. Mathematics and Computing 
Machinery Series MA 3. Pp. 144. Price Sw.Kr. 14.00. 
"Modern Instruments and Methods for Acoustics Studies of Speech", 
by GUNNAR FANT. (In English.) Physics including Nucleonics 
Series No. 1. Pp. 81. Price Sw.Kr. 7.00. 

These five publications can be obtained from Acta Polytechnica Scandinavica 
Publishing Office, Box 5073, Stockholm 5, Sweden. 

Modern Transistor Circuits 

By J. M. CARROLL. Pp. 268 ± xii. McGraw-Hill Publishing Co. 
Ltd., 95 Farringdon Street, London, E.C.4. Price 66s. 

". . . a comprehensive collection of modern transistor circuits, 
classified and arranged for easy reference. Almost 200 circuits are 
presented with complete design information and electronic com-
ponent values". 

Mullard Circuits for Audio Amplifiers 

Pp. 136 + vi. Milliard Ltd., Torrington Place, London, W.C.I. 
Price 8s. 6d. 

"This book covers twelve of the most popular Mullard circuits, 
including the latest designs for stereophonic amplification and, 
besides giving all the necessary circuit information, suggests practical 
chassis layouts for each amplifier. Half-tone and line illustrations 
are used throughout to give the constructor the greatest possible 
guidance". 

The Cathode-Ray Tube and its Applications. 3rd Edn. 
By G. PARR, M.I.E.E. and O. H. DAVIE, M.I.E.E. Pp. 433 + xii. 
Chapman & Hall Ltd., 37 Essex Street, London, W.C.2. Price 50s. 
"In this revised edition, the original theme of the use of the tube 

in oscillography has been pursued and brought up to date without 
expanding it to include the numerous applications which the 
ordinary user of the tube would seldom meet. The book remains as 
planned—a guide to the operation and use of the tube as one of the 
most versatile measuring instruments that has ever been devised." 

Magnetic Sound Recording 

By D. A:. SNEL. A Philips' Technical Library Publication. "This 
book explains the how and why of magnetic sound-recording and 
also focuses more attention on the variety of possible uses for 
recorders". Available from Cleaver-Hume Press Ltd., 31 Wright's 
Lane, London, W.8. Pp. 217. Price 25s. 

Modern Electronic Components 

By G. W. A. DUMMER, M.B.E., Sen. Mem. I.R.E. Sir 
Isaac Pitman & Sons Ltd., Parker Street, Kingsway, London, 
W.C.2. Price 55s. 
"In this book Mr. Dummer has sought to present the first com-

prehensive survey of the characteristics of the more common com-
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ponents, together with information on their behaviour under the 
arduous environmental conditions to which they are now frequently 
subjected. Chapters on component specification, transistor-circuit 
components, reliability, future developments, etc., are also 
included. . . ." 

Industrial Electronics Handbook 

Edited by W. D. COCKRELL. Pp. 1408 ± xv. McGraw-Hill 
Publishing Co. Ltd., 95 Farringdon Street, London, E.C.4. Price 
£8 I4s. 6d. 
The contents of this new publication include: Fundamentals, 

Control Elements, Power Supplies, Control Circuits, Circuit 
Applications, Instruments and Computers, Equipment, Mechanical 
Design, Users' Requirements, Letters Patent in the United States 
and Technical Information Sources. 

Radio Engineering Handbook. 5th Edition 

Edited by K. HENNEY. Pp. 1800 -1- v. McGraw-Hill Publishing 
Co. Ltd., 95 Farringdon Street, London, E.C.4. Price £9 14s. 

This revised and enlarged edition includes new chapters on 
microwave tubes, semiconductor diodes, transistors, nonlinear 
circuits, avigation electronics, direct-current and low-frequency 
measurements and alternating-current measurements. 

The Calculation of the Median Sky Wave Field Strength 
in Tropical Regions (Radio Research: Special Report No. 27) 
By W. R. hoccerr, 0.B.E., B.Sc. Pp. 38. Published for the 
Department of Scientific and Industrial Research by H.M. 
Stationery Office, Kingsway, London, W.C.2. Price 2s. 6d. (by 
post 2s. 10d.). 

"This paper is an attempt to improve the prediction of sky wave 
h.f. field strengths in tropical regions". 

Low-Frequency Amplifiers 

Edited by A. SHURE, Ph.D., Ed.D. Pp. 79 + vi. John F. Rider 
Publisher Inc., 116 West 14th Street, New York 11, N.Y., U.S.A. 
Price $ 1.80. 

The Atlantic Cable 

By B. DIBNER. Pp. 96. Burndy Library, Norwalk, Connecticut, 
U.S.A. Price: in clóth $3.50; in paper $2.50. 

Principles of Electronics 
By M. R. GAVIN, M.B.E., D.Sc., F.Inst.P., M.I.E.E. and J. E. 
HOULDLN, B.Eng., Ph.D., F.Inst.P., A.M.I.E.E. Pp. 348 + xii. 
The English Universities Press Ltd., 102 Newgate Street, London, 
E.C.1. Price 30s. 
"This new book, which is based on the experience of the authors 

in teaching and industrial research, attempts to give a general 
introduction to the subject of electronics suitable for a first degree or 
diploma course in physics or electrical engineering." 

Cours Elémentaire de Mathématiques Supérieures (2nd Edn) : 
Vol. 5.—Equations Differentielles et Applications. 
By Prof. J. QUINET. Pp. 228 ± xii. Dunod Editeur, 92 rue Bona-
parte, Paris (6e). Price 1,100 F. 

Nachrichtentechische Fachberichte: 

Band I I—"Nachrichtentechnisches Schriftum", by Prof. Dr. H. 
MEINKE and Dr. N G A. RIHACZEK. Pp. 60. Price DM 12.80. 
Band 12—"Funktechnik" (Funkgerâte, Antennen, Ortung Wellen-
ausbreitung), by Prof. Dr. H. MEINKE. Pp. 116. Price DM 17.50. 
Band 13—"Erzeugung von Schwingungen mit wesentlichen nicht-
linearen negativen Widerstânden", by R. URTEL. Pp. 38. Price 
DM 6.60. 

These three books are published by Friedr. Vieweg e? Sohn, (20b) Braun-
schweig, Germany, Burgplatz 1. 

Fundamentals of Radio Telemetry 

By MARVIN TEPPER. Pp. 116 ± viii. Published by John F. Rider 
Publisher Inc., U.S.A. Distributed by Chapman & Hall Ltd., 
37 Essex Street, London, W.C.2. Price 24s. 
"The author of 'Fundamentals of Telemetry' has started his book 

from the beginning. No assumption is made that the reader has 

been exposed to this field. Outside of a basic knowledge of electronics 
no other background is necessary to understand this text." 

Semiconductor Abstracts 
By Battelle Memorial Institute, U.S.A. Pp. 456. Abstracts of 
literature on semiconducting and luminescent materials and their 
applications. Chapman & Hall Ltd., 37 Essex Street, London, 
W.C.2. Price 96s. 

Testing of Screened Enclosures 
By J. MIEDZINSKI, B.Sc., A.M.I.E.E. Pp. 27. Technical Report 
M/T132. Published by the British Electrical and Allied Industries 
Research Association, Thornycroft Manor, Dorking Road, Leather-
head, Surrey. Price 24s. (postage 8d.). 

Research for Industry 1958 
Pp. 135 -1- iv. A report on work done by the Industrial Research 
Associations. Published for the Department of Scientific & Industrial 
Research by H.M. Stationery Office, York House, Kingsway, 
London, W.C.2. Price 7s. 6d. 

Basics of Missile Guidance and Space Techniques. Vols. 1 
and 2. 
By MARVIN Holm. Pp. 144 + vi (Vol. 1), pp. 146 -1- iv (Vol. 2). 
John F. Rider Publisher Inc., 116 West 14th Street, New York 11, 
N.Y., U.S.A. Price Vols. 1 and 2, $3.90 each. 

The Conversion of Ionospheric Virtual Height-Frequency 
Curves to Electron Density-Height Profiles 
Pp. 48 ± v. Published for the Department of Scientific & Industrial 
Research by H.M. Stationery Office, York House, Kingsway, 
London, W.C.2. Price 3s. 6d. 

STANDARD- FREQUENCY TRANSMISSIONS 

(Communication from the National Physical Laboratory) 

Deviations from nominal frequency* for June 1959 

Date 
1959 
June 

MSF 60 kcis 
1500 G.M.T. 
Parts in 1010 

Droitwich 200 kcis 
1030 G.M.T. 
Parts in 100 

2 
3 
4 
5 
6 
7 
8 
9 
o 

2 
3 
4 
5 
6 
7 
8 
9 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
t30 

— 180 
— 178 
— 177 
NM 
NM 
NM 
NM 
NM 

— 177 
— 178 
— 177 
NM 

— 78 
— 78 
— 75 
— 76 
— 76 
— 78 
— 78 
— 78 
— 80 
— 80 
— 81 
— 84 
— 81 
— 81 
— 82 
— 79 
— 81 
— 81 

o 
o 
9 

— 9 
— 8 
— 8 
— 8 
— 7 
— 7 
— 7 
— 6 

7 
— 7 
— 6 
— 5 
— 5 
— 6 
— 6 
— 7 
— 6 
— 6 
— 6 
NM 
— 7 

* Nominal frequency is defined to be that frequency corresponding to a value 
of 9 192 631 770 cis for the N.P.L. caesium resonator. 
t At 2400 G.M.T. on this day the phase of the seconds pulses was advanced 
by 20 milliseconds. NM = Not Measured. 
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New Products 

Broadband-Millivoltmeter 

Research & Control Instruments Ltd., 
sole distributors for Philips measuring 
instruments in the U.K., has announced the 
introduction of a new instrument type 
GM6012. 

It is a valve voltmeter which has a 
sensitivity 1 mV to 300 V £s.d. ( 12 ranges) 
and a maximum bandwidth 2 c/s to 1 Mc/s. 
The input impedance is 4 ma in parallel 
with 20 pF on the 1-mV to 3-V ranges and 
10 Mû in parallel with 10 pF on the 10 to 
300-V ranges. 

For calibration, the instrument contains a 

stabilized RC generator with automatically-
controlled output voltages of 30 mV and 
10 V. 

Facilities are provided to enable the 
amplifier, which has an approximate gain 
of 50 times, to be used separately. 

Research ee. Control Instruments Ltd., 
207 Kings Cross Road, London, W.C.1. 

Safebloc Mains Coupler 

The Rendar Safebloc is designed to 
provide a safe quick means of connecting 

2-core and 3-core bare-ended flexible leads 
to the mains. 

It incorporates in the base three nickel-
plated clips, colour-coded red, green and 
black, and clearly marked L, N and E. 
With the lid closed, all live items are 
completely inaccessible; as the lid is raised, 

the supply is disconnected from all exposed 
metallic parts. The live line is fused with 
a 5-amp cartridge fuse as standard. Size: 
5 in. long x 21 in. wide and 2 in. high. 

Rendar Instruments Ltd., 
Victoria Road, Burgess Hill, Sussex. 

Nylon Coil Bobbins 

George Goodman Ltd. has produced a 
range of low-priced nylon coil bobbins 
(for miniature transformers) in sizes which 

are suitable for assembling square stacks of 
MEA187 (RCL450), MEA262 (RCL531) 
and MEA218 laminations. 

George Goodman Ltd., 
Robin Hood Lane, Birmingham 28, Warwicks. 

Cable Clamps 

Polystyrene cable clamps, known as 
`Quickclips', are being marketed by Alma 
Components Ltd. They are available in 
several sizes to take cable diameters ranging 
from it in. X in. up to 1+ in. X in., and 
in three different colours (black, clear and 
white). 

The base of the clamp (which is tapped 
to take a 1-B.A. screw) is fixed to the wall 
or chassis. The cables are then placed in 
position and the clip pressed home (with 
finger pressure). To release the cables, the 
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clip is removed from the base by easing it 
a little at a time from alternate sides. 
Alma Components Ltd., 
551 Holloway Road, London, N.19. 

Silicon Power Rectifiers 

A range of three 15-A silicon power 
rectifiers has been introduced by Mullard. 
The range compriset4he,QA250, 0A251 

and 0A252, with maximum peak inverse 

voltages of 50 V, 100 V and 200 V respec-
tively, and a peak recurrent forward-
current rating for all three types of 75 A at 
maximum p.i.v. Four 0A252 rectifiers in 
a bridge circuit will deliver 30 A at 100 V. 

Mullard Ltd., 
Torrington Place, London, W.C.1. 

Transistor Testers TM4 and TM5 

Two portable instruments designed to 
measure the large and small d.c. current 
gains of p-n-p and n-p-n transistors, the 
values of resistances, and the leakage 
currents of diodes, transistors and low-
voltage electrolytic capacitors, have been 
announced by Level Electronics. 

The TM5 caters for tests on transistors 
used in radio receivers and the TM4 for 
tests on transistors at low power levels. 

Four base-current ranges and four 
associated collector-current ranges are 
provided for tests on germanium or silicon 
transistors in the common-emitter con-
nection. The base current-1-i variable from 
one-fifth of full scale to full-scale value on 
each range and the meter can be switched 
to read the base current, the corresponding 
collector current, or the collector leakage 
current with the base open-circuit. Variable 
reverse current can be applied' to the meter 
to balance out the leakage on the collector-
current ranges so that the meter reading is 
proportional to the d.c. current gain factor 
of the transistor. 
The collector-current supply is obtained 
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from a 3-V battery and it is arranged that 
the base current can be set to full-scale 
reading only when this battery has a 
potential greater than 2 V. 

The TM4 measures: current gain from 
100 to 500, collector current from 0.1 to 
100 mA, base current from 1 to 1,000 µA, 
leakage current from 0.1 to lmA and 
resistance from 0 to 2 Ma. 

The TM5 collector, base and leakage 
current ranges are exactly five times greater 
than the same ranges on the TM4, while 
the current-gain range is the same and the 
resistance range is from 0 to 500 kû. 

The power supply of four U 1 1 ( 14 V) 
torch batteries is self contained. 

Levell Electronics Ltd., 
High Street, Edgware, Middx. 

Nylon Connector Strips 

Elkay Electrical are now marketing 1-way 
and 12-way nylon connectors. The 12-way 
strip is flexible and is moulded in such a 
manner• that one or more of the connectors 
can be cut off as required. The 1-way 
connector is a single-entry type with an 
inspection hole to ascertain that the 
conductors are firmly gripped by the screw. 
The continuous current rating of the 

1-way type 1009 is 15 A, with a maximum 

flash over-to-earth voltage of 4 kV and an 
insulation resistance of > 109 M û. The 
size is in. x irk in. x ft in. with a cable-
hole diameter of 192 in. 

Elkay Electrical Manufacturing Co. Ltd., 
42 Woburn Place, London, W.C.1. 

4,000-Mcis Travelling-Wave Tubes 

Three new tubes, designed to form a 
complete amplifier set for applications in 
three-tube microwave repeater equipments 
to C.C.I.T.T. standards, have been 
announced by the English Electric Valve 
Co. Ltd. 
They are: N1031 a low noise tube, 

N1032 an intermediate amplifier tube and 

N1033 a power output tube. -All three 
tubes operate in waveguide mounts over 
the frequency band 3,800 to 4,200 Mc/s 
and are pre-focused during manufacture 
to facilitate their installation, only minor 
matching adjustments being necessary to 
attain correct broadband operation. 

Details from the makers' specification 
include:• 

Power output (saturated) 
Gain .. 
Noise factor .. 
Cathode current 
Helix voltage .. 
Collector voltage 
Magnetic field .. 

English Electric Valve Co. Ltd., 
Chelmsford, Essex. 

The Nanoscope has a sensitivity of 5 mV 
per trace width, an input noise of 5 mV, a 
recurrence frequency from 100 cis to 10 kc/s, 
a rise time G 3 x 10-9 sec and an internal 
time-base ranging from 5 mµsec to 5 µsec. 
An oscilloscope for use with the Nanoscope 

must have a d.c.-connected Y amplifier 

N1031 NI032 NI033 
2 mW min. 250 mW min. 6 W min. 
25 dB min. 36 dB min. 36 dB min. 
9 dB max. 20 dB max. 30 dB max. 
300 µA max. 4 mA max. 30 mA max. 
600 V ma.  1.7 kV max. 2.5 kV max. 
1 kV max. 1.7 kV max. 1.4 kV 
500 gauss 550 gauss 550 gauss 

The Nanoscope 

This is, an auxiliary unit which, when 
connected with an ordinary laboratory 
oscilloscope, permits the observation of very 

fast repetitive waveforms of the order of a 
few nanoseconds ( 10-9 sec) duration. It 
has been developed by the Atomic Energy 
Research Establishment primarily for use 
with scintillation counters. 

The Nanoscope operates by sampling 
the fast waveform with very narrow pulses 
at a number of points. This results in the 
production of a series of pulses, stretched so 
as to render them visible on a normal 
oscilloscope of restricted bandwidth, which 
are proportional in amplitude to the 
corresponding ordinates of the sampled 
waveform. These ordinate pulses are 
brightened at their peaks, thus tracing the 
fast waveform as a series of dots on the 
oscilloscope. 

In order that the sampled pulses may be 
centred on the screen, provision is made to 
delay the sampling pulse until the time-base 
sweeps have started and have reached the 
appropriate point for the display; coarse 
and fine delay controls are provided for 
this. The fine delay control is a helical 
potentiometer with 1,000 divisions, the 
whole of its range being equal in delay to 
twice the time-base sweep. 

(minimum bandwidth d.c.-50 kc/s, sensi-
tivity 1 V/cm). It must also have a terminal 
connected with the time-base, arranged to 
give a positive peak amplitude ni 10 or 20 V. 
The sweep should be variable between 
10 msec and 1 sec. The cathode of the 
oscilloscope tube mus' also be accessible to 
provide a `brightening' connection. 

Lion Electronic Developments Ltd., 
lianworth Trotting Estate, Feltham, Middx. 

Self-Adhesive Urethane Foam 

Sealdraught Ltd. are now marketing 
self-adhesive urethane foam under the 
trade name Tesamoll. 
The foam is bonded to a p.v.c. support 

which, in turn, carries the adhesive which is 
protected by a corrugated p.v.c. backing. 

It may be used for applications such as 

acoustical damping, thermal insulation, 
elimination of vibration and sealing. 

Tesamoll can be supplied in widths from 
4. in. to 184 in. and thicknesses from -4 in. to 

in. 

The basic foam, and not the adhesive 
backing, will withstand a temperature of 
140° F at high humidities and 212° F at low 
humidities. The manufacturers state that 
the tensile strength is 9-13 lb/sq.in., the 
thermal conductivity is 0.2-0.25 BTU per 
sq. ft/hr/°F/in. and the dielectric strength 
is 15 kV/cm (at 50 c/s, 91° F). 

Sealdraught Ltd., 
Chandos House, Buckingham Gate, 
London, S.W.1. 
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U.D.C. numbers, except that notices of book reviews are placed at the ends of the sections. U.D.C. numbers marked with a dagger (t) must be regarded as 
proiiisionát. The abbreviations of journal titles conform generally with the style of the World List of Scient/lc Periodicals. An Author and Subject Index 
to the abs'tracts is published annually; it includes a selected list of journals abstracted, the abbreviations of their titles and their publishers' addresses. 
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concerned. 

Acoustics and Audio Frequencies.. 

Aerials and Transmission Lines 

Automatic Computers 

Circuits and Circuit Elements 

General Physics 

Geophysical and Extraterrestrial Phenomena 

Location and Aids to Navigation.. 

Materials and Subsidiary Techniques .. 

Mathematics .. 

ACOUSTICS 
AND AUDIO FREQUENCIES 

534.213: 539.2 2444 
Theory of Ultrasonic Absorption in 

Metals: the Collision-Drag Effect.—T. 
Holstein. (Pigs. Rev., 15th Jan. 1959, 
Vol. 113, No. 2, pp. 479-496.) 

534.232: 534.88 2445 
High-Fidelity Underwater Sound 

Transducers.—C. C. Sims. (Proc. Inst. 
Radio Engrs, May 1959, Vol. 47, No. 5, 
Part 1, pp. 866-871.) "The problems 
involved in designing an underwater sound 
transducer for the audio-frequency range are 
discussed, and a new transducer for the 
range from about 40 cis to about 20 kcis is 
described." 

534.232: 537.228.1 : 546.431.824-31 2446 
Description of the Resonances of 

Short Solid Barium Titanate Cylinders. 
—J. S. Arnold & J. G. Martner. (J. acoust. 
Soc. Amer., Feb. 1959, Vol. 31, No. 2, pp. 
217-226.) The distributions of axial and 
radial vibration on the plane surfaces of 
BaTiO3 disks have been determined for a 
number of modes. 

534.61 2447 
Detecting Sound Fields.—C. B. Sacer-

dote. (J. acoust. Soc. Amer., Feb. 1959, 
Vol. 31, No. 2, pp. 133-136.) A feedback 
system is described in which the sound 
pressure at any one point is automatically 
maintained constant. A controlling signal, 
derived from a microphone with uniform 

•• 
•• 

•• 

Page 
A 

119 

120 

120 

121 

123 

124 

126 

127 

130 

Page 
A 

Measurements and Test Gear . .. 130 

Other Applications of Radio and Electronics. 

Propagation of Waves 

Reception 

Stations and Communication Systems 

Subsidiary Apparatus 

Television and Phototelegraphy 

Valves and Thermionics 

Miscellaneous .. 

frequency response corrects for non-
uniformity in the loudspeaker response. The 
method is applied to the calibration of 
microphones and in the study of diffraction 
and reflection effects. 

534.61-8: 621.395.616 2448 
Condenser Microphones with Plastic 

Diaphragms for Airborne Ultrasonics: 
Part 1.—K. Matsuzawa. (J. phys. Soc. 
Japan, Dec. 1958, Vol. 13, No. 12, pp. 1533-
1543.) Report of an investigation of micro-
phones of the type described by Kuhl et al. 
(985 of 1955), dealing in particular with the 
required roughness of the back plate and the 
prestressing of the diaphragm. 

534.614-8: 621.3.018.75 2449 
Modifications to Standard Pulse 

Techniques for Ultrasonic Velocity 
Measurements.—A. Myers, L. Mackinnon 
& F. E. Hoare. (J. acoust. Soc. Amer., Feb. 
1959, Vol. 31, No. 2, pp. 161-162.) 
Modifications to the circuit proposed by 
Cedrone & Curran ( 1234 of 1955) allow 
measurements to be made on short solid 
specimens having low attenuation. 

534.782 2450 
Electronics and the Phonetician.— 

H. J. F. Crabbe. (Wireless World, June 1959, 
Vol. 65, No. 6, pp. 289-294.) Description of 
electronic equipment for speech analysis and 
synthesis. 

534.782 2451 
The Design and Operation of the 

Mechanical Speech Recognizer at 
University College London.—P. Denes. 
(J. Brit. Instn Radio Engrs, April 1959, Vol. 
19, No. 4, pp. 219-229. Discussion, pp. 
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131 

132 

133 

133 

133 

134 

134 

136 

230-234.) Description of a device which 
converts the sound waves produced by a 
speaker into a series of typewritten digits. 

534.782 2452 
Theoretical Aspects of Mechanical 

Speech Recognition.—D. B. Fry. (J. Brit. 
Bain Radio Engrs, April 1959, Vol. 19, No. 4, 
pp. 211-218. Discussion, pp. 230-234.) 

534.839 2453 
Noise Measurement. — E. Lübcke. 

(Frequent, July 1958, Vol. 12, No. 7, pp. 
209-213.) Various methods of objective 
noise measurement are discussed with par-
ticular emphasis on the need for taking 
account of the increase in annoyance with 
increasing frequency. A suitable noise meter 
with analyser is described. 

534.851 : 389.6 2454 
The International Standardization 

of Disk Recording.—P. H. Werner. 
(Tech. Mitt. PTT, 1st Sept. 1958, Vol. 36, 
No. 9, pp. 355-360. In French & German.) 
Summary of the recommendations adopted 
by the International Electrotechnical Com-
mission for the standardization of commercial 
and professional disk recordings, including 
the standards proposed for stereophonic 
recordings. For magnetic-tape standards 
see 1010 of 1958. 

621.395.61 2455 
Acoustic-Front Damping in Dynamic 

Microphones.—W. T. Fiala. (Audio, 
March 1959, Vol. 43, No. 3, pp. 28 .. 86.) 
Acoustic resistance is provided by a narrow 
circular slot formed between the pole plate 
and a solid cap. With this construction the 
controlling resistance improves the high-
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frequency response and forms a sound 
entrance which needs no further protection. 

621.395.623.7 2456 
Acoustic Interaction in Vented Loud-

speaker Enclosures.-E. de Boer. (J. 
acoust. Soc. Amer., Feb. 1959, Vol. 31, No. 2, 
pp. 246-247.) An expression for sound 
pressure at a distance is derived from the 
combined sound fields of diaphragm and 
aperture. Near-field interaction can be 
represented in the conventional electrical 
analogue circuit by a mutual inductance. 
Applications are discussed. See also 3384 of 
1957 (Lyon). 

AERIALS 
AND TRANSMISSION LINES 

621.315.212.001.4 2457 
Capabilities of Coaxial Cable: Parts 

1 & 2.-E. T. Pfund, Jr, W. F. Croft, B. 
Suverkrop & P. S. Klasky. (Electronic Ind., 
Nov. & Dec. 1958, Vol. 17, Nos. 11 & 12, 
pp. 55-57 St 75-77.) The results are given 
of tests on six different 504-/ solid-sheathed 
coaxial cables. Each cable was subjected to 
extremes of temperature, to vibration tests 
and to high-altitude corona discharge. 
Measurements were made of attenuation, 
capacitance and dielectric strength. 

621.372.2 2458 
General Considerations on the Theory 

of Multiple Lines.-W. Oehrl, G. Seeger 
& H. G. Stablein. (Arch. elekt. übertragung, 
June 1958, Vol. 12, No. 6, pp. 245-250.) By 
orthogonal transformation a set of n coupled 
transmission lines is converted into n 
equivalent lines so that the equations of the 
two-wire transmission line become applic-
able. 

621.372.2 2459 
Theory of the Helical Line of Finite 

Wire Thickness with reference to the 
Rotation of the Plane of Polarization of 
Waveguide Waves.-G. Piefke. (Arch. 
elekt. tfbertragung, July 1958, Vol. 12, No. 7, 
pp. 309-316.) A general equation is 
obtained for calculating the propagation 
constants of all possible modes on a helical 
line with finite wire thickness and any outer 
medium. Propagation of linearly polarized 
waves inside a metal tube with an internal 
helical groove is investigated to show that a 
rotation of the plane of polarization occurs. 

621.372.2: 621.372.51.012.11 2460 
A New Circle Diagram for Trans-

formations in Transmission-Line Tech-
nique.-G. W. Epprecht. (Arch. elekt. 
übertragung, June 1958, Vol. 12, No. 6, pp. 
289-293.) Quadripole impedance trans-
formation using a modified Carter diagram 
is described. 

621.372.8 2461 
The Application of the Asymptotic 

Integration of the Wave Equation to the 
Solution of some Waveguide and 
Resonator Problems.-A. Gutman. 
(Dokl. Ai. Nauk S.S.S.R., 21st April 1959, 
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Vol. 125, No. 6, pp. 1252-1255.) Three 
types Of waveguides are considered: (a) an 
infinite waveguide with consecutively in-
creasing and decreasing circular cross-
section; (b) a semi-infinite waveguide with 
flared end; (c) a system of two helical wave-
guides. 

621.372.8: 621.372.413 2462 
Resonant Properties of Nonrecipro-

cal Ring Circuits.-F. J. Tischer. (Trans. 
Inst. Radio Engrs, Jan. 1958, Vol. MTT-6, 
No. 1, pp. 66-71. Abstract, Proc. Inst. Radio 
Engrs, April 1958, Vol. 46, No. 4, p. 804.) 

621.372.8.029.65 2463 
Rectangular and Circular Milli-

metre Waveguides.-P. D. Coleman & 
R. C. Becker. (Electronics, 1st May 1959, 
Vol. 32, No. 18, pp. 50-51.) Tables of the 
dimensions and electrical characteristics of 
waveguides for use in the frequency range 
26-350 kMc/s. 

621.372.829 2464 
Space Resonance in a Helical Wave-

guide Located in a Magnetic-Dielectric 
Medium.-V. P. Shestopalov & B. V. 
Kondratiev. (Dokl. Ak. Nauk S.S.S.R., 
1st April 1959, Vol. 125, No. 4, pp. 794-
797.) A brief mathematical analysis. The 
retardation of waves by a helix and a 
dielectric is shown graphically. Examina-
tion of the curves indicates that the magnetic-
dielectric medium not only increases the re-
tardation but narrows the band within which 
only fast-moving waves can be propagated. 

621.372.832.6 2465 
Microwave Multiplexing Circuits.-

R. E. Stone. (Electronic Ind., Nov. 1958, 
Vol. 17, No. 11, pp. 62-65.) A theoretical 
and practical discussion of the hybrid ring 
as a multiple coupling unit. 

621.372.852.1 : 621.318.134 2466 
A Microwave Ferrite Frequency 

Separator.-H. Rapaport. (Trans. Inst. 
Radio Engrs, Jan. 1958, Vol. MTT-6, No. I, 
pp. 53-58. Abstract, Proc. Inst. Radio Engrs, 
April 1958, Vol. 46, No. 4, p. 804.) 

621.372.852.15: 621.318.134 2467 
Ferrite-Loaded, Circularly Polarized 

Microwave Cavity Filters.-W. L. 
Whiny & C. E. Nelson. (Trans. Inst. Radio 
Engrs, Jan. 1958, Vol. MTT-6, No. 1, pp. 
59-65. Abstract, Proc. Inst. Radio Engrs, 
April 1958, Vol. 46, No. 4, p. 804.) 

621.372.852.32 2468 
A Medium - Power Ferrimagnetic 

Microwave Limiter.-E. N. Skomal & 
M. A. Medina. (Proc. Inst. Radio Engrs, 
May 1959, Vol. 47, No. 5, Part 1, pp. 1000-
1001.) The limiter can be adjusted to 
attenuate an input of 30-1 000 W peak to 
an output of 100 mW at frequencies near 
9 360 Mc/s. 

621.396.67: 623.827 2469 
Submarine Communication Antenna 

Systems.-R. W. Turner. (Proc. Inst. 
Radio Engrs, May 1959, Vol. 47, No. 5, 
Part 1, pp. 735-739.) The special problems 
involved in the design of aerials for sub-
marines are described. 

621.396.677.3 2470 
A Simple Graphical Method for Pre-

paring Power Distribution Diagrams 
for Horizontal Dipole Arrays.-P. J. 
Joglekar. (J. Inst. Telecommun. Engrs, India, 
Dec. 1958, Vol. 5, No. 1, pp. 49-54.) The 
horizontal-directivity factors are plotted for 
arrays one, two and four dipoles wide. 

621.396.677.3: 523.164 2471 
Design of 'Optimum' Arrays for 

Direction-Finding.-N. F. Barber. (Elec-
tronic Radio Engr, June 1959, Vol. 36, No. 6, 
pp. 222-232.) A survey of the principles 
underlying the design of aerials for use in 
radio astronomy. See 3338 of 1958. 

621.396.677.7: 621.318.134 2472 
Nonmechanical Beam Steering by 

Scattering from Ferrites.- M. S. 
Wheeler. (Trans. Inst. Radio Engrs, Jan. 
1958, Vol. MTT-6, No. 1, pp. 38-42. 
Abstract, Proc. Inst. Radio Engrs, April 1958, 
Vol. 46, No. 4, p. 804.) 

621.396.677.7: 621.318.134 2473 
An Electronic Scan using a Ferrite 

Aperture Luneberg Lens System.-
D. B. Medved. (Trans. Inst. Radio Engrs, 
Jan. 1958, Vol. MTT-6, No. 1, pp. 101-103. 
Abstract, Proc. Inst. Radio Engrs, April 1958, 
Vol. 46, No. 4, p. 805.) 

621.396.677.833.029.64 2474 
Directivity Pattern of 3-cm Parabolic 

Reflector, Feed of which is Displaced 
from the Focus.-S. Swamp & G. P. 
Srivastava. (J. Inst. Telecommun. Engrs, 
India, Dec. 1958, Vol. 5, No. 1, pp. 44-48.) 

621.396.677.859 2475 
Rigid Radome Design Considera-

tions.-P. Davis St A. Cohen. (Electronics, 
17th April 1959, Vol. 32, No. 16, pp. 
66 .. 69.) Data are given on thin-shell and 
space-frame methods of construction. 

AUTOMATIC COMPUTERS 

681.142 2476 
Random Number Generator using 

Subharmonic Oscillators.-F. Sterzer. 
(Rev. sci. Instrum., April 1959, Vol. 30, 
No. 4. pp. 241-243.) The outputs of two 
2-kMc/s oscillators driven from a common 
4-kMc/s source are combined in a hybrid 
ring. The generator can produce random 
binary digits at a maximum rate of 3 x 107 
digits/sec. 

681.142 2477 
Pulsed Analogue Computer for 

Simulation of Aircraft.-A. W. Herzog. 
(Proc. Inst. Radio Engrs, May 1959, Vol. 47, 
No. 5, Part 1, pp. 847-851.) A description 
is given of the logical design of a computer 
for solving the nonlinear differential equa-
tions encountered in the simulation of 
aircraft performance under various flight 
conditions. 
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681.142: 061.3 2478 
Summarized Proceedings of a Con-

ference on Solid-State Memory and 
Switching Devices-London, September 
1958.-(Brit. J. appl. Phys., April 1959, 
Vol. 10, No. 4, pp. 153-158.) Some of the 
newer techniques are discussed with refer-
ence to ferrite, ferroelectric and super-
conducting devices and magnetic thin films. 

681.142: [621.314.7+ 621.318.042 2479 
Transistors and Cores in Counting 

Circuits.-F. Rozner & P. Pengelly. 
(Electronic Engng, May 1959, Vol. 31, No. 
375, pp. 272-274.) It is shown how square-
loop magnetic cores and transistors can be 
combined to form noncritical reliable 
counting circuits capable of handling input 
frequencies up to 750 kcis. 

681.142: 621.316.8 2480 
Unifying Design Principle for the 

Resistance Network Analogue.-F. C. 
Gair. (Brit. J. appl. Phys., April 1959, 
Vol. 10, No. 4, pp. 166-172.) A 'cell 
principle' technique due to Macneal ( 1331 
of 1954) is extended and generalized. As an 
illustration, Poisson's equation is integrated 
over the volume of a representative small 
cell in which form it is easier to appreciate 
the analogy with the resistance network and 
to arrive at the relevant design parameters. 

681.142: 621.316.8 2481 
Use of an Electronic Analogue Com-

puter with Resistance Network 
Analogues.-J. P. Korthals Altes. (Brit. J. 
appl. Phys., April 1959, Vol. 10, No. 4, pp. 
176-180.) A method for solving partial 
differential equations of the elliptical type is 
described. The method is iterative and 
adjustments are made automatically by 
means of electronic storage elements and a 
switching mechanism. Some results are 
given. 

681.142: 621.318.134 2482 
Magnetic Matrix Stores.-W. A. Cole. 

(Wireless World, June 1959, Vol. 65, No. 6, 
pp. 279-283.) Review of computer storage 
systems based on ferrites with rectangular 
hysteresis loops. 

681.142: 681.42.002.2 2483 
Lens Designing by Electronic Digital 

Computer: Part 1.-C. G. Wynne. 
(Proc. phys. Soc., 1st May 1959, Vol. 73, 
No. 473, pp. 777-787.) Different methods of 
designing optical lenses by digital computer 
are considered in the light of existing 
aberration theory. 

CIRCUITS 
AND CIRCUIT ELEMENTS 

621.3.049.7 2484 
The D.O.F.L. Microelectronics Pro-

gram.-T. A. Prugh, J. R. Nall & N. J. 
Doctor. (Proc. Inst. Radio Engrs, May 1959, 
Vol. 47, No. 5, Part 1, pp. 882-894.) Some 
of the microminiaturization techniques used 
at the Diamond Ordnance Fuze Labor-
atories are described. 

621.3.049.7 2485 
The Micro-module: a Logical 

Approach to Microminiaturization.-
S. F. Danko, W. L. Doxey & J. P. McNaul. 
(Proc. Inst. Radio Engrs, May 1959, Vol. 47, 
No. 5, Part 1, pp. 894-903.) A review is 
given of the progress of miniaturization; the 
advantages of the micro-module system, the 
assembly of microelement components into 
units with a specified electronic function, 
are outlined. 

621.3.049.7 2486 
Micro-module Design Progress.-

P. G. Jacobs. (Elect. Mfg, March 1959, 
Vol. 63, No. 3, pp. 78-85.) Details are given 
of the application of a modular technique 
in the construction of a complete prototype 
communication receiver and certain digital 
circuits for multiplex equipment. 

621.3.049.75 2487 
Test Patterns for Printed-Circuit 

Materials.-T. D. Schlabach & E. E. 
Wright. (Bell Lab. Rec., March 1959, 
Vol. 37, No. 3, pp. 93-95.) 

621.3.049.75: 621.396.65 2488 
Printed Circuits Applied to Broad-

Band Microwave Links.-R. Rowland. 
(Electronic Engng, May 1959, Vol. 31, 
No. 375, pp. 256-261.) Detailed review of 
the characteristics and advantages of 
typical printed circuits. 

621.316.825 2489 
Thermistors for Linear Temperature 

Readings.-A. B. Soble. (Electronic Ind., 
Nov. 1958, Vol. 17, No. 11, pp. 66-67.) Two 
circuits are described for deriving an error 
voltage which varies linearly with the differ-
ence between actual and desired tempera-
ture. 

621.316.86 2490 
The Performance of Pyrolytic Carbon 

Resistors.-R. H. W. Burkett. (Brit. 
Commun. Electronics, April 1959, Vol. 6, 
No. 4, pp. 264-268.) The major factors 
affecting performance are carbon film 
thickness, moisture permeability and thick-
ness of protective coating, operating tem-
perature, and the quality of the ceramic 
substrate. The effect of these factors is small 
if the carbon film has a thickness of at least 
loo A. 

621.316.86.019.3 2491 
Realistic Temperature-Power Derat-

ing Requirements for Carbon Com-
position Resistors.-J. L. Easterday & 
H. Braner. (Elect. Mfg, March 1959, 
Vol. 63, No. 3, pp. 141-145, 182.) Two 
derating methods are described, based on 
statistical analyses of load/life data. 

621.318.57: 621.318.042 2492 
Rectangular-Hysteresis-Loop Mag-

netic Cores as Switching Elements.-
J. F. Kaposi. (Electronic Engng, May 1959, 
Vol. 31, No. 375, pp. 278-283.) Theoretical 
bases and experimental results are given for 
core switching with voltage and current 
pulses. 

621.319.4.012 
Dielectric 

Rectangular 
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2493 
Losses with Periodic 

Voltage Pulses.-B. Gross. 

(Frequetzz, July 1958, Vol. 12, No. 7, pp. 
230-231.) Application of a different method 
to the solution of a capacitor loss problem 
dealt with by Eisenlohr ( 1352 of 1957). 

621.372.01 2494 
Elements of Electronic Circuits: 

Part 3-Amplitude Limiting.-J. M. 
Peters. (Wireless World, June 1959, Vol. 65. 
No. 6, pp. 276-278.) Part 2: 2138 of July. 

621.372.5 2495 
A General Network Theorem.-G. 

Wunsch. (NachrTech., May 1958, Vol. 8, 
No. 5, pp. 205-208.) The realization of the 
transmission factor of a four-terminal net-
work with lumped circuit elements by a 
passive symmetrical quadripole and a 
transformer is discussed. 

621.372.5 2496 
Network Characteristics.-J. T. 

Allanson. (Electronic Radio Engr, June 1959, 
Vol. 36, No. 6, pp. 233-237.) The 'common 
network transformation' theorem of Griffiths 
& Mole (see 705 of 1957) is shown to lack 
generality. 

621.372.5: 512.831 2497 
Matrix Analysis of Vacuum-Tube 

Circuits.-M. N. Srikantaswamy & K. K. 
Nair. (J. Inst. Telecommun. Engrs, India, Dec. 
1958, Vol. 5, No. 1, pp. 23-32.) The 
equivalent four-terminal network for a feed-
back amplifier is derived, and the criterion 
for oscillation is deduced. 

621.372.54 2498 
Tchebycheff Approximation for Loss-

Free Image-Parameter Filters accord-
ing to Cauer.-H. Zemanek & K. Walk. 
(Nachriciztentech. Z., June 1958, Vol. 11, 
No. 6, pp. 307-314.) 

621.373 2499 
Passage of a Nonlinear Oscillatory 

System through Resonance.-B. V. 
Chirikov. (Dokl. Ak. Nauk S.S.S.R., 1 1 th 
April 1959, Vol. 125, No. 5, pp. 1015-1018.) 
A mathematical analysis of a nonlinear 
oscillator with one degree of freedom which 
can be described by a Hamiltonian. 

621.373.1.018.756 2500 
Improved Low-Repetition-Rate 

Millirnicrosecond Pulse Generator.-
C. A. Burrus. (Rev. sci. Instrum., April 1959, 
Vol. 30, No. 4, pp. 295-296.) A discharge-
line device using a vibrating-reed type of 
mercury switch in a suitable coaxial mount-
ing provides pulse repetition rates of up to 
500 cis. 

621.373.43 2501 
Half-Cycle Resonant Delay Circuit.-

B. Howland. (Proc. Inst. Radio Engrs, May 
1959, Vol. 47, No. 5, Part 1, pp. 993-994.) 
A new circuit generating a rectangular pulse 
of duration equal to the natural half cycle 
of an LC circuit. The principles are applic-
able to the generation of ms pulses. 

621.373.431.1 2502 
Series Diode increases Multivibrator 

Sensitivity.-M. M. Vojinovic. (Elec-
tronics, 24th April 1959, Vol. 32, No. 17, 
pp. 90-91.) "Triggering sensitivity, of 
monostable multivibrators may be greatly 
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increased by using a semiconductor diode 
as a series nonlinear element in the feedback 
loop. Good stability can be achieved." 

621.373.431.1 : 621.314.7 2503 
Multivibrator Circuit using P-n-p 

and n-p-n Junction Transistors.—D. T. 
Jovanovic. (Electronic Engng, May 1959, 
Vol. 31, No. 375, p. 301.) Details of an 
improved circuit giving low output imped-
ance and small power consumption. 

621.373.431.2: 621.314.7 2504 
Analysis and Design of a Transistor 

Blocking Oscillator including Inherent 
Nonlinearities.—J. A. Narud St M. R. 
Aaron. (Bell Syst. tech. J., May 1959, 
Vol. 38, No. 3, pp. 785-852.) The non-
linear differential equations governing 
circuit performance are derived. Analogue 
and digital computer solutions yield pulse 
responses in agreement with experimental 
results. 

621.374.3 2505 
Ten-Mcis Pulse-Amplitude Discrimi-

nator.—J. Mey. (Rev. sci. Instrum., April 
1959, Vol. 30, No. 4, pp: 282-284.) "A 
pulse-height discriminator has been 
developed which is capable of operating 
at repetition rates up to 10 Mc/s. It 
accepts positive input pulses with a threshold 
adjustable from 1 to 11 V. The output 
signal is of constant shape and amplitude. 
The circuit is described and test results 
are given." 

621.374.32 2506 
A New Type of Ring Counter.— 

P. J. Westoby. (Electronic Engng, May 
1959, Vol. 31, No. 375, pp. 295-298.) 
A system is described using separate 
Eccles-Jordan circuits, in which any 
number of stages may be employed. 
Advantages over other systems are indicated. 

621.374.32: 621.318.57 2507 
How Ring Counters Work.—E. Buk-

stein. (Radio TV News, March 1959, 
Vol. 61, No. 3, pp. 44-45 .. 160.) Basic 
thyratron and thermionic valve circuits 
are described and reference is made to the 
use of the circuit as an electronic rotary 
switch. 

621.374.4 2508 
Dividing Wide Frequency Bands.— 

E. L. Laine. (Electronic Ind., Dec. 1958, 
Vol. 17, No. 12, pp. 62-63.) A regenerative 
circuit is described which will divide a 
sinusoidal input frequency by two over a 
wide frequency range. 

621.374.43: 517.94 2509 
Some Properties of Mathieu and 

Related Functions exemplified by the 
Regenerative Modulation Process.— 
H. Jungfer. (Frequenz, June & July 1958, 
Vol. 12, Nos. 6 & 7, pp. 169-178 & 223-
227,) A frequency divider using regenera-
tive modulation can be used as an analogue 
method for the solution of Mathieu and 
Meissner differential equations. An experi-
mental frequency divider is described and 
a number of waveforms obtained with it 
are reproduced. 
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621.374.5: 534.22-8: 531.76 2510 
The Measurement of the Time 

Delay of Ultrasonic Delay Lines.— 
Sears. (See 2698.) 

621.374.5: 621.372.412: 621.396.96 2511 
Quartz Delay Lines for Radar 

Systems.—A. F. J. Swift. (Brit. Commun. 
Electronics, Feb. 1959, Vol. 6, No. 2, 
pp. 116-119.) Two lines are briefly 
discussed, the electromechanical type in 
which a silica or quartz bar is used in 
conjunction with one or two quartz crystal 
transducers, and the rectangular or polygon 
plate type applicable to ultrasonic fre-
quencies. Delay times from 2 ps to 3 ms 
are obtainable at low power levels. 

621.375.1 2512 
Band-Pass Amplifiers, their Syn-

thesis and Gain-Bandwidth Factor.— 
F. S. Atiya. (Arch. elekt. übertragung, June 
& July 1958, Vol. 12, Nos. 6 & 7, pp. 251-
264 & 317-325. In English.) Seven 
types of band-pass amplifier are investigated 
and compared, and their design formulae 
are given. 

621.375.126 (083.57) 2513 
Using Cascading Charts.—H. U2rk1o3- 

witz. (Electronic Ind., Nov. 1958, Vol. 17, 
•No. 11, pp. 80-81.) Charts are given for 
determining the number of trans-
itionally coupled double-tuned amplifier 
stages needed to provide a required 
gain and bandwidth. Two cases are 
considered: (a) equal damping of primary 
and secondary windings; (b) one-sided 
damping. 

621.375.2.029.3 2514 
Audio Amplifier Design cuts Plate 

Dissipation.—R. B. Dome. (Electronics, 
10th April 1959, Vol. 32, No. 15, pp. 
72-74.) An auxiliary signal at ultrasonic 
frequency applied to the grid reduces 
anode dissipation at low signal levels. 

621.375.223.029.33: 621.397.62 2515 
Overloading Effects with Cathode 

Compensation.—(Electronic Radio Engr, 
June 1959, Vol. 36, No. 6, pp. 208-210.) 
Further details on cathode compensation 
of a video stage with RC anode load [see 
1814 of June (Kitchin)] including com-
pensation for an RC load in the anode of 
the preceding stage. 

621.375.3 2516 
Application of Magnetic Amplifiers 

to Engineering Problems.—A. D. Caw-
dery 8t H. T. Carden. (Brit. Commun. 
Electronics, March 1959, Vol. 6, No. 3, 
pp. 180-184.) The various types of 
magnetic-amplifier connection are discussed 
and a typical application of each is pre-
sented. 

621.375.4 2517 
Design of an Emitter-Current-Con-

trolled Common-Emitter Transistor 
I.F. Amplifier Stage.—M. V. Joshi. 
(J. Inst. Telecommun. Engrs, India, Dec. 1958, 
Vol. 5, No. 1, pp. 17-22.) Input and 
output impedances, and their influence on 
the bandpass characteristics are studied. 
The stage is suitable for broadcast receivers. 

621.375.4.018.75 2518 
Transistorized, raise Amplifier.— 

J. N. Barry & D. M. Leakey. (Electronic 
Radio Engr, June 1959, Vol. 36, No. 6, pp. 
200-207.) Instead of pulse transformers, 
drift transistors with high cut-off fre-
quencies ( 10-30 Mc/s) are used in diode 
logic circuits. With 10-V 0-6-ps input pulses 
the total rise and fall times are less than 
0.05 ps, the delay between input and 
output pulses varying from 0.03 to O. 075 Fs 
according to load conditions. 

621.375.4.024: 681.142 2519 
D.C. Operational Amplifier with 

Transistor Chopper.—W. Hochwald & 
F. H. Gerhard. (Electronics, 24th April 1959, 
Vol. 32, No. 17, pp. 94-96.) Description of 
a drift-compensated d.c. amplifier with 
which an accuracy of 0.005 % can be 
achieved in airborne analogue computers. 
See Proc. nat. Electronics Coe., Chicago, 1958, 
Vol. 14, pp. 798-810. 

621.375.9: 538.569.4 2520 
Weak-Field Nuclear-Magnetic-

Resonance Maser.—Benoit, Grivet & 

Ottavi. (See 2548.) 

621.375.9: 538.569.4 2521 
Study of a Weak-Field Maser-Type 

Self-Oscillator.—H. Benoit, P. Grivet & 
H. Ottavi. (C. R. Acad. Sci., Paris, 12th Jan. 
1959, Vol. 248, No. 2, pp. 220-223.) 
Characteristics of the maser described in 
2548 below are discussed. 

621.375.9: 538.569.4.029.6 2522 
. Proposal for a 'Staircase' Maser.— 
A. E. Siegmark & R. J. Morris. (Phys. Rev. 
Lett., 1st April 1959, Vol. 2, No. 7, pp. 302-
303.) A pr6posal for obtaining amplification 
at approximately twice the pump frequency, 
in which adiabatic fast passage is used to 
invert successively the 1-2 and 2-3 levels of 
a three-level system. 

621.375.9: 538.569.4.029.63 2523 
Tunable L-Band Ruby Maser.—F. R. 

Arams & S. Okwit. (Proc. Inst. Radio Engrs, 
May 1959, Vol. 47, No. 5, pp. 992-993.) 
The product of voltage-gain and bandwidth 
was measured over the frequency range 
850-2 000 Mcis in a maser at temperatures 
of 1.5 and 4 . 2 °K. 

621.375.9.029.55: 621.3.011.23 2524 
Low-Frequency Prototype Travelling-

Wave Reactance Amplifier.—P. P. Lom-
bardo & E. W. Sard. (Proc. Inst. Radio Engrs, 
May 1959, Vol. 47, No. 5, Part 1, pp. 995-
996.) The circuit of an amplifier with special 
junction-diode nonlinear capacitors in a 
semidistributed transmission line is described. 
Performance data at a signal frequency 6f 
4.5 Mc/s show midband gains of 6. 1-8.4 dB 
with overall effective input noise temper-
atures of about 120 °K. 

621.376.23: 621.385.2.029.6 2525 
Vacuum-Diode Microwave Detection. 

—Dye, Hessler, Knight, Miesch & Papp. 
(See 2794.) 

621.376.332: 621.372.2 2526 
A New Wide-Band Discriminator.— 

N. B. Chakraborti. (Indian J. Phys., Dec. 

Electronic Ce Radio Engineer, August 1959 



1958, Vol. 32, No. 12, pp. 537-546.) A 
transmission-line arrangement for frequency 
discrimination is described. Output is 
linear for frequency deviations up to 50 %. 
Two practical circuits are given, with centre 
frequency 400 kcis, and 6.4 Mcis respect-
ively. 

GENERAL PHYSICS 

537.222.2 2527 
Surface Charges produced on 

Insulators by Short- and Long-Time 
Ionization.—S. I. Reynolds. (Nature, Loud., 
7th March 1959, Vol. 183, No. 4662, pp. 
671-672.) 

537.311.33: 539.2 2528 
Note on the Motion of Electrons and 

Holes in Perturbed Lattices.—R. R. 
Haering. (Ganad. J. Phys., Jan. 1959, 
Vol. 37, No. 1, pp. 47-52.) "A new set of 
orthogonal, localized functions is discussed. 
The functions bear the same relation to the 
functions of Luttinger and Kohn [2316 of 
1955] as the Wannier functions bear to the 
Bloch functions. The new functions are used 
to give an alternative derivation of the 
effective mass equation." 

537.32 2529 
Thermoelectricity at Very Low 

Temperatures.—D. K. C. MacDonald. 
(Science, 10th April 1959, Vol. 129, No. 3354, 
pp. 943-949.) Review of theory and dis-
cussion of recent experimental work at 
temperatures below 20 °K. 

537.52 2530 
A Possible Mechanism of the 

Potential Variation of the Joshi Effect. 
—M. Venugopalan. (J. phys. Soc. Japan, 
Dec. 1958, Vol. 13, No. 12, pp. 1544-1546.) 

537.52: 621.374.3 2531 
A Method of Studying the Electrical 

Recovery of a Gas after a Pulse Dis-
charge.—R. J. Armstrong. (J. Electronics 
Control, Feb. 1959, Vol. 6, No. 2, pp. 162-
164.) A method devised for a triggered 
discharge, as in a thyratron. 

537.56 2532 
On the Temperature of Electrons in a 

Plasma in a Variable Electric Field.— 
A. V. Gurevich. (Zh. eksp. teor. Fiz., Aug. 
1958, Vol. 35, No. 2(8), pp. 392-400.) The 
investigation shows that the electron gas can 
exist in two stable states with different 
temperatures; transition from one state to 
another occurs at certain critical values of 
the field and is followed by a considerable 
change in the electron temperature. A 
particular type of hysteresis is noted in the 
dependence of the electron temperature on 
the field amplitude and frequency. 
Expressions for the complex conductivity of 
the plasma are also derived. 

537.56 2533 
Measurement of the Attachment of 

Slow Electrons in Oxygen.—L. M. 

Chanin, A. V. Phelps & M. A. Biondi. 
(Phys. Rev. Lett., 15th April 1959, Vol. 2, 
No. 8, pp. 344-346.) Drift-tube measure-
ments are extended into the thermal energy 
range; a three-body attachment process is 
indicated. 

537.56: 538.56 2534 
Theory of Excited Plasma Waves.— 

M. Sumi. (J. phys. Soc. Japan, Dec. 1958, 
Vol. 13, No. 12, pp. 1476-1485.) The 
excitation of oscillations in a uniform plasma 
by an injected electron beam is considered, 
and the frequency, phase velocity and time-
rate of growth of the excited waves are 
derived as functions of the wave number. 

537.56: 538.56 2535 
Nonlinear Electron Oscillations in a 

Cold Plasma.—J. M. Dawson. (Phys. Rev., 
15th Jan. 1959, Vol. 113, No. 2, pp. 383-
387.) 

537.56: 538.63 2536 
Production of Two Temperatures in 

an Ionized Gas in a Magnetic Field.— 
E. Larish & I. Shekhtman. (Zh. eksp. teor. 
Fiz., Aug. 1958, Vol. 35, No. 2(8), pp. 514-
515.) If the electrons radiate a considerable 
part of their energy in a time short compared 
to the relaxation time of the gas, the 
electronic temperature will differ consider-
ably from the ionic temperature. 

538.3: 537.122 2537 
A Consistency Condition for Electron 

Wave Functions.—C. J. Eliezer. (Proc. 
Camb. phil. Soc., April 1958, Vol. 54, Part 2, 
pp. 247-250.) 

538.566: 535.42] + 534.26 2538 
Geometrical Theory of Diffraction in 

Lnhomogeneous Media.—B. D. Seckler & 
J. B. Keller. (J. acoust. Soc. Amer., Feb. 1959, 
Vol. 31, No. 2, pp. 192-205.) The theory 
developed by an extension of Fermat's 
principle and considering smooth convex 
bodies, is applied to the calculation of the 
field of diffracted rays. 

538.566: 535.42] + 534.26 2539 
Asymptotic Theory of Diffraction in 

Inhomogeneous Media.—B. D. Seckler 
& J. B. Keller. (J. acoust. Soc. Amer., Feb. 
1959, Vol. 31, No. 2, pp. 206-216.) Problems 
discussed in 2538 above are treated here as 
boundary-value problems. They are solved 
exactly and the solutions are expanded 
asymptotically for high frequencies. 

538.566: 535.43 2540 
A Note on the Scattering of a Plane 

Electromagnetic Wave by a Small, 
Thin - Walled, Cylindrical Dielectric 
Tube.—J. Y. Wong. (Ganad. J. Phys., Jan. 
1959, Vol. 37, No. 1, pp. 77-78.) 

538.566: 537.56 2541 
Nonreciprocal Electromagnetic 

Wave Propagation in Ionized Gaseous 
Media.—L. Goldstein. (Trans. Inst. Radio 
Engrs, Jan. 1958, Vol. MIT-6, No. 1, pp. 
19-29. Abstract, Proc. Inst. Radio Engrs, 
April 1958, Vol. 46, No. 4, p. 804.) 
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538.569.4 2542 
Investigation of Relaxation in Mag-

netic Resonance by the Method of 
'Forced Transient Precession'.—I. 
Solomon. (C. R. Acad. Sci., Paris, 5th Jan. 
1959, Vol. 248, No. 1, pp. 92-94.) A method 
is described for measuring directly the 
relaxation time in liquids. 

538.569.4 2543 
Radiation Damping in Nuclear Mag-

netic Resonance. — A. Szóke & S. 
Meiboom. (Pies. Rev., 15th Jan. 1959, 
Vol. 113, No. 2, pp. 585-586.) Observations 
on a nuclear two-level maser have demon-
strated the effect of radiation damping 
obtained by 'flipping' the magnetization 
through about 180°. 

538.569.4: 535.33 2544 
Wide-R.F.-Level R.F. Unit for an 

NMR Spectrometer.—K. N. Kapur & 
J. W. McGrath. (Rev. sci. Instrum., April 
1959, Vol. 30, No. 4, pp. 272-274.) This 
unit makes use of a crystal-controlled 
oscillator for frequency stability, and positive 
feedback to increase the effective Q of the 
sample r.f. coil. The circuit is well suited to 
saturation studies and relaxation - time 
measurements in nuclear-magnetic-reson-
ance investigations. 

538.569.4: 538.221 2545 
Effective Ferrimagnetic Resonance 

Parameters with Gilbert-Type Relaxa-
tion Terms.—R. K. Wangsness. (Phys. 
Rev., 1st Feb. 1959, Vol. 113, No. 3, 
pp. 771-772.) 

538.569.4: 538.222 2546 
Observation of the Overhauser Effect 

in a Gas in the Presence of a Solid 
Paramagnetic Material.—J. P. Borel & 
P. Cornaz. (C. R. Acad. Sei., Paris, 1st Dec. 
1958, Vol. 247, No. 22, pp. 1988-1990.) 
Note of nuclear-magnetic-resonance 
measurements made on propane gas in 
diphenyl picryl hydrazyl. 

538.569.4: 538.61 : 538.222 2547 
The Influence of the Saturation of 

Paramagnetic Resonance Absorption 
on the Faraday Effect.—H. Wesemeyer 
& J. M. Daniels. (Z. Phys., 16th Oct. 
19Ù, Vol. 152, No. 5, pp. 591-598.) 
Experimental investigations on a crystal 
of Nd (C2H2SO4)2.9 H20 and discussion of 
results. 

538.569.4: 621.375.9 2548 
Weak-Field Nuclear - Magnetic-

Resonance Maser.—H. Benoit, D. Grivet 
& H. Ottavi. (C.R. Acad. Sci., Paris, 
1st Dec. 1958, Vol. 247, No. 22, pp. 1985-
1988.) Description of an instrument for 
nuclear-magnetic-resonance investigations 
based on proton spin resonance in circu-
lating benzene. 

539.2: 538.222 2549 
Method of Treating Zeeman Split-

tings of Paramagnetic Ions in Crystal-
line Fields.—G. F. Koster St H. Statz. 
(Phys. Rev., 15th Jan. 1959, Vol. 113, No. 2, 
pp. 445-454.) 
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GEOPHYSICAL AND 

EXTRATERRESTRIAL PHENOMENA 

522.1 2550 
The Royal Greenwich Observatory. 

—R. v. d. R. Woolley. (Nature, Lond., 
7th March 1959, Vol. 183, No. 4662, 
pp. 640-643.) Reference is made to the 
national time service, associated equip-
ment and land-line links with other 
standards. 

523.16 2551 
Low-Energy Corpuscular Radiation 

at High Latitudes.—K. D. Cole. (Nature, 
Lond., 14th March 1959, Vol. 183, No. 4663, 
p. 738.) An explanation based on an 
acceleration mechanism. 

523.16: 550.389.2: 629.19 2552 
Origin of the Radiation near the 

Earth Discovered by means of Satel-
lites.—T. Gold, (Nature, Lond., 7th Feb. 
1959, Vol. 183, No. 4658, pp. 355-358.) 
See also 2217 of July (Kellogg). 

523.16: 550.389.2: 629.19 2553 
Radiation around the Earth to a 

Radial Distance of 107 400 km.—J. A. 
Van Allen 8t L. A. Frank. (Nature, Lond., 
14th Feb. 1959, Vol. 183, No. 4659, 
pp. 430-434.) Radiation measurements 
made during the flight of Pioneer HI on 
6th December 1958 are discussed, and a 
brief description is given of the two Geiger-
Muller detector tubes used and the asso-
ciated telemetry equipment. See also 
2217 of July (Kellogg). 

523.164.3 2554 
Anomalous Night-Time Reception 

of a Major Solar Radio Burst.—A. G. 
Smith, T. D. Carr & W. H. Perkins. 
(Nature, Lond., 28th Feb. 1959, Vol. 183, 
No. 4661, pp. 597-598.) A report of a 
noise burst received on five different arrays 
operating on frequencies between 18 and 
276 Mc/s, at 0235 U.T. on 8th March 
1958 in Florida. Possible modes of 
propagation are discussed. 

523.164.32 2555 
Time Relationship of Metre-Wave 

and 3-cm-Wave Bursts.—M. R. Kundu. 
(Nature, Lond., 11 th April 1959, Vol. 183, 
No. 4667, pp. 1047-1048.) Metre-wave 
bursts have an average delay of 3 min, 
the delay being less for bursts of small 
apparent diameter. 

523.42: 621.396.96 2556 
Radar Echoes from Venus.—R. Price, 

P. E. Green, Jr, J. J. Goblick, Jr, R. H. 
Kingston, L. G. Kraft, Jr, G. H. Pettengill, 
R. Silver & W. B. Smith. (Science, 
20th March 1959, Vol. 129, No. 3351, 
pp. 751-753.) Report on tests made on 
10th and 12th February 1958 using 
specially coded pulse trains at 440 Mc/s, 
and a maser-type amplifier for reception. 

523.75: 523.165 2557 
Cosmic-Ray Increases associated 

with Solar Flares.—L. C. Towle & 
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J. A. Lockwood. (Phys. Rev., 15th Jan. 
1959, Vol. 113, No. 2, pp. 641-647.) Data 
from a neutron monitor for the years 
1956-1957 have been studied. 

523.75: 550.385.4 2558 
Characteristics of Solar Outbursts 

to Excite Geomagnetic Storms.—K. 
Sinno. (J. Radio Res. Labs, Japan, Jan. 
1959, Vol. 6, No. 23, pp. 17-20.) For 
major outbursts a pronounced 'first part' 
before the time of maximum flare is related 
to short-wave fade-out, while a large 
'second part' will cause a geomagnetic 
storm. It is concluded that the second 
part of the outburst provides evidence of a 
corpuscular cloud. 

523.78: 551.524 2559 
Fluctuations of Temperature accom-

panying the Solar Eclipse.—K. Hirao, 
K. Akita & I. Shiro. (J. Radio Res. Labs, 
Japan, Jan. 1959,.Vol. 6, No. 23, pp. 47-55.) 
During the eclipse there was a depression of 
the r.m.s. value of the fluctuations which was 
accompanied by a temperature inversion 
with a steep gradient as the eclipse passed 
the maximum blackout period. The r.m.s. 
value of the temperature fluctuations 
between two points vertically separated was 
found to increase with diminishing inversion 
and to continue to increase as the gradients 
changed from positive to negative values. 

550.385: 523.75 2560 
Some Remarks on the Interaction of 

Solar Plasma and the Geomagnetic 
Field.—J. W. Warwick. (J. geophys. Res., 
April 1959, Vol. 64, No. 4, pp. 389-396.) 
An explanation of the small scale of magnetic 
disturbances on the earth's surface is that 
currents flow in plasma sheets and move 
along the curved magnetic lines of force. 
These sheets are distant less than one earth's 
radius from the surface and would produce 
perturbation fields consistent with the size 
and direction necessary to explain storm-
time geomagnetic variations. 

550.385: 523.78 2561 
Preliminary Report on the Effect of 

the Solar Eclipse on April 19, 1958, on 
the Geomagnetic Field.—T. Rikitake, S. 
Uyeda, T. Yukutake, I. Tanaoka & E. 
Nakagawa. (Rep. Ionosphere Res. Japan, June 
1958, Vol. 12, No. 2, pp. 174481.) The 
changes in the D and H components are 
consistent with the decrease in E-Layer 
conductivity; Z-component changes are 
influenced by earth currents. 

550.385: 523.78 2562 
Effect of the Solar Eclipse, 19th April 

1958, on the Geomagnetic Field and 
Earth Currents.—Y. Yamaguchi, N. 
Banno, H. Oshima & T. Araki. (Rep. 
Ionosphere Res. Japan, June 1958, Vol. 12, 
No. 2, pp. 182-187.) 

550.389.2: 629.19 2563 
The Sun's Artificial Planet.—(Brit. 

Commun. Electronics, March 1959, Vol. 6, 
No. 3, pp. 200-203.) General scientific 
information, based on a Russian report of 
the space rocket launched on 2nd January 
1959. 

550.389.2: 629.19 2564 
Two Atmospheric Effects in the 

Orbital Acceleration of Artificial Satel-
lites.—L. G. Jacchia. (Nature, Lond., 
21st Feb. 1959, Vol. 183, No. 4660, pp. 
526-527.) A discussion of oscillations in 
orbital acceleration and the variations of 
orbital acceleration with angular distance 0 
of the perigee from the sub-solar point. 

550.389.2: 629.19 2565 
Atmospheric Tides and Earth Satel-

lite Observations.—D. G. Parkyn: G. V. 
Groves. (Nature, Lond., 1 1 th April 1959, 
Vol. 183, No. 4667, pp. 1045-1047.) 
Harmonic tidal waves are suggested as the 
cause of the major anomalies in orbital 
observations; this explanation differs from 
that of Groves ( 1543 of May), who com-
ments in reply. 

550.389.2: 629.19 2566 
The I.G.Y. Optical Satellite Tracking 

Program as a Source of Geodetic 
Information.—F. L. Whipple & J. A. 
Hynek. (Ann. Glophys., July/Sept. 1958, 
Vol. 14, No. 3, pp. 326-328. In English.) 
A note on the visual and photographic 
tracking program and the subsequent com-
putations. 

550.389.2: 629.19 2567 
A New Value for the Earth's Flatten-

ing, derived from Measurements of 
Satellite Orbits.—D. G. King-Hele & 
R. H. Merson. ( Nature, Lond., 28th March 
1959, Vol. 183, No. 4665, pp. 881-882.) 
Data obtained from observations of 1957 /3 
and 1958 /32 have been combined, and give 
a value for the earth's flattening of 
1/(298.20 ± 0.3). See also 792 of March 
(Merson & King-Hele). 

550.389.2: 629.19 2568 
Determination of Satellite Orbits 

from Radio Tracking Data.—I. Harris, 
R. Jastrow & W. F. Cahill. (Proc. Inst. Radio 
Engrs, May 1959, Vol. 47, No. 5, Part 1, 
pp. 851-854.) "A computer program has 
been developed which permits an approxi-
mate determination of a satellite orbit from 
a minimal amount of tracking data." 

550.389.2: 629.19 2569 
Observations of Sputnik III.—P. F. 

Checcacci & C. Carreri. (Ricerca sci., jan. 
1959, Vol. 29, No. 1, pp. 72-73.) Radio 
observations of satellite 1958 82 for the 
period 19th May-19th July 1958 are 
tabulated. See also 1192 of April. 

550.389.2: 629.19 2570 
Recordings of Transmissions from 

the Satellite 1958 12 at the Antenna 
Laboratory, The Ohio State University. 
—T. G. Haine & E. M. Kennaugh. (Proc. 
Inst. Radio Engrs, May 1959, Vol. 47, No. 5, 
Part 1, pp. 991-992.) Irregularities in 
20-Mc/s signals are attributed to polariza-
tion effects caused by variations in magnetic 
field near the observing point. Some 
periodic fading may be caused by a defect 
in -the satellite aerial. 

550.389.2: 629.19: 551.510.53 2571 
Irregularities in the Density of the 

Upper Atmosphere: Results from 
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Satellites.-D. G. King-Hele & D. M. C. 
Walker. (Nature, Lond., 21st Feb. 1959, 
Vol. 183, No. 4660, pp. 527-529.) Results 
of observations of earth-satellite orbits 
indicate that irregularities in air density, 
especially at heights between 180 and 
225 km, tend to recur at intervals of about 
28 days. 

550.389.2: 629.19: 551.510.535 2572 
Deduction of Ionospheric Electron 

Content from the Faraday Fading of 
Signals from Artificial Earth Satellites. 
-W. T. Blackband, B. Burgess, I. L. Jones 
& G. J. Lawson. (Nature, Lond., 25th April 
1959, Vol. 183, No. 4669, pp. 1172-1174.) 
A method is described for determining 
horizontal variations in the ionosphere 
both above and below maximum ionization. 
Results are compared with values of 
electron content deduced from ionograms. 

550.389.2: 629.19: 621.396.81.087.4 2573 
Recording Radio Signals from Earth 

Satellites.-G. H. Munro 8t L. H. Heisler. 
(Nature, Lond., 21st March 1959, Vol. 183, 
No. 4664, pp. 809-810.) A method is 
described for presenting simultaneously on 
moving film the information necessary for 
Doppler frequency-shift measurements, for 
frequency sampling, and for the study of 
signal intensity variations. 

551.510.52: 621.396.11 2574 
Models of the Atmospheric Radio 

Refractive Index.-Bean 8t Thayer. (See 
2725.) 

551.510.53 2575 
Geophysical Effects associated with 

High-Altitude Explosions.-P. J. Kel-
logg, E. P. Ney & J. R. Winckler. (Nature, 
London., 7th Feb. 1959, Vol. 183, No. 4658, 
pp. 358-361.) Effects likely to be associated 
with high-altitude explosions are discussed 
and related to observations of a nuclear 
and a chemical explosion. 

551.510.53: 523.75 2576 
Observations of Intense Ionization 

of Long Duration below 50 km Altitude 
after some Strong Solar Flares.-
B. Hultqvist & J. Ortner. (Nature, Lond., 
25th April 1959, Vol. 183, No. 4669, 
pp. 1179-1180.) 

551.510.535 2577 
Turbulence in the Upper Atmosphere. 

-N. Matuura & T. Nagata. (Rep. Ionosphere 
Res. Japan, June 1958, Vol. 12, No. 2, 
pp. 147-159.) Ionospheric irregularities 
are studied in terms of turbulence theory. 
The calculated scales of the irregularities 
and their random velocities are compared 
with experimental observations. 

551.510.535 2578 
Sporadic E and the F2 Layer.-T. W. 

Bennington. (Wireless World, June 1959, 
Vol. 65, No. 6, pp. 262-263.) A com-
parison of curves of Es percentage time 
with curves giving seasonal fluctuations of 
F2-layer ionization for four stations in both 
hemispheres indicates that sporadic E may 
be caused by a downward drift of Fg 
ionization. 

551.510.535 2579 
A Theoretical Consideration of the 

Electron and Ion Density Distributions 
in the Lower Portion of the _V Region. 
-T. Yonezawa, H. Takahashi & Y. Arnim. 
(J. Radio Res. Labs, Japan, Jan. 1959, Vol. 
6, No. 23, pp. 21-46.) Assuming that the 
photoionization processes in the ionosphere 
are: 0+ + 02 -> 0 + 02+ j Og+ e 
0' + 0", and 0+ + Ng N + NO*; 
NO* + N' + 0', the physics of the 
lower F region can be explained fairly 
well. The appearance and disappearance 
of the F1 layer with solar zenith angle and 
solar activity can be understood. No 
values of reaction coefficients can be found 
which are consistent with both the ion 
density distribution in the ionosphere and 
laboratory estimates of the coefficients. 

551.510.535 2580 
Occurrence of Giant Travelling Iono-

spheric Disturbances at Night.-L. H. 
Heisler. (Nature, Lond., 7th Feb. 1959, 
Vol. 183, No. 4658, pp. 383-384.) Distur-
bances previously thought to be confined 
to winter daylight hours (3453 of 1958) 
have been observed on night ionosonde 
records. Characteristics of the phenomenon 
are discussed. 

551.510.535 2581 
Structure and Movement of Large 

Inhomogeneities in the Ionospheric F2 
Layer.-V. D. Gusev, L. A. Drachev, 
S. F. Mirkotan, Yu. V. Berezin, M. P. 
Kiyanovskil, M. B. Vinogradova & T. A. 
Galiit. (Dokl. Ak. Nauk S.S.S.R., 11th Dec. 
1958, Vol. 123, No. 5, pp. 817-820.) 
Simultaneous measurements have been 
made using three receivers 30-40 km 
apart, of the phase and angle of arrival of 
waves reflected from the F2 layer. The 
size and shape of inhomogeneities and 
drift velocities have been calculated. 

551.510.535 : 523.16 2582 
A New Ionospheric Phenomenon.-

H. J. A. Chivers & H. W. Wells. (Nature, 
Lond., 25th April 1959, Vol. 183, No. 4669, 
p. 1178.) Report of an isolated event 
recorded at Jodrell Bank at about 1400 U.T. 
on 25th March 1959 by five separate 
receivers, each monitoring various sectors 
of the sky on slightly different frequencies 
near 80 Mc/s. A large increase of the 
noise level was recorded by three receivers, 
a small increase by another and a decrease 
by another. 

551.510.535: [523.3 + 523.755 2583 
Radio Reflexions from the Moon and 

Solar Corona.-0. Burkard. (Nature, 
Lond., 25th April 1959, Vol. 183, No. 4669, 
p. 1180.) The formula for the rotation of 
the plane of polarization given by Daniels 
8t Bauer (3455 of 1958) is revised for the 
case when, with low solar activity, the 
electron density in the ionosphere has 
decreased and the electrons in the space 
around the earth cannot be neglected. 

551.510.535: 550.38 2584 
A Study of Noon Fg Ionization in 

relation to Geomagnetic Coordinates. 
-J. N. Bhar & P. Dhar Bhowmik. (Indian 
J. Phys., Jan. 1959, Vol. 33, No. 1, 
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pp. 1-17.) Earlier work of Bhar (2129 of 
1957) has been extended to cover data 
collected between 1952 and 1955, an analysis 
of which indicates that for constant X, 
the noon Fg ionization varies with magnetic 
dip and geomagnetic latitude. The shape 
of the curve is related to the sunspot cycle 
and shows two maxima spaced asym-
metrically on each side of the geomagnetic 
equator. 

551.510.535: 550.385 2585 
Ionospheric Heating by Hydro-

magnetic Waves.-A. J. Dessler. (J. 
geopnys. Res., April 1959, Vol. 64, No. 4, 
pp. 397-401.) The dissipation of hydro-
magnetic waves in the ionosphere causes 
heating; this heating is greatest between 
heights of 150 and 200 km. It appears 
that the heating only becomes important 
during magnetic storms; it may explain 
the lifting of the F region and the decrease 
in critical frequency during these periods. 
Hydromagnetic heating cannot, however, 
explain the variations in the horizontal 
component of the earth's field during the 
main phase of magnetic storms. 

551.510.535: 550.385 2586 
Effect of Magnetic Activity on Drifts 

of the Fg Region.-B. R. Rao, E. B. Rao 
& Y. V. R. Murty. (Nature, Lond., 
7th March, 1959, Vol. 183, No. 4662, 
pp. 667-668.) • An analysis of observations 
made at Waltair shows an approximately 
linear decrease of mean drift speed with 
increase of magnetic activity (K) in the 
range 0-6. ' 

551.510.535: 621.396.11 2587 
Sporadic E at V.H.F. in the U.S.A.-

R. M. Davis, Jr, E. K. Smith & C. D. 
Ellyett. (Proc. Inst. Radio Engrs, May 
1959, Vol. 47, No. 5, Part 1, pp. 762-769.) 
The occurrence of sporadic-E propagation 
in the years 1952-1955 on the Cedar 
Rapids-Sterling path (1 240 km) at fre-
quencies near 28 and 50 Mcis has been 
analysed. The dependence of the received 
power on time of day, season of year, 
sunspot cycle and frequency has been 
studied. A relation between oblique-
signal intensity and vertical-incidence data 
has been found. 

551.510.535: 621.396.11 2588 
On the S.W.F. Phenomenon (Del-

linger Effect) and fmin in the World-
Wide Distribution.-I. Kasuya, Y. 
Hakura & H. Hojo. (J. Radio Res. Labs, 
Japan, Jan. 1959, Vol. 6, No. 23, pp. 1-15.) 
Assuming a Chapman distribution of 
ionization for the D region it is shown that 
f,„;„ is a function of solar zenith angle and 
magnetic latitude while the increase of 

during a sudden ionospheric dis-
turbance depends on solar zenith angle 
only. Observational results are analysed 
and the effective factor by which solar 
radiation is increased during a s.i.d. is 
estimated. 

551.510.535: 621.396.11 : 551.594.6 2589 
Ionospheric Reflection Coefficients at 

V.L.F. from Sferics Measurements.-
A. G. Jean, Jr, L. J. Lange 8t J. R. 
Wait. ( Geofis. pura appl., Sept.-Dec. 1957, 
Vol. 38, pp. 147-153. In English.) The 
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magnitude of the ionospheric reflection 
coefficient as a function of frequency is 
calculated from individual spectral analysis 
of the ground wave and the once-reflected 
sky wave. Results are compared with those 
obtained using an ionospheric model. 
The success of the method depends upon 
the accurate location of the source and the 
correct selection of strokes which contain 
only appreciable vertical currents in the 
discharge column. 

551.510.535: 621.396.11.029.45 2590 
Diurnal Change of Ionospheric 

Heights Deduced from Phase Velocity 
Measurements at V.L.F.-Wait. (See 
2735.) 

551.510.535: 621.396.11.029.62 2591 
IGY Observations of F-Layer Scatter 

in the Far East.-Bateman, Finney, 
Smith, Tveten & Watts. (See 2733.) 

551.594.5 2592 
Auroral Activity at Low Latitudes.-

D. Barbier. (Ann. Glophys., July/Sept. 1958, 
Vol. 14, No. 3, pp. 334-355.) Spectro-
scopic observations made in southern 
France and at Tamanrasset during 1956-
1957 are described. 

551.594.5 : 550.385 2593 
Movement of Auroral Echoes and the 

Magnetic-Disturbance Current 
System.-R. S. Unwin. (Nature, Lond., 
1 1 th April 1959, Vol. 183, No. 4667, 
pp. 1044-1045.) A brief review of the 
findings of other investigators and a report 
of observations made at Invercargill, New 
Zealand, on 55 Mc/s. A preliminary 
analysis indicates that the ionization giving 
rise to v.h.f. radar echoes occurs in the 
most intense portion of the disturbance 
current system, and that the observed 
movements of electrons can account for the 
magnitude of the disturbance vector. 

551.594.6 : 621.396.11 : 551.510.535 2594 
'Whistler Mode' Echoes Remote 

from the Conjugate Point.-Dowden & 
Goldstone. (See 2731.) 

550.389.2: 629.19 2595 
Scientific Uses of Earth Satellites. 

[Book Review]-J. A. Van Allen (Ed.). 
Publishers: University of Michigan Press, 
Michigan, and Chapman & Hall, London, 
1958, 316 pp., 75s. (Nature, Lond., 4th April, 
1959, Vol. 183, No. 4666, p. 963.) 

LOCATION 
AND AIDS TO NAVIGATION 

534.88 2596 
A Theory of Active Sonar Detection. 

-J. L. Stewart & E. C. Westerfield. (Proc. 
Inst. Radio Engrs, May 1959, Vol. 47, No. 5, 
Part I, pp. 872-881.) An investigation is 
carried out to determine the type of signal 
waveform or coding that will give the best 
echo/noise and echo/reverberation ratios. 
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534.88: 621.398 2597 
Survey of Underwater Missile Track-

ing Instrumentation.-D. T. Barry & 
J. M. Formwalt. (Proc. Inst. Radio Engrs, 
May 1959, Vol. 47, No. 5, Part 1, pp. 
970-977.) 

621.396.93: 621.396.11.029.45 2598 
V.L.F. Propagation Measurements 

for the Radux-Omega Navigation 
System.-Casselman, Heritage & Tibbals. 
(See 2736.) 

621.396.933 2599 
A Lightweight and Self-Contained 

Airborne Navigational System.-R. K. 
Brown, N. F. Moody, P. M. Thompson, 
R. J. Bibby, C. A. Franklin, J. H. Garton & 
J. Mitchell. (Proc. Inst. Radio Engrs, 
May 1959, Vol. 47, No. 5, Part 1, pp. 
778-807.) Automatic computing tech-
niques are used to give steering and 
positional information from input data 
obtained from an inertial north indicator, 
a Doppler navigational radar and an 
airspeed indicator. 

621.396.933.2 2600 
Direction Finder with Automatic 

Read-Out.--J. F. Hatch & D. W. G. 
Byatt. (Electronics, 17th April 1959, Vol. 32, 
No. 16, pp. 52-54.) The accuracy of an 
h.f. direction-finder can be improved by 
averaging bearings; circuits are described 
which give automatic read-out and averag-
ing. 

621.396.934 2601 
Miss-Distance Indicator scores Mis-

sile Accuracy.-J. A. Adams. (Electronics, 
17th April 1959, Vol. 32, No. 16, pp. 42-45.) 
Transponder and aerial systems in missile 
and target form a space-coupled oscillatory 
system. The oscillation is modulated at a 
frequency which depends on their separation 
distance. 

621.396.96 2602 
Problems connected with Echo Filter-

ing in Radar.-V. Tiberio. (Ricerca sci., 
Dec. 1958, Vol. 28, No. 12, pp. 2464-2481.) 
Various systems of filtering combined with 
carrier stabilization are described and the 
resulting increase in range, even in the 
presence of jamming, is discussed. For 
comment by U. Pizzarelli, with details of 
calculations relating bandwidth and sweep 
velocity, see ibid., pp. 2585-2590. 

621.396.96: 551.5 2603 
Meteorological 'Angel' Echoes.-D. 

Atlas. (J. Met., Feb. 1959, Vol. 16, No. I, 
pp. 6--11.) An analysis of meteorological 
conditions associated with radar echoes 
suggests four sources of reflection: thermal 
columns below cumulus clouds; cumulus 
cloud boundaries; layers associated with 
sharp vertical gradients or minima in 
moisture; and, under conditions of anoma-
lous propagation, boundary surfaces between 
differentially moistened surface air over 
adjacent cold and warm water. 

621.396.96 : 551.5 2604 
Study of Mesosystems associated 

with Stationary Radar Echoes.-T. 
Fujita. (J. Met., Feb. 1959, Vol. 16, No. 1, 
pp. 38-52.) 

621.396.96: 621.397.24 2605 
Scan Converter aids Phone-Line 

Radar Relay.-H. W. Gates & A. G. 
Gatfield. (Electronics, 17th April 1959, 
Vol. 32, No. 16, pp. 48-51.) A scan-
converter storage tube is substituted for 
the radar tube; its reading gun scans its 
screen at a slow rate and the output is used 
to modulate a carrier which can be trans-
mitted over a telephone line. 

621.396.962.3 (083.57) 2606 
Predicting Accurate Radar Ranges. 

-L. Young. (Electronic Ind., Nov. 1958, 
Vol. 17, No. 11, pp. 58-61.) Formulae and 
a chart are given for determining the 
maximum range of a pulse radar equipment 
scanning in azimuth. 

621.396.962.33 2607 
Frequency Stability Requirements on 

Coherent Radar Oscillators.-M. M. 
Brady. (Proc. Inst. Radio Engrs, May 1959, 
Vol. 47, No. 5, pp. 1001-1002.) A discussion 
of stability criteria for Doppler radar 
systems. 

621.396.962.33 2608 
The Performance of Doppler Naviga-

tion Systems.-T. G. Thorne & J. A. 
Billings. (Brit. Commun. Electronics, March 
1959, Vol. 6, No. 3, pp. 176-179.) A review 
is given of the performance of military 
Doppler equipment under various con-
ditions and reference is made to the 
important design features that control the 
accuracy and reliability of Doppler systems. 

621.396.968 2609 
Phenomena of Scintillation Noise in 

Radar Tracking Systems.-J. H. Dunn, 
D. D. Howard & A. M. King. (Proc. Inst. 
Radio Engrs, May 1959, Vol. 47, No. 5, Part 
1, pp. 855-863.) The effects of different 
components of target noise on the per-
formance of tracking systems have been 
studied theoretically and experimentally; 
suggestions are made for minimizing these 
effects. 

621.396.969.11 2610 
The C.A.A. Doppler Omniran ge.-

S. R. Anderson & R. B. Flint. (Proc. Inst. 
Radio Engrs, May 1959, Vol. 47, No. 5, 
Part 1, pp. 808-821.) Theoretical and 
experimental investigations show that the 
Doppler VOR is compatible with the v.h.f. 
omnirange and gives a 7: 1 improvement 
in respect of site errors. See also 1897 of 
June (Hansel). 

621.396.969.11 : 621.396.822 2611 
Noise-Modulated Distance Measuring 

Systems.-B. M. Horton. (Proc. Inst. 
Radio Engrs, May 1959, Vol. 47, No. 5, 
Part 1, pp. 821-828.) An analysis is given 
for distance-measuring systems involving 
correlation between the random noise 
modulation on the transmitted and reflected 
signals. Such systems are not subject to the 
ambiguities present in periodically modu-
lated signals, nor to the 'fixed error', and 
are suitable for measuring distances down 
to a few feet. 

621.396.969.13 2612 
Precision Radar Height Finder.-

(Engineering, Lond., 31st Oct. 1958, Vol. 186, 
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No. 4834, p. 560.) Description of the Mar-
coni Type-S 244 height finder and ancillary 
equipment. The vertical angle of the aerial 
is measured relative to the ground, and the 
absolute height accuracy obtainable is 
better than ± 1 700 ft at 150 miles. 

MATERIALS 
AND SUBSIDIARY TECHNIQUES 

533.583 : 621.385.032.14 2613 
Barium Getter Films.—J. J. B. Fransen 

& H. J. R. Perdijk. (Philips tech. Rev., 30th 
April 1958, Vol. 19, No. 10, pp. 290-300.) 
Experiments to investigate the action and 
properties of getter films are described. 

535.215 : 537.311.33 2614 
A Lateral Photovoltaic Effect in p-n 

Junctions.—P. Gosar. (C. R. Acad. Sci., 
Paris, 1st Dec. 1958, Vol. 247, No. 22, pp. 
1975-1977.) A theoretical study of a one-
dimensional model in which nonuniformity 
of illumination is due to shadows formed by 
soldered contacts of unequal size. See also 
2639 of 1957 (Wallmark). 

535.215 : 539.23 : 546.817.221 2615 
Measurement of the Reflection 

Factor, the Optical Absorption and the 
Spectral Response of Photoconductive 
Layers. Case of Oxidized Lead Sul-
phide.—V. Schwetzoff. (C. R. Acad. Sci., 
Paris, 10th Dec. 1958, Vol. 247, No. 23, 
pp. 2117-2119.) 

535.215: [546.482.21 + 546.482.31 2616 
Dependence of Induced Conductivity 

on Electron Energy in Thin Films of 
Cadmium Sulphide and Cadmium 
Selenide Bombarded by Slow Electrons. 
—Li-Chzhi-Tszyan'. (Fie. Tverdogo Tela, 
Jan. 1959, Vol. 1, No. 1, pp. 77-81.) The 
method and apparatus are described. 
Measurements have been made on films 
of thickness Fe 10-4 cm under bombardment 
by electrons of energy 0-15 eV. An irregular 
step-like function is observed in the variation 
of the induced conductivity with the energy 
of bombarding electrons. The energy 
distance between two consecutive steps is 
2.5 eV for CdS and 1.8 eV for CdSe. See 
also ibid., pp. 82-88. 

535.215: 546.482.21 2617 
On the Irradiation of Photoconductive 

Single Crystals of Cadmium Sulphide 
by Protons at 1.4 MeV.— R. Barjon, 
C. Brachet, M. Lambert, M. Martineau 
& J. Schmouker. (C. R. Acad. Sci., Paris, 
5th Jan. 1959, Vol. 248, No. 1, pp. 83-86.) 
Four phenomena are noted: green lumi-
nescence, induced conductivity, a permanent 
modification of the photoconductivity and 
modification of the spectral response. See 
also 1594 of May (Martineau). 

535.215: 546.482.21 2618 
Research on Fluorescent Emission 

Lines and on Luminous Absorption 
Lines in Pure Cadmium Sulphide, 
Cooled to 4.2°K.—M. Bancie-Grillot, 

E. F. Gross, E. Grillot St B. S. Razbirine. 
(C. R. Acad. Sci., Paris, 5th Jan. 1959, Vol. 
248, No. 1, pp. 86-89.) 

535.215: 546.87: 539.23 2619 
The Temperature Dependence of the 

Spectral Photoelectric Electron Emis-
sion of Semiconducting Bismuth Films. 
—R. Suhrmann, G. Wedler & E. A. Dierk. 
(Z. Phys., 27th Oct. 1958, Vol. 153, No. 1, 
pp. 96-105.) 

535.342-15: 546.87 2620 
De Haas-van Alphen-Type Oscilla-

tions in the Infrared Transmission of 
Bismuth.—W. S. Boyle & K. F. Rodgers. 
(Phys. Rev. Lett., 15th April 1959, Vol. 2, 
No. 8, pp. 338-339.) 

535.37: 546.482.21 2621 
Some Properties of Green and Red-

Green Luminescing CdS.—Y. T. 
Sihvonen, D. R. Boyd & C. D. Woelke. 
(Phys. Rev., 15th Feb. 1959, Vol. 113, No. 4, 
pp. 965-968.) 

535.37: 546.482.21 : 538.6 2622 
Influence of a Magnetic Field on the 

Lines of Blue Fluorescence or Luminous 
Absorption of Certain Crystals of Pure 
Cadmium Sulphide Cooled to 4.2 °K.— 
E. F. Gross, E. Grillot, B. P. Zakhartchenia 
& M. Bancie-Grillot. (C. R. Acad. Sci., Paris, 
12th Jan. 1959, Vol. 248, No. 2, pp. 213-
216.) A Zeeman splitting has been observed 
on three lines. There was no diamagnetic 
displacement. 

535.376 2623 
Phosphor with Fluorescence Larger 

than the Energy Gap.—S. P. Keller & 
G. D. Pettit. (Phys. Rev., 1st Feb. 1959, 
Vol. 113, No. 3, pp. 785-786.) An emission 
which is energetically greater than the 
energy gap is observed at 770 °K with a 
Pr +3-activated SrS phosphor. 

535.376 2624 
On Cathodothermolumines cence.— 

A. Bril, H. A. Klasens & T. J. Westerhof. 
(Physica, Oct. 1958, Vol. 24, No. 10, pp. 
821-827.) When phosphors are heated 
from — 180° C to 20°C in a demountable 
tube strong maxima and minima of the 
light output are observed. If sealed and 
thoroughly degassed tubes are used the 
effect disappears. Gas adsorption on the 
phosphors is a probable explanation of the 
effect. 

535.376: 546.472.21 2625 
Preparation of Zinc Sulphide Single 

Crystals.—T. Matsumura, H. Fujisaki & 
Y. Tanabe. (Sci. Rep. Res. Inst. Tohoku Univ., 
Ser. A., Dec. 1958, Vol. 10. No. 6, pp. 
459-471.) Details of preparation by gas 
reaction and sublimation methods. 

537.226 2626 
Dielectric Properties of some Poly-

crystalline Stannates and Cerates.— 
B. Piercy. (Trans. Faraday Soc., Jan. 1959, 
Vol. 55, Part 1, pp. 39-51.) The substances 
have a perovskite structure but do not 
exhibit ferroelectric or antiferroelectric 
properties. A negative temperature co-
efficient of capacitance was observed in 
BaSnOs below room temperature. 

537.226: 546.431.824-31 2627 
Temperature Dependence of the 

Breakdown Field of Barium Titanate.— 
P. H. Fang & W. S. Brower. (Phys. Rev., 
15th Jan. 1959, Vol. 113, No. 2, pp. 456-
458.) The breakdown field in general 
decreases with increasing temperature but 
shows minima of the critical temperatures of 
the phase transformations. 

537.226: 546.431.824-31 2628 
Thermal Conductivity of BaTiO, 

Ceramics.—I. Yoshida, S. Nomura & S. 
Sawada. (J. phys. Soc. Japan, Dec. 1958, 
Vol. 13, No. 12, pp. 1550-1551.) 

537.226: 546.431.824-31: 536.2.082.74 2629 
Coefficient of Thermal Expansion of 

Barium Titanate.—J. R. G. Keyston, 
J. D. Macpherson & E. W. Guptill. (Rev. 
sci. Instrum., April 1959, Vol. 30, No. 4, pp. 
246-248.) The coefficient of expansion can 
be found by measurement of the resonance 
frequency, over a temperature range of 
—200 to 100°C, of one or more modes of a 
microwave cavity constructed of BaTi02. 

537.227/.228 2630 
Charge Release of Several Ceramic 

Ferroelectrics under Various Tempera-
ture and Stress Conditions.—L. W. 
Doremus. (Proc. Inst. Radio Engrs, May 1959, 
Vol. 47, No. 5, Part 1, pp. 921-924.) The 
results are given of measurements on the 
polarization change, piezoelectric coefficient 
and pyroelectric charge release for several 
polycrystalline compounds. 

537.227 2631 
On the Effect of Polarization on 

PbeliNb209-Pb8MgNb200 Solid Solu-
tions.—G. A. Smolenskii, A. I. Agranov-
skaya & S. N. Popov. (Fie. Tverdogo Tela, 
Jan. 1959, Vol. 1, No. 1, pp. 167-168.) The 
dependence of permittivity and loss angle 
on temperature in the range — 200° to 
+ 250°C is shown graphically. 

537.227 2632 
New Ferroelectric with Composition 

of the Type A 22+ (B "F. B 115 + )06: Part I. 
—G. A. Smolenskil, V. A. Isupov & A. I. 
Agranovskaya. (Fie. Tverdogo Tela, Jan. 
1959, Vol. 1, No. 1, pp. 170-171.) The 
temperature dependence of the dielectric 
constant and loss angle for Pb2ScNb06 and 
Pb2ScTa06 from — 150° to + 200°C is 
shown graphically. 

537.227: 538.569.4 2633 
Electron Paramagnetic Resonance of 

Manganese IV in SrTi02.—K. A. Müller. 
(Phys. Rev. Lett., 15th April 1959, Vol. 2, 
No. 8, pp. 341-343.) 

537.227: 546.431.824-31 2634 
Direct Observation of Antiparallel 

Domains during Polarization Reversal 
in Single-Crystal Barium Titanate.— 
R. C. Miller & A. Savage. (Phys. Rev. Lett., 
1st April 1959, Vol. 2, No. 7, pp. 294-296.) 
The domains have been observed by 
looking along the ferroelectric axis through 
the electrodes (either transparent aqueous 
lithium chloride or semitransparent metal 
films). The sample was mounted between 
crossed polaroids, and white light was used. 
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537.227: 546.431.824-31 : 621.318.57 2635 
A Possible Model for the Switching 

of Barium Titanate Crystals.—J. C. 
Burfoot. (Proc. phys. Soc., 1st April 1959, 
Vol. 73, No. 472, pp. 641-649.) "It is 
suggested that an adequate explanation of 
the switching current in barium titanate 
single crystals can be given by a domain 
model which includes an effective wall mass 
and a `viscous' opposition, but no depolariz-
ing field and no specific representation of 
impurities or lattice imperfections." 

537.228.1 : 534.133 : 538.566.029.64 2636 
Attenuation of Hypersonic Waves in 

Quartz.—G. E. 13iimmel & K. Dransfeld. 
(Phys. Rev. Lett., 1st April 1959, Vol. 2, 
No. 7, pp. 298-299.) Report of measure-
ments of the acoustic absorption in crystal-
line quartz at frequencies between 1 and 
4 kMcis from room temperature to 4.2°K. 

537.311.33 2637 
Characteristics of Stationary Elec-

tronic Processes in Semiconductors.— 
G. M. Guro. (Fiz. Tverdogo Tela, Jan. 1959, 
Vol. 1, No. 1, pp. 3-12.) Examination of 
the bipolar diffusion in which the diffused 
length does not depend on the concentration 
of traps. It is shown that the equilibrium 
charge density produced by nonuniform 
generation is determined not only by 
electron and hole mobility but also by the 
capture of minority carriers by traps and 
recombination centres. The charge density 
can be of either sign, and is zero for a 
particular fractional occupancy of the trap. 
See 2443 of 1958. 

537.311.33 2638 
The Application of the Thermo-

dynamics of Irreversible Processes to 
Conduction Phenomena in Semicon-
ductors.—W. Czaja. (Het:). phys. Acta, 
10th March 1959, Vol. 32, No. 1, pp. 1-23. 
In German.) Isothermal and non-isothermal 
effects are investigated and general equations 
for the behaviour of an isothermal p-n 
junction are derived. The thermal con-
ductivity of a homogeneous semiconductor 
under various conditions is calculated. See 
also 2693 of 1958 (van Vliet). 

537.311.33 2639 
Theory of the Field Effect.—I. V. 

Boiko. (Fiz. Tverdogo Tela, Jan. 1959, Vol. 
1, No. 1, pp. 13-15.) Mathematical 
analysis based on the results of the general 
theory of the field effect for the limiting case 
when the mean free path of the carriers 
tends to zero. 

537.311.33 2640 
Field Effect at High Frequency.—F. 

Berz. (J. Electronics Control, Feb. 1959, Vol. 
6, No. 2, pp. 97-112.) Theory is developed 
using the same basic assumptions as Garrett 
(153 of 1958) with more complete con-
ditions at the back surface. Results are 
illustrated by a numerical example. 

537.311.33 2641 
The Behaviour of some Impurities in 

Iff-V Compounds.—J. T. Edmond. (Proc. 
phys. Soc., 1st April 1959, Vol. 73, No. 472, 
pp. 622-627.) Investigation of the behaviour, 
as acceptors or donors, of Mg, Zn, Cd, Si, 
Ge, Sn, Pb, S, Se and Te in InSb, InAs, 
GaSb and GaAs. 

A128 

537.311.33 2642 
Theoretical Transport Coefficients 

for Polar Semiconductors.—R. T. Delves. 
(Proc. phys. Soc., 1st April 1959, Vol. 73, No. 
472, pp. 572-576.) Calculation of mobility, 
thermoelectric power and Hall coefficient 
for carriers scattered by optical-mode lattice 
vibrations. 

537.311.33 : 535.215 2643 
Influence of Surface Recombination 

on Photoconductivity of Semiconduc-
tors.—G. L. Bir. (Fiz. Tverdogo Tela, 
Jan. 1959, Vol. 1, No. 1, pp. 67-76.) 
Results of an investigation show that the 
magnitude of photoconductivity can be 
determined from the amount of surface 
recombination and also from the properties 
of the surface barrier. This explains the 
great sensitivity of photoconductive cells 
to surface treatment. In the case of an 
anisotropic layer the electric field decreases 
the surface recombination velocity and 
increases the photoconductivity. 

537.311.33: 538.214 2644 
Theory of Impurity Paramagnetism 

in Semiconductors at Low Tempera-
ture.—J. Seiden. (C. R. Acad. Sci., Paris, 
22nd Dec. 1958, Vol. 247, No. 25, pp. 
2313-2315.) Interaction between non-
ionized impurities as a function of con-
centration is discussed and the susceptibility 
is calculated approximately. 

537.311.33 : 538.22 2645 
Magnetic Properties of AmBV 

Compounds.—G. A. Busch & R. Kern. 
(Helv. phys. Acta, 10th March 1959, Vol. 32, 
No. 1, pp. 24-57. In German.) The 
magnetic susceptibility of Si, GaP, GaAs, 
GaSb, InP, InPo.,Aso.„ InAs and InSb 
was measured in the temperature range 
from 60°K to below the respective melting 
point. A model is proposed to account 
approximately for the abnormal character-
istics obtained for InSb, but quantitative 
agreement with experimental results is not 
achieved. 

537.311.33 + 538.221] : 539.2 2646 
Behaviour of Semiconductor and 

Magnetic Materials in Radiation En-
vironment.—A. Boltax. (Elect. Mfg, 
March 1959, Vol. 63, No. 3, pp. 90-95.) 
Results of irradiation tests on Ge, Si, Cu2O, 
and seven typical magnetic-core materials 
are summarized in graphs and charts. 
Techniques for minimizing radiation effects 
are noted. 

537.311.33: 539.2 2647 
Cyclotron Resonance in Semicon-

ductors with Complex Equipotential 
Surfaces.—Yu. A. Firsov. (Fiz. Tverdogo 
Tela, Jan. 1959, Vol. 1, No. 1, pp. 44-61.) 

537.311.33: 546.23 2648 
Investigation of the Influence of 

Annealing Time on the Thermoelectric 
Power of Polycrystalline Selenium.— 
D. Vidal & G. Blet. (C. R. Acad. Sci., Paris, 
10th Dec. 1958, Vol. 247, No. 23, pp. 
2109-2110.) 

537.311.33: [546.28 + 546.289 2649 
Influence of Deformation on the 

Energy Spectrum and Electrical Pro-

perties of p-Type Germanium and 
p-Type Silicon.—G. E. Pikus & G. L. 
Bir. (Fiz. Tverdogo Tela, Jan. 1959, Vol. 1, 
No. 1, pp. 154-156.) An expression is 
derived for the energy spectrum of a 
deformed crystal. 

537.311.33: 546.28 2650 
Stabilization of Silicon Surfaces by 

Thermally Grown Oxides.—M. M. 
Atalla, E. Tannenbaum & E. J. Scheibner. 
(Bell Syst. tech. J., May 1959, Vol. 38, 
No. 3, pp. 749-783.) A detailed study has 
been made of the stable surfaces obtained 
with the system Si-SiO2. Information is 
given on the thermal oxidation process and 
properties of the oxide, the electronic 
properties of the resulting interface, the 
practical application of the process and 
resulting device characteristics. 

537.311.33 : 546.28 2651 
Diffusion of Phosphorus into Silicon 

under Conditions of Controlled Vapour 
Pressure.—M. J. Coupland. (Proc. phys. 
Soc., 1st April 1959, Vol. 73, No. 472, 
pp. 577-584.) Detailed report of an 
experimental study of the relation between 
surface concentration and ambient vapour 
pressure. See 3518 of 1958. 

537.311.33: 546.28 2652 
Breakdown in Silicon p-n Junctions. 

—J. Shields. (J. Electronics Control, Feb. 
1959, Vol. 6, No. 2, pp. 130-148.) Some 
useful empirical relations for the variation 
of effective ionization coefficients associated 
with the avalanche breakdown phenomena 
in p-n junctions are derived from measure-
ments on Si alloy junctions. 

537.311.33: 546.289 2653 
Large-Scale Preparation of Ultra-

pure Germanium.—J. M. Wilson. (Re-
search, Land., Feb. 1959, Vol. 12, No. 2, 
pp. 47-53.) Chemical and physical purifica-
tion processes are described. 

537.311.33 : 546.289 2654 
Plastic Creep of Germanium Single 

Crystals.—H. G. Van Bueren. (Physica, 
Oct. 1958, Vol. 24, No. 10, pp. 831-837.) 

537.311.33: 546.289 2655 
Deformation Potential in Germanium 

from Optical Absorption Lines for 
Exciton Formation.—W. H. Kleiner & 
L. M. Roth. (Phys. Rev. Lett., 15th April 
1959, Vol. 2, No. 8, pp. 334-336.) A second 
absorption peak observed by Zwerdling et al. 
(Phys. Rev.: to be published) is explained 
by the presence of strain. 

537.311.33: 546.289 2656 
Two Electrical Phenomena on Liquid 

Germanium Surfaces.—A. I. Bennett. 
(Phys. Rev., 1st Feb. 1959, Vol. 113, No. 3, 
pp. 773-774.) The separate phenomena 
described are (a) repulsion of surface scum 
by electric discharge from the molten 
surface to a solid Ge electrode; (b) induction 
of nucleation by an electric field applied to 
the surface of supercooled Ge. 

537.311.33: 546.289 2657 
Conductivity of Grain Boundaries in 

Grown Germanium Bicrystals.—B. 
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Reed, O. A. Weinreich & H. F. Mataré. 
(Phys. Rev., 15th Jan. 1959, Vol. 113, No. 
2, pp. 454-456.) Grain-boundary con-
duction has been studied as a function of 
doping. Resistivities of about 3 000-11 000 
il/square were found for various samples 
and the behaviour shows only a small 
temperature dependence from 2°K to 300°K. 
This suggests that grain-boundary behaviour 
is not due to the segregation of impurities at 
the boundary. 

537.311.33: 546.289 2658 
Effect of Minority Impurities on 

Impurity Conduction in p-Type Ger-
manium.—H. Fritzsche & K. Lark-
Horovitz. (Phys. Rev., 15th Feb. 1959, Vol. 
113, No. 4, pp. 999-1001.) Two different 
processes for impurity conduction at low 
and high impurity concentrations could be 
distinguished by observing the change of 
resistivity resulting from a change in the 
degree of compensation in the temperature 
range of impurity conduction (as for n-type 
Ge). 

537.311.33: 546.289 2659 
Optical Constants of Germanium in 

the Region 1 to 10 eV.—H. R. Philipp & 
E. A. Taft. (Phys. Rev., 15th Feb. 1959, 
Vol. 113, No. 4, pp. 1002-1005.) 

537.311.33: 546.289: 535.215: 538.63 2660 
The Influence of Fast Holes on the 

Photoelectromagnetic Effect in Ger-
manium.—A. K. Walton & T. S. Moss. 
(Proc. phys. Soc., 1st April 1959, Vol. 73, 
No. 472, pp. 692-694.) Results of measure-
ments of the short-circuit photoelectro-
magnetic current are consistent with the 
existence of 2% of fast holes which have six 
times the normal mobility. 

537.311.33: 546.289: 538.569.4 2661 
Electron Spin Resonance in Nickel-

Doped Germanium.—G. W. Ludwig & 
H. H. Woodbury. (Phys. Rev., 15th Feb. 1959, 
Vol. 113, No. 4, pp. 1014-1018.) Electron 
spin resonance absorption, proportional in 
intensity to the Ni- concentration, has been 
detected at 14 kMc/s. 

537.311.33: 546.289: 538.63 2662 
Analysis of Phonon-Drag Thermo-

magnetic Effects in n-Type Ger-
manium: Part 2.—C. Herring, T. H. 
Geballe & J. E. Kunzler. (Bell Syst. tech. J., 
May 1959, Vol. 38, No. 3, pp. 657-747.) 
Observations reported in Part 1 (3885 of 
1958) have been accounted for quantitatively 
by theory, and yield information on phonon-
phonon scattering, transport and deforma-
tion-potential theories and surface effects. 

537.311.33: 546.289: 538.632 2663 
Measurement of Dependence of the 

Hall Effect in n-Type Ge on Pressure 
up to 10 000 kg/cm2.—A. I. Likhter & T. S. 
D'yakonova. (Fiz. Tverdogo Tela, Jan. 1959, 
Vol. 1, No. 1, pp. 95-103.) 

537.311.33: 546.289: 539.16 2664 
Energy Levels in Irradiated Ger-

manium.—E. I. Blount. (Phys. Rev., 15th 
Feb. 1959, Vol. 113, No. 4, pp. 995-998.) 

537.311.33 : 546.289 : 621.314.7 2665 
A Self-Limiting Electrolytic Etching 

Method for the Manufacture of Thin 
Base Layers of n-Type Germanium.— 
E. Fróschle. (Telefunken-Rekre, Sept. 1958, 
No. 35, pp. 63-76.) In the method described 
a negatively biased rectifying contact is 
placed on the rear of the wafer to be etched, 
and etching will cease when the barrier 
layer has been reached. Mirror-like 
surfaces of diameter 50-250µ and thickness 
2.5-25 u have been obtained. 

537.311.33 : 54.6.682.19 2666 
Some Effects of Copper as an Im-

purity in Indium Arsenide.—C. Hilsum. 
(Proc. phys. Soc., 1st April 1959, Vol. 73, 
No. 472, pp. 685-686.) Room-temperature 
annealing, and doping with Cu, are found 
to give similar effects on heat-treated InAs. 

537.311.33 : 546.73.86 2667 
Alloying of the Semiconductor Com-

pound CoSb3.—L. D. Dudkin & N. Kh. 
Abrikosov. (Fiz. Tverdogo Tela, Jan. 1959, 
Vol. 1, No. 1, pp. 142-151.) The effect of 
13 different elements on the thermoelectric 
and thermal properties of CoSb8 is investi-
gated. Impurity atoms of Ni and Te act as 
donors, Sn as an acceptor; Fe lowers the 
thermal conductivity of the lattice. 

537.311.33 : 546.786-31 2668 
Electrical Conduction in Crystals 

and Ceramics of W03.—S. Sawada & 
G. C. Danielson. (Phys. Rev., 1st Feb. 1959, 
Vol. 113, No. 3, pp. 803-805.) Experi-
mental measurements of resistivity up to 
1 000°K are described and discussed. Hall 
measurements near room temperature gave 
reasonable results for carrier density and 
mobility. 

537.311.33: [546.812.231+ 546.289.231 2669 
Anomalous Behaviour in the Hall 

Coefficients of the Semiconducting 
Compounds SnSe and GeSe.—S. Asanabo 
& A. Okazaki. (Proc. phys. Soc., 1st May 
1959, Vol. 73, No. 473, pp. 824-827.) 
During thermal cycles, anomalous variations 
were observed in the resistivity and Hall 
coefficient but not in their ratio. Possible 
explanations are suggested. 

537.311.33: 546.873.241 2670 
Some Adiabatic and Isothermal 

Effects in Bismuth Telluride.—W. 
Williams. (Proc. phys. Soc., 1st May 1959, 
Vol. 73, No. 473, pp. 739-744.) Isothermal 
and quasi-adiabatic Hall and Nernst 
coefficients were measured on n- and ft-type 
Bi2Te8 at temperatures from 100°K to 
450°K. With the magnetic field in two 
orthogonal directions, the difference between 
the two Hall coefficients showed the 
expected temperature variation, but the 
Nernst coefficients did not. 

537.311.33 : 621.317.3 2671 
Determination of the Surface Con-

ductivity of Semiconducting Crystals 
by the 'Wedge' Method.—R. N. Rubin-
shtein & V. I. Fistul'. (Dokl. Ak. Nauk 
S.S.S.R., 21st March 1959, Vol. 125, No. 3, 
pp. 542-545.) The specific resistance of the 
crystal is measured by two probes which are 
moved along the surface of a Ge sample cut 
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in the shape of a wedge of angle < 7°. 
By measuring the gradient of the potential 
along the specimen, the surface and volume 
conductivity are calculated by means of 
formulae derived. Experimental results are 
given for inhomogeneous and homogeneous 
Ge samples before and after etching with 
H202. 

537.312 : 537.531 2672 
'Conductivity induced by Radiation 

in Polycrystalline Cadmium Sulphide 
and Polyethylene.—C. G. Clayton, B. C. 
Haywood & J. F. Fowler. (Nature, Load., 
18th April 1959, Vol. 183, No. 4668, pp. 
1112-1113.) 

538.22 2673 
Low-Temperature Electrical and 

Magnetic Behaviour of Dilute Alloys: 
Mn in Cu and Co in Cu.—I. S. Jacobs & 
R. W. Schmitt. (Phys. Rev., 15th Jan. 1959, 
Vol. 113, No. 2, pp. 459-463.) 

538.22: 538.569.4 2674 
Magnetic Absorption in the Spin 

System of Some Paramagnetic Salts at 
about 1 325 Mc/s.—H. Hadders, P. R. 
Locher & C. J. Gorter. (Physica, Oct. 1958, 
Vol. 24, No. 10, pp. 839-847.) A description 
primarily of the apparatus and resonant 
cavity method of measurement of absorption 
and dispersion, and of relating absorption 
to susceptibility. Results are given of 
measurements made at 20 • 4°K of absorption 
as a function of a parallel and of a per-
pendicular static magnetic field. It is 
suggested that in parallel fields the absorp-
tion connected with the nondiagonal 
elements of the magnetic moment plays a 
dominating role. See also 1834 of 1957 
(Smits et al.). 

538.22 : 538.632 2675 
Change of Sign of the Hall Constant 

when Atoms in an Alloy assume an 
Ordered Arrangement.—A. P. Komar, 
N. V. Volkenshteln 8t G. V. Fedorov. (Dokl. 
Ak. Nauk S.S.S.R., 21st March 1959, Vol. 
125, No. 3, pp. 530-531.) Brief investigation 
of the variation of the Hall coefficient in 
Ni8Mn alloy in the temperature range 
296°-4• 2°K. 

538.221 2676 
Measurement of the Boundary Layer 

Width between Domains in Ferro-
magnetics.—L. V. Kirenskii & V. V. 
Veter. (Dokl. Ak. Nauk S.S.S.R., 21st March 
1959, Vol. 125, No. 3, pp. 526-529.) A 
description of a method for the measurement 
of boundary layers of ferromagnetics con-
taining 3% Si. The results show that the 
width of the layer in single crystals is not 
fixed. Values of 089v and 0 • 64 u were 
obtained on two different samples. 

538.221 2677 
On the Influence of the Demagnetizing 

Field on Domain Structure.—J. Kocifaki. 
(Acta phys. polon., 1958, Vol. 17, No. 5, pp,„, 
283-294.) A discrepancy between experi-
mental results and NéePs theory of domain 
structure for a crystal rod of Fe can be partly 
explained by the influence of the demagnet-
izing field acting near the end of the rod. 
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538.221 2678 
Temperature Dependence of Spon-

taneous Magnetization in Small Ferro-
magnetic Particles.—E. Kneller. (Z. 
Phys., 16th Oct. 1958, Vol. 152, No. 5, pp. 
574-585.) An investigation of the spon-
taneous magnetization of a super-para-
magnetic alloy with ferromagnetic particles 
of average diameter 23 A, in the temper-
ature range 0•38-O- 93 0, where O is the 
Curie point. Results are discussed with 
reference to previous measurements. 

538.221 2679 
On the Ferromagnetic Phase in 

Manganese - Aluminium System. — H. 
Kt5no. (J. phys. Soc. Japan, Dec. 1958, 
Vol. 13, No. 12, pp. 1444-1451.) A metallo-
graphical investigation of the Mn-Al 
system in the composition range 47 %-60 % 
Mn is described. The conditions necessary 
for formation, structure and stability, and 
the thermal and magnetic properties of a 
metastable tetragonal ferromagnetic phase 
are discussed. 

538.221 : 538.632 2680 
On the Hall Effect at the Curie 

Point.—N. S. Akulov & A. V. Cheremush-
kina. (Zh. eksp. teor. Fit., Aug. 1958, Vol. 35, 
No. 2(8), pp. 518-519.) Brief description of 
an investigation carried out on Fe-Al alloys 
between -200 and + 500 °C. Results are 
shown graphically. 

538.221: 538.632 2681 
Anomalously High Hall Effect in the 

Chromium - Tellurium Ferromagnetic 
K. Kikoin, E. M. Buryak 

Yu. A. Muromkin. (Dokl. Ak. Nauk S.S.S.R., 
1 1 th April 1959, Vol. 125, No. 5, pp. 1011-
1014.) Examination of galvanomagmetic 
effects in ferromagnetic alloys with non-
ferromagnetic constituents. A 50 % Cr-Te 
alloy showed a very large Hall coefficient. 

538.221: 539.23 2682 
Thin Magnetic Films.—R. S. Webley. 

(Nature, Lond., 4th April 1959, Vol. 183, 
No. 4666, pp. 999-1000.) A description of 
apparatus for monitoring the low-frequency 
hysteresis loop both during deposition of the 
film and afterwards. Experiments indicate 
that the variation in coercivity during 
formation is influenced very strongly by 
secondary effects such as the nature of the 
substratum. 

538.221 : 539.23 2683 
Dependence of Geometric Magnetic 

Anisotropy in Thin Iron Films.—T. G. 
Knorr & R. W. Hoffman. (Phys. Rev., 151h 
Feb. 1959, Vol. 113, No. 4, pp. 1039-1046.) 
Results indicate that the magnetic anisotrcpy 
results from a fibre axis structure which 
develops during deposition. 

538.221 : 621.317.411.029.63 2684 
Internal Ferromagnetic Resonance 

in Nickel.—J. C. Anderson & B. Donovan. 
(Proc. phys. Soc., 1st April 1959, Vol. 73, 
No. 472, pp. 593-599.) The internal 
resonance revealed by measurements of the 
complex permeability of polycrystalline and 
colloidal Ni has been investigated over the 
temperature range 5°-100 °C. 

A 130 

538.221 : 621.318.124 2685 
An Anomaly in the Characteristics of 

the Magnetic Properties of Ba Ferrite 
as a Function of Final Sintering Tem-
perature.—G. Heimke. (Naturwissen-
schaften, June 1958, Vol. 45, No. 11, pp. 
260-261.) Anomalies in the density, 
magnetic saturation and remanence were 
observed in specimens containing CaO.Si02 
sintered at 1150° and 1180 °C. 

538.221 : 621.318.134 2686 
Reversing Ferrite Temperature Co-

efficients.—A. B. Przedpelski. (Electronic 
Ind., Nov. 1958, Vol. 17, No. 11, pp. 74-76.) 
The results are given of an investigation of 
the influence of a d.c. magnetic field on the 
temperature coefficient of permeability of 
ferrite and yttrium garnet materials. As 
flux density is increased, the temperature 
coefficient in each case is found to change 
polarity and increase negatively until 
saturation of the material is approached. 

538.221 : 621.318.134 2687 
Crystal-Oriented Ferroxplana.—A. J. 

Stuijts & H. P. J. Wijn. (Philips tech. Rev., 
10th Feb. 1958, Vol. 19, No. 7/8, pp. 209-
217.) Methods for aligning crystals are 
described and the subsequent magnetic 
properties are discussed. The permeability 
of some specimens is increased by a factor 
of 2.5-3 and the limiting frequency is 
about 08 times that of unaligned specimens. 
See also 1202 q of 1958 ( Jonker et al.) 
and 1802 of 1958 (Braun). 

538.221 : 621.318.134 2688 
On the Solubility of MgO in Magne-

sium Ferrite.—L. C. F. Blackman. 
(Trans. Faraday Soc., March 1959, Vol. 55, 
Part 3, pp. 391-398.) 

538.221 : 621.318.134 2689 
Resonance Measurements on Nickel-

Cobalt Ferrites as a Function of 
Temperature and on Nickel Ferrite-
Aluminates.—J. E. Pippin & C. L. 
Hogan. (Trans. Inst. Radio Engrs, Jan. 
1958, Vol. MTT-6, No. 1, pp. 77-82. 
Abstract, Proc. Inst. Radio Engrs, April 1958, 
Vol. 46, No. 4, p. 804.) 

538.221 : 621.318.134 2690 
Ferrimagnetic Resonance in Some 

Polycrystalline Rare-Earth Garnets.— 
G. P. Rodrigue, J. E. Pippin, W. P. Wolf & 
C. L. Hogan. (Trans. Inst. Radio Engrs, 
Jan. 1958, Vol. MTT-6, No. 1, pp. 83-91. 
Abstract, Proc. Inst. Radio Engrs, April 1958, 
Vol. 46, No. 4, pp. 804-805.) 

538.222: 538.569.4 2691 
Millimetre-Wave Paramagnetic 

Resonance Spectrum of 6S-State Im-
purity (Fe+++) in MgW04.—M. Peter. 
(Phys. Rev., 1st Feb. 1959, Vol. 113, No. 3, 
pp. 801-803.) Experimental determination 
of the spectrum and its description by a 
spin Hamiltonian containing only second-
order terms. 

538.632 2692 
Hall-Effect Devices.--W. J. Grubbs. 

(Bell Syst. tech. J., May 1959, Vol. 38, 
No. 3, pp. 853-876.) A general survey of 
operation of 18 devices. 

539.23: 546.86 2693 
Electrical and Magnetic Properties 

of Thin Films of Antimony.—A. Colom-
bani, C. Vautier & P. Huet. (C. R. Acad. 
Sci., Paris, 24th Nov. 1958, Vol. 247, No. 21, 
pp. 1838-1841.) Results are given of 
resistivity, Hall effect and magnetoresistance 
measurements on vapour-deposited films 
of thickness 100-2 500 A. 

621.315.61 : 678.84 2694 
Selection Guide for Silicone Dielec-

trics.—C. G. Currin. (Electronics, 
10th April 1959, Vol. 32, No. 15, pp. 64-65.) 
Dielectric and mechanical properties and 
the average life of silicone insulating 
materials are tabulated. 

MATHEMATICS 

517.63: 517.522 2695 
The Application of the Laplace 

Transformation for the Summation of 
Weakly Convergent Series.-0. Hey-
mann. (Arch. elekt. übertragung, July 1958, 
Vol. 12, No. 7, pp. 326-330.) 

517.94: 621.372.8 2696 
Asymptotic Behaviour of the Charac-

teristic Functions of the Equation 
Au ± k2u = 0 with Boundary Conditions 
along Equidistant Curves and the Scat-
tering of Electromagnetic Waves in a 
Waveguide.—V. P. Maslov. (Dokl. Ak. 
Nauk S.S.S.R., 1st Dec. 1958, Vol. 123, No. 
4, pp. 631-633.) 

517.94: 621.374.43 2697 
Some Properties of Mathieu and 

Related Functions exemplified by the 
Regenerative Modulation Process.— 
Jungfer. (See 2509.) 

MEASUREMENTS AND TEST GEAR 

531.76: 534.22-8: 621.374.5 2698 
The Measurement of the Time Delay 

of Ultrasonic Delay Lines.—J. Sears. 
(J. Brit. Instn Radio Engrs, April 1959, 
Vol. 19, No. 4, pp. 237-244.) "A method 
of determining the delay of wide-band 
ultrasonic delay lines to an accuracy of 
better than O. 1 microseconds is described. 
Alternative methods are discussed." 

621.3.011.4 (083.74) 2699 
Determination of the Unit of Capaci-

tance.—A. F. Dunn. (Ganad. J. Phys., 
Jan. 1959, Vol. 37, No. 1, pp. 35-46.) 
The absolute unit of capacitance has been 
determined to an accuracy within ± 
0 0025 % using laboratory-maintained fre-
quency and resistance units and a modified 
Wien-bridge measuring circuit. 
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621.3.018.41 (083.74) 2700 
Canadian Standard of Frequency.-

S. N. Kahn, C. F. Pattenson & M. M. 
Thomson. (Canad. J. Phys., Jan. 1959, 
Vol. 37, No. 1, pp. 10-18.) Three labora-
tories each with 100-kcis Essen ring type 
crystal oscillators jointly compose the 
standard of frequency, intercomparison 
being made over telephone lines. Results 
indicate a frequency stability within about 
2 parts in 1010 over short and long periods. 

621.3.018.41 (083.74) 2701 
Canadian Caesium-Beam Standard 

of Frequency.-S. N. Kalra, R. Bailey & 
H. Dawns. (Nature, Lond., 28th Feb. 1959, 
Vol. 183, No. 4661, pp. 575-576.) The 
equipment is similar in principle to that 
described by Essen & Parry (204 of 1958) 
but differs in the methods of synthesis and 
measurement of frequency and in the 
detailed design of the atomic-beam 
apparatus. 

621.317.34: 621.372.2 2702 
The Evaluation of Quadripole and 

Material Measurements with the 
Logarithmic Transmission-Line Chart. 
-K. Jost & G. Schiefer. (Arch. elekt. 
übertragung, July 1958, Vol. 12, No. 7, pp. 
295-300.) The method described facilitates 
the numerical evaluation of the permeability 
and dielectric constants of materials from 
high-frequency measurements using a slotted 
coaxial line. Logarithmic charts are given 
with curves of constant voltage s.w.r. and 
constant node displacement. 

621.317.34.029.64: 621.317.755 2703 
A Microwave Reflectometer Display 

System.-G. M. Clark & R. D. Rookes: 
J. C. Dix 8z M. Sherry. (Electronic Engng, 
May 1959, Vol. 31, No. 375, pp. 300-301.) 
Comment on 1308 of April and authors' 
reply. 

621.317.4: 621.385.833 2704 
Method of Measurement of the 

Induction and its Derivatives on the 
Axis of Magnetic Electron Lenses.-P. 
Durandeau, B. Fagot & M. Laudet. (C. R. 
Acad. Sci., Paris, 22nd Dec. 1958, Vol. 247, 
No. 25, pp. 2316-2318.) Application of a 
method proposed by Laudet ( 1560 of 1957). 
Accuracy depends on the precision of 
measurement of the flux, whatever the 
diameter of the search coil. 

621.317.7: 621.314.7 2705 
Accurate Measurement of Transistor 

Cut-Off Frequency.- Y. Tarui. (Elec-
tronic Engng, May 1959, Vol. 31, No. 375, 
pp. 284-287.) Equipment is described for 
measurement of current gain, a, of trans-
istors in the frequency range 1-20 Mc/s. 
The absolute value and phase of a can be 
measured to within 1.5 %. A rapid deter-
mination of a cut-off frequency is possible. 

621.317.7: 621.373.43 2706 
Calibrated Source of Millimicro-

second Pulses.-E. J. Martin, Jr. (Elec-
tronics, 17th April 1959, Vol. 32, No. 16, pp. 
56-57.) A simple generator using a coaxial 
discharge line. 

621.317.715 : 621.375.13 2707 
Galvanometer Feedback Systems.-

J. A. Sirs. (J. sci. Instrum., May 1959, 
Vol. 36, No. 5, pp. 223-227.) "The 
principles of applying feedback to a 
galvanometer, after optical and electronic 
amplification, are discussed. In particular, 
the galvanometer performance is examined 
when proportional, differential, compound 
and selective feedback systems are used. The 
latter method is compared with mechanical 
and series-capacitor tuning of the galvano-
meter response." 

621.317.729.1: 621.3.032.269.1 2708 
Investigation of Planar Electron Guns 

with a Rheographic Tank by the 
Method of Current Injection.-J. 
Bonnerot. (C. R. Acad. Sri., Paris, 24th Nov. 
1958, Vol. 247, No. 21, pp. 1824-1826.) A 
note on the method of simulating space-
charge effects by means of current-injecting 
probes in an electrolyte tank. 

621.317.737 2709 
An Instrument for the Measurement 

of the Q-Factor of Inductances by the 
Method of Complex Compensation.-
W. Wisch. (NachrTech., May 1958, Vol. 8, 
No. 5, pp. 214-220.) The equipment 
described covers the frequency range 
100 cis-40 kc/s for inductances from about 
I mH to 10 H with a resistive component 
between 0.1 û and 5 kn. 

621.317.74: 621.373.43 2710 
Pulse and Square-Wave Generators. 

-(Electronic Radio Engr, June 1959, Vol. 36, 
No. 6, pp. 211-219.) A review of circuits, 
special features, and performance limits of 
commercial instruments. 

621.317.742.029.64 2711 
An Automatic Standing-Wave 

Indicator for the 3-cm Waveband.-E. 
Laverick & J. Welsh. (J. Brit. Instn Radio 
Engrs, April 1959, Vol. 19, No. 4, pp. 253-
262.) The instrument is based on the 
rotary type of indicator, the mechanical 
rotation of the detector being replaced by a 
ferrite polarization-rotating section and a 
fixed detector. Voltage s.w.r. or reflection 
coefficient is indicated directly on a meter. 
The errors of the instrument and its applica-
tions are discussed. 

621.317.75 2712 
Frequency Analyser uses Two Refer-

ence Signals.-T. B. Fryer. (Electronics, 
1st May 1959, Vol. 32, No. 18, pp. 56-57.) 
Circuit details are given of an instrument 
which can be used from sub-audio up to 
radio frequencies. A wide range of filter 
bandwidths is available. 

621.317.755 2713 
Low-Voltage Oscilloscope Tubes.-

F. de Boer & W. F. Nienhuis. (Philips tech. 
Rev., 30th Nov. 1957, Vol. 19, No. 5, pp. 
159-164.) An account of the development 
of two tubes requiring an anode voltage of 
400 V. 

621.317.794 2714 
Radiation Measurements at Radio 

Frequencies: a Survey of Current 
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Techniques.-W. A. Cumming. (Proc. 
Inst. Radio Engrs, May 1959, Vol. 47, No. 5, 
Part 1, pp. 705-735.) A general survey of 
measuring techniques in diffraction, scatter-
ing, transmission and reflection, current 
distribution, aperture fields, radiation 
patterns and gain. 129 references. 

OTHER APPLICATIONS OF 
RADIO AND ELECTRONICS 

551.508.8: 629.19: 621.398 2715 
Tracking Earth's Weather with 

Cloud-Cover Satellites.-R. Hanel, R. A. 
Stampfl, J. Cressey, J. Licht 8t E. Rich, Jr. 
(Electronics, 1st May 1959, Vol. 32, No. 18, 
pp. 44-49.) A description of the instru-
mentation of a satellite which scans the 
cloud cover and transmits pictures to the 
ground. See Convention Rec. Inst. Radio Engrs, 
1958, Vol. 6, Part 5, pp. 136-141 (Hand 
& Stampfl). 

621.365.5: 621.387 2716 
A Method of Producing Eddy-Current 

Heating.-R. J. Armstrong. (J. sci. 
Instrum., May 1959, Vol. 36, No. 5, pp. 
246-247.) A circuit is described which uses 
two gas-filled triodes to generate trains of 
damped oscillations. In the particular case 
considered about 1 kW is generated at 
about 1 Mc/s and there are fifteen oscilla-
tions in each train. 

621.38/.39 : 656.2 2717 
Electronics in the Railway Industry. 

-B. K. Cooper. (Elect. Rev., Loud., 20th 
Feb. 1959, Vol. 164, No. 8, pp. 335-339.) 
Signalling and traffic control applications of 
radar, television and automatic computers 
are discussed. 

621.384.613 2718 
On the Electron Capture Mechanism 

and Limiting Current in Betatrons.-
A. N. Matveev. (Zh. eksp. teor. Fie., Aug. 
1958, Vol. 35, No. 2(8), pp. 372-380.) In 
this investigation account is taken of the 
Coulomb interaction of electrons in the 
beam and of the electron losses on the walls 
of the vacuum chamber. A formula is 
derived for the limiting current which is also 
applicable to relativistic electron energies. 

621.384.622.2 .2719 
22-MeV Electron Linear Accelerator. 

-N. A. Austin & S. C. Fultz. (Rev. sci. 
Instrum., April 1959, Vol. 30, No. 4, pp. 
284-289.) An accelerator of the travelling-
wave type with a wide range of pulse 
lengths, repetition rates and beam energies. 

621.384.8: 537.4 2720 
Strong-Focusing Ion Source for Mass 

Spectrometers.-C. F. Giese. (Rev. sri. 
Instrum., April 1959, Vol. 30, No. 4, pp. 
260-261.) Starting with an ion beam 
0 • 375 in. square, the lens produces a line 
focus 0. 60 in. long and 0.025 in. wide with 
a half-angle of divergence beyond the cross-
over of 0.034 radians. 
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621.385.833 2721 
Ion Focusing Properties of a Quadru-

pole Lens Pair.-H. A. Enge. (Rev. sci. 
Instrum., April 1959, Vol. 30, No. 4, pp. 
248-251.) The focusing properties of 
quadrupole lens pair have been studied, and 
the results of thick-lens calculations are 
presented in the form of graphs showing the 
field-strength parameters and magnifications 
as functions of object and image distances. 

621.398: 621.396.934: 621.317.7 2722 
Canaveral Test Range: Timing-

Signal Transmission.-R. P. Wells. (Bell 
Lab. Rec., March 1959, Vol. 37, No. 3, pp. 
96-99.) The methods used to send range-
timing signals over a single channel of the 
Canaveral-Puerto Rico cable system are 
described. 

PROPAGATION OF WAVES 

621.396.11 2723 
Wave Propagation over an Irregular 

Terrain: Part 3.-K. Furutsu. (J. Racho 
Res. Labs, Japan, Jan. 1959, Vol. 6, No. 23, 
pp. 71-102.) General formulae for field 
strength obtained earlier, are used for 
estimating ridge and precipice effects on 
ground waves. The results are displayed in 
diagrams for practical use. Part 2: 1845 
of 1958. 

621.396.11 2724 
Radio Echoes Observed on Sea Swell 

at the Casablanca Ionospheric Sound-
ing Station.-A. Haubert. (Ann. Glophys., 
July/Sept. 1958, Vol. 14, No. 3, pp. 368-372.) 
At ranges up to 100 km, echoes are observed 
which have a regular period that is inversely 
proportional to the radio frequency. 
Quantitative checks show that these echoes 
probably originate from sea waves; the beat 
frequency is consistent with a Doppler shift 
in the frequency of the reflected wave. See 
also 1237 of 1958 (Okamoto et al.). 

621.396.11 : 551.510.52 2725 
Models of the Atmospheric Radio 

Refractive Index.-B. R. Bean & G. D. 
Thayer. (Proc. Inst. Radio Engrs, May 1959, 
Vol. 47, No. 5, Part 1, pp. 740-755.) 
Improved prediction of refraction effects, 
particularly over long distances and at great 
heights in the atmosphere, is given from the 
value of refractive index at the transmitting 
point by the two models described. 

621.396.11 : 551.510.52 2726 
Airborne Radiometeorological 

Research.-W. S. Ament. (Proc. Inst. Radio 
Engrs, May 1959, Vol. 47, No. 5, Part 1, 
pp. 756-761.) A summary of the work of 
the Naval Research Laboratory in radar and 
propagation investigations. 

621.396.11 : 551.510.535 2727 
Investigations of Great-Circle Pro-

pagation between Eastern Australia 
and Western Europe.-H. J. Albrecht. 
(Geofis, pura appl., Sept.-Dec. 1957, Vol. 38, 
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pp. 169-180. In English.) Observations 
made during sunspot minimum in the fre-
quency range 3-30 Mcis are analysed and 
discussed with reference to ionospheric 
predictions. 

621.396.11: 551.510.535 2728 
On the Reflection of Electromagnetic 

Waves in the Ionosphere with Vertical 
Sounding.-P. Szulkin. (Bull. Acad. polon. 
Sc., Sier. Sci. tech., 1959, Vol. 7, No. I, pp. 
65-68. In English.) When the gradient of 
refractive index exceeds a certain value, a 
wave will undergo partial reflection at a 
height below the height of total reflection. 
For a typical case, it is shown that partial 
reflections will only occur at heights less than 
2 km from the height of total reflection. This 
is confirmed by experimental observations. 

621.396.11: 551.510.535 (98) 2729 
The Development of Radio Traffic 

Frequency Prediction Techniques for 
Use at High Latitudes.-0. A. Sandoz, 
E. E. Stevens 8t E. S. Warren. (Proc. Inst. 
Radio Engrs, May 1959, Vol. 47, No. 5, 
Part 1, pp. 681-688.) Some prediction 
techniques are described with particular 
attention to the problem in Northern 
Canada. The use of back-scatter and 
oblique-incidence sounding is discussed. 
50 references. 

621.396.11 : 551.510.535 : 523.78 2730 
Propagation Mechanism of High-

Frequency Waves related to the Annular 
Eclipse of 19th April, 1958.-S. Kanaya 
& K. Ueno. (Rep. Ionosphere Res. Japan, June 
1958, Vol. 12, No. 2, pp. 188-195.) The 
propagation mechanism for distances up to 
3 000 km can be studied by ionospheric 
sounding at the path midpoint and the 
measurement of angle of elevation' at the 
receiving point. 

621.396.11 : 551.510.535 : 551.594.6 2731 
'Whistler Mode' Echoes Remote from 

the Conjugate Point.-R. L. Dowden & 
G. T. Goldstone. (Nature, Lond., 7th Feb. 
1959, Vol. 183, No. 4658, pp. 385-386.) 
Echoes of pulsed signals from Tokyo on a 
frequency of 17.44 kc/s, with delays of 
about 0.2 s, have been detected at Hobart, 
Tasmania, 3 500 km from the geomagnetic 
conjugate point to Tokyo. 

621.396.11 : 551.510.535 : 621.396.812 2732 
Determination of an Absorption 

Index of the Ionosphere from an 
Automatic-Statistical Analysis of Field-
Strength 1R ecordings.-H. Schwentek. 
(Arch. elekt. übertrooung, July 1958, Vol. 12, 
No. 7, pp. 301-308.) Description of a 
method of determining nondeviative iono-
spheric absorption using field - strength 
measurements of c.w. transmissions at 
oblictue incidence. The main transmission 
paths are separated by a statistical analyser. 

621.396.11.029.62: 551.510335 2733 
IGY Observations of F-Layer Scatter 

in the Far East.-R. Bateman, J. W. 
Finney, E. K. Smith, L. H. Tveten & J. M. 
Watts. (J. geophys. Res., April 1959, 
Vol. 64, No. 4, pp. 403-405.) Peculiar 
signal enhancements observed during trans-

missions at 36 to 50 Mc/s between the 
Philippines and Okinawa appear to repre-
sent F-layer scatter. These signals are 
observed nightly for periods of several hours 
during the months of September and 
October. Pulse tests indicate F-layer 
heights for these signals. Considerable pulse 
broadening is observed and the signals 
generally arrive from somewhat off the great 
circle path. 

621.396.11.029.64 2734 
Microwave Propagation over the 

Sea Beyond the Line of Sight.-K. 
Nishikori, A. Takahira & H. Inc. (J. Radio 
Res. Labs, Japan, Jan. 1959, Vol. 6, No. 23, 
pp. 57-70.) Measurements were taken for 
3 years of the meteorological conditions over 
a 200-km path and from them refractive 
indices were calculated. These measure-
ments were used to produce duct-shaped 
distributions. Using ray tracing methods 
and Fresnel expressions for reflection and 
penetration of ducts, quantitative values of 
attenuation and fading of microwave pro-
pagation over the same path were calculated; 
these agreed with the actual measured 
values. 

621.396.11.029.45: 551.510.535 2735 
Diurnal Change of Ionospheric 

Heights Deduced from Phase Velocity 
Measurements at V.L.F.-J. R. Wait. 
(Proc. Inst. Radio Engrs, May 1959, Vol. 47, 
No. 5, Part 1, p. 998.) The phase stability 
of 16-kc/s waves propagated over long 
distances [see e.g. 2524 of 1958 (Crombie 
et al.)] is deduced from waveguide-mode 
theory. 

621.396.11.029.45: 621.396.93 2736 
V.L.F. Propagation Measurements 

for the Radux - Omega Navigation 
System.-C. J. Casselman, D. P. Heritage 
& M. L. Tibbals. (Proc. Inst. Radio Engrs, 
May 1959, Vol. 47, No. 5, Part 1, pp. 829-
839.) Measurements of the phase stability 
of 10-18-kcis transmissions over a 4 200-km 
path are reported. 

621.396.81.029.62 2737 
Some Characteristics of Persistent 

V.H.F. Radio-Wave Field Strengths Far 
Beyond the Radio Horizon.-L. A. 
Ames, E. J. Martin & T. F. Rogers. (Proc. 
Inst. Radio Engrs, May 1959, Vol. 47, No. 5, 
Part 1, pp. 769-777.) Ground and air 
measurements have been made at 220 Mc/s 
up to distances 700 miles beyond the horizon 
and at altitudes up to 40 000 ft. Depend-
ence on 'angular distance' and the effect of 
tropospheric layers are discussed and 
prediction curves are presented. Weak fields 
measured beyond 800 miles are believed to 
be caused by ionospheric propagation. 
Airborne measurements on ionospheric 
scattering at 50 Mc/s up to I 700 miles are 
also reported. 

621.396.11.029.63 2738 
Phase Front Fluctuations of Ten-

Centimetre Radio Waves Propagated 
over a Sea Surface.-A. V. Men', S. Ya. 
Braude & V. I. Gorbach. (Dokl. Ak. Nauk 
S.S.S.R., 1 1 th April 1959, Vol. 125, No. 5, 
pp. 1019-1022.) A description of an 
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experimental investigation of the propaga-
tion of vertically polarized waves over a 
range of 33 km. The phase fluctuations 
were measured in the range 0.01-100 cis 
during the periods July-September (summer-
autumn) and October-December (autumn-
winter). Results indicate that with a few 
rare exceptions the fluctuations obeyed a 
normal-distribution law. 

621.396.81.029.62: 551.510.535: 523.78 2739 
Signal Intensity of Ionospheric For-

ward Scatter at V.H.F. during the 
Annular Eclipse of 19th April 1958.-
(Rep. Ionosphere Res. Japan, June 1958, 
Vol. 12, No. 2, pp. 196-197.) No significant 
variation either in continuous wave signal 
strength or in the pattern of received 
pulses could be associated with the solar 
eclipse. 

621.396.812.029.62 2740 
A Year's Field-Strength Measure-

ments in the V.H.F. Band at Kolberg 
near Berlin.-U. Kühn. (Geofis. plow appl., 
Sept.-Dec. 1957, Vol. 38, pp. 157-168. In 
German, with English summary.) The 
results of measurements made in the fre-
quency range 88-100 Mc/s are correlated 
with temperature, air pressure and air mass, 
and with the length of the propagation path. 
On the average the lowest field strengths 
were observed in June and December. 

RECEPTION 

621.396.621 : 621.396.666 2741 
Investigations on Diversity Reception 

by the Aerial Selection Method.-R. 
Heidester & K. Vogt. (Nachrichtentech. Z., 
June 1958, Vol. II, No. 6, pp. 315-319.) 
Receiver switching methods are compared 
with an aerial switching method. Equipment 
for aerial diversity reception using transistors 
is described and operational results obtained 
with it are discussed. 

621.396.666: 621.396.62: 621.314.7 2742 
A Diode Circuit for Automatic 

Volume Control in Transistor Re-
ceivers.-R. Cantz. ( Telefunken-Rtihre, Sept. 
1958, No. 35, pp. 31-42.) Difficulties 
experienced in a.v.c. for transistor receivers 
can be overcome by using a crystal diode in 
parallel with the transistor input stage. To 
reduce the d.c. consumption a transistor can 
be used in place of the diode. 

621.396 .822 2743 
Measurement of Atmospheric Noise. 

-B. B. Ghosh & S. N. Mitra. (J. Inst. 
Telecommun. Engrs, India, Dec. 1958, Vol. 5, 
No. 1, pp. 2-16.) Measurements were made 
in India at four frequencies in the h.f. range 
by both objective and subjective methods. 
Data are given for more than two years. 
Comparison between the two methods 
indicates that a protection of 40 dB against 
noise is required for satisfactory broadcast 
reception 90 % of the time. 

STATIONS 
AND COMMUNICATION SYSTEMS 

621.39: 358.236 2744 
Progress and Problems in U.S. 

Army Communications.-R. E. Lacy. 
(Proc. Inst. Radio Engrs, May 1959, Vol. 47, 
No. 5, Part 1, pp. 650-660.) Radio equip-
ment, transmission, multiplexing, switching 
and data processing are discussed. 

621.391 2745 
Probability of Error for Optimal 

Codes in a Gaussian Channel.-C. E. 
Shannon. (Bell Syst. tech. J., May 1959, 
Vol. 38, No. 3, pp. 611-656.) "A study is 
made of coding and decoding systems for a 
continuous channel with an additive 
gaussian noise and subject to an average 
power limitation at the transmitter. Upper 
and lower bounds are found for the error 
probability in decoding with optimal codes 
and decoding systems. These bounds are 
close together for signalling rates near 
channel capacity and also for signalling rates 
near zero, but diverge between. Curves 
exhibiting these bounds are given." 

621.391 2746 
The Reliability of Binary Trans-

missions for Various Types of Modula-
tion.-H. J. Held. (Nachrichtentech. Z., June 
1958, Vol. 11, No. 6, pp. 286-292.) The 
error probability is calculated for the more 
important binary keying systems, and an 
approximation formula of general applic-
ability is given. A comparison is made with 
experimental results. 

621.391 2747 
Note on Binary Decoding.-M. J. E. 

Golay. (Proc. Inst. Radio Engrs, May 1959, 
Vol. 47, No. 5, Part 1, pp. 996-997.) The 
logical basis of decoding techniques is 
discussed in relation to time taken and 
equipment required. 

621.395.44: 621.315.1.052.63 2748 
High - Frequency Transmission on 

High-Voltage Lines.-A. de Quervain. 
(Tech. Mitt. PTT, 1st Sept. 1958, Vol. 36, 
No. 9, pp. 349-354.) The suitability of 
power lines for multichannel carrier tele-
phony is discussed, with particular reference 
to the causes of interference and to the means 
of overcoming major difficulties inherent in 
such systems. 

621.396/.397 (047.1) 2749 
Sound and Television Broadcasting. 

-E. Schwartz. (VDI Z., I lth Feb. 1959, 
Vol. 101, No. 5, pp. 189-191.) A progress 
review for 1958 with 85 references mainly to 
German literature. 

62 I .396.1.029.51 2750 
The Engineering of Communication 

Systems for Low Radio Frequencies.-
J. S. Belrose, W. L. Hatton, C. A. McKerrow 
& R. S. Thain. (Proc. Inst. Radio Engrs, May 
1959, Vol. 47, No. 5, Part 1, pp. 661-680.) 
The factors affecting design of systems in the 
frequency range 80-200 kc/s are reviewed, 
with particular emphasis on propagation, 
aerial design and modulation system. 
Practical examples relating to arctic regions 
are given. 
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621.396.4: 552.510.52 2751 
Tropospheric Scatter System using 

Angle Diversity.-J. H. Vogelman, J. L. 
Ryerson & M. H. Bickelhaupt. (Proc. Inst. 
Radio Engrs, May 1959, Vol. 47, No. 5, 
Part 1, pp. 688-696.) A microwave system 
is proposed using multiple primary feeds to 
each parabolic reflector with one transmitter 
or receiver for each feed. The results of a 
simple experiment show that the wave-angle 
diversity obtained should reduce the 'medium 
to aperture' coupling loss. The method also 
allows higher total transmitter power to be 
used at microwave frequencies. 

621.396.4: 621.376.2 2752 
A Critical Analysis of some Com-

munication Systems Derived from 
Amplitude Modulation.-W. D. Nupp. 
(Proc. Inst. Radio Engrs, May 1959, Vol. 47, 
No. 5, Part 1, pp. 697-704.) A comparison 
is made between s.s.b. suppressed-carrier 
operation and a system of d.s.b. suppressed-
carrier operation, as applied to aeronautical 
mobile services. 

621.396.5 2753 
'Frena', a System of Speech Trans-

mission at High Noise Levels.-F. de 
Jager & J. A. Greefkes. (Philips tech. Rev., 
9th Oct. 1957, Vol. 19, No. 3, pp. 73-83.) 
A nonlinear system in which the frequency 
and amplitude components are transmitted 
in two separate channels. If the amplitude 
component is transmitted as a f.m. signal, 
the necessary minimum signal/noise ratio is 
6 dB. This can be reduced to 4 dB using 
the Trenac' system in which the amplitude 
component is coded. 

621.396.5: 534.76 2754 
Tunable F.M. Multiplex Adapter for 

Stereo.-W. B. Bernard. (Electronics, 10th 
April 1959, Vol. 32, No. 15, pp. 66-67.) 
50-kc/s bandwidth is obtained at 455 kc/s, 
and a heterodyne system eliminates the 
need for filters. Muting is also provided. 

621.396.5: 534.78 2755 
The Effect of Restricted Frequency 

Characteristics on Intelligibility of 
Speech in Radio Telephone Channels.-
A. R. Ravi Vanna & H. D. Krishna Prasad. 
(J. Inst. Telecommun. Engrs, India, Dec. 1958, 
Vol. 5, No. 1, pp. 38-43.) 

621.396.65 2756 
Swedish Norwegian S.H.F. Link.-

(Overseas Engr, March 1959, Vol. 32, No. 375, 
p. 255.) The multichannel radio link being 
installed between Oslo and Karlstad 
(Sweden) operates in the frequency band 
3 8-4• 2 kMc/s and provides 600 telephone 
channels or one high-definition television 
channel. Two two-way paths and one 
reversible one-way path are to be con-
structed. 

SUBSIDIARY APPARATUS 

621.311.69 2757 
The American Miniature Nuclear 

Generator, Snap III.-W. S. Eastwood, 
L. B. Mullett & J. L. Putman. (Nature, 
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Lord., 7th March 1959, Vol. 183, No. 4662, 
pp. 643 614.) A note on a power supply 
system for telemetry apparatus in a space 
rocket. The decay energy of a radioactive 
Po capsule is converted directly to electrical 
energy by means of thermocouples, giving an 
output of 5 W with efficiency 8-10 %. 

621.316.721.078.3: 621.318.381 2758 
: 621.314.7 

A Transistor Stabilized Supply to 
Feed an Electromagnet used for Nuclear 
Resonance Studies.-M. Sauzade. (C. R. 
Acad. Sel., Paris, 12th Jan. 1959, Vol. 248, 
No. 2, pp. 205-207.) A circuit is described 
for a 70-V 15-A supply, with current 
stabilized to 3 parts in 105. 

621.316.722.1 : 621.314.63 2759 
Zener Diodes Stabilize Tube Heater 

Voltages.-P. L. Toback. (Electronic Ind., 
Dec. 1958, Vol. 17, No. 12, pp. 64-66.) 
Typical applications of Zener power diodes 
to the regulation of a.c. and d.c. heater 
supplies are described. 

621.352.7.001.4 2760 
Internal Resistance of Dry Cells.-

(Tech. News Bull. net. Bur. Stand., Feb. 1959, 
Vol. 43, No. 2, pp. 23-25.) A description of 
a simple nondestructive pulse technique for 
investigating the effect of a momentary or 
continuous discharge on internal resistance. 
For a more detailed account see J. electro-
chem. Soc., June 1959, Vol. 106, No. 6, pp. 
471-475. 

TELEVISION 

AND PHOTOTELEGRAPHY 

621.397.5 2761 
Television Study Centre.-M. Boella. 

(Ricerca sci., Jan. 1959, Vol. 29, No. 1, pp. 
25-39.) Report on the research work carried 
out between 1953 and 1957 at the National 
Research Council centre in Turin. 

621.397.61 : 535.623 2762 
An N.T.S.C. Colour Modulator for 

the C.C.I.R. Standard.-F. Jacschke. 
(Arch. elekt. übertragung, June 1958, Vol. 12, 
No. 6, pp. 271-288.) Design problems of 
the equipment are considered, particularly 
that of the conversion of the three mono-
chrome signals supplied by the camera tube 
into the luminance and chrominance com-
ponents. Measurement and control acces-
sories are also discussed. 

621.397.61.004.5 2763 
Television Monitoring Installations. 

-O. Macek. (Frequenz, July 1958, Vol. 12, 
No. 7, pp. 214-223.) A survey of modern 
equipment and monitoring methods, mainly 
as used in Germany. 60 references. 

621.397.62 2764 
A Luminous Frame around the 

Television Screen.-J. J. Balder. (Philips 
tech. Rev., 30th Nov. 1957, Vol. 19, No. 5, 
pp. 156-158.) The results of subjective tests 
are given. 
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621.397.62 2765 
Contrast Filters for Television Sets. 

-R. Suhrmann. (Elektronische Rundschau, 
July 1958, Vol. 12, No. 7, pp. 227-232.) 
Measurements of filter transparency com-
bined with subjective tests on television 
receivers indicate little difference in effective-
ness between grey filters and selective filters 
placed in front of tube screens. 

621.397.62: 621.385.3 2766 
The Pin Triode in the Frequency 

Range of the Television Bands IV and 
V.-Maurer. (See 2796.) 

VALVES AND THERMIONICS 

621.314.63 2767 
The Time-Lag of Germanium Diodes 

and its Effect in Simple Rectifier and 
Limiter Circuits.-W. Heinlein. (Fre-
quenz, May 8t June 1958, Vol. 12, Nos. 5 
& 6, pp. 159-163 & 191-198.) The delay 
effects are investigated for diodes operating 
with sinusoidal voltages, and related to the 
results obtained for pulse operation (see 2907 
of 1958). 

621.314.7 2768 
The H.F. Transistor and its Complex 

Characteristics in the Frequency Range 
0-2 Mc/s.-G. Ledig. (Frequenz, May 8t 
June 1958, Vol. 12, Nos. 5 & 6, pp. 137-148 
& 178-190.) Detailed theoretical treatment 
of n-pole networks by matrix methods. The 
transistor is considered as a three-pole 
network and its parameters and character-
istics are calculated with particular regard 
to its practical application in receivers at 
470 kc/s. Procedure and equipment for 
measuring the complex characteristics are 
described and equivalent circuits of the 
transistor are derived.' 

621.314.7 2769 
Power Transistors.-D. S. Grant, 

R. O. Jones & T. Scott. (Research, Lond., 
Jan. 1959, Vol. 12, No. 1, pp. 21-25.) 
Techniques for increasing emitter efficiency 
and heat dissipation are summarized. 

621.314.7 2770 
The Limits of Validity and the 

Model-Based Derivation of the Equiva-
lent Circuit of Junction Transistors. 
-M. A. Nicolet. (Helv. phys. Acta, 10th 
March 1959, Vol. 32, No. I, pp. 58-77. In 
German.) Parameters of the hybrid-fl 
equivalent circuit ofjunction transistors were 
accurately measured for several types of 
transistor. The results can be interpreted by 
reference to the model of Webster (2798 of 
1954) and Rittner (3390 of 1954) if account 
is taken of three additional effects. A 
modified equivalent circuit is proposed 
which has an extended range of application. 

621.314.7 2771 
Experimental Investigations on the 

Influence and Creation of Lattice 
Defects in Junction Transistors.-E. 
Baldinger, H. Bilger & M. A. Nicolet. 

(Helo. phys. Acta, 10th March 1959, Vol. 32, 
No. 1, pp. 78-88. In German.) Measure-
ments have been made to determine the 
influence of lattice defects in Si and Ge 
transistors. Results are interpreted with 
reference to the theory of Sah et al. (3899 
of 1957). The influence of fast and thermal 
neutron radiation on differential parameters 
and noise of Ge transistors is also investi-
gated. Low-frequency noise appears to be 
mainly due to surface effects. 

621.314.7 2772 
Avalanche Transistors.-R. C. V. 

Macario. (Electronic Engng, May 1959, 
Vol. 31, No. 375, pp. 262-267.) Review of 
characteristics, equivalent circuits and appli-
c nions. 

621.314.7 2773 
The Charge Storage in a Junction 

Transistor during Turn-Off in the 
Active Region.-R. S. C. Cobbold. 
(Electronic Engng, May 1959, Vol. 31, No. 
375, pp. 275-277.) "Through the soluticn 
of the one-dimensional diffusion equation 
for a junction transistor, equations are 
derived for the emitter and collector 
currents that exist under conditions of 
minimum turn-off time. These equations 
are shown to be in fairly good agreement 
with the practical results." 

621.314.7 2774 
Calculation of Transients in Trans-

istors.-A. A. Grinberg. (Fiz. Tverdogo 
Tela, Jan. 1959, Vol. 1, No. 1, pp. 31-43.) 
Calculation of the transient conductivity 
of a transistor with consideration of the 
limiting value of the internal resistance, the 
collector capacitance and the load resist-
ance. 

621.314.7: 517.7 2775 
Jacobians-a New Computational 

Tool.-T. R. Nisbet & W. W. Hopp. 
(Electronic Ind., Nov. 1958, Vol. 17, No. 11, 
pp. 69-71.) tables are given for converting 
transistor parameters for each of the three 
circuit configurations. 

621.314.7: 621.317.7 2776 
Accurate Measurement of Transistor 

Cut-Off Frequency.-Tarui. (See 2705.) 

621.314.7: 621.318.57 2777 
A Storing and Switching Transistor. 

-W. v. Munch & H. Salow. (Nachrichten-
tech. Z., June 1958, Vol. 11, No. 6, pp. 
293-299.) Insertion of a tungsten point into 
the collector of a p-n-p-type transistor during 
the alloying process produces a switching 
transistor with thyratron-like input char-
acteristics. The transistor has a differential 
input impedance of 1 MD in the blocked 
state, and < 10 û in the conducting state. 
See also 3244 of 1956 (Salow & v. Münch). 

621.314.7: 621.318.57 2778 
Transistors for Electronic Switch-

ing.-T. R. Robillard & R. W. Westberg. 
(Bell Lab. Re., March 1959, Vol. 37, No. 3, 
pp. 88-92.) A description of design problems 
in the development of transistors for the new 
electronic telephone switching system. 
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621.314.7: 621.385.4 2779 
Field-Effect Tetrode.—(Electronic Radio 

Engr, June 1959, Vol. 36, No. 6, p. 210.) A 
new four-terminal semiconductor developed 
by Bell Telephone Laboratories which can 
function as a transformer, gyrator, isolator, 
non-distorting modulator, or short-circuit-
stable negative resistance. 

621.314.7.004.15: 629.19 2780 
An Estimate of Transistor Life in 

Satellite Applications.—A. J. Heeger, 
T. R. Nisbet & W. W. Happ. (Proc. Inst. 
Radio Engrs, May 1959, Vol. 47, No. 5, 
Part 1, p. 991.) Transistors used in satellite 
instruments will be affected by the radiation 
bands in the outer atmosphere. Their 
expected life is of the order of 104 hours. 

621.314.7.012.8 2781 
The Junction Transistor as a Network 

Element at Low Frequencies: Part 2— 
Equivalent Circuits and Dependence 
of the h Parameters on Operating 
Point.—J. P. Beijersbergen, M. Beun & J. 
te Winkel. (Philips tech. Rev., 9th Oct. 1957, 
Vol. 19, No. 3, pp. 98-105.) Part 1: 1719 
of May. 

621.314.7.029.3 2782 
Low Frequencies Vary T-Parameters. 

—G. N. Kambouris. (Electronic Ind., Dec. 
1958, Vol. 17, No. 12, pp. 69-71.) An 
examination of certain al. transistors 
indicates that, due to feedback, their 
characteristic impedances are not constant 
above 50 c/s. Measurements of equivalent 
T-parameters should therefore be made at 
frequencies at which the feedback impedance 
can be neglected. 

621.383.2: 535.371.07 2783 
Image Converters and Image Intensi-

fiers for Military and Scientific Use.— 
M. W. Klein. (Proc. Inst. Radio Engrs, 
May 1959, Vol. 47, No. 5, Part 1, pp. 
904-909.) 

621.385.029.6 2784 
Microwave Power Tubes—a Survey. 

—(Electronic Ind., Nov. 1958, Vol. 17, No. 
11, pp. 103-131.) The survey includes 
characteristics of different types of valve, 
listed under the manufacturer's name, and 
a glossary of microwave terms and abbrevia-
tions. 

621.385.029.6 2785 
The Multigap Klystron, a Generator 

of Short Electromagnetic Waves.— 
R. Hechtel. (Telefunken-R6hre, Sept. 1958, 
No. 35, pp. 5-30.) Theoretical investigation 
of the characteristics of a new type of 
klystron in which the drift tube has a 
number of cylindrical gaps. A comparison 
with the reflex klystron shows the advantages 
of this valve with regard to bandwidth and 
efficiency. 

621.385.029.6 2786 
Surface Waves in Electron Beams in 

the Presence of a Magnetic Field.—G. 
Mourier. (C. R. Acad. Sri., Paris, 1st Dec. 
1958, Vol. 247, No. 22, pp. 1978-1980.) 
A study of electron velocities in a beam of 
finite thickness, using a dynamic model. 

621.385.029.6 2787 
An Experimental C.W. Power 

Travelling-Wave Tube.—M. O. Bryant, 
J. F. Gittins & F. Wray. (J. Electronics 
Control, Feb. 1959, Vol. 6, No. 2, pp. 113-
129.) Design, performance and con-
structional methods are detailed. Power 
output is about 1 kW at X-band frequencies 
with gain up to 22 dB. Bandwidth at fixed 
beam voltage is about 1.5%. With varying 
beam voltage a 6% range of frequencies is 
covered. The slow-wave structure is of the 
clover-leaf type. Ferrite isolators in the feed 
waveguides ensure stability. 

621.385.029.6: 061.3 2788 
International Convention on Micro-

wave Valves.—(Proc. Instn elect. Engrs, 
Part B, 1958, Vol. 105, Supplement No. 10, 
pp. 401-608.) The text is given of the 
following papers which were among those 
read at the I.E.E. Convention held in 
London 19th-23rd May 1958. 

Travelling-Wave Tubes—I: 

(a) Design of a 100-mW Helix Travelling-
Wave Amplifier at 50 Gc/s.—W. E. Daniel-
son, H. L. McDowell & E. D. Reed (pp. 
405-408). 

(b) Experimental Medium-Power High-
Gain Travelling-Wave Tubes of Very 
Short Structure, with Permanent-Magnet 
Focusing, for the 4- and 6-Gc/s Bands.— 
W. Klein & H. Neufischer (pp. 408-411). 

(c) An Application of the Spatial-Har-
monic Wave on a Large-Diameter Helix.— 
J. Koyama (pp. 412-414). 
Discussion (pp. 415-418). 
Magnetrons: 

(d) A New Design of High-Power S-Band 
Magnetron.—H. A. H. Boot, H. Foster & 
S. A. Self (pp. 419-425). 

(e) A 200-kW 80-Watt Q-Band Mag-
netron.—R. Zwobada (pp. 426-428). 

(f) An Investigation into the Factors 
Affecting the Life of Magnetrons.—F. C. 
Thompson (pp. 429-430). 

(g) The Theory of Circular Magnetrons 
with Uniformly Rotating Space Charge.— 
R. Dtmsmuir (pp. 431-439). 

(h) A 3.8 mm-Wavelength Pulsed Mag-
netron.—A. J. Monk (pp. 440-442). 

Discussion (pp. 443-445). 
Travelling-Wave Tubes—II: 

(i) Theory of Travelling-Wave Tubes 
using Paralleled Electron Strearns.—C. K. 
Birdsall (p. 445). 

(j) Power Limitations in Helix Travelling-
Wave Tubes and the Application of Fluid 
Cooling.—G. M. Clarke (pp. 446-454). 

(k) An M-Type Pulsed Amplifier.-0. 
Doehler, A. Dubois & D. Maillart (pp. 
454-457). 

(I) A 20-kW Pulsed Travelling-Wave 
Tube.—J. D. Pearson & H. S. Cockroft 
(pp. 458-463). 

(m) Constructional and Design Difficulties 
of Wide-Band High-Power Pulsed Travel-
ling-Wave Tubes in the 10-Gc/s Region.— 
C. H. Dix & R. G. Robertshaw (pp. 
464-467). 

(n) Some Transient Phenomena in 
Microwave Tubes.—A. V. Brown (pp. 
468-474). 

(o) A 4-Gc/i Travelling-Wave Tube for 
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Microwave Radio Links.—P. F. C. Burke 
(pp. 475-479). 

(p) A Package-Type Travelling-Wave 
Amplifier with a New Magnetic Focusing 
System.—M. Kenmoku & S. Yasuda (pp. 
480-484). 

Gas-Discharge Valves and Plasma: See 
2800 below. 

Backward-Wave Oscillators—I (Devices) : 

(q) Frequency Pushing in Crossed-Field 
Oscillators.—R. I. Buick, A. Reddish & 
I. J. Zucker (pp. 525-529). 

(r) Operation Characteristics of the 
Carmatron Tube.-0. Doehler, B. Epsztein 
& J. Arnaud (pp. 529-533). 

(s) Results Obtained on Cross-Field 
Carcinotrons under Pulsed Operation.— 
M. Favre (pp. 533-537). 

(t) Anomalous Behaviour in the M-Type 
Carcinotron.—J. Nalot & R. Visocekas 
(pp. 538-542). 

Discussion (pp. 542-543). 
Grid Control Valves: 

(u) Electrode Spacing in Disc-Seal 
Triodes.—M. R. Gavin, W. Fulop & L. J. 
Herbst (pp. 544-549). 

(e) Advances in the Techniques and 
Applications of Very-High-Power Grid-
Controlled Tubes.—M. V. Hoover (pp. 
550-558). 

(w) Magnetic Coupling by Parallel-Wire 
Grids and Soldered Cross-Lateral Grids in 
Disc-Seal Triodes.—J. Kellerer (pp. 559-
562). 

(x) Measurement of the Active Admit-
tances of a Triode at 4 Gc/s.—M. T. 
Vlaardingerbroek (pp. 563-566). 

(y) A New Method of Making Accurate 
Fine-Wire Grids for Use in Radio Valves. 
A. E. Widdowson, D. C. Gore & C. H. 
Butcher (pp. 567-576). 

(z) Microwave Triodes.—H. Groendijk 
(pp. 577-582). 

(na) A New Method of Measuring the 
Input Admittance of Ultra-High-Frequency 
Triodes.—K. Takashima St T. Misugi (pp. 
583-585). 

Discussion (pp. 585-587). 
Backward-Wave0scillators—II (Theory) : 

(bb) The Magnitude of the Locking-
Signal for Backward-Wave Oscillators.— 
E. A. Ash (pp. 588-593). 

(cc) Interaction of Electromagnetic Waves 
and Electron Beams in Systems with Centri-
fugal-Electrostatic Focusing.—Z. S. Chernov 
(pp. 594-596). 

(dd) A New Crossed-Field Travelling-
Wave Tube, the M-J.—C. C. Johnson 8t 
C. K. Birdsall (p. 597). 

(ce) An Experimental Study of Large-
Signal Behaviour in M-Type Valves in the 
Presence of Space Charge by the Use of an 
Analogue Method.—B. Epsztein (pp. 598-
604). 

(ff) Aspects of M-Type Interaction with 
Particular Reference to the Backward-Wave 
Magnetron Amplifier.—J. W. Klüver (pp. 
605-608). 

621.385.029.6: 537.533: 621.396.822 2789 
Investigations of the Anomalous 

Noise in Magnetically Focused Electron 
Beams.—H. P. Louis. (Tech. Mitt. PTT, 
1st Sept. 1958, Vol. 36, No. 9, pp. 333-
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348.) The excess noise produced by scalloped 
beam amplification in Brillouin-focused 
beams is investigated experimentally. 

621.385.029.65 2790 
BWO uses Ridge-Loaded Ladder 

Circuit.—J. A. Noland & L. D. Cohen. 
(Electronics, 1st May 1959, Vol. 32, No. 18, 
pp. 66..69.) The backward-wave oscillator 
described operates in the frequency range 
60-75 kMcis and uses the ladder circuit 
described by Karp ( 1212 of 1955 and 2647 
of 1957). It was found to be reliable and 
suitable for use with permanent-magnet 
focusing. 

621.385.032.213.13 2791 
Dispenser Cathodes.—(Philips tech. Rev., 

23rd Dec. 1957, Vol. 19, No. 6, pp. 177-
190.) 

Part 1: Introduction.—A. Venema (pp. 
177-179). 

Part 2: The Pressed Cathode.—R. C. 
Hughes & P. P. Coppola (pp. 179-185). 

Part 3: The Impregnated Cathode.— 
R. Levi (pp. 186-190). 

Two types of cathode are described using 
the same principle as, and having similar 
characteristics to the L-cathode [see e.g. 
773 of 1951 (Lenunens et al.)] but having 
the advantage that they can be more readily 
manufactured. 

621.385.032.213.13 2792 
Evaporation of Barium from Cathodes 

Impregnated with Barium-Calcium-
Aluminate.— I. Brodie, R. O. Jenkins & 
W. G. Trodden. (J. Electronics Control, Feb. 
1959, Vol. 6, No. 2, pp. 149-161.) The 
rate of barium formation during the life of 
impregnated cathodes has been shown to 
decay in a manner dependent on the 
thickness and porosity of the tungsten. 

621.385.1.002 2793 
Modern Trends of Construction in 

the Development of Valves.—H. Katz. 
(Nachrichtentech. Z., June 1958, Vol. 11, 
No. 6, pp. 281-285.) Review of structural 
design and electrode and envelope materials 
suitable for operation at high temperatures 
and high frequencies, and capable of 
meeting exacting performance specifications. 

621.385.2.029.6: 621.376.23 2794 
Vacuum-Diode Microwave Detection. 

—N. E. Dye, J. Hessler, Jr, A. J. Knight, 
R. A. Miesch & G. Papp. (Electronics, 24th 
April 1959, Vol. 32, No. 17, p. 110.) Tests 
with specially constructed coaxial diodes 
indicate that noise figures do not compare 
favourably with crystal performance. 

621.385.3: 621.365.5 2795 
The Use of Oscillator Triodes in 

High-Frequency Generators* with Vari-
able Load.—E. G. Dorgelo. (Elektronische 
Rundschau, July 1958, Vol. 12, No. 7, pp. 
241-247.) The performance of triodes 
specially designed for use in r.f. heating 
equipment is discussed. 
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621.385.3: 621.397.62 2796 
The Pin Triode in the Frequency 

Range of the Television Bands IV and 
V.—R. Maurer. (Telefunken-Riihre, Sept. 
1958, No. 35, pp. 43-62.) The limitations 
imposed by lead inductances on the use of 
pin triodes for frequencies in the range 
470-800 Mcis are discussed. Equations are 
derived and evaluated for the triode Type 
PC86, which has been designed for operation 
in this range. 

621.385.3.029.63 2797 
A Transmitting Triode for Fre-

quencies up to 900 Mc/s.—P. J. Papen-
huijzen. (Philips tech. Rev., 16th Oct. 1957, 
Vol. 19, No. 4, pp. 118-128.) Detailed 
description of the construction and char-
acteristics of an air-cooled disk-seal triode 
Type TBL 2/300 which delivers as an 
oscillator a power of 405 W at 470 Mc/s 
and 155 W at 900 Mc/s. 

62 I .385.3.029.64 2798 
A 4 000-Mc/s Wide-Band Amplifier 

using a Disc-Seal Triode.--J. P. M. 
Gieles. (Philips tech. Rev., 30th Nov. 1957, 
Vol. 19, No. 5, pp. 145-156.) Description 
of an amplifier based on a valve Type EC56 
or EC57 with which an output power of 0.5 
or 1.5 W respectively can be obtained, with 
a gain of 8 dB. 

621.385.832.032.9 2799 
Automatic Electrical Welding of 

Cathode-Ray Tubes.—(Engineering, Lond., 
24th Oct. 1958, Vol. 186, No. 4833, pp. 
554-555.) Description of a new mass-
production glass sealing plant incorporating 
many automatic processes which include 
electrical welding to make pressure-tight 
joints between the main glass sections of the 
bulb. 

621.387+ 537.56] : 061.3 2800 
International Convention on Micro-

wave Valves.—(Proc. Instn elect. Engrg, 
Part B. 1958, Vol. 105, Supplement No. 10, 
pp. 485-524.) The text is given of the 
following papers which were among those 
read at the I.E.E. Convention held in 
London, 19th-23rd May 1958. For titles of 
other papers included in Supplement No. 10 
see 2788 above. 

Gas-Discharge Valves and Plasma: 

(a) A New Form of X-Band Pre-T.R. 
Cell.—A. B. Parker (pp. 488-491). 

(b) A Microwave Pulsed Attenuator 
using an R.F.-Excited Discharge.—P. D. 
Lomer & R. M. O'Brien (pp. 500-504). 

(c) Active Microwave Duplexing Sys-
tems.—P. O. Hawkins (pp. 505-507). 

(d) Passive Protection Cells.—P. D. 
Lomer (pp. 508-509). 

(e) A Wide-Band Multi-way Electronic 
Switch for Use at Microwave Frequencies.— 
S. M. Hamberger (pp. 510-515). 

(f) Electromechanical Modes in Plasma 
Waveguides.—R. W. Gould & A. W. 
Trivelpiece (pp. 516-519). 

(g) One - Dimensional Nonstationary 
Flow in a Plasma.—G. Kalman (p. 520). 

Discussion (pp. 521-524). 

MISCELLANEOUS 

061.3 : 621.3 2801 
Highlights of '59 I.R.E. Show.—J. M. 

Carroll, W. E. Bushor & S. Weber. (Elec-
tronics, 1st May 1959, Vol. 32, No. 18, pp. 
39-43.) Description of some of the develop-
ments reported in papers read at the I.R.E. 
National Convention, New York 1959, 
including guidance of land vehicles by 
radar, microwave computers, plans for 
tracking space ships, inertial navigation, and 
microwave measurements on semicon-
ductors. For the Convention program and 
summaries of papers, see Proc. Ina. Radio 
Engrs, March 1959, Vol. 47, No. 3, pp. 
456-489. 

061.4: 621.396.6 2802 
Radio Components Show.—( Wireless 

World, May 1959, Vol. 65, No. 5, pp. 211-
218.) Detailed review of components and 
accessories at the R.E.C.M.F. Exhibition 
held in London, 6th-9th April 1959. 

621.3 : 623.8 2803 
Some Representative Electronic Sub-

system Development Problems in Naval 
Ordnance.—E. H. Beach, M. J. Parker, 
P. Yaffee & R. B. Knowles. (Proc. Inst. 
Radio Engrs, May 1959, Vol. 47, No. 5, 
Part 1, pp. 929-945.) Design problems are 
discussed for equipment required for under-
water and missile-carried ordnance, for 
field-system evaluation and test sets. , 

621.38.004.15 2804 
Numerical Approach to Electronic 

Reliability.—J. J. Naresky. (Proc. Inst. 
Radio Engrs, May 1959, Vol. 47, No. 5, 
Part 1, pp. 946-956.) A description of 
progress made at Rome Air Development 
Centre, N.Y., in obtaining maximum 
reliability in electronic equipment. 

621.38.004.15: 061.3 2805 
American Electronics Reliability 

Symposium.—R. Brewer. (Brit. Commun. 
Electronics, March 1959, Vol. 6, No. 3, p. 
197.) A brief report of the Fifth National 
Symposium on Reliability and Quality 
Control in Electronics held in Philadelphia, 
Pa, January 1959. 

621.38.004.6 2806 
Predicting the Reliability of Complex 

Electronic Equipment.—A. G. Field. 
(Trans. Soc. Instrum. Technol., March 1959, 
Vol. 11, No. 1, pp. 18-23.) The reliability 
is calculated on the basis of a constant 
component failure rate. The effects of 
ambient conditions on failure rate are 
discussed. 

629.19: 621.396 2807 
The Challenge of Space.—H. A. 

Manoogian. (Electronics, 24th April 1959, 
Vol. 32, No. 17, pp. 65-80.) Includes a short 
description of possible systems of communica-
tion, ,navigation and guidance for inter-
planetary flight. 
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The L.F. SIGNAL GENERATOR . . 

Type SG.811 

NETT PRICE IN U.K. 

£85 

*eau« 

Five features of this 

outstanding instrument 

1 Wide frequency range 

15/cs to 200 kc/s 

2 . • • Output impedance 

600 ohms balanced 
600 ohms unbalanced 

300 ohms unbalanced 

3 . • • Attenuator balanced or unbalanced 

range 70dB in ldB steps 

4 • • Maximum output 

1 watt into 600 ohms 

5 • • • Output calibrated in volts and dB 

—in brief 

Audio Signal Generation 

at its best 

by 

The "Advance" type SG 81 is a wide range, low frequency, Signal 
Generator incorporating an excellent attenuator that can be used 
in the balanced or unbalanced condition and provides outstanding 
facilities to the audio engineer. 

We should be pleased to send a copy of our Leaflet R52 to you, 
or arrange a personal demonstration, at your request. 

COMPONENTS LIMITED 

INSTRUMENTS DIVISION 

ROEBUCK ROAD • HAINAULT • ILFORD • ESSEX TELEPHONE: HAINAULT 4444 
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/eIDC 0 L  
(Regc1.7?acla Mark) 

Soldering Instruments 
and Equipment 

Comprehensive 
Range of Models 

P.V.C. Cable Strippers 

Solder Dipping Pots 

Supplied in 

ALL VOLT RANGES 

A PRODUCT 

FOR 

PRODUCTION 

RADIO, TV 

RADAR 

ELECTRONICS 

TELECOMMUNICATIONS 

ETC. 

(Illustrated) 

Protective Shield 

List No. 68 

-13a? Detachable 
Bit Model 

List No. 64 

Traditional British Quality and Workmanship 

ADCOLA PRODUCTS LIMITED 
Head Office, Sales and Service: 

GAUDEN ROAD, CLAPHAM HIGH STREET 

LONDON, S.W.4 Telephones MACAULAY 3101 & 4272 

16 

/W derail/St 1 

SPel'iti 1 r pose 

or ate f 
eke i drill 0011 

eleetrooie 

Sizes 5, 6", G.P.O. Square Nose 

Sidecutting. 

No. 21114 
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No. 21122 
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Type TF 1330 

* D.C. to 15 Mc's pass band 

* 50 mV,cm sensitivity 

* .02 µsec cm writing speed 

* 10 kV e.h.t. for bright 
clear trace 

* Direct-reading time and 
voltage calibration 
independent of 
X-expansion or Y-gain 

BRIEF SPECIFICATION 

Y Amplifier BANDWIDTH: D.C. to 15 M C/S. RISE 
TIME: 0.025 ;MC. SENSITIVITY :- Seven ranges, 50 
mV/cm to 50 VIM. AMPLITUDE MEASUREMENT: 
2% accuracy. INPUT: Two switched coaxial inlets. 
Impedance: 1 MG, 30 ktp.F. Optional probe: 10 
M11, 7 1111F. DISTORTIONLESS SIGNAL DELAY: 
0.25 kisec. 
X Amplifier BANDWIDTH: D.C. to 2 MC/S. EX• 
PANSION : Up to at least x 5. EXTERNAL INPUT: 
D.C. coupled; 4 MD, 25 BO. 
Sweep Generator SWEEP VELOCITY : 15 ranges, 0.1 
usec!cm to 1 sec/cm at minimum expansion. TIME 
MEASUREMENT: 2 accuracy. TRIGGER SELECTION: 
A.C. coupled, D.C. coupled, TV field sync, 
or Automatic. 
General "rum : 5 inch, spiral accelerator. POWER 
SUPPLY: 200-250 and 100-150 V. WEIGHT : 48 lb. 
PRICE (complete) : £300, F.O.B. U.K. port. 

Please send for leaflet V 154. 

MARCONI 
INSTRUMENTS AM & FM SIGNAL ŒNERATORS • AUDIO & VIDEO OSCILLATORS 

FREQUENCY METERS • VOLTMETERS • POWER METERS 

DISTORTION METERS • FIELD STRENGTH METERS 

TRANSMISSION MONITORS • DEVIATION METERS 

OSOLLOSCOPES, SPECTRUM & RESPONSE ANALYSERS 

Q METERS & BRIDGES 

Please address enquiries to MARCONI INSTRUMENTS LTD. at your nearest office: 

: London and the South: M,dlands: North 
Marconi House, Strand, London, W.C.2 Marconi House, 24 The Parade, Leamington Soa 23/25 Station Square, Harrogate 

Telephone: COVent Garden 1234 Telephone: 1408 Telephone: 67455 
Export Department: Marconi Instruments Ltd., St. Albans, Herts. Telephone: St. Albans 56161 

TC 154 
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Waveguide admittance 

determined 

in 20 seconds 

with the 

Automatic Admittance Plotter 

For laboratory or production testing 

Available for 6%, 8% or 12% of X-band 

Accurate, easily- read display on a ' Smith' chart 

Easy to operate 

Associated Electrical Industries supply a range of first-class test 

equipment for X-band and S- band, for rectangular waveguides 

and concentric lines 

For further information and technical data please write 

for publication G11028. 

ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 
ELECTRONIC APPARATUS DIVISION BLACKBIRD ROAD, LEICESTER, ENGLAND 

A5381 
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The Long and the Short 

FLEXIBLE AND TWISTABLE WAVEGUIDES 

GABRIEL MANUFACTURING CO. LTD. 
Newton Road, Torquay, Devon. Telephone: Kingskerswell 3333 

MEMBER OF THE TECALEMIT GROUP OF COMPANIES 

and the 12-feet tall 

For Microwaves 

Yes—the newest recruit to the wAvEFLEr 
range of flexible waveguides is a WG 16 guide 
12 feet in length, specially produced to meet a 
customer's requirements. 

These guides are produced under exacting 
scrutiny and tested to rigorous Government 
specifications. Losses due to attenuation and 
Standing Wave Ratio are well within the 
limits set. They are entirely suitable for use in 
pressurised systems, remain stable when bent or 
twisted, and are unaffected by extremes of 
temperature. Power handling characteristics 
are excellent, and performance covers a broad 
band. "Type approval" has been given by the 

Royal Radar Establishment and by the 
Admiralty. 

VVaveflex Pexible Waveguides 
are of three types 
Non-twistable 

Flexible in the E and H planes. 

Twistable 

Twistable about the longitudinal axis, as well 
as being flexible in the E and H planes, 
and the new 

Premoulded Twisted 

Flexible in E and H planes with a built-in 

longitudinal 'twist' which relieves strain on 
end flanges. 

Standard lengths range from 14" to 36". All 
guides can be supplied with any standard type 
of flange, or special flanges made to your design. 
The many short (under 6") guides are 
particularly useful as malalignment units and 
mechanical decouplers. 

Wherever wave transmission involves 
directional change or vibration, and 
movement will be encountered, WAVEFLEX 
Flexible Waveguides offer the complete 
solution. Present production embraces WG 10, 
WG 10a, WG 15 and WG 16 but planned extensions 
to other bands are already under way. 
Enquiries are particularly invited for the 
twistable, the premoulded twisted 
and the new twistable WG 22 Waveguides, 

Write now for full technical details. 
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Volume I. Fundamentals, Camera Tubes, Television Optics. 

Volume II. Video-Frequency Amplification. 

Volume Ill. Waveform Generation. 

Volume IV. General Circuit Techniques. 

Television Engineering 
principles and practice By S. W. Amos, B.Sc. (Hons.), A.M.I.E.E., and D. C. Birkinshaw, M.B.E., M.A., M.I.E.E. 

FROM 

LEADING between them. The fourth and final volume covers such subjects as counter circuits, frequency dividers 

This t itsheaircop merpforrcihneannsciveeatwtohrekeoxntretihneesfuonfdtahmeepnatsaslbsaonfdt.elevvoisluiomnethlleIogryiveasndthperaapcptilcieeawttrointteinn television 
fot,the instruction of BBC Engineering Staff. 

Volume I, written with the collaboration of J. L. Bliss, AMIEE, covers basic theory of the signal, modern 

camera tubes, theory of light, mirrors and lenses as applied to television, and electron optics. Volume II 

describes the fundamental principles of video-frequency amplifiers and examines the factors which 

of sinusoidal, rectangular, sawtooth and parabolic waves and shows the mathematical relationship 

principles and circuitry of d.c. restorer and d.c. clamping, gamma control amplifiers, delay lines, fixed 

BOOKSELLERS  and variable equalisers, electrical characteristics of scanning coils, field and line output stages, shunt-

regulated amplifier. 

Volume I. 35s. net. By post 36s. 2c1. 

Iliffe & Sons Ltd. • Dorset House Volume II. 35s. net. By post 36s. 2d. 
Volume Ill. 30s. net. By post 31s. Volume IV. 35s. net. By post 36s. 2d. 

Stamford Street • London, S.E.I 

AUTOMAZ 
RECTIFIERS • 

TRANSFORMERS • D. C. EQUIPMENT 

PROTOTYPE RECTIFIERS 

481irs. SERVICE! 

(Ppeeiccity desiyeted to yyzez 
Send now for your free copy of Technical Bulletin 58/1 

AUTOMAT MOORSIDE ROAD SWINTON MANCHESTER 

TEL SWINTON 4242/4 
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wire wound reigtom 
by 

Itectrothermal 
WRITE FOR CATALOGUE No. A/330 

ELECTROTHERMAL ENGINEERING LTD., 270 NEVILLE ROAD, LONDON, E.7. 

Telephone: GRA 9911 Telegrams: Electrotop, London 
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Converting & Measuring Frequency 

This lI1Ec instrument extends 

the range of your Frequency 

Measuring Equipment . . . 
The Airmec Standard Frequency Changer Type 203 accepts 

unmodulated signals within the range 30 c/s to 31 Mc/s. Signals 
below 1.1 Mc/s are passed through the instrument with some 
amplification, whilst signals between 1.1 and 31 Mc/s -are converted 
to a frequency between 30 c/s and 1.1 Mc/s for operating an 
electronic counter. The frequency of the output signal is entirely 

dependent upon the frequency of the input signal and the 1 Mc/s 
standard signal. No frequency errors are introduced in the 
Frequency Changer. 

SPECIFICATION 
Frequency Ranges: 
Input Signal Amplitude: 
Input Impedance: 
Output Signal Amplitude: 
Output Impedance: 
Standard I Mc/s Input: 

30 c/s-31 Mc/s 
150 mV to 3V RMS 
1000 ohms in parallel with 40 pF 
1.5 to 2.3V RMS 
200 ohms 
300 mV to 5V RMS required. 

IMMEDIATE DELIVERY 

Airmou 

22 

FREQUENCY 
MEASUREMENT 

AIRMEC LIMITED • HIGH WYCOMBE • BUCKS 

Telephone: High Wycombe 2060 

AK-pot (up to 250 kS2) 

with top-plate removed showing 

BUILT-IN CLUTCH-ACTUATOR 

Wiper brushes on track only when 

energised. Illustration shows 

size 31 Radar-type. Write for details 

and data on other pots, servo-motors 

and electromagnetic clutches. 

KYNMORE ENGINEERING COMPANY LTD. 
19 BUCKINGHAM STREET, LONDON, W.C.2 

Telephone: TRAfolgar 2371 (3 lines) 

WORLD'S MOST VERSATILE COMPUTER FOR SALE 
Owing to reorganisation of Government Department, we can offer for 
sale the world renowned Ferranti, Manchester Mark l Star Electronic 
Digital Universal Computer. 
Brief technical data as follows: 
Magnetic Drum Store with a capacity of 16,384 40-bit Nos, or com-

binations thereof. 
Cathode Ray Store 768 20-bit Nos, or combinations thereof. 
Full complement of Tape editing equipment for Input and Output, using 

Standard punched paper tape. 
Complete set Circuit and logical Diagrams and all instructional data. 
Exceptional comprehensive range. Spare Valves and Ancillary Equip-
ment included. 

History: Purchased six years ago by M.O.S. from Messrs. Ferranti. 
Plant is in excellent condition and has had regular servicing. 

COST . . . £ 100,000 (approx.). NOW ON OFFER AT AN 
EXTREMELY ATTRACTIVE PRICE OF . . . £5,000 

Further technical data on request: 

Messrs. Davidsons Eneineers (Mier) Limited, 
Irkdale Street, Smedley Road, Telephone: 

Cheetlsam Hill, Manchester, 8. COL 1610 

SHORT-WAVE RADIO 
& THE IONOSPHERE 
By T. W. BENNINGTON, Engineering Division, BBC 

Long-distance communication by means of short waves is 
dependent on the state of ionosphere, which changes during the 
day and at different seasons of the year. This book explains simply 
the reasons for these changes and shows how they influence the 
choice of wavelength for signalling between different points of the 
earth's surface. Published for the " Wireless World". 

5i- 138 pp. 2nd Edition lOs 6d net By post I Is 4d 

Obtainable from leading booksellers or by post from 
The Publishing Dept., Iliffe & Sons Limited 

Dorset House, Stamford Street, London, SEI 
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NAÇARI7 
OSCILLOSCOPES are different 
in that they provide facilities not otherwise available. By specializing in 

TRULY TWO CHANNEL CROs involving careful design, first class manu-

facture and testing to a high standard of accuracy, we have now available two 

models incorporating many improvements. 

MODEL DT103 (illustrated here) data sheet No. 4590 

LOW FREQUENCY D.C. to f50 Kc/s 
(-3dB) 
HIGH SENSITIVITY-200 uVlcm 
maximum 
DIFFERENTIAL INPUT AND HIGH 
DISCRIMINATION in the two equal 
Y amplifiers 
EQUAL X-Y DISPLAYS 
WIDE RANGE LINEAR TIME BASE 
calibrated within 2% 
SWEEP TIMES-20 secs to 200 usecs 
per 10cm. 

Model DE103C data sheet No. 3590 

WIDE BAND—D.C. to 15 Mc/s (-3dB) 
or 21 Mc/s (-6dB) 

RISE TI ME--0.024 Asecs and no overshoot 

LINEAR TWO CHANNEL TIME 
BASE calibrated within 2% and giving 
a minimum sweep time of 0.06 msec/cm 

SWEEP EXPANSION x 5 switchable 
to either or both channels 
TRIGGERING—sensitive and versatile 
BEAM BRIGHTENING AND 
MODULATION facilities 
INDEPENDENT X SHIFTS displaying 
phase differences and giving exceptional 
facilities for comparison of two 
concurrent or related events. 
CRT SCREEN-5 inches diameter, 
small spot size and freedom from 
geometrical errors in the display 

NO INTERACTION between channels— 
independent X shifts 
TRULY SINGLE STROKE triggering 
on both channels 
Y AMPLIFIERS similar in each channel 
and provided with 
VOLTAGE MEASURING facilities 
equally accurate on D.C. or A.C. 

THE ABOVE COMBINATIONS OF FEATURES ARE EXCLUSIVE TO NAGARD CROs 
AND TO THE DISCRIMINATING USER THEY OFFER FACILITIES FOR THE DISPLAY 
AND MEASUREMENT OF A WIDE RANGE OF PHENOMENA TO HIGHLY 
ACCURATE STANDARDS 

NAGARD LIMITED • 18 AVENUE ROAD • BELMONT • 

You can get the right Remplog 
. . 

for every soldering job 
Whatever the job, there's a Remploy iron to do 
it quicker, better, and with greater economy of 
heat. Lightweight, perfectly balanced, each iron is 
thoroughly tested and guaranteed. 

• Light shows when iron is on. 

• Ideal for Radio and Electronic work. 

• Will help to speed up your production. 

• A wonderful and profitable 

line for retailers. 

65 watt 
model with stan-

dard bit retail price 28/6 

125 watt model with stan-
dard bit retail price 47/6 
(not illustrated) 

REPAIR SERVICE—a firs: class service is now 

available for the repair and modernisation as far 

as possible of all earlier NAGARD instruments. 

SURREY. VIGILANT 9161-2 

25 watt 
model with 
standard bit 

retail price 
22/6 

electric iron 

The 
irons 
with 

#0 the 
safety 
light old" 
in the 
handle 

Voltages 200/220 v. 230/250 v. 

All-irons complete with 6ft. of 3 core flexible cable. 

Ask your usual supplier for sample (generous trade 

or users discount) and literature or write to: 

REMPLOY LIMITED, Electrical Appliances Division, 

Oxgate Lane, Cricklewood. Gladstone 8020 
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OPPORTUNITIES 
for 

ELECTRONIC ENGINEERS 
in the activities of our 

NEW SYSTEMS ENGINEERING GROUP 
This new Group, established as a separate facility at Hatfield, has as its objective 
the analysis of problems, and the design of systems that promote the 
ADVANCEMENT of AUTOMATION in all Branches of Industry. 
We require Engineers to become members of a new team being established to study 
the applications of automation. They should have had several years' experience 
of electronic development, some of which should have been concerned with 
transistor techniques. These posts give ample scope for engineers to extend their 
knowledge of electronics applied to automatic control systems. 

Attractive salaries will be paid to men of the right calibre. 
We will be pleased to hear from men, who, given the opportunity, consider that 
they could make a real contribution to the success of this enterprise. 
Replies, which will be treated in confidence, should be addressed to: 

MR. T. R. LAMB (Ref. 536) 

DE HAVILLAND PROPELLERS LIMITED, HATFIELD, HERTS. 

Digital Data Processing 
The SHAPE Air Defense Technical Center has a few 

vacancies in the field of high-speed digital data processing. 

Applications are invited from suitably qualified 

persons with interest in one or more of the following 

fields: 

Digital computation. 

High-speed analog-digital conversion. 

Computer input and output devices. 

Transistor and magnetic-core techniques, 

applied to computers. 

Cathode-ray tube displays. 

The basic salaries will be based on the European average 

for corresponding background and experience. Successful 

applicants from foreign countries will benefit by a number 

of privileges including a foreign allowance of the order of 

70% of the basic salary, and reimbursement of the cost of 

moving their families and household effects to The Hague 

and back to their country of origin on termination of 

contract. The total income is tax free in the Netherlands. 

Applications, containing detailed information on 

training and past experience, should be sent as soon as 

possible to: 

The Director, 

SADTC, P.O. Box 174, The Hague, Netherlands. 

eir,Hiliminviiiiiiiiiiiiiumilluillimilivisitilliominummulliniiiminuminimminimin --;-_-
-..._- THE WORLD'S GREATEST BOOKSHOP -e 

Z 
--- ----. E-  -.- . . --- . . --. 

IF II> FOR. BOOK- S4 
E FAMED &- CENTRE FOR 

• Technical Books L. 
i A bookshop such as bookloyers dream of. 

-1--  
There is no oiher bookshop, anywhere, to corn- k--
pare with Foyles. , — A Customer's Letter. E e 

I-- 119-125 CHARING CROSS ROAD, LONDON, WC2 -2 _ 
---±-- GERrard 5660 (20 lines) Open 9-6 (including Saturdays) 
_--_, Two minires from Tottenham Court Road Station 

-.111111111111H11111111111t111111111111111111111111111MMI11111111111111111111111111111111111110111111111111111111111111111111111111111111111111111111111111111MMe 

A.I.D. Approved 

TRANSFORM.iRS of all types up to 25 KVAr or Single or Three 
Phase operation, Phase conversion, etc. 

MAINS Output and Special Purpose Transformers for 
Radio Equipment, Chokes, etc. 

COILS 'or Contactors, E.M. Brakes, Air Valves, etc., 
and coil WINDINGS for all purposes. 

SOLEN1IDS or A.G. and D.C. Operation. 

W. F. PARSONAGE E C° LTD 
INDUCT A WORKS 

PARK RD BLOXWICH WALSALL 
TELEPHONE BLOX 76464 
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CLASSIFIED ADVERTISEMENTS 
ELECTRONIC & 

RADIO ENGINEER 

Advertisement Rates. 6d. per word, minimum charge 6/-, each paragraph charged 
separately. Remittances payable to Bile ee Sons Ltd., Dorset House, Stamford St., S.E.1. 
Series discount of 15% is allowed for 12 consecutive insertions. 

Boa Numbers are available at an additional charge of 2/- to defray cost of registration 
and postage. Replies should be addressed Box No. 0000, do `Electronic ed Radio 
Engineer", Dorset House, Stamford Street, London, S.E.1. 

Semi-Display advertisements with centralized lines £1/15/- per single column inch—no 
additional charge for Box Numbers. The Publishers are not responsible for clerical or printers' 
errors although every care is taken to avoid mistakes. 

SITUATIONS VACANT SITUATIONS VACANT BOOKS, ETC. 

ENGINEER OR SENIOR SCIENTIFIC 
OFFICER 

REQUIRED BY THE 

ATOMIC WEAPONS RESEARCH 
ESTABLISHMENT 

ALDERMASTON, BEAKS 

TO take charge of a small section responsible for 
the design of V.H.F. and U.H.F. oscillators and 
modulators for F.M. and pulse radio telemetry 
systems and the theoretical assessment of new 
systems. The circuit work requires the applica-
tion of miniature, sub-miniature and rugged elec-
tronic techniques. The system assessment requires 
an appreciation of noise and propagation 
phenomena and an awareness of the inherent 
reliability of various circuits and components. 
THE post will be graded according to the quali-
fications and experience of the succ.=ful candi-
date. Qualifications required are: 

ENGINEER 

A recognized engineering apprenticeship, or 
equivalent training, and Corporate Membership 
of a Senior Engineering Institution; 

SENIOR SCIENTIFIC OFFICER 

1st or 2nd Class Honours Degree. 
EXPERIENCE of the design and development of 
miniature and rugged electronic equipment is very 
desirable. 
SALARY: Engineer, £1,345/£1,800; Senior Scienti-
fic Officer, £1,260/£1,475. 
CONTRIBUTORY Superannuation Scheme. A 
house or substantial assistance with house pur-
chase will become available for married officers 
living beyond daily travelling distance. 
POSTCARDS for application forms to the Senior 
Recruitment Officer at above address. Please 
quote ref. 2389/46. [1344 

D.S.I.R. NEW ZEALAND 

DOMINION PHYSICAL LABORATORY 

Senior Principal Scientific Officer 

Vacancy 424 

SALARY up to £1,860 a year according to quali-
fications and experience. 
DUTIES: To take charge of the Electrical 
Division of the Dominion Physical Laboratory, 
including the very flourishing Auroral Station 
at Invercargill, which co-ordinates the auroral 
programme at Scott Base. Other subjects are 
V.L.F. propagation, Whisters, Forward Scatter, 
Acoustics, Electric Standard and the encourage-
ment of local industry. Staff includes 12 pro-
fessional and 33 technical officers and technicians. 
SEA passages to New Zealand for appointees 
and their families will be arranged and paid for 
by the Department. In additional an allowance 
will be made towards the cost of transporting 
light personal effects. 
INQUIRIES, mentioning this publication and 
quoting Reference No. B11/21/14, should be 
addressed to the High Commissioner for New 
Zealand, 415 Strand, London, W.C.2. Com-
pleted applications to be lodged in London not 
later than October 14. 1959. [1343 

ELECTRO-ENCEPHALOGRAPHY 
RECORDIST, GRADE I 

APPLICATIONS are invited from experienced 
technicians. The department also serves other 
hospitals in the district and a new research unit 
for neuro-surgery which opens shortly. Whitley 
Council salary scales and conditions apply. Apply, 
giving qualifications, experience, and quote two 
referees to Medical Superintendent, Parkside 
Hospital, Macclesfield. [1242 

VACANCIES exist in a Government Establish-
ment in North Buckinghamshire for Scientific and 
Experimental stall as follows: 
PRINCIPAL Scientific Officer with experience in 
sonic and ultra-sonic work. 
PRINCIPAL Scientific Officer with experience in 
radar system designs and engineering. 
SENIOR Scientific Officer with general knowledge 
of H.F., V.H.F. and U.H.F. communications 
and general electronic experience. 
APPLICANTS should possess an Honours Degree 
in Physics or Engineering, or show evidence of 
equivalent qualifications. 
GRADING according to qualification and experi-
ence. 
SALARY: Principal Scientific Officer, £1,420 
rising to £2,020; Senior Scientific Officer, £1,166 
rising to £1,380. 
EXPERIMENTAL Officers with some experience 
of radio and electronic engineering. 
- APPLICANTS should possess a pass Degree, 
Higher National Certificate or C & G Final Certi-
ficate or show evidence of equivalent qualifica-
tions. 
ASSISTANT Experimental Officers. 
APPLICANTS should possess Higher School 
Certificate or G.C.E. Advanced level in five 
subjects or equivalent. 
SALARY: Experimental Officer, £954 rising to 
£1,166; Assistant Experimental Officer, £382 at age 
18 rising to £830. 
CANDIDATES must be British subjects or citizens 
of the Irish Republic born within the Common-
wealth or in the Irish Republic of parents born 
within those territories. 
WRITE giving age, qualifications and experience 
to Box 4763. [1345 

AGENTS WANTED 

REPRESENTATIVES wanted for correspondence 
abroad, high earnings, written instructions. 
Write Fortuna Publishing Co. Vienna 1/8, 
Postfach 49. [1324 

FINANCIAL 

HIRE Purchase and Rental. Finance available 
for Radio and Electrical Equipment, Television, 
etc. D. Everard Ltd., 62 Oxford Street, London, 
W.I. Tel.: Museum 0811. [1346 

BOOKS, ETC. 

"ADVANCED Theory of Waveguides." By L. 
Lcwin. Sets out various methods of treating prob-
lems arising in work on this complex subject. 
The author has selected for discussion a number 
of topics as representative of the field in which 
the centimetere-wave engineer is engaged, many 
of the examples being concerned with the rect-
angular waveguide. 30s. net from all booksellers. 
By post 31s. from Iliffe & Sons, Ltd., Dorset 
House, Stamford Street. London, S.E.1. 

"LAPLACE Transforms for Electrical Engineers." 
By B. J. Starkey, Dipl.Ing., A.M.I.E.E. A 
presentation of the theory of the Laplace trans-
formation in which a physical vocabulary rather 
than a purely mathematical one is used as far as 
possible in an attempt to attain' the utmost simpli-
city. This method of analysis has become of 
increasing importance to electrical engineers in 
many fields during recent years, and the work is 
designed to provide a thorough treatment of the 
subject in a language with which they will be 
familiar. 30s. net from all booksellers. By post 
31s. 2d. from the publishers: Iliffe & Sons, Ltd., 
Dorset House, Stamford Street, London, S.E.I. 
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"RADIO Interference Suppression: As Applied 
to Radio and Television Reception." By G. L. 
Stephens, A.M.I.E.E. 2nd Ed. An up-to-date 
guide to the various methods of suppressing elec-
trical interference with radio and television recep-
tion. Many practical applications are given, 
particular attention being paid to the problem 
of interference at television frequencies. Other 
chapters deal with the design and choice of 
suppressor components, methods of locating the 
source of interference, and suppression at the 
receiver itself. 10s. 6d. net from all booksellers. 
By post Ils. 2d. from Hide & Sons, Ltd., Dorset 
House, Stamford Street, London, S..1. 

"TELEVISION Explained." By W. E. Miller, 
M.A.(Cantab), M.Brit.I.R.E. Revised by E. A. W. 
Spreadbury, M.Brit.I.R.E. The sixth edition of a 
book which assumes a knowledge of the ordinary 
sound radio receiver but no previous knowledge 
of television circuits. It is non-mathematical, 
written in simple language, and comprehensively 
illustrated by many diagrams and photographs. 
It will prove of great assistance to all students 
uf television, to radio service engineers who wish 
to embark upon television work and want to 
understand the principles and circuits involved, 
and to knowledgeable owners of television 
receivers who would like to understand the work-
ing of their set. 12s. 6d. net from all booksellers. 
By post 13s. 5d. from life & Sons, Ltd.. Dorset 
House, Stamford Street, London, S.E.I. 

"BASIC Mathematics for Radio and Electronics." 
By F. M. Colebrook, B.Sc.' D.1.C.A.C.G.I. 
Revised and enlarged by J. M. Head. M.A. 
(Cantab.). Presents in readable form a complete 
course in basic mathematics for engineering 
students of all kinds and leads on to the more 
advanced branches of mathematics of increasing 
importance to radio engineers. In this edition the 
chapter covering the application of mathematics 
to radio has been revised and enlarged, while new 
subjects covered include Stability., Linear Differen-
tial Equations, Elementary Statistics. Short Cuts 
to Numerical Calculations and an Introduction 
to Matrices. Will be invaluable to those requiring 
a refresher course as well as to those without 
previous knowledge of the subject 17s. 6d. net 
from leading booksellers, by post 18s. 6d. from 
Iliffe & Sons, Ltd., Dorset House, Stamford 
Street, S.E.I. 

"WIRELESS Servicing Manual" (9th Edition). 
By W. T. Cocking, M.I.E.E. A carefully revised 
edition of the handbook known since 1936 as 
an invaluable, comprehensive guide for radio 
servicemen and others. Completely up to date, it 
deals in a lucid practical way with the problems 
that arise in the repair, maintenance and adjust-
ment of modern wireless receivers. All recent 
developments in receiving equipment have been 
incorporated and the servicing of frequency-
modulated v.h.f. receivers—a development of 
great importance to all servicemen—is thoroughly 
covered tn a completely new chapter. Here is a 
work of proven value to professional and amateur, 
written by. a widely known authority on modern 
radio engineering. 17s. 6d. net from all book-
sellers. By post 18s. 8d. from The Publishing 
Dept., life & Sons, Ltd., Dorset House. Stam-
ford Street, London, S.E.1. 

"ABACS or Nomograms." By A. Giet. Trans-
lated from the French by H. D. Phippen and 
J. W. Head. Most engineers have made use of 
nomograms at some time in their careers, and 
are fully alive to the fact that they are a very 
convenient tool when the same formula has to be 
solved repeatedly for several sets of variables. It 
is fair to say, however, that only a small pro-
portion of even those who habitually employ 
nomograms know how to construct them for their 
own use. Most of the comparatively small litera-
ture on the subject is written for mathematicians 
and is extremely difficult for the practical engineer 
to comprehend. This book is essentially practical, 
and not only demonstrates the many and varied 
applications of the abac or nomogram. but shows 
how even those without highly specialised mathe-
matical knowledge may construct their own 
charts. 35s. net from all booksellers. By post 36s. 
from the publishers: Iliffe & Sons. Ltd., Dorset 
House, Stamford Street, London, S.E.I. 
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AUTOMATIC TELEPHONE & ELECTRIC COMPANY LIMITED 

are you 

interested in 

do you 

do you 

A PROFESSIONAL ELECTRICAL OR MECHANICAL ENGINEER ? 

A GRADUATE, OR EQUIVALENT, IN ELECTRICAL ENGINEERING, 

ELECTRONICS, MECHANICAL ENGINEERING, PHYSICS ? 

COMPUTATIONAL CIRCUITRY AND TECHNIQUES ? 

DESIGN OF LIGHT MECHANICAL ENGINEERING DEVICES ? 

know 

want to know the meaning of 

BINARY TO LINEAR CONVERTER ? 

BOOLEAN CIRCUITRY SIMPLIFICATION ? 

RELIABILITY AS A FACTOR IN COMPONENT SELECTION ? 

if so 

you have a place in 

AN EXPANDING RESEARCH AND DEVELOPMENT ESTABLISHMENT 

WHERE ORIGINAL THOUGHT AND METHODS ARE RECOGNISED 

AND ENCOURAGED. 

GENEROUS STAFF CONDITIONS AND CONTRIBUTORY PENSION 

FUND. 

write to PERSONNEL MANAGER, A.T. & E. CO. LTD., 

EXCHANGE LABORATORIES, CHEAPSIDE, LIVERPOOL, 2 

. . . sending full information of your qualifications, age, experience and interests. 
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PLASTIC FILM 

DECADE CONDENSER 

Capacity Range: 
0.001 uF to 1.11 uF in steps of 0.001 uF. 
The three decades are in steps of 0.001, 
0.01 and 0.1 uF. 

Working Voltage: 
350v. D.C. 
Test Voltage: 
700v. D.C. 

Accuracy: 
Better than 1% at 20° C at I k/Cs. De-
cades with closer tolerance can be pro-
duced if required. 

Power Factor: 
Better than 0.0005 in the audio-frequency 
range. 

Insulation Resistance: 
Better than 5000,000 M , at 350 volts at 
20°C. 

Mounting: 
Engraved insulated panel, in steel case 
finished in grey hammer enamel. 

Dimensions: 
Length lOr (267 mm) 
Width 71" ( 188 mm) 
Height 51" ( 137 mm) 
Height Overall 6,1" ( 168 mm) 

Nett Weight: 
9 lbs. approx (4 kilos) 

•05 

*  High insulation 
resistance 

*  Low dielectric 
absorption 

Capacity and power 
factor vary only 
slightly over wide 
frequency 

*  Excellent long-time 
stability 

A TEST INSTRUMENT OF 

GREAT ACCURACY 

Requirements for more accurate measurements and the demand 

for standard condensers with very high insulation resistance and 

excellent power factor have created a need for this new product. 

It is particularly useful in research and development work on 

computers and integrator circuitry and low level A.C. amplifiers. 

Stability of capacity and constancy of power factor as a function 

of frequency also make it extremely useful in filters and tuned 
circuits. 

Condenser Elements arc non-inductively wound and heat 

cycled and so stabilized. The plastic film is specially purified 

high-molecular weight polystyrene, having high IR and freedom 
from polarization. 

New, very low capacity switches, together with high-grade 

moulded polythene terminations ensure high performance under 

the most stringent conditions. 

The o.00i uF decade employs ten separate condenser units, while 

the two larger decades are made up of four units whose capacities 

are in the ratio of 1:2:3:4 being connected in parallel combinations. 

Price £52 (strictly nett) 

THE TELEGRAPH 

CONDENSER 

CONDENSER Cell11171 
L: ACORN 0061 

SPECIALISTS 
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OF SURFACE IMMEDIATE DELIVERIES 

BARRIER TRANSISTORS 
KOlif 

The Semiconductors Limited Swindon factory 
—the most advanced transistor factory in the 
world—has been operating planned automatic 
production for nearly a year. Many times 
faster than conventional production methods, 
this achievement eliminates delivery problems 

for Surface Barrier 
transistors! 

For immediate assistance 
on your transistor queries 
telephone Semiconductors' 
Applications Laboratory 
—SWINDON 6421 

Equipment d 
speed switc 
confidently 
production 
may expect 
delivery of 
5,000 off. P 
Semiconduct 

cheaper tran 

4emiconduc 
CHENEY MANOR • SWINDON • 

-te000 
signers on high - frequency/high - 
ing applications can go ahead 
ith development and can plan 
flowing that from now on they 
as a matter of course—immediate 
11 types, in any quantity up to 
anned automatic production by 
rs Limited means more and 

istors—now. 

ore limited 
WILTS • TEL: SWINDON 6421 
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