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iv .F OR HIGH-FREQUENCY 
... 

INSULATION- specify 

'FREQUELEX 
The illustration shows a Four Gang Radio 
Variable Condenser using our " fREQUELEX" 
Ceramic Rod for the Centre l'otating Spindle. 
This Rod is 7 r long >< .437" diameter, 
centreless ground to within plus or minus 
.0005". Maximum camber allowance of .002". 

This is only one of many applications where 
Rods made to close limits are required. 

We specialise in the manufacture of Ceramic 
Rods and Tubes of various sections in 
several classes of materials over wide 

dimensional ranges. 
The Principal Materials Are :-
1. Porcelain for general insulation. 
2. Frequelex for High Frequency insulation. 
3. Permalex and Iemplex for Capacitors. 
The degree of accuracy depends on the size 
of the Rod or Tube, but the standard degree 
of accuracy is outlined in the Inter Service 
Component Manufacturer's Council—Panel 
R Specification embodied in our Catalogue 
of Radio Frequency Ceramics, copy of which 

will be sent on request. 
Large Rods up to 44" long and I i" square 
are used as supports for Tuning Coils, etc. 

We shall be pleased to have your enquiries for 
all sizes of Tubes and Rods. Prompt deliveries 

can be given for most sizes. 

Condeeirer roarni.fueltired by 31 rear.s.1V1 SG ROV E 3. RO( ERS L I I). 
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LOW LOSS CERAMICS 

libelers Limited 
6 LAURENCE POUNTNEY HILL, 
Phone: >elision House 9971 (3 lines). Grams: • Sillier% Cannon, London' 
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Write for catalogue V549 which gives full details of VARIAC' transformers and suggestions for use. 

/VARIAC 
Reg'd Trade M,k 

voltage 

regulating transformers 
VARIAC' infinitely variable voltage-

regulating transformers are designed 

and constructed for many years of 

trouble-free operation. Not only do 

they supply perfectly smooth control 

of voltage from zero, but many types 

(including 100-R) also furnish output 

voltages considerable above line 

voltage while the 100-RM 2B is a dual 

output type. Illustration left shows 

Type 100-R, Rating 2,000 va., Input 

Voltage 230 115, Output Voltage 0-270. 

Left 

Type 200 C.U.H. 

Right— 

Type 50-13. 

TYPE 
LOAD 
RATING 

SPECIFICATIONS No-LOAD 
Loss 

piec.7. : 

L s. 4. 
INPUT 
VOLTAGE 

C URRENT OUTPUT 
VOLTAGE RATED MAXIMUM 

100-K , 2000 va. 115 15 a. 17.5 a. 0-115 20 watts 17 17 0 

100-KM 2000 va. 115 15 a. 17.5 a. 0-115 20 watts 18 12 0 

100-L 1 2000 Na. 2301115 8 a. 9 a. 0-230 25 walIS 17 17 0 

1130-1 M 2000 va. .230/115 8 a. 9 a. 0-230 25 waits 18 12 0 

100-Q 2000 va. 115 15 a. 17.5 a. 0-135 20 watts 18 9 0 

100-QM 2000 sa. 115 15 a. 17.5 a. 0-135 20 watts 19 4 0 

100-R . 2000 va. 210,115 8 a. 9 a. 0-270 30 watts 18 9 0 

100-RM 2000 va. 230/115 8 a. 9. a. 0-270 30 watts 19 4 0 

100-1F1 1200 va. 480/240 2 a. 2.5 a. 0-480 25 watts 21 15 0 

500-L ' 1450 va. 180 8 a. 9 a. 0-180 25 watts 17 17 0 

2000-K 1000 .2 125 8 a. 9 a. 0.125 25 waits 17 17 0 

• For 300 cycles i For 2,000 cycle service '; All ' VARIAC' prices plus 20% as from 23rd Feb. 

PROMPT DELIVERY 

CLAUDE LYONS LIMITED 
ELECTRICAL AND RADIO LABORATORY APPARATUS, ETC. 

180 Tottenham Court Road, London, W.1; and 76 Oldhall Street, Liverpool 3, Lancs. 
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MUIRHEAD MAGSLIP RESOLVER No.2 

MUIRHEAD & CO. LTD. 
BECKENHAM . KENT • ENGLAND 

Precision blectrical Insirumeni _\ hiker. 

FREQUENCY - CYCLES PER SEC. 
% MO 400 Sm 1Iles 

THE RESOLVER No. 2 is a 
special type of Magslip used for 
the solution of trigonometrical 
problems. 
Each stator phase is energized 
in accordance with an applied 
computing voltage; the rotor 
voltages are proportional to the 
exciting voltages and to the sine 
and cosine of the angle between 
the stator and rotor electrical 
axes. The error does not exceed 
0.1" „ . 

Post (his coupon 
/Me 7J.I.R."HEAL:, 8. CO". LTD. BECKENHAM ' KENT • ENGLAND 

/e 
Please send me Bulletin E-690 fully describing 

MUIRHEAD MAGSLIP RESOLVERS 

de NAME  

g" MAILING ADDRESS  

I Company Posiuor 

1 110112'1 

MMI lia«1111 
MIN mk, 481111 

131111 
mumum, 

mummastatt 

40 to 
13,000 cis 

(Response varies 3 dbs between 40 to 13,000 els) 

That is the frequency range of the new AXIOM 101 
and 102, 8" Loudspeakers. Giving "life" to such 
instruments as the triangle and cymbal, yet with a 
fundamental resonance low enough to avoid bass 
distortion on even the lower register of the 
Cathedral organ, they have been designed to satisfy 
the demands of those who require "lifesize" re-

production in restricted living space. This is achieved with noteworthy smoothness throughout the - 
whole frequency range and with an overall quality that can be fairly described as true high fidelity. 
AXIOM 101 Fundamental Resonance 65 c/s (nominal); Voice Coil Impedance 3 or 15 ohms; Power Rating 5-watts peak A.G.; 
Flux Density 13,500 Gauss; Total Flux 51,200 Maxwells; Frequency Response 40 c/s-13,000 cis; Overall Diameter 84"; Overall 
Depth 4r; Voice Coil Diameter 1"; NettWe:ght 2f lbs; Finish, Grey rivelling enamel; Fixing Holes, 4 slots I-
equispaced on a 7r P.C.D. £71519 including tax. 

AXIOM 102 with increased sensitivity, has a higher magnetic flux and attendant improvement in the damping factor as 
follows:— Flux Density 16,000 Gauss; Total Flux 63,000 Maxwells; Overall Depth 4 ?,"; Nett Weight 4lbs.£1011411 including tax. 

e OP _ 
FISSLIT ereff, You are invited to write for details of the other loud-

speakers in the Axiom range, also specially designed 
reflex cabinets. 

GOO S 
GOODMANS INDUSTRIES LTD., AXIOM WORKS, WEMBLEY, MIDDX., WEMbley 1200 
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FAULTLESS FLUXING 

GIVES PRECISION SOLDERING 

* Enthoven Superspeed has a continuous 

stellate core of ACTIVATED Rosin 
which gives an exceptionally high 
wetting and spreading power, 
enabling the flux and solder to be 

drawn rapidly by the force of capillary 

attraction into restricted spaces, even in 
the vertical plane. The activating agent 

volatilizes at -soldering temperature. 
* The distinctive stellate core ensures a 

more rapid release of flux and therefore 

• immediate wetting by the solder, at moderate 

soldering-bit temperatures that lessen the 
risk of alteration to the electrical and 
mechanical properties of components. 

SAVES TIME, CUTS COSTS 

uperspeed 

"WHITE FLASH" activated rosin-cored solder for 
general electrical, electronic and telecommunication work, 
and all standard uses. A.I.D. and G.P.O. approved. 
Complies with M.O.S. Specification DTD 09. 

PRECISION SOLDERING DEMANDS 

uperspeed 

* The flux in Enthoven Super-

speed is always released in exactly the 
correct proportion. Dry and H.R. joints 

due to underfluxing or overfluxing cannot 

occur. One application of Superspeed 

always does the job effectively. 

* The residue from Superspeed flux is 
non-corrosive and non-hygroscopic. It 

solidifies immediately to a hard, transparent 
film of high dielectric strength and insula-

tion resistance. 

AN ENTH OVEN PRODUCT 

ENTHOVEN SOLDERS LTD. 

Enthoven House, 89, Upper Thames Street, London, E.C.4, 
Mansion House 4 jjj will gladly send you their comprehensive Super-

speed booklet. Technical advisers are available for free consultation. 

3174/1 
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for 

C W 

VHF 

RADAR 

X-RAY 

SMOOTHING 

ENERGY STORAGE 

IMPULSE GENERATORS 

AND OTHER ELECTRONIC APPLICATIONS 

Full information will be supplied on request. 

WEGO CONDENSER CO. LTD. 
BIDEFORD AVENUE, PERIVALE, GREENFORD, MIDDLESEX. Telephone : Perivale 4277. 

HARMONICS 
SIDE BANDS & TRANSIENTS 

IN COMMUNICATION ENGINEERING 
by C. L. CUCCIA 

Research Engineer, R.C.A. Laboratories, Princeton, New Jersey 

Electrical and Electronic Engineering Series 

A combination of a textbook on communication engineering with a comprehensive 
coverage in the fields of radio, television, radar and nuclear electronic problems, and a 
reference book for practising engineers and technicians in all phases of communication 
engineering. Important waves of communication engineering are discussed from both 
the mathematical and engineering standpoint, also how these waves are produced, 
transmitted, and received. 

462 pages 9 X 6 

Obtainable from all booksellers 

76/6 

McGRAW-HILL PUBLISHING COMPANY, LTD. 
McGraw-Hui House, 9s Farringdon Street, London, E.C.4_ 
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ADVANCE COMPONENTS LTD., BACK ROAD, SHERNHALL STREET, LONDON, E.17 Telephone: LARktwood 43661713 

Modern in conception, design and performance, 

the E.2., with its exceptionally wide range, 

not only fikfils to-day's needs of radio 

and television, but anticipates the requirements 

of tomorrow. More than ordinary care 

has been used in screening and filtering. As a 

result, stray field is less than 3 p.V. at 100 Mc/s. 

• Frequency accuracy of ± 1% extends 
over the whole range. e Output voltage V. to 

100mv. and approx. 1v. at full R.F. Socket. 

e Internal modulation; external modulation to 80% 
e A.F. Output variable 0-50v. at 400c/s. 
e Size 13" x 101" X 8". e Weight 17.4 lbs. 

*league 
signal 

generator 

100 Kc's —100 Mc/s ON 

FUNDAMENTALS 

e ........ ll1.1111111111111111111111111111.11111111111111 111111 1100 11 111111111111111 .....  ....  ............ „ . 
........... . ..... I I III I 

C 3- 
r, D 1- 3M, 
E 300 /000K. 

11) F 100-3001“is 

E2 

e.d.eoot rage Moral 3 „. 

Full Technical Details available in 

Folder 5114« 

ADVANCE COMPONENTS LTD., BACK ROAD, SHERNHALL STREET, LONDON, E.17 
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FORTIPHONE HEARING AID 

f uses iffulux 
s weed eet«teeee,te-
4MONEre *e 

-,w 

Maximum magnetic energy in a limited area is 

required to ensure the efficient operation of this Hearing Aid 

receiver, and a Murex Alcomax III Sintered Permanent Magnet 

is used to provide these conditions. Efficiency and stability 

are distinguishing features of Murex Sintered Magnets. 

MUREX LIMITED • (Powder Metallurgy Division) 

RAINHAM • ESSEX Telephone: RA IN11.4.11 ESSEX 3322 

London Sales Mike: Central llon-e. I pper oborn \\ .C. I. El Ñ,, 826."; 

Actual size 

ol Magnet 

Actual size 

This instrument 
covered by Patents 
671957 & 672988) 
if shown by courtes 
of Fortiphone Ltd. 

Laboratory Standard B.F.O. Type L.O. 800 and 
Portable Model L.O. 50. 

AUDIO OSCILLATORS 

B.S.R. Beat Frequency Oscillators 
have established themselves 
throughout the world as leaders in 
their field. 

Models are available up to 100 kc at 
power outputs of up to 5 watts. 

These instruments are distinguished 
for their superb engineering and 
individual accuracy. 

Full technical details and prices 
gladly sent on request. 

BIRMINGHAM SOUND REPRODUCERS LIMITED, OLD HILL, STAFFS 
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MARCONI communication systems 

serve mankind 
Communications . . . across the wastes of 

desert and ocean, and through impassable 

swamps and jungles ... were largely unsolved 

until Marconi invented the miracle of radio. 

At one stroke he substituted ease for difficulty, 

and opened up a new era in the history of 

g 
SURVEYED 

man. For over 50 years the Company which 
Marconi founded has made communications 

its business. Its experience in this field is 

unique. If you have a communications 

problem of any sort, anywhere, Marconi 

engineers are entirely at your service. 

PLANNED INSTALLED 

MARCONI'S WIRELESS TELEGRAPH COMPANY LTD • CHELMSFORD 
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SKIRT No. 4 

Standard Base Recognised as the Most Reliable Valvérolders 

for 2Vor 2V Valves 

4  

for l'ke Valves 

for Ile Valves 

CceizeN 

j1 
•1.1 

SKIRT N«. 

Anti-Microphonic Base 

87G Valveholders 
are now available moulded in: 

Phenol Formaldehyde 'Black). 

Nylon loaded Phenol Formaldehyde 

(Natural Brown). 

P.T.F.E. 

and now MYCALEX. 

Wholesale Enquiries:— 

CYRIL FRENCH LTD., 

High St., Hampton Wick, 

Middlesex. KIN. 2240. 

Manufacturers' Enquiries: THE McMURDO INSTRUMENT CO. LTD., VICTORIA WORKS, ASHTEAD, SURREY 

ASHTEAD 3401 

SIGNAL R A TORS - BRIDGES - VALVE VOLTMETERS - FREQUENCY STANDARDS 

Things that count... 

Important Characteristics of the 
Marconi F.M . RECEIVER TESTER :— 

* Crystal standardised c.w., f.m. and a.m. signal 
generator with audio frequency power meter. 

* Carrier range 21-168 Mcls in three bands. 
* Output I;LV to 31.6 mV, continuously variable; 

high level 0.1V max. 
* Frequency modulation up to 75 kcls on the low 

frequency band, 150 kcIs on the medium band 
or 300 he's on the high frequency band. 

* Amplitude modulation to a nominal depth of 
30% over the complete range. 

* Internal modulation at moo cls. External 
modulation over wide range. 

F.M. RECEIVER TESTER 

twat 

Type TF 913 

There are other impressive features also in an 
instrument which is up to date in technique, 
soundly-designed and carefully engineered. Full 
specification on request. 

MARCONI instruments 
MARCONI INSTRUMENTS LTD • ST. ALBANS • HERTS • PHONE: ST. ALBANS 6161/7 

Midland Office: 19 The Parade, Leamington Sus. Northern Office: 30 Albion Street, Hull. Export Office: Marconi House, Strand, London, W.C.2 

OUTPUT METERS - WAVE METERS - WAVE ANALYSERS - BEAT FREQUENCY OSCILLATORS 
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BICC 

POLY POLE CABLE COUPLER 
This is a moulded-on coupler. It is the 

most successful means devised for over-

coming the problems of conductor end 

breakages and its great mechanical 

strength ensures a long trouble-free life. 

The requirements of reliable contact 

and adequate screening are fully met. 

P R ODUCTS 

for TIV 

As the World's foremost 

manufacturers of electric cables 

and their ancillary equipment, 

BICC have made many important 

contributions towards the 

technique of British Television. 

Some of these are described here. 

TN CANER A CABLE 

Close collaboration with equipment designers 

has enabled BI C C to develop a symmetrically 

designed camera cable which is small, strong 

and flexible. Only .850" in diameter, it 

contains 36 separate conductors and is the 

sole link necessary with the control panels. 

H.F. CABLES 

BICC manufacture many types of R. F. 

Cables covering all normal telecommunication 

and electronic requirements involving fre-

quencies up to 1,000 Mc I s and higher. 

They are available with coloured sheaths for 

circuit identification and are extensively used 

in this form in B. B. C. Television Studios. 

In addition to the manufacture of cables for 
television, ranging from Trunk Coaxials to T/V 
Downleads, BICC can supply all the power distribu-
tion and low voltage cables necessary for the reliable 
operation of Studios and Transmission Stations etc. 

Information on all BICC Products for Television 
is freely available on request. 

BRITISH INSULATED CALLENDER'S CABLES LIMITED 

NORFOLK HOUSE. NORFOLK STREET. LONDON, W .C.2 
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USE ITS HEAD 

to make an easy job of things. 

• Short of a self-driving screw (which G.K.N. have yet to invent) 

nothing could be easier to. use than Phillips Recess Head Screws. 

The recess head fits and clings closely 

to the driver. The screw goes in 

straight and swiftly even in 

cramped or overhead positions 

and requires much less force. 

Phillips heads are available 

in a wide range of screws 

including wood screws, 

metal threads and N.P.K. 

self tappers. 

PHILLIPS RECESS HEAD SCREWS 

Quicker, Neater, Easier, Safer. 

GUEST KEEN & NETTLEFOLDS (MIDLANDS) LIMITED 

SCREW DIVISION BOX 24 HEATH ST. BIRMINGHAM 18 

P 210g. 
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YOU CAN'T BUY BETTER! 

A COMPREHENSIVE RANGE OF UNITS 

IS AVAILABLE COVERING ALL COMMUNICATION 

REQUIREMENTS. ASK FOR LEAFLET QC5012(R). 

Be sure that the Quartz Crystal Units in your radio equipment are the best obtainable, for 
they are the most critical components. 

SALFORD ELECTRICAL INSTRUMENTS LTD. SALFORD 3. LANCS 
A SUBSIDIARY OF THE GENERAL ELECTRIC CO LTD OF ENGLAND 

* Amplifiers designed for minimum pulse 

distortion. 

* Beam cut-off active at recurrent and triggered 

sweep. 

* Synchronization : internal, external or line 

frequency. 

* Internal calibration voltages for both horizontal 

and vertical amplifier. 

DL COUPLED WIDE-BAND 

OSCILLOSCOPE 
type OSG41 

Frequency Range : vertical amplifier, d.c. to 5 Mc,s ; 
horizontal amplifier, d.c. to 1.5 Mc s. 

Sensitivity : Vertical amplifier, 1.5 mm tmV r.m.s. ; 
horizontal amplifier, 0.7 mrn/mV r.m.s. 

Sweep Range : 1 c, s to 300 kc s ; maximum speed, 
25 mm,p.sec. 

Anode Voltage : 2 kv. 4 kv for intensifier electrode. 

A.C. voltage amplitudes and superimposed d.c. voltages 
can be measured simultaneoulsy with the type OSG41 
Oscilloscope. Furthermore the duration and wave form 
of pulses can be examined. The screen is 130 mm. wide 
and the reproduction is very sharp so that details stand out 
distinctly for either minute examination or photography. 

RADIOMETER 
72 Emdrupvej, Copenhagen NV 

Denmark 
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The "Belling-Lee" page 
for Engineers 

LIST NUMBER 

L 758 

LIST NUMBER 

L 341 

VALVE EXTRACTOR 

Suitable for B7G, B8A, and B9A valves, this novel valve 
extractor will be found extremely useful for removing valves 
from equipment made up of closely packed components. The 
extractor is moulded in rubber, and a pin straightener for 
B7G and B9A valves is incorporated in the handle. This is 
accurately moulded in a hard phenolic material, and will 
obviate the damage to valves and/or holders caused through 
trying to force insertion with bent pins. 

3 % PLUG TO 
SUIT •12S" DIA. 

SOCKET 

"BOWSPRING" WANDER PLUG 

The "bowspring" design of the turned brass pins gives a 
rem irkably strong contact. Moulded in black or red phenolic 
material, and fitted with hexagonal cap; side loading for 
flexible leads. 
Can be supplied with standard letterings, subject to special 
quotations dependent on quantities. 

The above items and many mare are fully described in our 
1952 General Catalogue. Please write quoting P365/WE. 

II NG & LEE LTD 
CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX, ENGLAND 
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Frequency Range: 
10 KcIs-10 McIs in 6 ranges 

Frequency Stability: 
less than I in 103 in I hour 

Wayne'. 

  Kerr' 

VIDEO FREQUENCY OSCILLATOR 
TYPE 0222A 

now covers 10 Kc/s — 10 Mcis 
Model 0222A is introduced to meet the demand for 
an oscillator reaching 10 Mc/s. It is an improved 
version of the 0222 which it supersedes. All the 
outstanding features of the original model are 
retained, including low harmonic content and 
exceptional stability of frequency and amplitude 

Frequency Accuracy: • Output Impedance: 
1% 7.5 ohms 

Output: Total Harmonic Content: 
+ 10 db to —50db on 1 V p —p less than 1% 

Amplitude constant to within ± idb at any frequency setting 

THE WAYNE KERR LABORATORIES LIMITED • NEW MALDEN • SI•KKEY 

acclaimed in both hemispheres 

CAPSTAN 

LATHE 
MURAD DEVELOPMENTS LTD., STOCKLAKE, AYLESBURY, BUCKS 

PHONE: AYLESBURY 790 (4 LINES) CABLES: MURADITE, AYLESBURY 

pecied4t4 

ANOTHER CRYSTAL OF WORLD 
RENOWN 

TYPE "G" Frequency ranges: 
100 kc s to 500 kc s, 3 mcjs to 20 mc/s. 
Evacuated glass envelope having 
B7G valve base, with crystal con-
nected across pins Nos. 3 and 7. 

13R0 \BROOKES 
CRYSTALS LIMITED 
to stotitweit st., G'Green''' London, S.E.10 . Xtals, Green, London . 

Phone: C;balrns es; Xtals, London. 

GREenwich 1828 
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Increased demand for ENTHOVEN Solder and Solder Specialities 

bas led to the formation of a new company 

011101EN SOLDERS 
LIMITED 

which, from October i5th, 1952, is to handle expanding sales 

throughout the world and to maintain the highest possible level 

of service to customers 

EIT11011:1 SOLDERS LIMITED 
ENTHOVEN HOUSE' 

89 Upper Thames Street 

LONDON, E.C.4 

Telephone: Mansion House 4)-33 

is responsible or the marketing 

in the United Kingdom and Overseas of a full range of soft solders, 

cored solders, solder specialities, solder paints, powders and 'luxes 

Issued by: H. J. ENTHOVEN fe' SONS, LIMITED 

Enthoven House, 89 Upper Thames Street, London, EC.,1 

3259 
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SULLIVAN PORTABLE GALVANOMETERS 

EMPLOYING A NEW 

SUSPENDED COIL 

PORTABLE GALVANOMETER UNIT 

which may be supplied alone or boxed 

complete with scale, illumination (with 

Mains Transformer) and novel Scale 

Magnification 

These Galvanometers are also available as 

DIRECT-READING 

MICROAMMETERS 

MILLIVOLTMETERS 

and OHMMETERS 

A compact, sensitive, yet robustly suspended galvanometer has been developed in our laboratories and 
having undergone extensive trials, has proved to be extremely reliable for all purposes. All galvanometers ar, 

fitted with shock-absorbing non-sticking stops, thus overloads of up to 100 times full scale-current may 1,, 

applied without risk of damage to the movement. 

It is available as a compact unit for bench use, mounted in a bakelite case measuring only 12 x 8 x 4 ems. 

and is eminently suitable for mounting in the client's own equipment—a simple bracket mounting is 

incorporated to facilitate this. 

It is available also in portable form in a polished teak case (complete with scale and illumination) with 

different internal optical arrangements of some novelty which give, in effect, various scale distances without 
having to resort to large awkwardly shaped boxes. In some cases effective scale-reading magnification 

of approximately 8 to 1 is obtained within a small box measuring only 27 x 16 x 16 cms. They may be used for 
all "null" balance measurements, such as for Wheatstone and Kelvin bridge work, in which case they are 

provided with centre zero scales. They may, however, if desired, be fitted with side zero scales for accurate 

deflection measurements—a high degree of law linearity rendering this possible. 

Galvanometers 
covering the 

ranges 

Micro- 
ammeter 
4 ranges 

Milli- 
voltmeter 
5 ranges 

Ohmmeters 
covering the 

ronges 

COIL RESISTANCES (full scale) (full scale) 
10 to 500 ohms 0 to 1 µA 0 to 1 mV 0 to 5,000 ohms 

PERIODS 0 to 10 µA 0 to 10 mV 0 to 50,000 ohms 
1.5 to 2 seconds 0 to 100 µA 0 to 100 mV 0 to 0-5 megohms 

mm/1A 0 to 1,000 g/A 0 tot V 0 to 50 megohms 
30 to 2.400 0 to 10 V 

Period Period 
2 seconds 1 second 

H. W. SULLIVAN 
-LIMITED — 

LONDON, S.E.1 5 

Telephone : New Cross 3225 (P.B.X.) 

and Electrical Standards for Research 
Testing and Measuring Apparatus 

FOR COMMUNICATION 
ENGINEERING 

Industry 
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A New Standard of Reliability in Voltage Stabilising Devices 

Employing the sputtered metal technique, successfully proved in the 85A2 
voltage reference tube, this new Mullard 150 volt stabiliser, the 150B2, sets a new 
standard of reliability in voltage stabilising devices. 
Some of the more outstanding advantages of this tube include close tolerance burning 
voltage, very much reduced voltage fluctuations, freedom from sudden large jumps 
throughout the working current range, and a voltage output variation of less than one 
per cent throughout life. 
Constructed on the miniature B7G base, the 150B2 should prove of great value in the 
design of compact industrial equipments where an extremely accurate and reliable 
performance coupled with a maximum saving in space is required. 
Brief technical details of this tube are given below. More comprehensive information 
will he gladly .upplied regne,:t. 

PRINCIPAL CHARACTERISTICS 

Nominal burning voltage 150 V Max. ign .t.on voltage 180 V Current range 5 to 15 mA 

Incremental resistance at 10 mA 250 ç≥ Base B7G 

Mullard 
BULLARD LTD., COMMUNICATIONS & INDUSTRIAL VALVE DEPT., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 

MVT 127 
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A Novel Form of D.C. Motor 

IN Elektrotechnische Zeitschnft of 1st February 1952, p. 76, Professor P. Boning describes a 

unipolar motor which was developed during the 
war at the Technische Hochschule in Breslau. It 
was realized only in the form of a small model in 
1944. They were asked to design a d.c. motor of 
high power for b 
a low voltage ...---  
but large currents, 
supplied by accumu-
lators. Fig. 1, which 
is reproduced from 
the E.T.Z., shows a 
diagrammatic section 
of the model; the iron 
core (a) is a double 
cone made in two 
parts, its diameter is 
about 4 in.; it has a 
bearing at each side 
and constitutes the 
rotor. In the gap bet-
ween the two cones 
there is a spiral of 
insulated copper strip 
(b), but there is an 
air-gap between the 
winding and the iron, 
so that the iron can 
rotate without touching the coil, the outer 
end of which is fixed to a metal block (c). 
The inner end (d) of the coil makes rubbing con-
tact with the iron by means of a brush. The 
current enters at (c) and, after flowing through the 
coil and the central iron core, leaves by means of a 
wire connected to the bearing at (e). In the 
model the current was from 100 A to 200 A and 

Fig. 1. 
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the voltage from 2 V to 4 V; it is simply said that 
it ran at a high speed. 
Our interest in this is due to the fact that we 

received a letter from Germany asking for our 
views on the question, how and where does the 
torque arise? Different answers had been given by 
physicists and electrical engineers who had been 
consulted. It is certainly an interesting question, 
but there need be no uncertainty about the answer. 

Perhaps the most important point to grasp is 
the fact that a spiral current may be regarded as 
made up of two components, one circular and the 
other radial. One could picture the coil as shown 
in Fig. 2 where, 
after completing 
the first purely 
circular turn, 
there is a short 
radial step lead-
ing to the second 
circular turn, 
and so on. This 
would give a 
purely circular 
magnetizing 
winding together 
with a single 
radial conductor 
made up of all 
the short elements. This radial conductor, 
being situated in the magnetic field set up by the 
circular magnetizing winding, would experience a 
torque and would distort the field crossing the gap 
in its neighbourhood. If the winding is truly 
spiral, the radial component will be distributed 
over the whole winding and not concentrated in 
one radius. The two components could be pro-
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duced by two entirely separate windings; the 
circular magnetizing component by two 8pirals 
side by side, one right-handed and the other left-
handed, connected at their inner ends but in-
sulated from the iron. Their magnetizing effects 
would be additive but their radial components 
would cancel each other. The radial component 
could then be supplied by a metal disc, the current 
' entering at the outer edge and flowing radially to 
the inner edge which is in contact with the iron 
core. This is shown in Fig. 3 in which, for the sake 
of symmetry, the current is supplied by means of 
copper tubes connected to the disc and to the 
bearing by means of another disc. In the left-
hand iron cone the flux will be undistorted, but on 
passing through the disc it will be distorted by the 
radial current and will enter the right-hand cone 
at an angle, so that there is a circumferential 
tension in the field. This does not exert a force on 
the pole face, as many people imagine, but is 
transmitted along the flux to the central part of 
the core, which is carrying the current from the 
bottom of the disc to the bearing. The effect of 
this current is to take out of the flux the circum-
ferential component given to it by the radial 
current in the disc, and the torque acting on the 
iron will be exactly equal and opposite to that 

Fig. 3. 

acting on the disc, so that it is here that the driving 
torque is operative. If the magnetizing spirals 
were inoperative, the currents in the discs and 
central co e would produce a circular magnetic 
field in the right-hand cone, and, when the spirals 
are operative, this field is compounded with the 
main field. 
The location of the driving torque is perhaps 
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more evident in the arrangement shown in Fig. 4, 
in which the current flows through radial copper 
wires or a disc embedded in the iron core, instead 
of flowing through the core itself, and is then taken 
away by an axial copper wire. The total current 
through the radial wires is the same as that through 
the spiral or disc and 
the total magnetic flux 
is the same in both 
cases, so that the two 
torques are equal and 
opposite. Hence, in 
the actual motor, the 
driving torque is 
exerted on the iron IZM1 
core carrying the 
current, and the reac-
tion comes on the 
radial component of 
the fixed spiral wind-
ing. That the two 
torques are equal is 
easily proved in the 
case of the embedded 
disc. If the spiral or • Fig. 4. 

large disc has external 
and internal radii of r1 
and r2 and if x is any 
radius then the total torque on the large disc 
will be 

I j•r, Bxxdx = 10127r 
r, 

since 0 =f Bx2exdx. 

The flux density in the iron core may be assumed 
uniform and equal to 0/er22 and the torque on the 
embedded disc will be 

IB fr, xdx = I xdx I0/27r. 
o vre 0 

Hence the torques on the two discs are equal 
and opposite. An interesting question arises if the 
pole face, instead of being plane, is made with 
radial grooves as shown in Fig. 5; one is tempted 
to say that the skewed magnetic flux entering the 
pole face must surely exert a torque on the sides 
of the grooves. Any bunching of the flux will not 
alter the fact that the torque on the spiral winding 
is still equal to 10127r nor will it affect the driving 
torque exerted on the core or embedded disc. 
These two torques are still equal and opposite and 
therefore there cannot be any torque acting on the 
grooved iron, or more correctly, all the torques 
acting on it must give zero resultant. The explana-
tion of this is shown roughly in Fig. 5(c) which 
represents two of the radial grooves and the 
intermediate tooth with the current-carrying disc. 
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The flux entering the face of the tooth is refracted 
but exerts no tangential force on the surface; the 
flux entering the side (ab) will exert an attractive 
force on the surface, but this will be counter-
balanced by the force on the side (cd) due to the 
lateral pressure of the crowded flux and the cata-
pult action at the corner (d). The action is 
complicated but there seems to be no escape from 
the conclusion that the resultant rotational force 
on the teeth and slots must be zero. 

Going back to the rotor with a smooth polar 
surface, the point has been raised—also in a letter 
from Germany—that my statement that the 
magnetic flux is refracted on passing through the 
surface, without exerting any tangential force on 
the iron, assumes that the iron has no hysteresis. 
This is not correct; no such assumption is made. 
If the iron has hysteresis, so that a certain amount 
of permanent magnetism is imparted to it, this will 
be of the same value at all points of the circle, and 
there will be no tendency to vary the magnetic 
condition as the iron rotates. Consequently the 
hysteresis involves no expenditure of energy and 

(a) 

therefore no tangential force. If the magnetic 
field at no point of the iron undergoes any change 
whatever either in magnitude or direction, then 
hysteresis can play no part in the rotation. 

(b) (c) 

Fig. 5. 

One can easily understand how this apparently 
simple type of motor may lead to much discussion, 
and show up weak points in one's grasp of electro-
magnetic fundamentals. 

G. W. O. H. 

CALCULATION OF SKY-WAVE 
• FIELD STRENGTH 

By K. Rawer 
(Service de Prévision lonosphérique Militaire*, France) 

SUMMARY.—A method for the calculation of the field of the sky-wave, based upon the contri-
butions of the different transmission paths, has been applied since 1940. It takes account of the effects 
of the lower ionospheric layers, such as absorption and cut-off, and of the geometrical optics of the 
reflecting layer. The trend of actual development in this field seems to be that former integral formulae 
are replaced by such differential methods. 

Introduction 

W HILE the field of the ground-wave can be 
calculated with considerable accuracy, the 
field of the sky-wave has been calculated 

for a long while by rather inaccurate methods. 
During the last war (in the years 1940/41) the 
author introduced a new method of calculation, 
taking account of the most important details of 
ionospheric radio propagation, such as, geometrical 
optics, absorption and cut-off. Since then, this 
method has been developed and there are now a 
few publications on the subject (the first printed 
in 1943)1,2, but hitherto none in English. 

The starting point of our method is the idea 
that a sufficiently correct calculation is only 
possible if the different paths actually present in 
ionospheric propagation are considered separately. 
This differential method is based on a rather 

• Referred to as S.P.I.M. 

MS. accepted by the Editor, February 1952 
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simple model of the ionosphere which seems to be 
sufficient for practical application. The occurrence 
of fading will hot be considered here, because it is 
not of major importance in this case. There is no 
doubt that the problem of ionospheric propagation 
is a very complicated one, and a certain number of 
approximations must always be made if a cal-
culation is not to become practically impossible. 
On the other hand integral methods, though they 
have been used frequentlys, cannot give a suffi-
ciently correct description of the very different 
phenomena existing in sky-wave propagation of 
h.f. waves. 

First let us introduce an appropriate notation. 
It is practical to use a reference field-strength on 
the transmitter side; viz., the field E0 existing at a 
distance of 1 kilometre from the transmitting 
aerial. 
Thus we avoid introducing unnecessary details 

like the transmitting power and details of the 
aerial. Normally, we assume an aerial having no 
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directivity, a perfectly-reflecting soil and equal 
partition of energy between the different polar-
izations in which we are interested. In most cases 
we shall consider only the ordinary ray of geo-
magnetic split, the extraordinary ray suffering 
more from absorption. We then have the formula 

Eo = 5470‘/N 1.LV/m. (1) 
where N is the radiated power in watts 
We prefer a logarithmic form of this equation: 

<E0> = 74•8 ± 10 log10 N in db above 1µV/m. 
The brackets <> will always indicate that the 
field in question is given in decibels above 1 
microvolt per metre. The formulae in the follow-

AV R )2 Yni — s•in-2 fl 
Ro q  

(1 —2 c). log10 

curved in an opposite sense. The effect of the 
concave curvature of the layers is always more 
important than that of thé convex curvature of 
the earth. This causes an increase of field strengthl 
in comparison with the usually assumed law of 
variation with the inverse distance. On the other 
hand the path of the ray is extremely oblique, 
nearly grazing, so that a considerable astigmatism 
must be expected. We therefore consider a small 
bundle of rays [Fig. 2(a)], calculating separately 
the diameter A. in the horizontal direction, and 
that Ay in a direction perpendicular to it. Assum-
ing a parabolic, curved refracting layer4 we finally 
found that5 

q' ± cos ao 

q' — cos ao 

± 4 - (2 cos a0 — sec a0) 2 sec aco — cos rzo. q [1 c + 1 
E 

q'2 — cos20% 

▪ 2R0 cos cco. (Ro cos cco — R sin /3) 
R sin fi  

ing are written in the Giorgi-system (m, kg, s, 
A, V), but field strengths are in iiV/m, frequencies 
in Mc/s and the distance D in km. 
At the receiver we may have a smaller field E. 

The total loss of field strength can be written in 
the decibel system: 

8 = 20 log10 (E0/E) = <E0> — <E> (2) 

Since there are different effects causing a loss of 
energy, 8 can be split up into several parts. The 
multiplication of weakening factors is replaced in 
our logarithmic system by a simple addition. We 
write: 

8 81 + 82 + + 84 • • (3) 
81 gives the influence of geometrical optics (rarefy-
ing of energy in an expanding bundle of rays); 82 
corresponds to the absorption loss caused by the 
D layer (non-selective absorption), 83 to absorp-
tion loss occurring in the E layer (deviating or 
selective absorption), 84 to losses occurring by 
partial reflection in the Es-layer. We shall see 
that the first two terms are the most important; 
the third will be considered in connection with 
cut-off phenomena. We now proceed to a detailed 
calculation. 

1. Weakening Effects for a Given Path 

Let us consider a certain transmission path 
containing one or more hops reflected alternately 
by a reflecting ionospheric layer and the earth 
(Fig. 1), the number of hops being p. 
1.1. Geometrical Optics (Decrement 81) 
The geometrical optics of ionospheric pro-

pagation are rather complicated, because the 
surface of the earth and the reflecting layers are 
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cos2(zo)1} 
q 2 . (4) 

where E = 17.114; q' = q — (e sin2a0)/q, R 
radius of the earth, H = height of the lower 
edge of the layer, Ro = R ± H, Y. = half-
thickness of the parabolic layer, q lc =-
critical frequency, f = working frequency. This 
formula is for one hop only. With p hops we have 
a p-fold enlargement of Ay, but also a p-fold 
increase of the distance of transmission. The 
horizontal diameter is independent of refraction 
phenomena, corresponding to the simple geometry 
of Fig. 2(b). 

R  -Aff = sin (DIR) .. • (5) 
Ay cos /3 

We finally calculate the cross-section of the bundle 
as Av AH; this should be compared with the 
cross-section at a distance of 1 kilometre from the 
transmitter. 

Fig. 1. Example of a transmission path (3 x F). 

Field strength is proportional to the square 
root of the inverse cross-section, consequently: 

= 20 loglo,‘/A.7 .7 _4, Av 

10(logio A4-; + log (6) 

A detailed calculation has been made with these 
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formulae, leading (for each value of q) to a curve 
like those of Fig. 3. There are three focusing 
effects, two of these originate from a zero-value of 
AV, namely: (a) at the skip-distance (in consequence 
of refraction phenomena4), (b) for the largest 
distance attainable with a certain mode of pro-
pagation; i.e., for fl = 0 (this effect is caused by 
the curvature of the reflecting layer(). A third effect 
arises from à. = 0 for the antipodes. The second 
effect is the most important one, its influence 
being already important for 13 < 10°. The first 
effect cannot be considered in normal calculations 
because of the rapid variations of skip distance. 

Fig. 2 (above). Geomei,i, al optics for a small 
bundle of rays. 

Fig. 3 (right). Attenuation resulting from the 
variation of the quasi-vertical diameter A, of the 
bundle. Parameter: ratio of critical to working 
frequency. Heavy curve: envelope, as used for 

prediction work. 

In order to eliminate such fluctuations, 
we are accustomed to use the envelope 
of the different curves calculated in 
Fig. 3 (thick curve); the corresponding 
field can be expected in any case. The 
third focusing effect (at the antipodes) 
is very sensitive to deformations of the 
reflecting layer, consequently it cannot 
be expected regularly. It has been practically 
eliminated in our service values6 (Fig. 4). In the 
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figures, 3 x E means three hops with reflection 
from the E layer. 

For comparison, Fig. 4 also gives the curve for a 
decrease with the reciprocal distance and that 
used actually by the C.R.P.L.7.* There is a con-
siderable difference for large distances. We find 
that measured values of field strength and traffic 
experience cannot be compared with the very 
steep 1/D decrease. We know, for example, of 
intensity measurements of paths encircling the 
earth, which gave about a 11D decrease of the 
effective field strength,8 although these paths are 
subjected to a non-negligible absorption which 
must also be accounted for. 

1.2. Non-Selective Absorption in the D-Layer (82) 
Ionospheric absorption originates from colli-

sions of oscillating electrons and molecules. 
Booker's detailed analysis(' distinguished selective 
absorption, occurring at the same time as refrac-
tion, and non-selective absorption. In the second 
case considerable approximations can be applied, 
and this case concerns the D layer, where refrac-
tion phenomena are negligible (for h.f. waves at 
least). Furthermore, the quasi-longitudinal 
approximation of the dispersion formula is nearly 
always valid. Then the absorption coefficient 

k= 
2ceo v2 -F (co ± (01)2 
e21m vN 

vN 
= 1.34 x 10 -13   fL • • (7) 

(f )2 

where y --- number of collisions (y w), c — 
velocity of light, e = charge, m = mass of the 
electron, e0 = dielectric constant of a vacuum, 
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• C.R.P.L.= Central Radio Propagation Laboratory (Bureau of 
Standards, Washington). 
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N = electronic density, co -= 
27rf, WL = 27rb, = B • cos O • elm, 
B = magnetic induction, O --
angle between the direction of 
propagation and the magnetic 
field of the earth and IL is the 
longitudinal component of the 
gyrofrequency. The double 
sign + is for the ordinary and 
extraordinary ray. The total 
absorption follows by inte-
gration: 

62 = 2p fk(s).ds decibels 

The integration path follows 
the ray, penetrating 2p times 
into the D layer. It follows 
from symmetry that it is 
sufficient to consider only the 
first part of the path, up to 
the first point of reflection; the 
subsequent parts give equal 
contributions, represented in 
our formula by a factor 2p. 
At the same time we replace s 
by z.sec oci, (see Fig. 5): 

82 =- 20 x 2p x sec cc,,.f k(z)dz 

With (7) we can write 

8 .p.Bsec  
2 i• ( + .1.02 • • (9) 

zmax 
B = 5.37 x 10 f-12 v(z)N(z)dz .. (9a) 

o 

When the points of penetration of the D layer are 
very far from one another, the product pB is 
replaced by the sum of the B values at the appro-
priate places. 

Formula (9) is the basis of our absorption 
calculation.' It holds with the upper sign for the 
ordinary and with the lower sign for the extra-
ordinary ray. In most applications, especially for 
the calculation of the lowest usable frequency 
(1.u.f.), we need only take account of the ordinary 
ray, the field of which is much higher. 
The longitudinal component fL of the gyro-

frequency depends on the angle 9, and is different 
going up and coming down. In our latitudes we 
can take an average value of 1.2 Mc/s. The 
geometrical conditions of the path have been 
examined with a model of parabolic reflecting 
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layers (discriminating between E and F). We 
thus found6 the values of sec cep given in Fig. 6. 
The characteristic data of the absorbing D layer 

are summarized by the value B, which can be 
obtained by ionospheric absorption measurements. 
The ionization of this layer is extremely small 
during the night, and in daytime there is a marked 
variation with the sun's zenith angle x. 

B cosmx .. (10) 

Theoretical calculations of the exponent gave 
different results.1°,1 Experience seems to favour 
a value slightly below 1; we generally use 3/4. In 
any case, large fluctuations of short period (10 
min.) are revealed by all observations, so that no 
exact law exists, but only a statistical one. 

Unfortunately, absorption measurements are 
very rare and very few are performed at low lati-
tudes. The only series over many years is that of 
the British station at Slough. By kindness of Sir 
Edward Appleton, the author has had the 
opportunity of examining these resulte' which 
give the following formula, valuable for monthly 
mean values: 

B = 430 (1 ± 0•0035ii.) cos3/4x .. (11) 

R is (one year's) sliding average of the sunspot 
number R. Variation with sunspot cycle is 
slightly less than supposed by the C.R.P.L.7 In 
our latitudes (10) and (11) cannot be applied in 
winter as the absorption is then higher than the 
cos3/4x law would indicate. 

Fig. 5. Penetral ton cl 1/It /Mayer (/ont/ionof xh). 

1.3. Other Influences diminishing the Field of the 
Sky-Wave 

Rarefaction of energy and absorption in the 
D layer are the principal ways in which the field is 
weakened in ionospheric propagation. There are 
still some other factors of less importance. 
Selective absorption exists in layer E. Frequencies 
near the m.u.f.-E (maximum usable frequency, 
reflected from the E layer) suffer an extra absorp-
tion, growing rapidly with approximation to 
m. u.f.-E. 
Under these conditions the propagation approxi-

mately follows the quasi-traverse formulae. For 
the ordinary ray we find, following Booker(' 
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(always V < CO; ji = refraction index): 

=- 1.34 x 1 • —y/V (12) e2Im I., y2 ± 1  vN  2c,0  4. f2 

The corresponding formula for the extraordinary 
ray is more complicated, but it is of no interest 
here, because this ray, suffering more from 
blanketing and from absorption, only gives a very 
small contribution to the resulting field. 

7* 

6. 

s. 

4 

3 
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suffers more from D absorption. We actually 
consider this effect by using sporadic-E data for 
the calculation of blanketing,13 whenever this 
effect is important; i.e., in summer. One might 
think that energy is also lost when reflection occurs 
at the surface of the earth in the case of a multiple 
'reflected path. Actually this effect does nct seem 
to be very important, because the reflection 
coefficient at glancing incidence is always very 
nearly unity. In any case it is negligible for 
oversea transmission. We have just mentioned 
the relative high field observed for paths en-
circling the earth; this fact indicates that earth 
reflection losses are not important. It would be 
interesting to note whether such an effect exists 
for paths having an earth reflection point in a dry 
desert, like the Sahara. 

Fig. ,. qth  
E-layer. 

2. Selection of the Different Paths 

We have just examined the different phenomena 
which affect the field obtained with a single given 
path. Now there are some other conditions for the 
existence of a path, originating from skip pheno-
mena. Before we can proceed to compose different 
paths we should first discuss these conditions. 

2.1. Blanketing Phenomena (Cut-Off) 

These can only arise for a path reflected from 
the upper of the two reflecting layers, namely 
from F. If a lower layer like E exists (distance 
and frequency being given), the propagation by 
means of an F reflection may be cut off if re-
flection occurs in the E layer. We thus obtain a 
limiting low frequency, because higher frequencies 
more easily penetrate the E layer. For a given 
frequency f, cut-off exists above a certain distance, 
which is given by its angle of departure 13 (Fig. 7). 
The limiting condition of cut-off is that E reflection 
does not take place; i.e., 

f > sec a. .fE = fA . . . . .. (13) 

(fE critical frequency of the E layer, cc. the angle 
of incidence at this layer). fA as defined by (13) 
is the limiting frequency of cut-off. The 'cut-off 
factor' sec cc. can be derived from the geometry of 
reflected rays. We shall not enter into the details 
here, because these will be treated in another 
publication.13 We shall only give some generalities. 

292 

D-absorption [see equ. (9)] increases with the 
number of hops p and with the angle of penetra-
tion cep. The influence of p is more important, and 
the flattest path, which has the smallest value of 
p, has always the lowest absorption, but cut-off 
just prevents the use of these paths, leaving only 
the steeper ones. Thus the influence of cut-off is 
unprofitable, because it renders impossible the 
more favourable flat paths reflected by the F 
layer. If the distance is great, paths reflected by 
the E layer must penetrate the D layer many times, 
where they suffer much from absorption. Conse-
quently transmission is taken over, when cut-off 
exists, by steeper paths reflected a greater number 
of times by the F layer. These too suffer more 
from absorption than those which are cut off. 

If the transmitting station is faint, cut-off of the 
flattest possible path may yet be decisive for the 
1.u.f. (lowest-usable frequency), since other paths 
suffer too much from absorption. But if the 
transmitter is powerful, steeper paths will replace 
those which have been eliminated by cut-off. 
There the 1.u.f. is reached with a low angle of 
departure if the power is small, but with a higher 
angle if it is large. 

Recently other prediction services than ours 
have also begun to take account of the cut-off 
effect. This has been done since 1948 by the 
C.R.P.L.,7 but only for medium distances (see 
Section 4). At the same time the Australian 
Ionospheric Prediction Service has begun to base 
its calculation of the 1.u.f. merely upon cut-off.14 
Its method of calculation essentially consists in 
prescribing a minimum angle of departure of about 
10°, which is assumed to exist for the 1.u.f. The 
condition (13) is applied for this angle (corre-
sponding to a transmission distance of 1000 km 
reached by E-reflection). This method can only 
be regarded as a first approximation; it is prob-
ably valuable in some way for a certain power. 

2.2. Survey of Propagation Possibilities 
Having examined separately the propagation 

of the different paths, we can now proceed to 
arrange them in order to give a complete descrip-
tion of propagation possibilities. Here we must 
take account of the skip phenomena limiting the 
usable range at high frequencies. 
The maximum usable frequency (m.u.f.) is 

obtained from ionospheric records by means of the 
ingenious method of N. Smith.15 Of course, the 
m.u.f. is different for different paths, for example 
1 x F and 2 x F reflection. With increasing 
number of reflections (or with decreasing distance), 
the m.u.f. decreases. We may best characterize 
the different influences in sky-wave propagation 
by an example, showing clearly the frequency 
ranges where the different paths exist. We start 
with a normal ionospheric record, like that of 
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Fig. 8, showing reflection height versus frequency. 
First we consider only the first echo received 
above the direct signal. We distinguish the trace 
of echoes coming from the E layer on frequencies 
below 3.3 Mc/s and with a height of about 110 
kilometres. For frequencies higher than 3.4 Mc/s, 
however, we obtain echoes from the Fo laver with 

Fig. 8. Example of an ionospheric echo record (type: winter 
day), obtained at Freiberg on 24th January 1950 (11 h. 

local mean time). 

virtual heights of 220 kilometres and more. There 
is a retardation effect at both sides of the transition 
frequency fA and echoes are fainter here, in 
consequence of selective E absorption. At higher 
frequencies the F 2 echo splits up into the two 
magneto-ionic components. The critical frequency 
of the ordinary ray foF2 (11.8 Mc/s) is about 0.6 
Mc/s lower than that of the extraordinary ray 
fxF2. No echoes at all occur on higher frequencies. 
Above these echoes, we may realize others which 
are multiples, reflected two and even three times 
between the ionosphere and the earth. Of course, 
at vertical incidence these multiple echoes show 
the same critical frequency as the first echo does. 
But in the case of oblique incidence this is no 
longer true. Because multiples are less oblique 
than simple echoes, their critical frequency is 
considerably lower, if the distance is great. 

Applying the method of N. Smith15 (see Fig. 9) 
the record of Fig 8 has been transformed for a 
distance of 2000 kilometres. The result is shown 
in Fig. 10(a), in so far as the first echo is concerned. 
Here only the geometrical transformation has 
been performed, • without regarding absorption 
influences* (the E trace of Fig. 9 has, therefore, 
been extrapolated towards low frequencies and 
the transition-cusp at 3.3 Mcs towards great 
heights). Doubling of the echo trace occurs near 
the critical frequency. The upper trace corres-
ponds to the so-called 'Pedersen ray', which has a 
considerable retardation. On the other side the 
critical frequency of the E layer, is increased 
considerably more by the Smith-transformation, 
than the frequency of cut-off. Therefore, we now 
find three successive echoes in the frequency 

• Fig. 10 refers only to the ordinary rays. We have neglected extra-
ordinary rays, because the figures would become too complicated. Our 
calculation method takes account of these rays, but they are practically 
only important for the m.u.f. 
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range 6 to 14 Mc/s; the first trace belongs to normal 
E reflection; the second is the Pedersen ray of the 
E transmission; the third is the F reflection. Up 
to 11 Mc/s this third trace is also retarded in 
consequence of its double transition through the 
E layer. 

Let us now consider the intensity of these 
transmission traces. First the geometrical optics 
of the Pedersen rays is very unsuitable, as 
Foersterling and Lussen have proved4 long ago. 
The retarded part of the F echo also suffers from a 
rarefying of energy because the corresponding 
bundles of rays expand rapidly, as recently 
proved.t On the other hand the selective absorp-
tion occurring in the E layer is very large for these 
rays, which are retarded by the same layer. Finally 
we must take account of D absorption, which* 
increases slowly with decreasing frequency. In 
consequence of all these attenuations, we obtain 
Fig. 10(b) instead of 10(a). The retarded rays have 
almost disappeared and the low-frequency part 
of the E reflection is destroyed by D absorption. 

TRANSMISSION FREQUENCY (Mc's) 

5 6 8 0 12 14 16 18 20 

IONOGR AM FREQUENCY (Mge 

Fig. 9. Application of Smith's method for the transforma-
tion of virtual reflection height with distance. The record 
Fig. 8 was plotted into the system of transmission curves for 
2,000 kilometres. Correction for curvature of the earth was 
applied by a corresponding shift of the record curve. Inter-
section with transmission curves gives the virtual reflection 

height. 

Finally, we must admit the same trans-
formations for multiple echoes. We thus arrive at 
Fig. 10(c) showing traces of 1 x E, 2 x E, 1 x F, 
2 x F, 3 x F. For each of these paths trans-
mission is realized in another frequency range. 
The highest m.u.f. is that of 1 x F, reaching 28-5 
Mc/s. The corresponding 1.u.f. is only 10.5 Mc/s, 
while the paths 1 x E and 2 x F reach 8.2 Mc/s 
and 7'7 Mc/s respectively. The path 2 x E 
suffers much from D absorption; higher E multiples 
are completely absorbed. Absorption also greatly 
diminishes the range of 4 x F. 
Summarizing these considerations, we realize 

that all possible transmission paths must be 
considered. The resulting transmission is a 
mosaic made up of the contributions of the 

t This point will be explained in detail in a following publication" 
There exists also 4t. restriction for 'Pedersen rays' introduced by wave 
optics." 
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different paths. Generally, it is necessary to 
consider the five paths just mentioned for trans-
mission distances up to 3000 kilometres. In most 
cases the m.u.f. of all paths is given by that of 
1 x F, but there are rare cases (for distances of 
about 1500 to 2000 kilometres), where the E layer 
gives a higher value. These conditions frequently 
exist, when sporadic E occurs. On the other side 
the 1.u.f. is often given by 2 x F or 3 x F, 
especially if the power of the transmitter is high. 
The influence of power is such that the effect of 

D absorpti -n increases with decreasing power. 
Therefore, higher multiples disappear by absorp-
tion if the power is low. With a faint transmitter 
we may realize only the 1 x F path. Therefore, 
the 1.u.f. depends considerably on the transmitted 
power, while the m.u.f. is nearly independent of it 
(apart from contributions of sporadic E, for which 
partial reflection exists). 

81 is given by (6) (see Fig. 4) and 82 by (9); 83 has a 
strong relation to cut-off (accuracy will be given 
in a further publication13). 

In order to obtain the effective field, we must 
combine the contributions of the different paths 
(index 1) arriving at the receiver. All these waves 
have been influenced by ionospheric refraction, 
resulting in a distortion of polarization and phase. 
In consequence of very small jonospheric changes, 
which always exist, the polarization and the phase 
at the receiver vary rapidly. Most aerials are only 
sensible to a certain linear polarization; in the 
case of an arbitrary polarization, only the com-
ponent parallel to the aerial is effective. Without 
restriction, we can consider a linear polarization, 
having an instantaneous angle 0/ with the aerial 
(an arbitrary polarization is decomposed into two 
linear oscillations). The phase of the wave 1 is 
given by an angle (in. As 0 and 95/ always vary, all 

Fig. 10. Result of Smith's transformation as applied to Fig. 9 (2,000 km) (a), 
and when attenuation is taken into account (b). Smith's transformation for 

multiple paths, taking account of attenuation effects, is shown in (c). 
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Finally, from Fig. 10(c) we can easily learn 
something about the angles under which the 
different paths are received. Approximately, this 
angle increases with the heights indicated in Fig. 
10(c). For mean distances there are rather 
different angles. This is no longer true for 
distances exceeding 3000 kilometres. Here E 
echoes are no longer important, so that the varia-
tion of the transmission conditions with frequency 
is more regular. The angle increases with decreas-
ing frequency, because the 1.u.f. is reached with a 
higher multiple than the m.u.f. (in consequence of 
cut-off phenomena). It has been proved experi-
mentally that this variation exists; conditions vary 
with the solar cycle as the critical frequency does." 

3. Resulting Field and Lowest Usable Frequency 

3.1. Resulting Field 

For a given mode of propagation the average 
field can be obtained from the formulae (1) and 
(3), from which we obtain: 

<E> <E0> — . . .. (14) 
• 
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values have equal probability. The amplitude of 
the wave is largely influenced by propagation 
conditions. There is also the polar diagram of the 
transmitting aerial (the corresponding one of the 
receiving aerial must be considered in connection 
with the input to the receiver). We may assume 
that the effects of all these influences (but not that 
of polarization) are contained in the amplitude Et. 
The resulting field Er, effective for reception, is 
obtained by complex addition (j = V— 1): 

Er = 2E/ • cos Sr)/ . exp (jcki) . . .. (15) 

12 • 

Er = {E1 cos 01 cos 95/ 

This expression can easily 
2 

Er = E/2 • COS20/ 
1 

cos (Pi coe • cos (96i — (ki) 
(in the double sum / i). 

±{,E,cos., sin ¢n}2 
be transformed into 

i 
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With regard to the fact that all values of 0 and 4 
have equal probability and that they are indepen-
dent of each other, we can obtain an average value 
representing a period, which is not too small 
(some minutes). Averaging first over the phase 
4), the second term on the right-hand side will 
disappear, because 

2n 

COS (/)j — 41) = 1- f COS 14 • du 
27r a - 

Averaging now over the polarization 0, we have 

1 
cos20/ - cos2u • du = 

-27r 

and finally, 

Er 
2 
= 

We therefore may define as the average value of 
the resulting field strength: 

1 
«Ér  v JE/2 .. (16) 

2 

In the special case, when the m amplitudes EI 
were equal, we should have: 

Êr 
m /\/— • E/ 2 

In consequence of geometrical addition, the 
important contributions are only those which are 
approximately equal to the strongest component. 
If, for example, the field of a second component is 
three times smaller, the resulting field increases 
by 5% only. Consequently in most cases one 
contribution is by far the most important and the 
others may be neglected. This is nearly always 
true it daytime, when absorption and cut-off 
differentiate the conditions of propagation for the 
different paths. At night, these influences are not 
effective and we often have nearly equal contri-
butions. 
Of course, interference fading is more important 

with nearly equal contributions. For some 
applications the effect of fading is so disturbing 
that the increase of field strength, introduced by a 
second mode of propagation, cannot balance this 
negative influence. Therefore, restrictions must 
be made for the use of the resulting field Ér, which 
does not always give a correct impression of the 
real conditions of transmission. 

3.2. Calculation of the l.u.f. in Daytime 
By these methods we can estimate the resulting 

field in the case of Fig. 10(c). Though for the path 
1 x F the maximum of field strength should exist 
at a frequency near the m.u.f., the maximum of 
the effective field is perhaps received on a lower 
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frequency, if the contribution of multiple reflec-
tions is important. Towards lower frequencies the 
resulting field decreases. 2 x F, 3 x F and 1 x E 
co-exist over •a large range but finally only 
2 x F remains. In this special case the effective 
1.u.f. (for all possible transmission paths) is 
identical with that of the path 2 x F. 

Generally, it is sufficient to determine the 1.u.f. 
for all possible paths and to select the lowest of 
these values. But restrictions must be made for 
paths reflected from the F layer, because of cut-
off phenomena. [For the moment, we shall re-
place the sliding influence of selective E absorp-
tion (83) by a sharp cut-off,13 according to (13)]. 
The 1.u.f. of a path reflected from the F layer can 
originate either from cut-off or from absorption. 
Therefore both limits must be calculated; the 
upper of them determines the 1.u.f. of a path with 
F reflection. For E reflection only the absorption 
limit exists. 
The lowest usable frequency as determined by 

absorption can be calculated from (14): 

<E> = <E0> — 82 

In this equation only 82 varies with frequency (in 
a decreasing sense). If the minimum field neces-
sary for reception, Emin is known, we may reverse 
this equation, in order to obtain the frequency 
corresponding to E min. On frequencies lower than 
this value, we should only obtain an insufficient 
field. We assume that Emin is practically indepen-
dent of frequency in daytime because then the 
level of atmospherics is very low. In accordance 
with the definitions of the Atlantic City Confer-
ence,18 we adopt a fixed minimum value (e.g., 1 
microvolt/metre for telegraphy). This is suitable in 
any case, because for most stations, especially 
mobile ones, man-made interference is not quite 
negligible and the gain of the receiver is also 
limited.* 
With a constant Emin we can solve (14), con-

sidering (9); thus we have for the lowest usable 
frequency (where the field is just Emin): 

1.u.f. = {pB sec x»/(< Eo> — < Emin > — 81))* 
. . (17) fL • • 

If the distance exceeds 3000 km, the sun's position 
is no longer constant along the transmission path. 
We then replace pB by summing up the contribu-
tions of the different penetration points. Thus we 
obtain [with the numerical values of equ. (11)]: 

1.u.f. =-- 
{ 2p i 
215 (1 ± 0.0035R) • sec at, •cosl •xq _  fi, .. (18) 

< Ei) > — < Emin > — 81 

• This practice is different from that recently adopted by the C.R.P.L.,-
whose Emi,, is based night and day on the variable level of atmospherics 
only. 
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In so far as absorption determines the 1.u.f., it can 
be calculated for each path with (17) and (18) 
respectively. The limit introduced by cut-off is 
approximately given by (13). With a double 
selection, as above indicated, we finally deduce 
(from the data of all possible paths) the effective 
lowest valuet. 
The figures in all of the above quoted absorption 

formulae have been deduced from British observa-
tions.* As they are median values, they can be 
suitably used for an estimation of the average 
field to be expected. But for practical application 
the fluctuation of absorption as well as of cut-off 
is rather important. 

So far no precise ionospheric basic values can be 
predicted for a single day, but it is possible to 
predict (with the aid of former ionospheric 
observations) the median values of a month and 
their range of fluctuation. In practice, we do not 
use median values, but we calculate the 1.u.f. 
twice. First such 'cautious' basic values are 
chosen (for a given month) that they are only 
exceeded by the three `worst days' (with respect 
to absorption or cut-off); consequently the 1.u.f., 
thus obtained, has a probability of 90%. Then 
calculation is made with 30% only, using less 
cautious basic values. In addition, we adopt the 
same practice for the maximum usable frequency 
(m.u.f.). In a diagram of frequency versus time of 
day we thus obtain regions with graduated 

t Recently a Hollerith method for both calculation and selection has 
been established by Gallet.'• 

• It is possible that these figures are somewhat too high; we now find 
slightly lower values at Freibt rg 
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0 2 4 6 8 10 12 14 16 18 20 22 24 ud, o a lo it 14 10 is eu et e40 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 

T ME (HOURS) T ME (HOURS) T ME (HOURS) TIME (»MRS) 

Fig. 11(a—h). Effective prediction as obtained with graphs (a)—(f), for different paths; (g), combination of (a)—(f); 
(h) final prediction graph taking account of the combination of probability values. 

probability of transmission. These diagrams are 
first established for the most interesting path, then 
they are combined, in order to give the probability 
of transmission by any path at all. When indepen-
dent probabilities are combined, the probability 
values of the different paths (u, y) must be added 
according to the formula for the resulting 
probability: 

U = u — uy .. (19) 

The whole procedure is illustrated by Fig. 11. 

3.3. Calculation of the l.u.f. at Night 
With sunset, the normal layers E and D dis-

appear rapidly. The remaining sporadic ionization 
seems to be so concentrated in a very thin layer 
that considerable absorption does not exist. 
Therefore, the field strength is much higher at 
night than in the daytime. On the other hand 
(and in consequence of improved propagation 
conditions) the atmospheric noise is also much 
more intense at night. 
For the moment we use a method of calculation 

which neglects absorption, but takes account of 
the systematic variation of the intensity of 
atmospherics, with frequency on one hand and 
propagation conditions on the other. The 
procedure is essentially that of the preceding 
paragraph except that Emit?, is now the only term 
that varies with the frequency (82 = 0). Summar-
izing American estimations,2° we have established 
the following expression for Emin as determined 
by atmospherics (for telegraphy) 

<Emtn> = 7.5 + 6.5k — 20 logio fn. (20) 
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(k depends on the zone and varies between 0.5 and 
5; fm = frequency in Mc/s).* Introducing this in 
(14) we solve for the frequency and obtain: 

log10 (1.u.fm .) 

{81 — < E0 > 7.5 ± 6.5k}/20 (21) 
in which 1.u.fm. is in Mc/s. 

24-
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Fig. 12. Variation of p sec up. Parameter; number of 
hops reflected from the F2-layer. 

But our formula (20) is only valid for fre-
quencies at which the atmospherics are received 
without a skip-zone; that is, for rather low 
frequencies. On higher frequencies, having an 
important skip zone, the atmospherics are less 
intense than indicated by (20), because all parasites 
originating in the skip-zone are not received. We 
therefore have calculated a correction which 
always reduces the 1.u..f. when the skip-zone is 
important. This correction, based on actual m.u.f. 
values, varies with the hour.t Details of this 
calculation will be published elsewhere. 

This method should be considered as a provi-
sional one. A slight loss of energy must take 
place, when reflection occurs at the earth, as well 
as at the F 2 layer. Perhaps these losses, though 
unimportant in the daytime, must be taken into 
account at night. Besides, the practical question 
whether a frequency is usable at night depends 
very much on the distribution of emissions with 
frequency; it is not only a question of propagation. 

4. Comparison with the New C.R.P.L. Method 

During the last war, two methods were 
developed for the calculation of the field strength, 

• Perhaps the numerical values should be somewhat changed according 
to the results of measurements of the British D.S.I.R. (Thomas method). 
t The method of comparing the field with the atmospheric noise level 

has been introduced by the C.R.P.L.'; our method differs from it (1) in 
assuming a rather uniform variation of this level [see (20)], and (2) in 
introducing on the other hand the influences of the actual m.u.f. values. 
In other words, we prefer to separate the influence of sources and of 
propagation conditions, both existing in atmospheric noise; the latter 
influence must be the same for noise and reception. 
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which are generally known as the Anglo-American 
and the German methods. We have just described 
the method of S.P.I.M., which is a further develop-
ment of the latter, essentially the same funda-
mentally. At that time the C.R.P.L. used a 
method which did not discriminate between the 
different paths. After the war, it was announced 
by the C.R.P.L. that the matter was being taken 
up again. The result was published in 1948.7 The 
new method distinguishes long, medium, and 
short distances. For long distances the war-
method is left unchanged, while for medium 
distances (400-3200 kilometres) a new method, 
including discrimination of different paths, has 
been introduced, which is in rather good accord-
ance with our method. While we prefer formulae, 
the C.R.P.L. frequently uses graphs. For com-
parison, we have transformed some of them into 
formulae. In this section we only discuss the 
calculation of field strength. The difference exist-
ing in the calculation of 1.u.f. with regard to Emin 
has been mentioned above. 
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Fig. 13. Variation with frequency of absorption decrement. 
The system of faint lines corresponds to our formula; heavy 
broken lines were obtained with medium distance graphs of 
the C.R.P.L.7. (a) for one hop F 2 propagation fits well with 
our lines; (b) for one hop E propagation fits less well. 
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4.1. Long Distances 
For distances D above 3200 kilometres the 

graph of the C.R.P.L. corresponds to the formula 
82* = 0-512 • A • D • fm -1.92 ▪ (22) 

The term A, indicating solar activity, contains 
three contributions with regard to the solar cycle 
(Q), the season (I) and the actual altitude x of the 
sun (K): 

A = QIk. . . .. (22a) 

with Q = 1 -I- 0.005É- (É monthly number of 
sunspots), I a correction for winter months 
(1 < I < 1 -3) and k the average value, taken over 
the whol distance, of 

K = 0.142 + 0-858 cos x 
35 

30 

25 

• 20 

▪ 15 

10 

5 

o 

▪ (22b 

limit is not essentially different for different paths. 
We have checked this assertion with our own 
values of sec D (as calculated with a parabolic 
layer) and find it justified because p seccci, is 
nearly constant (see for example Fig. 12 with 
D = 10 000 kilometres). There is one exception, 
namely for a rather grazing path (3 x F in 
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This variation of absorption with xis rather similar 
to ours, namely costx. The constant 0-142 has 
the effect of extending the absorption influence till 
the sun is 9.5° below the horizon. Also the seasonal 
influence I is not very different from ours. Only 
for the variation with the solar cycle we have 
found a somewhat lower value (0-0035 instead of 
0.005), based on the British observations. The 
variation with frequency is somewhat less 
important than ours [see (9)] but it must be borne 
in mind that the variation of the total field is a 
different thing from that of the field corre-
sponding to a single path (see Sections 2.2 and 
.3.1). 

In the mentioned publication of the C.R.P.L.7 
further use of former formulae is made with the 
statement that the effect of the number of hops 
nearly counteracts the contrary effect of inclina-
tion for long distances, such that the absorption 
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Fig. 12). This exception is important for the field 
obtained with higher frequencies (and conse-
quently for the 1.u.f. in the case of a faint trans-
mitter). If we adopt our values of p sec cc,. (Fig. 
12) we find with our formulae (9) and (11) approxi-
mately the same decrement of absorption for the 
most favourable mode of propagation, as results 
from the C.R.P.L. formula (22). 
On the other hand, there is a serious difference 

between the two methods of determining the 
influence of geometrical optics' (8,). While we 
assume a higher field strength, compared with a 
D-1- law, due to focusing by the curved ionosphere, 
the C.R.P.L. assumes a lower one, using a law with 
about D-14 (see Fig. 4): 

8,* = 28.2 log10 D — 23 decibels .. (23) 
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where D is in kilometres. In consequence of this 
assumption the field as calculated by C.R.P.L. 
methods is always somewhat lower than our 
method indicates. 

4.2. Medium Distances 
For 400 <D < 3200 kilometres, the new 

method of the C.R.P.L.7 considers separately the 
paths 1 x E, 2 x E, 1 x F and 2 x F (while we 
think that 3 x F must also be considered, if D 5-
1500 kilometres). For the paths reflected from the 
F layer the influence of cut-off has also now been 
introduced , using normal E data and assuming a 
specular F reflection from a fixed altitude. 
The influence of absorption is given by a series 

of graphs, which cannot be represented by a 
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Fig. 17 (a—f). Variation of effective field at different frequencies as derived from our formulae (heavy lines) and from the 
graphs of C.R.P.L. (broken lines). Effective radiated power 1 kW. E, = 110 (lb. 
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simple formula. We first consider (for some 
examples corresponding to different distances) the 
variation with frequency (Fig. 13). As a reference, 
a family of curves based on a constant x ( f+1 -2) -2 
has been chosen, corresponding to formula (9). 
The curves obtained by means of the C.R.P.L. 
graphs are in heavy broken lines. They are not 
essentially different in Fig. 13(a), corresponding 
to the path 1 x F. But Fig. 13(b), which is for 
1 x E, shows considerable differences for low 
frequencies, because a maximum of absorption is 
assumed at vertical incidence for a frequency of 
1.2 Mc/s. This maximum is transferred to higher 
frequencies with increasing distance of trans-
mission. The physical interpretation of this be-
haviour might be given by a lower layer having a 
critical frequency of 1.2 Mc/s. We hope that the 
new technique of pulse investigation on low fre-
quencies21 will clear up this point. The variation 
of absorption with distance, given by sec cep in our 
formula (9), is very similar in the C.R.P.L. 
graphs, as is demonstrated by Fig. 14. The 
influence cif solar activity is the same as assumed 
for long distances [see (22a)]. The constant 
absorption (corresponding to A = 1; i.e., subsolar 
point and minimum of the solar cycle) is 500 db 
(Mc/s)2, while we use 430 [see (11)], a value which 
is not very different. Here again the most 
important difference of the two methods arises 
from the geometrical term 81. The C.R.P.L. has 
now 

8,1** = 20 logio(2s) decibels . . .. (24) 

2s (see Fig. 15) is the equivalent path in km cal-
culated with a specular reflection (altitudes 105 
and 320 kilometres respectively for E and F 
layers). Consequently the C.R.P.L. field strength 
is somewhat lower than ours for medium distances 
too; the difference can attain 15 decibels, but it is 
less in most cases. 

4.3. Short Distances 
For distances below 400 kilometres the C.R.P.L. 

has not yet considered different paths. The 
corresponding graph7 even assumes that the field 
(of the sky-wave) is independent of the distance, 
an assumption which is not in accord with the new 
medium-distance method. This discrepancy is 
made more serious by an extremely low value, 
adopted for the absorption constant (280, instead 
of 500 in 4.2). The absorption formula is here: 

32*** 280A x S(f) decibels .. (25) 
We prove with Fig. 16 that the frequency function 
S(f) is not essentially different from const. x 
(f 1 -2) -2. In consequence of the low absorption 
value adopted here, the field calculated by means 
of (25) is rather high. 
The interior discrepancy of the C.R.P.L. 

methods, used for short, medium and long 
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distances, is considerable, especially for low 
frequencies (it attains 30 decibels!). This is 
illustrated by Fig. 17, where the variation of field 
strength with distance, as calculated with the 
different methods, is represented. 

Surely the short-distance graph of the C.R.P.L. 
must be considered as provisional,* and only to 
be applied for very short distances. Its medium-
distance method does not seriously differ from 
ours, though the field values are lower generally. 
The long-distance method gives results which do 
not differ materially from ours. 
We think that two facts are most important: 

(1) that the two methods of field calculation have 
now become rather similar by adoption of the 
differential method, and (2) that the absorption 
figures, obtained with very different methods of 
observation, are in good agreement. The differ-
ences which still exist should be soon examined by 
suitable pulse experiments. 
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MUTUAL RADIATION RESISTANCE 
OF AERIALS AND ARRAYS 

By H. Lottrup Knudsen, M.Sc. 
(Microwave Laboratory, Royal Technical University of Denmark, Copenhagen) 

SUMMARY.— The two most important methods of calculating the radiation resistance of an 
aerial are the Poynting-vector method and the e.m.f. method. However, for calculating the mutual 
resistance of two aerials or two aerial arrays only the latter method seems to have found explicit applica-
tion. In this paper a simple expression for the mutual resistance of two aerial arrays with known array 
characteristics is derived on the basis of the Poynting-vector method. The application of this expression is 
illustrated by two examples. 

1. Introduction 

FOR calculating the radiation resistance of 
an aerial the two most important methods 
are the Poynting-vector method and the 

e.m.f. method. Both of these methods are based 
on the theorem concerning the energy flow in an 
electromagnetic field stated by Poyntingl in 
1884. In the case of the first-mentioned method, 
the Poynting vector is integrated over a spherical 
surface with its centre near the aerial and with 
its radius so large that the spherical surface is 
situated in the far-zone of the aerial, where the 
expressions for the field components are 
particularly simple. This method was first used 
by Hertz2 in 1888 who applied it for calculating 
the total effect radiated by a 'Hertz dipole.' 
The second method is based on an integration of 
the Poynting vector over the surface of the aerial. 
The basis of this method was given by Brillouin3 
in 1922. The method was used in 1927 for practical 
aerial calculations by Kliatzkin4, whose work 
was made known in the western countries through 
a paper by Pistolkors5 two years later. 
The Poynting-vector method has been used 

also for calculating the radiation resistance of 
aerial arrays; for example, Foster has calculated 
the radiation resistance of a linear array of Hertz 
dipoles6, whereas Bontsch-Bruewitsch7 has treated 
the more complicated case of a linear aerial 
array of thin linear aerials of finite length. The 
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radiation resistance of an aerial array consisting 
of several sub-arrays may easily be calculated 
when the self-radiation resistances of the single 
sub-arrays and the mutual radiation resistance 
of the sub-arrays, two by two, are known. 
However, the Poynting-vector method does not 
seem to have been applied for a direct calculation 
of the mutual radiation resistance of two aerials 
or two aerial arrays. The reason for this seems 
to be the fact that before any serious interest 
had arisen in the possibility of calculating the 
mutual impedance of two aerials, the e.m.f.-
method had been developed, and this method 
allowed one to calculate not only the real part, 
but also the imaginary part of the mutual 
impedance. The mathematical technique of 
calculations of this kind has been developed in 
papers by Pistolkors5, Bechmann5, Cartel-2 and 
several others. Finally, during the last decade, 
efforts have been made to develop a more exact 
theory for the calculation of aerial impedances. 
This development which was started by Hallénn 
has been carried further by King and Harrisonn 
and Tain. 

It is the purpose of the present paper to 
develop an expression for the mutual radiation 
resistance of two aerial arrays on the basis of the 
Poynting-vector method. In some cases it is 
easier to use this expression than the correspond-
ing expression derived on the basis of the e.m.f.-
method. The application of the expression will 
be illustrated by two examples. 

301 



2. Derivation of an Expression for Mutual 
Resistance 
We consider two aerial arrays, 1 and 2, both 

of them composed of the same kind of similar 
and similarly oriented aerials. Denoting by 7. the 
position vector, each of the two arrays is assumed 
to have a current distribution with the current 
density ji0 (j 1 or 2) that may be expressed as 

Kr) = • • • • • • (1) 

where Ij is a reference current for the aerial 
array], whereasii(i) is a vector function associated 
with the array j, this function being independent 
of the current 4. For the two aerial arrays one 
may then define such self-impedances Z11 with 
the reference current II, and Z22 with the reference 
current /2, and such a mutual impedance Z12 
with the reference currents /1 and /2 that the 
complex effectt, P — iQ, absorbed by the aerial 
from the generator may be expressed by 8,13 

2(P — i(?) = Z1111I1 + Z12(4/2* /2/1*) 
+ Z221212*, (2) 

where a* denotes the complex conjugate value of 
a. Corresponding to a reference current I for the 
super array formed by the two arrays, 1 and 2, 
we define an impedance Z through the equation 

2(P — iQ) Z I I*. .. • • (3) 

Denoting by R11 the real part of Z11, etc., we find 
by equating the right-hand sides of equations (2) 
and (3) and taking the real part of the resulting 
equation the following equation for determining 
the self-radiation resistance, R, of the super array 

RII* R11411* 2R12 Re (4/2*) =  
R221212*• • • (4) 

We express the reference current /i for the array 
j by the reference current I for the super array 
in the following way 

-= KJ /. . . .. (5) 
By introducing this in equation (3) and re-
arranging we obtain the following expression for 
the mutual radiation resistance, R12, of the arrays 
1 and 2 

R12 2 Re (K/K2*) • 

Let an aerial identical with those of which the 
arrays 1 and 2 are composed be situated at an 
arbitary reference point A, and let the current 
at the input terminals of the aerial be /0. Let the 
electric field strength, r, in the far-zone field of 
this aerial be 

R — RIKK* — R2K2K2* 
.. (6) 

É Eoé E4,95, • • (7) 
where â and 4 are unit vectors in the directions 

t Time factor: rird. 
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of the O and # axes in a spherical co-ordinate 
system (p, 0, #), and where 

eikP 
E9 --=10 (0,), (8) 

eikp 
/*„ (0, #). (9) 

In these expressions t -Ville denotes the 
intrinsic impedance, k =co•Vtie the intrinsic 
transmission coefficient of free space, p the 
distance from the origin to the point where the 
field is calculated, and MO, 4.) and MO, #) 
dimension-free functions of the pole distance 
and the azimuth #. The radiation resistance r, 
of the aerial in question, referred to the current 
/0 at the input terminals is then14 

n 27 

f [fofo* feel sin 0 dO dck. (10) 
o o 

Let G1 (0, #) and G2 (0, 4,) denote the array 
characteristics of the aerial arrays 1 and 2, both 
of them with the reference point A, but with the 
reference currents respectively I, and /2. The 
self-radiation resistances, R11 and R22, of aerials 
1 and 2 with the reference currents respectively 

and /2 are 

ir 27 

Rn = f [fee + fee] GiGi* sin O de 
0 0 

.. (11) 

R22 = f [fee + .4.40] G2G2* sin o do d. 
o o 

.. (12) 

The radiation resistance R of the super array 
formed by the arrays 1 and 2 with the reference 
current I then becomes 

2. 

R = [fees + fife] [KiGi + .2G2] 
o o 

[KIGI K2G2]* sin 0 dO dck. .. (13) 

By inserting the expressions (11), (12), and (13) 
for Rn, R22, and R in (6) we finally obtain the 
following expressions for the mutual radiation 
resistance R12 with the reference currents /1 and 
/2 

. 2. 
rt ., Re (KIK2* GiG2*) 

R/2 = f f [fee ± »Pe" -I  o o Re (KiK2*) 

sin 0 dO .. .. (14) 

If the phase difference between K/ and K2 is an 
integral number times 7T or if the phase difference 
between G1 and G2 is an integral number times 
7r, the expression for R12 is reduced to 
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r 

R12 = f f [fofo* + tee] Re (GIG2*) 
o o . 

sm 0 dO d(k. 

In the last case the Re-sign is unnecessary. 
For a thin, linear aerial with the length 2/, 

coinciding with the axis O = 0, we have 

i cos (kl cos 0) — cos kl . . (16a) 
10 = sin kl si , n 

fil* = 0. • • • • • • • • .. (16b) 
The mutual radiation resistance of two aerial 
arrays composed of aerials of this type becomes 
accordingly 

27, 

R12 :j—T2f f 
[cos (kl cos 0) — cos k/]2 

sin2k/sin 0 
o o 

Re (KIK2* G1G2*) 
Re (K1K2*) 

The application of the expressions developed 
here for the mutual radiation resistance of two 
aerial arrays will be demonstrated by two 
examples. 

3. Examples 
3.1 Two Parallel Linear Aerials 

Let each of the two aerial arrays consist of a 
single thin linear aerial with the length 2/, the 
aerials being parallel to the z-axis in a rectangular 

sin 0 dO dcfr. . . (17) 

R12 = 4.7r sink/ (4Ci(kd) — 2Ci {k(Vd2 + /2 ± /)} 

+ cos 2k1 [2Ci(kd) Ci {k(Vd2 + 4/2 + 24} 

d 
(2-' 0, 0), see Fig. 1. Choosing the origin as 

(15) reference point in expressing the array's 
characteristics we have 

d 
G1 = exp. ( ik -2 sin O cos (k). (18) 
2 

By introducing this in (17) we find the following 
expression for the mutual radiation resistance of 
the two aerials with I as the reference current 

r 2r 

R f — 
e f [cos(k/ cos 0) — cos k/]2 

12 411.2  sin2k/ sin O 
o o 

cos(kd sin 0 cos ri5)d0 dck 

[cos(k/ cos 0) — cos k/]2 

TT J sin2k/ sin 0 
o 

Jo(kd sin 0)dO. 

. . (19)\ 

In deriving the above expression we have used 
Sommerfeld's integral formula for a Bessel 
function15. 

As far as the author knows, the integral by 
means of which we have expressed R12 has not 
been expressed by known functions in the 
literature. On the other hand, by using the e.m.f.-
method, Bechmann5 has previously derived an_ 
expression for the mutual resistance, R12, of two. 
parallel linear aerials; with the notation used 
here the expression obtained by Bechmann is as 
follows 

— 2Ci{k (-Vd2 ± 12 —1)1 

+ Ci {k(Vd2 + 412 — 21)} 

— 2Ci {k(-Vd2 ± /2 ± l)} — 2Ci {k(/d2 ± /2 — l)}] 

± sin 2k1 [Si (k(Vd2 ± 412 ± 21)) — Si {k(Vd2 ± 412 — 21)} — 2Si {k(Vd2 1--/2 l)} 

± 2Si {k( Vd2 + /2 — l)}]) 

co-ordinate system (x, y, z). The aerials are 
supposed to carry identical currents, /1 = /2  
at the input terminals and are placed with their 

mid-points at respectively (— -d, 0, 0) and 
2 

.. (20) 

In the present example the e.m.f.-method is 
seen to be superior to the method developed here. 
As a bi-product of the investigation made here 

we obtain by comparing (19) and (20) the follow-
ing integral formula 

r/2 
f [cos (a cos 0) — cos a]2 1 

Jo(b sin 0)d0 = i-{4Ci(b) — 2Ci(Va2 b2 + a) 
sin 0 

— 2Ci (Va2 b2 — a) ± cos 2a [2Ci(b) -F Ci( \/4a2 b2 + 2a) ± Ci( /4a2 b2 — 2a) 

— 2Ci (Va2 b2 + a) — 2Ci (Va2 b2 — a)] + sin 2a [Si(-V4a2 b2 + 2a) 

— Si (V4a2 b2 — 2a) — 2Si (-Va2 b2 ± a) ± 2Si (Va2 b2 — a)]}. 
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Apparently, by using the method described in 
this paper in connection with the e.m.f. method 
one may generate several integral formulae of 
the type exemplified by (21). This subject will 
be reserved for a separate paper. 

Fig. 1. Co-ordinates 
used in calculating 
the mutual radiation 
resistance of two 
parallel linear 

aerials. 

3.2. Two Concentric Ring Arrays 
A homogeneous ring array is defined as an 

array of a certain number of aerials placed 
equidistantly along the periphery of a circle and 
carrying currents at their input terminals, having 
the same numerical value, but with a phase that 
increases uniformly along the periphery of the 
circle. The current phase of each aerial being 
uniquely determined but for a multiple of 27r, the 
current phase must increase an integral number, 
H, times 27r during one revolution. The homo-
geneous ring array was introduced by Chireix16; 
the theory of this array was recently developed 
in detail by Page17,18. Further references to the 
literature concerning ring arrays have been given 
by the author elsewhere." 
For certain purposes two or more concentric 

homogeneous ring arrays are used, as proposed by 
Hansen and Woodyard." The radiation resistance 
of an aerial system of this type may be calculated 
when besides the self-radiation resistances of the 
single ring arrays also the mutual radiation 
resistances of the ring arrays, taken two by two, 
are known. On the basis of the method developed in 
this paper we shall calculate the mutual radiation 
resistance of two concentric homogeneous ring 
arrays. 

Fig. 2. Co-ordinates 
used in calculating 
the mutual radiation 
resistance of two con-
centric ring arrays. 

Let the two ring arrays, 1 and 2, have the radii 
a and b, and let the ring arrays be situated in the 
plane 9 = H/2 in a spherical co-ordinate system 
(p, 0, 4,) with their common centre at the origin, 
see Fig. 2. The number of aerials in the two ring 
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arrays is assumed to.be respectively NI and N2, 
and the increment of the current phase during one 
revolution is assumed to be H2rt for both rings. 
In expressing the array characteristic G1 of array 
1 we choose the origin as reference point and NI 
times the current in the aerial situated at 4, = 
as the reference current I,, and correspondingly 
for array 2. If the number of aerials in each of the 
two arrays is sufficiently large, the array character-
istics may then approximately be expressed" by 

G1 = JR(ka sin 0), .. (22) 

G2 = Jff(kb sin 0). .. (23) 

Inserting these expressions in (14) we find the 
following expression for the mutual radiation 
resistance, R12, with the reference currents 1.1 and 
/2. 

R12 = f T [fefe* +fikfe]li(ka sin 0) 
o o 

JH(kb sin 0) sin O dO dch .. (24) 

Setting a = b in this expression we obtain the 
self-radiation resistance of a homogeneous ring 
array with the radius a and with the increment of 
the current phase, H27r, during one revolution. 
We shall here especially carry out the calculation 

of the mutual radiation resistance of two con-
centric homogeneous ring arrays of vertical, 
linear A/2-aerials carrying currents at their 
input terminals with the same phase; i.e., with 
H -= O. From (24) and (16) we obtain 

e cos2 (e/2 cos 9/.)) 
R12 = f sin rk Jo(ka sin 0) 

'TT „ 

Jo(kb'sin 0)d9 .. (25) 

As far as the author knows this integral cannot be 
expressed in any simple manner. Denoting by A 
the wavelength, we have made a numerical 
calculation of R12 for values of a/A and blA between 
0 and 0.8. In Fig. 3 R12 is plotted as a function 
of /IA for various values of a/A. 

In the present example a calculation of the 
mutual radiation resistance on the basis of the 
e.m.f. method would have been rather compli-
cated; in this case the method developed here 
seems to be superior to the e.m.f.-method. 
To demonstrate the application of the curves in 

Fig. 3, let us calculate the radiation resistance of 
an aerial array composed of two concentric ring 
arrays with vertical, linear A/2 aerials with currents 
having the same phase, with the radii a = 0.1A 
and b --= 0.7A, and with the total currents I, and 
/2, where /2 = — 24 For the calculation of the 
radiation resistance with I, as the reference 
current we then have 

= 1, 

K2 — 2, 
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and from Fig. 3 

R11 = 31.0 ohms, 

R 12 = — 11.4 ohms, 

R 22 = 4.8 ohms. 

Inserting these values in (4) we obtain 

R = 31.0 x 12 + 2( — 11-4) x 1 x (— 2) 

+ 4-8 x (— 2)2 = 31.0 45.6 19.2 

= 95.8 ohms. 
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600-Me/s FIELD-STRENGTH METER 
By A. C. Gordon-Smith 

(Communication from the National Physical La/iota/or) 

SUMMARY —The paper describes equipment developed for measuring field strength at frequencies 
in the region of 600 Mc/s. The equipment has been calibrated both by the field-radiation method and by a 
laboratory method involving the injection of a known voltage. Good agreement between the two 
methods has been obtained. 

1. Introduction 

FIELD-STRENGTH measuring equipment 
suitable for operation at frequencies in the 
very-high-frequency band has been pre-

viously describee2. This equipment, though 
adequate for most purposes at frequencies less 
than about 300 Mc/s, is not very sensitive at 
frequencies as high as 600 Mc/s. In view of the 
increasing application of these higher frequencies, 
it seemed desirable to try to improve on the per-
formance of the earlier equipment, and the 
present paper describes work directed to this end. 
The receiver has been designed primarily for use 
in the study of radio-wave propagation at 
600 Mc/s and has a fairly wideband intermediate-
frequency amplifier to ensure that a received 
signal remains in tune during long periods of 
recording. As a calibrated instrument, however, 
it may be used for the accurate comparison of 
radio-field strengths over a frequency range 
500-700 Mc/s. It can be operated either with a 
continuous-wave signal or with a modulated 
signal: in the latter case a narrow-band audio-
frequency amplifier is added and the overall 
sensitivity of the equipment is about 18 db 
greater than with an unmodulated signal. 

2. Description of Equipment 

The general arrangement of the complete 
receiver is shown in Fig. 1. It consists of a crystal 
frequency changer connected through a matching 
unit to the aerial feeder, a 30-Mc/s intermediate-
frequency amplifier incorporating a piston-
attenuator and a 1,000-c/s selective amplifier 
followed by a rectifier and a d.c. instrument. A 
detailed drawing of the crystal frequency-
changer is given in Fig. 2. 

2.1 The Crystal Frequency-Changer 

The input signal from a dipole aerial is fed 
through a 70-ohm concentric transmission line 
and adjustable matching stubs to a silicon-crystal 
mixer. The local-oscillator voltage is obtained 
from a butterfly-type oscillator, and is fed through 
a probe which is adjusted to give a crystal current 
of about 0.5 mA. The ends of the sleeve through 
which the probe passes are slit to improve the 
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contact. A signal-frequency quarter-wavelength 
choke is inserted in the intermediate-frequency 
lead from the crystal and a low impedance path 
for the signal frequency is provided by a poly-
styrene washer around the crystal. 

2.2 The Intermediate-Frequency Amplifier 
The amplifier has a bandwidth of about 0.5 Mc/s 

centred about a mean frequency of 30 Mc/s. This 
is considered to be the best arrangement to give 
an adequate signal-to-noise ratio and at the same 
time ensure that the signal remains in tune, 
although small frequency drifts may occur. A 
piston attenuator of known characteristics is 
incorporated in the amplifier. The attenuating 
cylinder has an internal diameter of 6.35 cm, and 
a corresponding theoretical attenuation of 5.04 db 
per cm over the linear range. An amplifier is 
needed before the attenuator to make up for the 
insertion loss; the linearity of this amplifier used 
in conjunction with the frequency changer was 
carefully checked by applying various inputs from 
a 600-Mc/s signal generator, the output of which 
was controlled by another standard piston 
attenuator. The output from the final stage of 
the amplifier was kept constant by suitable 
adjustment of the intermediate-frequency piston 
attenuator and it was found that the corres-
ponding changes in the attenuators agreed to within 
±0.5 db over the desired range of about 60 db. 

X \ 
— SLEEVE 
4 

STUB - MATCHING 
UNIT 

SELECTIVE 
AUDIO 

AMPLIFIER 

LOCAL 
OSCILLATOR 

CRYSTAL 
MIXER 

I F 
AMPLIFIER 

A- TE NUAT OR 

I. F. 
AMPL IFIER 

Fig. 1. Block diagram of field. strength meter. 
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In previous field-strength measuring sets' 
resistance attenuators were used as intervalve 
couplings, but experience has shown that an 
increased accuracy is obtainable with the piston-
type attenuator when used over long periods. 

2.3 Selective Audio Amplifier 
If the transmission is suitably modulated, then 

a narrow-band audio-frequency amplifier may be 
used and a much improved signal-to-noise ratio 
obtained. 

SIGNAL 
INPUT 

POLYSTYRENE CRYSTAL POLYSTYRENE 

by means of a suitable transformer consisting of 
a quarter-wavelength choke in the form of a 
cylinder connected around the transmission line 
with the open end near to the dipole. 
At frequencies as high as 600 Mc/s it is possible 

to make an aerial system with a gain of at least 
15 db relative to a half-wavelength dipole without 
the mechanical size of such a system becoming 
inconveniently large for a fixed installation. It is 
therefore possible to achieve considerably greater 
sensitivity than can be obtained with the half-

wavelength dipole. For 
general field measure-
ments a smaller array is 
probably desirable. IF. 

OUT 

12.5cm 

12•5cm 

LOCAL OSCILLATOR 
INPUT 

POLYSTYRENE 

Fig. 2. Crystal frequency 
- changer. 

It is intended to use 
the present equipment 
with a carrier modu-
lated by a 1,000-cis 
square wave and the 
intermediate-frequency 
amplifier is therefore 
followed by a diode 
rectifier and a 1,000-
cis amplifier having a 
bandwidth of 50 c/s. 

Finally, a germanium crystal is used to rectify 
the output and the resulting direct current used to 
operate a pen recorder. A current of about 3 mA is 
required to give a full-scale deflection. By feeding 
back the unidirectional voltage output to the grids 
of the valves in the second intermediate-frequency 
amplifier an output of 3 mA can be made to 
correspond to 60 db increase in signal. For field 
operation the recorder is replaced by a micro-
ammeter having a full-scale deflection for 500 A. 
For continuous-wave measurements this instru-
ment can also be plugged into a socket to give 
the current in the diode at the end of the inter-
mediate-frequency amplifier. 

2.4 Aerial Systems 
During the development, and for the cali-

bration described below, a simple half-wavelength 
dipole was used. The transformation from 
balanced dipole to unbalanced line was effected 
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3. Calibration 

It was decided to stan-
dardize the equipment by 
calibrating it in two ways, 
using the field-radiation 

method and the laboratory direct-injection 
method. In each case the setting of the piston 
attenuator was first adjusted to give a standard 
deflection from the noise voltage developed in the 
first circuit and then to give the same deflection 
when a known field or input was applied. The 
sensitivity, which is defined as the field which 
would give the standard deflection at the first 
attenuator setting in the absence of noise could 
then be calculated. 

3.1 Radiation Method 
The method used for obtaining a standard field 

with horizontally-polarized waves was that 
described by McPetrie and Pressey3. A half-
wavelength dipole, at a height hr above a flat 
surface, and carrying a current /, as measured by a 
thermojunction, produces at a point, at height hR 
and distance d, a field given by 

/hR 
E = 240 e —Ad 2 hr volts/metre .. • • (1) 

where distances, heights and wavelength are 
measured in metres and the current in amperes. 
A modification of this method was also used; 

the radio-frequency power available at the end of 
the transmission line was measured in a tunable 
bolometer unit, and the transmission line was 
then connected to the dipole. Preliminary ex-
periments were carried out using a standing-wave 
detector, first, to make small adjustments in the 
length of the dipole so that it was matched to the 
transmission line and, secondly, to confirm that 
when the bolometer matching stubs were adjusted 
to give a maximum indication, there was a 
standing-wave ratio of unity. A length of cable 
with an attenuation of 10 db and a characteristic 
impedance of 70 ohms was interposed between the 
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generator and the transmission line so that the 
correct output impedance was presented by the 
generator. The expression for the field strength 
in terms of the power is 

E = 90 V-le —Ad hR hr volts/metre. . .. (2) 2 

where W is the power in watts, and the other 
quantities are as before. 

3.2 Laboratory Method 
The laboratory method is advantageous when 

there is difficulty in obtaining the suitable open 
site which is essential for the radiation method. 
Briefly, the field-strength set is calibrated in terms 
of a known power fed from a generator with an 
output impedance of 70 ohms. The input-voltage 
sensitivity thus obtained is readily converted to a 
field-strength sensitivity allowing for the effective 
height of the dipole. The generator actually used 
was the same as in the previous method and the 
output from the attenuating cable was similarly 
measured with a bolometer. It was found that the 
smallest power that could be accurately measured 
with the bolometer would overload the field-
strength set, and so the first intermediate-
frequency amplifier was replaced by a cable and 
the change in gain observed in terms of the piston 
attenuator. Additional attenuation was still needed 
and this was obtained from a length of 70-ohm 
cable having a measured attenuation of 28.0 db. 
The measurements in all cases were made using 

a continuous wave and a 1,000-c/s square-wave 
modulated signal. The field obtained from the 
expressions given is in r.m.s. volts per metre. 
In the square-wave modulation case the field is 
sometimes expressed as the r.m.s. value during 
the on-period and not over the whole period: to 
express the results in this manner the sensitivity 
values tabulated for the square wave must be 

frequency of 600 Mc/s a field can be set up and 
measured with an accuracy of about ±2 db. The 
sensitivity of the bolometer and the thermo-
j unction used was such that an error of about 1 db 
could be introduced when the smaller powers or 
currents available in the square-wave modulation 
case were measured, and this probably accounts 
for the wider variations obtained in these cases. 
The repetition accuracy obtained in the laboratory 
can probably never be fully realized in field 
measurements, even with a perfect site, because 
of small re-radiation effects from the set to the 
dipole; but on occasions the equipment may be 
used to standardize the output from signal 
generators when the power is too small to be 
measured directly by means of a bolometer, and 
then the greatest- attainable accuracy is desirable. 
With an aerial array of about 15 db gain relative 
to a half-wavelength dipole the final sensitivity 
for the modulated case should be better than 
1 /ÁV/m. 

It is too early yet to say how constant the 
conversion factor of the crystal will be over long 
periods. Some instability was experienced with 
one batch of crystals, but there has been no 
further evidence of this trouble. However, 
periodic checking of the calibration is obviously 
advisable and work is proceeding in an endeavour 
to make a satisfactory diode noise generator for 
this frequency, which would then be available as 
a monitor. 
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Sensitivity Calibration of Field-Strength Meter 

Sensitivity 

Continuous Wave 

Radiation Method 

Thermo unction 

AV/m 

37 ± 3 

Square Wave 5 ± 1 

db above 
1 µVim 

31 ± 1 

14 ± 2 

Bolometer 

IÁV/m 

35 ± 3 

db above 
1 /ÁNT/m 

31 ± 1 

Laboratory Method 

Bolometer 

µVim 

32 ± 1 

db above 
1 »Vim 

30.1 ± 0.3 

4.5 ± 1 13 ± 2 ± 0.2 12.3 ± 0.5 

multiplied by Vi The mean sensitivities, 
together with an indication of the repetition 
accuracy, are given in the table. 

4. Conclusions 
The results are mutually consistent within 

experimental accuracy and show that at a 
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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. 

Networks with Maximally Flat Delay 
SIR,—Mr. T. C. Nuttall has drawn my attention to 

some arithmetical errors in my paper "Networks with 
Maximally-Flat Delay" in the October issue. Tables 1 
and 2, n = 6, are affected; the corrected values are: 

Table 1(a) 1 (b) 2 

- 4-2484 - 1.5836 8.4967 
±j08675 ±j0.3142 18.8011 

- 3-7357 - 1.3529 7.4714 
±j26263 ±j0.9511 20.8528 

- 2.5159 - 0.9111 5-0319 
+ -44927 --.1 ± j1•6270 26.5140 

The numerical example following Table 4 will require 
corresponding changes, but the errors are not large 
enough to make any practical difference. 

W . E. THOMSON. 
Dollis Hill, N.W.2. 

10th October 1952. 

Precision Voltage Source 
SIR,—The recent paper by V. H. Attree concerning a 

"Precision Voltage Source" (Wireless Engineer, Vol. 29, 
p. 226) describes an interesting application of an incan-
descent lamp as a nonlinear circuit element. There are 
two small points in connection with the use of a lamp as 
such an element which are overlooked in the paper of 
Mr. Attree and in others cited by him. 

Mention is made of the fact that a sinusoidal current in 
the lamp leads to a nonsinusoidal voltage across it. In 
addition to a sinusoidal component of voltage, there are 
also cosinusoidal components at both the frequency of 
the current and three times this frequency. If the 
frequency is sufficiently low, or the current sufficiently 
large, these cosinusoidal components are no longer of 
equal amplitude, as is often and incorrectly stated. The 
fundamental cosinusoidal component becomes smaller 
and ultimately vanishes as frequency approaches zero. If 
the frequency becomes higher or the current becomes 
smaller, the amplitudes of the two components do 
approach equality. 
A more important comment for precision applications 

has to do with the statement which is made implying that 
the resistance of a lamp is dependent only upon the r.m.s. 
value of the current in it. If by resistance is meant the 
ratio of the amplitude of the fundamental sinusoidal 
voltage to that of the sinusoidal current (and this is the 
quantity of importance in the bridge circuit described), 
the statement is not quite correct. There is a fluctuation 
in temperature of the lamp, occurring at twice the 
fundamental frequency. When combined with the 
sinusoidal current, this fluctuation leads to a small 
additional sinusoidal component of voltage. 
The additional voltage produces a small increase in the 

apparent resistance of the lamp. Its resistance with a 
sinusoidal current, therefore, is slightly larger than its 
resistance with a direct current, if the r.m.s. values of the 
two currents are identical. The small increase approaches 
zero as the current becomes sufficiently small or the 
frequency becomes sufficiently high. A further change in 
the apparent resistance is produced by a similar 
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mechanism if a third-harmonic component is present in 
the current in the lamp. 

These points are discussed in two papers, the first in 
the Journal of Applied Physics, 1952, Vol. 23, p. 658, and 
the second scheduled to appear soon in the Review of 
Scientific Instruments. 

Yale University, 
Connecticut, U.S.A. 

2nd October 1952. 

W . J. CUNNINGHAM. 

Screen Dissipation of Pentodes 
SIR,—Many applications of modern valve circuitry 

demand information not readily obtainable from the 
characteristics given in the manufacturer's catalogue. 
A typical presentation of a valve's characteristics is 

shown in Fig. 1. The maker also states that the maximum 
permissible anode and screen dissipations are 2.5 W and 
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0.9 W respectively. A common use for such a valve 
would entail operation under the following 'quiescent' 
conditions: anode load and voltage as small as possible, 
grid bias zero, positive h.t. supply about 300 V. We can 
suppose for the sake of simplicity that the 'active' 
condition of the valve, cut-off, lasts for a very short time 
and is repeated at relatively long intervals. In such a 
case the load line for the valve is found by joining points 
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A and B as in Fig. 2. A is the intersection of the V, = 
curve and the 2.5-W power hyperbola, B is the h.t. 
voltage on the axis of abscissae. If the screen dissipation 
is evaluated, it will be found to be excessive. 

It will be seen that optimum conditions will obtain 
when the dissipating powers of the anode and screen are 
fully exploited simultaneously. This means that the 
working area in the V„-I„ plane will be limited by the 
axes, the anode-power line and a screen-power line. It is 
instructive to discover how this area is affected by the 
choice of screen voltage. A fixed voltage is applied to the 
screen of the valve, and anode and screen currents 
measured for those pairs of anode and grid voltages which 
load the screen to its maximum value. The results are 
shown in Fig. 3. 
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Moving to the right along a screen-power line, the 
grid-bias is approaching zero. Numerical values of bias 
have been omitted to avoid confusion. The useful work-
ing area increases as the screen voltage is reduced. The 
greatest area is obtained when the intersection of the 
anode- and screen-power lines occurs at V, = O. For a 
screen voltage slightly less than the optimum the power 
lines intersect at a positive value of bias and for a rather 
lower voltage the screen is fully loaded with zero volts on 
the anode. The optimum value of screen voltage can be 
found experimentally by connecting the control-grid to 
cathode and adjusting anode and screen voltages till these 
electrodes are fully loaded. Once found this value may be 
used to plot a set of curves similar to those in Fig. 1, but 
whose range of validity is completely defined. Such a 
diagram is shown in Fig. 4. 
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It is suggested that valve users would find these last 
curves most useful and that valve makers could at least 
quote the optimum value of screen voltage. 

SIDNEY C. DUNN. 
London, N.4. 

25th August 1952. 
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I.E.E. MEETINGS 

12th November. "Radio Telenictering," by E. D. 
Whitehead, M.B.E., B.Sc., and J. Walsh, B.Sc. 

17th November. "The Field of Application of Metal 
Rectifiers," Discussion to be opened by S. A. Stevens, 
B.Sc.(Eng.). 

18th November. "Harmonic Response Testing Appara-
tus for Linear Systems," by D. O. Burns, B.Sc.(Eng.), 
and C. W. Cooper, B.Sc.(Eng.). "A Simple Connection 
Between Closed-Loop Transient Response and Open-
Loop Frequency Response," by J. C. West, B.Sc., and 
J. Potts, B.Sc. 

24th November. "Recent Progress in Radar Duplexers 
with special reference to Gas-Discharge Tubes," by P. 0. 
Hawkins. 

3rd December. "A Survey of Present Knowledge of 
Thermionic Emitters," by D. A. Wright, M.Sc. 

These meetings will be held at the Institution of 
Electrical Engineers, Savoy Place, London, W.C.2, and 
will commence at 5.30. 

STANDARD-FREQUENCY TRANSMISSIONS 
(Communication from the National Physical Laboratory) 

Values for September 1952 

Date 
1952 
Sep-

tember 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Frequency deviation from 
nominal: parts in 10" 

MSF 60 kc s Droitwich 
1029-1130 200 kc s 
G.M.T. 1030 G.M.T. 

0-0 

± 0-1 
0-1 

+ 0.2 
4- 0-1 
+ 0-1 
+ 0-1 
+ 0-2 
± 0-2 
± 0.2 
+ 0.2 
• 0•4 
± 0-4 
± 0.4 
▪ 0.3 
± 0-4 
± 0-5 
± 0.5 
± 0.5 
± 0-6 
+ 0.6 
± 0-6 
± 0-6 
4- 0.6 

0-6 
▪ 0-7 
+ 0-7 
NM 

4- 0-7 

- 3 
- 2 
- 4 
- 4 
- 5 
- 5 
- 4 
- 4 
- 2 
- 4 
- 3 
- 3 
- 4 
- 3 
- 3 
- 3 
- 2 
- 2 
- 2 
- 2 
- 2 
- 2 
- 2 
- 
o 
o 
o 
o 
o 
o 

Lead of MSF 
impulses on 
GBR 1000 
G.M.T. time 

signal in 
milliseconds 

- 64.5 
- 64-2 
- 64.3 
- 63 -4 
- 63 -2 
-630 
- 62.7 
- 62-6 
- 63-4 
- 61-9 
- 62.1 
-61-2 
-- 61.5 
- 61 -1 
- 59 .7 
- 59 .9 
- 59.8 
- 59.3 
- 57.9 
- 56.3 
- 55-2 
- 54.0 
-55.4 
- 53.0 
- 52.2 
- 50.9 
- 49 .9 
- 48.3 
NM 
- 45.8 

The values are based on astronomical data available on 1st October 
1952. 

NM = Not measured. 
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Other Applications of Radio and Electronics 

Propagation of Waves 

Reception .. 

Stations and Communication Systems 

Subsidiary Apparatus 
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Transmission 

Valves and Thermionics 

Miscellaneous 

ACOUSTICS AND AUDIO FREQUENCIES 

PAGE 534.232.003 : 534.321.9 2965 
A The Economical Generation of Ultrasonic Oscillations 
221 for Industrial Purposes by' means of Electroacoustic 

Transducers.—H. H. Rust. (Elektrotech. Z., 15th April 
1952, Vol. 73, No. 8, pp. 261-262.) As an alternative to 
valve-driven ultrasonic generators, which are not con-
sidered economical, it is proposed to use a simple type of 
quenched-spark generator with either a magnetostriction 
or a capacitive type of oscillator, a rectifier being used in 
the latter case to furnish a d.c. charging current. 
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534.22-16 : 539.217.1 2962 
Velocity of Sound in Porous Media.—H. Labhart. 

(Z. angew. Math. Phys., 15th May 1952, Vol. 3, No. 3, 
pp. 205-211.) Measurements show a very close relation 
between sound velocity and pore volume in a Ni-Zn 
ferrite. A theoretical expression for the velocity in a 
porous medium is derived that gives a good fit with the 
experimental curve. 

534 231-13 '14 2963 
Second-Order Acoustic Fields: Relations between 

Density and Pressure. J. J. Markham. (Phys. Rev., 
1st June 1952, Vol. 86, No. 5, pp. 710-711.) A general 
relation is derived connecting pressure and density, 
taking account of the flow of the medium. A non-
absorbing ideal fluid is considered, and general thermo-
dynamic principles are applied. The results justify the 
neglect of the flow terms which is usual in considering 
more complex media. 

534.231-13/-14 2964 
Second-Order Acoustic Fields: Energy Relations.— 

J. J. Markham. (Phys. Rev., 1st June 1952, Vol. 86, No. 
5, pp. 712-714.) The expression for the energy stored in 
an acoustic field is examined. Two corrections to the 
usually accepted formula are found to be required; these 
are small for a liquid, but of major importance for a gas. 
Their physical significance is explained, using thermo-
dynamic theory. 
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534.26 2966 
On the Diffraction of an Acoustic Pulse by a Wedge.— 

J. W. Miles. (Proc. roi'. SocA, 22nd May 1952, Vol. 212, 
No. 1111, pp. 543-547.) The pressure in the pulse is 
assumed to be a homogeneous function of ?la, where r is 
the distance from the edge, c the velocity of sound and t 
the time. The scattered wave is determined by reducing 
the original wave equation to Laplace's equation with the 
aid of a Tschplygin transformation, and applying Poisson's 
formula to the sectoral domain cut out of the circle 
r < ct by the wedge. The result appears in a form simpler 
than that previously obtained by Sommerfeld. 

534.321.9-14: 534.6 2967 
Ultrasonic Measurement Technique in Fluids.—J. 

Koppelmann. (A custica, 1952, Vol. 2, No. 2, pp. 92-95. 
In German.) A description is given of a microphone for 
probing fields at frequencies above 100 kc/s. Oscillations 
are picked up on the exposed tip of a screened steel wire 
20 cm long and transferred to a quartz crystal attached 
to the other end of the wire. The work of Hertz & Mende 
(1092 of 1940) on application of Langevin's formula for 
acoustic radiation pressure is extended. Operation of the 
ultrasonic generator increases the density of the liquid in 
the ultrasonic beam, owing to the transport of liquid 
towards the axis. 

534.6 2968 
Design and Analysis of Subjective Acoustical Experi-

ments which involve a Quantal Response.—D. L. Richards. 
(A custica, 1952, Vol. 2, No. 2, pp. 83-91.) Certain 
statistical methods that have been found useful in bio-
logical investigations are shown to be well adapted to 
subjective acoustic measurements. Examples are given 
of their use in analysis of the quality of telephony circuits. 

534.6 2969 
Modern Methods for Noise Measurement. Use of the 

Octave-Band Analyser.—(Radio tech. Dig., Édn franç., 
1952, Vol. 6, Nos. 2 & 3, pp. 109-117 & 135-138.) Survey 
of methods and apparatus for acoustic measurements, 
with 25 references. 

534.76 2970 
The Stereophonic Reproduction of Speech and Music.— 

J. Moir & J. A. Leslie. (J. Brit. Instn Radio Engrs, 
June 1952, Vol. 12, No. 6, pp. 360-366.) The fundamen-
tals of stereophony are discussed; previously proposed 
methods for obtaining true or pseudo stereophonic 
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effects are described, and various theories of stereophonic 
perception are compared. Tests have been made to 
determine the influence on stereophonic audition, of 
acoustical conditions in existing theatres; the loudness 
difference between the two ears makes no significant 
contribution to the accuracy of source location. 

534.78 2971 
The Analysis and Automatic Recognition of Speech 

Sounds.—C. P. Smith. (Electronic Engng, Aug. 1952, 
Vol. 24, No. 294, pp. 368-372.) 

534.84 2972 
Radiation Problems in the Acoustics of Buildings.— 
. Brillouin. (Acustica, 1952, Vol. 2, No. 2, pp. 65-76. 

In French.) Both theory and experiment show that the 
amount of external energy radiated into a room cannot 
be deduced from the mean amplitude of vibration of the 
walls. Flexural waves in a partition do not radiate unless 
their velocity is greater than that of sound in air; the 
radiation index of a partition can thus be widely different 
for forced and for free vibrations. A tentative theory of 
the suspended ceiling is presented and some observations 
are explained. Transient phenomena may exhibit effects 
not found in the steady state; some relevant experiments 
are discussed. 

534.843 2973 
The Correlation Coefficient as a Criterion of the 

Acoustic Quality of a Closed Room.—S. G. Gershman. 
(Zh. tekh. Fir., Dec. 1951, Vol. 21, No. 12, pp. 1492-
1496.) The correlation coefficient for the oscillations at 
two points of the field gives a much fuller indication of 
the acoustic properties of a closed room than the reverber-
ation time. The theory of the coefficient is discussed and 
measurements of it are described. 

534.84:3 2974 
Notes on Geometrical Room Acoustics.—E. Meyer & 

W. Kuhl. (lcustzca, 1952, Vol. 2, No. 2, pp. 77-83. In 
German.) Discussion of the effects of reflected sounds 
reaching a listener shortly after the sounds transmitted 
directly. If the delay due to the first reflections is 
< 50 ms, reinforcement occurs. Formulae are given 
relating this effect to the energy density in the diffuse 
sound field. Practical applications of multiple reflectors 
to increase speech intelligibility in the rebuilt opera house, 
Hamburg, the large hall in the students' hostel, Bonn, 
and the theatre, Hanover, are described. 

534.843 2975 
Standing-Wave Patterns in Studio Acoustics.—C. G. 

Mayo. (Acustica, 1952, Vol. 2, No. 2, pp. 49-64.) An 
approximate analysis is made of the sound field in a 
rectangulár room excited by a spherical source. Two 
different kinds of characteristic frequencies are observed, 
one of which is the set of eigentones. A general picture 
is obtained of the relative importance of the various 
modes. High-frequency eigentones are relatively 
unimportant. 

534.851 + 681.85 2976 
Microgroove Recording and Reproduction.—E. D. 

Parchment. (J. Brit. Instn Radio Engrs, May 1952, 
Vol. 12, No. 5, pp. 271-276.) A survey of basic problems, 
under the headings (a) mechanical considerations, (b) 
recording characteristics, (c) cutting problems, (d) 
tracing distortion, (e) pickups. 

621.395.61 : 546.431.824 2977 
Producing Barium-Titanate Transducers. I. M. C. 

(Electronics, Aug. 1952, Vol. 25, No. 8, pp. 162 .. 174.) 
Processes described include the production of the BaTiO, 

A.222 

cylinders from the raw powder, 'forming' to produce the 
required piezoelectric properties, and calibration of the 
transducers. 

621.396.615.029.3: 621.385.5 2978 
Simultaneous Generation of Several Audio-Frequency 

Oscillations by means of Electron Coupling in a Multi-
electrode Valve.—Spengler & Rust. (See 3044.) 

621.395.623.7 2979 
The Loudspeaker with Phase Reversal.—H. Gemperle. 

(Elektrotech. Z., 15th May 1952, Vol. 73, No. 10, pp. 339-
342.) Theory of the action of loudspeakers with phase 
reversal is based on the equivalent circuit for the 
mechanical system. The theory is applied to the design 
of the resonator for a concert loudspeaker with a natural 
frequency of 38 cis and diaphragm diameter of 35 cm, in 
order to obtain a two- to three-fold enhancement of the 
low frequencies over a bandwidth of at least 30 cis. 

621.395.625.3 2980 
Magnetic Print-Through. Its Measurement and Reduc-

tion.—L. J. Wiggin. (J. Soc. Mot. Pict. Televis. Engrs, 
May 1952, Vol. 58, No. 5, pp. 410-414.) A simple dynamic 
method of measurement is described. Application of an 
ultrasonic erasing bias during playback reduces the effect 
below the audibility limit. 

621.395.625.3 2981 
Some Aspects of Magnetic Sound Recording.-0. K. 

Kolb. (J. Brit. Instn Radio Engrs, May 1952, Vol. 12, 
No. 5, pp. 307-316.) The history of the development of 
sound recording by magnetizing wire or tape is reviewed, 
and a description is given of modern sound-film equipment 
using the process. Various explanations of the improve-
ment produced by h.f. biasing are discussed. Comparison 
is made between signal-erasing methods using mains-
frequency and h.f. currents, and the effect of erasing at 
reduced film speed is investigated. 

621.395.625.3: 168.2 2982 
Classification of Magnetic-Recording Tapes.—F. 

Grammelsdorff & W. Guckenburg. (Funk u. Ton, May 
& June 1952, Vol. 6, Nos. 5 & 6, pp. 247-257 & 311-323.) 
Detailed discussion of a proposed classification based on 
a characteristic parameter of the tape material. 

621.395.92 2983 
Trends in Hearing-Aid Design and Technique.—R. F. 

Burton. (Proc. Instn Radio Engrs, Aust., June 1952, 
Vol. 13, No. 6, pp. 253-262.) Various types of hearing 
defect are discussed and recent progress in the design of 
hearing aids is reviewed. 

AERIALS AND TRANSMISSION LINES 

621.315.2: 621.397.5 2984 
An Improved Television Camera Cable System.— 

(Engineer, Lond., 23rd May 1952, Vol. 193, No. 5026, p. 
699.) A brief description of the 'Polypole III' coupler, 
which is smaller and lighter than earlier types. Up to 
36 circuits are provided for. The overall diameter is 
0.82 in.; unit lengths can be combined as required. 

621.315.212 2985 
Calculation of the Transmission Characteristics of 

Rotationally Symmetrical Connecting Units for Coaxial 
Cables from the Properties of Plane Electrostatic Fields.— 
H. H. Meinke & A. Scheuber. ( Arch. elekt. übertragung, 
June 1952, Vol. 6, No. 6, pp. 221-227.) Analysis shows 
that every rotationally symmetrical unit has an analogous 
plane representation which has nearly the same trans-
mission characteristics and admits of relatively simple 
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calculation. This principle is applied to the design of a 
reflection-free junction for coaxial cables with both inner 
and outer conductors of different diameters. See also 
2429 of September. 

621.315.212: 621.317.34 2986 
Measurement of the Attenuation and Characteristic 

Impedance of Transmission Lines. Tests on Coaxial 
Cables.-Hontoy. (See 3169.) 

621.392.017.13: 621.3.011.2 2987 
The Radiation Resistance of Resonant Transmission 

Lines.-R. A. Chipman, E. F. Carr, N. A. Hoy 8c M. 
Yurko. (J. app!. Phys.. June 1952, .Vol. 23, No. 6, pp. 
613-620.) Measurements of input admittance as a func-
tion of line length were made on a line comprising parallel 
vertical silver rods above a metal ground plane, over the 
frequency range 300-1 400 Mc/s; the experimental 
procedure is described. The radiation resistance is 
obtained as the difference between the resistance values 
found for the same resonant section unshielded and 
shielded; it is independent of line length and top termina-
tion, and its value is approximately 1207r2(d,'A)2, where d 
is the separation of the rods. 

621.392 + 621.315.2121.018.44 2988 
Experimental Verification of the Theory of Laminated 

Conductors.-H. S. Black, C. O. Mallinckrodt 8c S. P. 
Morgan, Jr. (Proc. Inst. Radio Engrs, Aug. 1952, Vol. 
40, No. 8, pp. 902-905.) To test Clogston's theory (2908 
of 1951), an experimental coaxial line was constructed 
with a laminated inner conductor. The phase velocity of 
the transmitted wave was varied by introducing TiO2 
cylinders or disks into the interconductor space. Critical 
dependence of attenuation on phase velocity was ob-
served. At the optimum setting the attenuation, though 
greater than predicted by theory, was less than that of the 
corresponding conventional coaxial line. 

621.392.2 2989 
Steady-State Waves on Transmission Lines.-D. L. 

Waidelich. (Trans. Amer. Inst. elect. Engrs, 1950, Vol. 
69, Part II, pp. 1521-1524.) Various methods of deter-
mining the steady-state response of transmission lines to 
nonsinusoidal voltage inputs are considered. Experi-
mental results are in good agreement with theory. 

621.392.2: 621.396.611.39 2990 
Superdirectivity with Directional-Coupler Arrays.-

H. J. Riblet. (Proc. Inst. Radio Engrs, Aug. 1952, Vol. 
40, No. 8, pp. 994-995.) Discussion on 562, 2099 and 
2909 of 1951 (Bolinder). 

621.392.26 2991 
Symmetrically Placed Inductive Posts in Rectangular 

Waveguide.-H. Gruenberg. (Ganad. J. Phys., May 
1952, Vol. 30, No. 3, pp. 211-217.) An expression is 
derived for the susceptance of two symmetrically placed 
posts in a rectangular waveguide. Curves are drawn that 
are valid for all rectangular guides in their normal 
operating range, for different post diameters and offsets 
from the guide walls. Satisfactory agreement was 
obtained between calculated values and measurements at 
wavelengths of 10-7, 4.74 and 3.2 cm. 

621.392.26 2992 
Dominant-Wave Transmission Characteristics of a 

Multimode Round Waveguide.-A. P. King. (Proc. 
Inst. Radio Engrs, Aug. 1952, Vol. 40, No. 8, pp. 966-969.) 
In the 4-kMcis frequency band transmission losses are 
lower with oversize round waveguide than with rectan-
gular waveguide. Mode conversion effects in the round 
guide have been examined experimentally and found to 
be small; hence cross-polarized dominant modes can be 

W IRELESS ENGINEER, NOVEMBER 1952 

used to provide two reasonably independent channels at 
the same frequency in the same guide. Experimental 
results are given for a straight guide of internal diameter 
2-812 in. and length 150 ft; the effect of bending the guide 
is indicated. 

621.392.26 2993 
Field Expandability in Normal Modes for a Multi-

layered Rectangular or Circular Waveguide.-J. van 
Bladel. (J. Franklin Inst., April 1952, Vol. 253, No. 4, 
pp. 313-321.) Proof is given that the field can be ex-
pressed as a linear sum of normal modes, and a method of 
determining the field excited by a given current distribu-
tion in a multilayered waveguide is explained. 

621.392.26: 621.315.611 2994 
Dielectric Image Line.-D. D. King. (J. appl. Phys., 

June 1952, Vol. 23, No. 6, pp. 699-700.) A modification 
of the dielectric-rod waveguide investigated by Chandler 
(1079 of 1950) and Elsasser (1080 of 1950) is discussed; 
it consists of a rod with half-round section lying on a 
conducting image plane. The influence of rod diameter 
on the field is indicated. Values determined by experi-
ment and by calculation are given for the attenuation of a 
polystyrene line of diameter 0-42 cm on an image plane 
of width 20 cm, for use at 1.23-cm wavelength. 

621.396.67 2995 
Radiation Characteristics of Helical Antennas of Few 

Turns.-0. C. Haycock & J. S. Ajioka. (Proc. Inst. 
Radio Engrs, Aug. 1952, Vol. 40, No. 8, pp. 989-991.) 
Square helices suitable for ionosphere measurements at 
3-8 Mc/s are considered. An investigation is made of the 
resistance loading required to obtain circularly polarized 
axial radiation from a single-turn aerial. 

621.396.67 2996 
Radiation Characteristics of a Turnstile Antenna 

Shielded by a Section of a Metallic Tube Closed at One 
End.-A. Baños, Jr, D. S. Saxon & L. L. Bailin. (J. 
appl. Phys., June 1952, Vol. 23, No. 6, pp. 688-696.) The 
system examined comprises a pair of crossed wires 
arranged transversely within a circular waveguide, the 
two wires being excited by voltages with a 90° phase 
difference. The waveguide is first considered to be 
infinitebi long, and the conditions are determined under 
which only the dominant (TE„) mode is important. The 
case is then considered of the semi-infinite waveguide, 
excited in the TE„ mode, radiating into free space. 
Using a solution found by Levine & Schwinger (1845 of 
1948 and an unpublished paper), values of reflection 
coefficient and gain function were calculated at the N.B.S. 
Institution for Numerical Analysis. These results are 
compared with values found experimentally and by the 
Kirchhoff method. 

621.396.67 2997 
The Radiation Resistance of a Dipole near an Ellipsoid 

of Revolution with Good Conductivity.-R. G. Mirimanov. 
(C. R. Acad. Sci. U.R.S.S., 11th Sept. 1951, Vol. 80, 
No. 2, pp. 189-192. In Russian.) A formula (29) is 
derived expressing the radiated power of a dipole 
arranged along the axis of revolution of the ellipsoid. The 
case where the dipole is arranged perpendicular to the 
axis can be treated in a similar manner. 

621.396.67 : 621.396.933.1 2998 
Cage-Type Very-High-Frequency Phase-Comparison 

Omnidirectional Radio Range Antenna.-Lundburg & 
Bucher. (See 3097.) 

621.396.67.011.21 • 2999 
Self and Mutual Impedances of Parallel Identical 

Antennas.-R. King. (Proc. Inst. Radio Engrs, Aug. 
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1952, Vol. 40, No. 8, pp. 981-988.) A method is presented 
in which the impedance of an isolated aerial is deter-
mined with second-order accuracy while the mutual 
impedance due to the coupled aerial is determined with 
first-order accuracy. The values obtained .are shown in 
numerous curves. 

621.396.67.012.71 3000 
Universal Method of Calculating the Radiation Distri-

bution of Electric and Magnetic Dipoles, as well as Slot and 
Reflector Aerials, by means of Kirchhoff's Formula.-
H. Kleinwâchter. ( Arch. elekt. übertragung, June 1952, 
Vol. 6, No. 6, pp. 247-253.) Many different methods have 
hitherto been used for determining the radiation character-
istics of different types of aerial. It is here shown that 
Kirchhoff's formula is applicable in general; its use for the 
different types of aerial mentioned is outlined and suitable 
formulae are derived. 

621.396.67.029.63 3001 
Some Types of Omnidirectional High-Gain Antennas 

for use at Ultra-high Frequencies.-J. Epstein, D. W. 
Peterson & O. M. Woodward, Jr. (RCA Rev., June 1952, 
Vol. 13, No. 2, pp. 137-162.) A description is given of the 
construction and operation of the following three uhf. 
transmitting aerials for operation in the frequency band 
500-900 Mc/s: (a) a cylindrical multi-slot aerial, (b) an 
inverted turnstile aerial, (c) a disk-loop aerial. The 
elements of (a) and (b) are fed in quadrature and those of 
(c) in phase. The primary disadvantages of all three 
systems are their frequency sensitivity and the multi-
plicity of feed points. The use of quadrature feed 
facilitates the matching of input transmission lines, the 
maintenance of equal division of power in the radiating 
elements, and the diplexing of two signals into a common 
aerial. 

621.396.677 3002 
A Method for Calculating the Current Distribution of 

Tschebyscheff Arrays.-D. 13arbiere. (Proc. Inst. Radio 
Engrs, Aug. 1952, Vol. 40, No. 8, p. 991.) Corrections to 
paper noted in 1211 of May. 

621.396.677 3003 
Relay Aerials for the Decimetre Waveband.-G. Voigt. 

(NachrTech., April 1952, Vol. 2, No. 4, pp. 108-112.) An 
estimate is made of the efficiency of a pair of directive 
dm-wave aerials used at a relay station, and possible 
substitutes consisting of refracting prisms are described. 
One of these consists essentially of an assemblage of 
square-section waveguides whose lengths change gradually 
from the base to the vertex of the prism. The other prism 
is of the Venetian-blind type producing double reflections 
of the incident wave. Theory of the action of such prisms 
is given and design parameters are determined for 
prescribed deviation of an em. wave. A model prism of 
height 3 m and width 2 m, designed for wavelengths of 
20-25 cm, gave results in good agreement with theory. 
Application possibilities are briefly discussed. 

621.396.677 3004 
Lattice Lenses for Centimetre Waves.-J. Moussiegt. 

(C. R. Acad. Sci., Paris, 26th May 1952, Vol. 234, No. 
22, pp. 2178-2179.) Discussion of the principles of lenses 
based on diffraction by metal particles arranged at the 
nodes of a lattice such that the divergent waves issuing 
from a point source.are rendered parallel. For this to be 
possible, the nodes must be located on paraboloids of 
revolution having the direction of the diffracted beam as 
common axis, the nodes being on the intersections of 
these paraboloids with a set of equidistant planes normal 
to the axis. The total number of diffracting particles 
required is much less than the number used in a lens of 
the artificial-dielectric type. Resonant A/2 dipoles con-
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sisting of narrow thin metal strips may be used instead ot 
metal particles, the strips being parallel to one another 
and lying in the nodal planes, thus fixing the polarization 
of the emergent wave. 

621.396.677 3005 
General Theory of Electromagnetic Horns.-A. F. 

Stevenson. (J. appl. Phys., May 1952, Vol. 23, No. 5, 
pp. 599-600.) Corrections to paper abstracted in 1841 of 
July. 

621.396.677.012 3006 
The Radiation Pattern of an Antenna over a Circular 

Ground Screen.--J. E. Storer. ( f. appl. Phys., May 1952, 
Vol. 23, No. 5, pp. 588-593.) Using previously developed 
formulae for the input impedance of an aerial over a 
finite ground screen, an expression is obtained for the 
entire radiation pattern. Simple formulae are derived for 
the number of lobes, their angular position, and the angle 
within which they occur. 

CIRCUITS AND CIRCUIT ELEMENTS 

621.3.015.7 3007 
A Note on the Reproduction of Pulses.-D. K. Cheng. 

(Proc. Inst. Radio Engrs, Aug. 1951, Vol. 40, No. 8, 
pp. 962-965.) A discussion of the relative significance of 
rise time and percentage energy content of rectangular 
pulses. For a single pulse the value of rise time is different 
from that for a train of periodic pulses. 

621.3.015.7 : 621.317.755 3008 
A Single-Channel Pulse-Height Discriminator of High 

Speed and Stability.-G. T. Wright. (J. sci. Instrum., 
May 1952, Vol. 29, No. 5, pp. 157-160.) Each pulse and 
its differential are applied to the x and y plates respectively 
of a c.r.o, whose screen is scanned in the x direction with 
a narrow optical slit and photomultiplier. The pulse-
height distribution is displayed on a second c.r.o. The 
equipment is free from zero drift, and from drift of 
channel width. 

621.3.015.7: 621.387.4 3009 
A Fast Amplitude Discriminator and Scale-of-Ten 

Counting Unit for Nuclear Work.-F. H. Wells. (J. sci. 
Instrum., April 1952, Vol. 29, No. 4, pp. 111-115.) 
Description of an instrument which can accept randomly 
spaced pulses at a rate up to 104/sec; the dead time after 
each recorded pulse is 0.25 ± 0-05 as. The scaling circuit 
uses the technique of step charging a capacitor by the 
discriminator output pulses. A new clamping circuit is 
used to eliminate the effects of capacitor charge leakage. 

621.3.015.7: 621.387.422 3010 
Pulse-Amplitude Analyzers for Spectrometry.-G. G. 

Kelley. (Nucleonics, April 1952, Vol. 10, No. 4, pp. 34-
37.) The design of multichannel analysers for counting 
rates of 104-2 x 104 per sec is discussed. 

621.314.22.015.7 3011 
New Pulse Transformer gives Faster Response. - 

(Tech. Bull. nat. Bur. Stand., May 1952, Vol. 36, No. 5, 
pp. 78-79.) The anode, grid and output windings of the 
transformer consist respectively of 13, 12, and 6 turns of 
24-gauge enamelled Cu wire on a toroidal ferrite core of 
diameter < 1 in. The anode and grid windings are wound 
together to obtain very tight inductive coupling. Used in 
a conventional blocking-oscillator circuit with a 500-(1 
load, the measured pulse width was <006 p.S, the rise 
time from 0 to 90 V was < 0.02 as, output impedance 
about 100 fi, and peak pulse power about 20 W. 
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621.314.3t 3012 
Predicting Magnetic-Amplifier Control Curves.-H. 

Lehmann. (Elect. Engng, N.Y., April 1952, Vol. 71, 
No. 4, p. 311.) Digest of paper to be published in Trans. 
Amer. Inst. elect. Engrs, 1951, Vol. 70, Part II. 

621.314.3t 3013 
Response Time of Magnetic Amplifiers.-E. L. Harder 

& W. F. Horton. (Trans. Amer. Inst. elect. Engrs, 1950, 
Vol. 69, Part II, pp. 1130-1138. Discussion, pp. 1138-
1141.) Theoretical and experimental information on 
response time is presented, the various factors involved 
are reviewed, and proposals are made for the treatment of 
response time in definitions and standards. 

621.314.3t 3014 
A Mathematical Analysis of Parallel-Connected 

Magnetic Amplifiers with Resistive Loads.-1.. A. Pipes. 
(J. appl. Phys., June 1952, Vol. 23, No. 6, pp. 625-629.) 

621.314.3t 3015 
Series-Connected Saturable Reactor with Control 

Source of Comparatively High Impedance.-H. F. Storm. 
(Trans. Amer. lust, elect. Engrs, 1950, Vol. 69, Part 11, 
pp. 1299-1309.) The results of mathematical analysis 
are presented in normalized graphs which enable the 
effect of any circuit parameter to be readily determined. 
A numerical example illustrates the use of the graphs. 

621.314.3t 3016 
Determination of Steady-State Performance of Self-

Saturating Magnetic Amplifiers.-E. J. Smith. (Trans. 
Amer. Inst. elect. Engrs, 1950, Vol. 69, Part II, pp. 1309-
1317.) Analysis for the half-wave circuit is extended to 
full-wave and doubler circuits. Effects of rectifier leakage 
and control-circuit impedance are computed for each type 
of circuit and transfer curves are determined for practical 
conditions. Numerical results are given for amplifiers 
with orthonik and hypersil cores. 

621.314.634: 621.318.57 3017 
Miniature Rectifier Computing and Controlling Circuits. 

-An Wang. (Proc. Inst. Radio Engrs, Aug. 1952, Vol. 
40, No. 8, pp. 931-936.) Circuits are described incorporat-
ing Se rectifier elements and capable of operating at very 
high speed. Highly compact constructions have been 
developed. 

621.316.86: 537.312.6 3018 
The Pressure Coefficient of Resistance of Thermistors. 

-A. D. Misener & L. G. D. Thompson. (Ganad. J. 
Technol., April 1952, Vol. 30, No. 4, pp. 89-94.) The 
pressure coefficient of resistance of one type of thermistor 
used for underground temperature measurements was 
determined experimentally at pressures up to 2 000 
lb/in. 2 at temperatures of 0°, 25° and 50°C. The coefficient 
appears to be independent of temperature, but decreases 
with increase of pressure. For temperature measurements 
to be accurate to within ± 0.1°C a pressure correction is 
necessary even under moderate pressures. 

621.316.935.1 3019 
The Design of Reactors for Radio-Interference Filters. - 

L. I. Knudson. (Trans. Amer. Inst. elect. Engrs, 1950, 
Vol. 69, Part II, pp. 1294-1298.) Discussion of various 
useful types of inductor, with graphical presentation of 
data for available core materials. Composite cores are 
shown to be particularly useful in certain cases, both for 
toroids and straight inductors. 

621.319.4 3020 
Pyralene-Impregnated-Paper Capacitors for Alternating 

Current. Factors affecting Capacitance and Losses. 
J. Coquillion. (Rev. gén. Elect., May 1952, Vol. 61, No. 5, 
pp. 205-213.) The discussion is confined to capacitors 

W IRELESS ENGINEER, NOVEMBER 1952 

using kraft paper. Losses are greater at very low voltage 
than at nominal voltage, and their value is an indication 
of the ionic purity of the impregnant. At nominal voltage 
losses depend only on paper characteristics and on the 
permittivity of the impregnant. 

621.392 3021 
RC Coupling Networks.-G. Bowers. (Radio & Televis. 

News, Radio-Electronic Engng Section, June 1952, Vol. 
47, No. 6, p. 32.) Nomogram for finding phase-shift and 
attenuation. 

621.392 3022 
An Optimization Theory for Time-Varying Linear 

Systems with Nonstationary Statistical Inputs.-R. C. 
Booton, Jr. (Proc. Inst. 1?adio Engrs, Aug. 1952, Vol. 
40, No. 8, pp. 977-981.) 

621.392 3023 
Circuits with Frequency-Dependent Resistance and 

Frequency-Independent Reactance.-H. Fricke. (Funk 
u. l'on, May 1952, Vol. 6, No. 5, pp. 225-234.) By con-
necting between the voltage divider and the valve grid in 
a normal reactance circuit a device producing a grid-
voltage phase shift of + 90°, the frequency-dependence 
characteristics of the resistive and reactive components 
of the impedance are interchanged, so that between the 
reactance-valve terminals a series arrangement of a 
frequency-dependent resistance and a frequency-
independent reactance is obtained, whose magnitudes can 
be varied by altering the slope of the valve characteristic. 
The magnitudes and frequency dependence of the resis-
tive and reactive components are calculated for various 
possible arrangements, and the design of the phase 
shifter is considered, with discussion of the effects 
produced by departure of the phase shift from its nominal 
value. 

621.392 24 
Network Synthesis by the Use of Potential Analogs.  

R. E. Scott. (Proc. Inst. Radio Engrs, Aug. 1952, Vol 
40, No. 8, pp. 970-973.) 

621.392.4 3025 
Two-Terminal Networks consisting of Reactively 

Connected Valves.-F. Broch-Toniolo. (Poste e Tele-
comunicazioni, May 1952, Vol. 20, No. 5, pp. 215-220.) 
The equivalent circuit is determined for a valve whose 
grid voltage is derived by means of a potential divider 
from the anode voltage. Operation as generator, react-
ance, or variable resistance is considered. Reactance-
valve arrangements with high values of inductance and 
very low values of capacitance are attainable. 

621.392.4 3026 
Equivalences for the Analysis of Circuits with Small 

Nonlinearities.-W. J. Cunningham. (J. al. Phys., 
June 1952, Vol. 23, No. 6, pp. 653-657.) When the amount 
of nonlinearity is not too large, the nonlinear element can 
be replaced by a linear resistance together with voltage 
or current generators. The analysis can be applied to a 
highly nonlinear element if a suitable linear resistance is 
connected in parallel with it. Calculations for a Type-
1N34 crystal diode in parallel with a 50-0 resistor are 
reported. 

621.392.43.018.424 3027 
Wide-Band Transformation at High Frequencies.-

(Fernmeldetech. Z., June 1952, Vol. 5, No. 6, pp. 252-
255.) The design and performance of band-pass coupling 
circuits discussed previously (1613 of 1950), and develop-
ments of these, are reviewed. Curves show the relative 
error likely to occur in practice as a function of bandwidth 
for different circuit arrangements giving transformation 
ratios of 2, 3 and 4. 
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621.392.5 3028 
A General Theory of Linear Signal-Transmission 

Systems.-L. A. Zadeh. (J. Franklin Inst., April 1952, 
Vol. 253, No. 4, pp. 293-312.) Full treatment of the 
analytical method outlined in 1225 of May. Detailed 
discussions of various aspects of the theory and its 
practical applications are to be given in subsequent 
papers. 

621.392.5 3029 
A New Approach in the Design of Equalized Filters and 

Delay Lines.-M. M. Levy. (J. Brit. Instn Radio Engrs, 
May 1952, Vol. 12, No. 5, pp. 317-320.) The phase 
characteristics of filter networks and delay lines can be 
equalized by bridging mutual-inductance sections with 
capacitors. The corresponding nth-order equations are 
difficult to solve, but an approach which considers the 
transient response yields a simple solution. See also 
British Patent No. 614720 and Abstract 1746 of 1948 
(Espley). 

621.392.5 3030 
Quadripole Theory, a Fresh Approach.-M. Skalicky. 

(Elehtrotech. u. Maschinenb., 15th May 1952, Vol. 69, 
No. 10, pp. 239-242.) The network equations of Wilber-
force [see 1536 of 1944 (Skalicky)] are developed for a 
quadripole in a simple form involving only three para-
meters: (a) the voltage step-up ratio with output terminals 
on open circuit, (b) the input impedance with open-
circuited output, (c) the output impedance with input 
terminals short-circuited. A simple expression is derived 
for the current in any branch of a network fed with a 
single terminal voltage. 

621.392.5 3031 
Equivalent Circuits of the Nonreversible Quadripole.-

W. Klein. (Arch. eleht. übertragung, May 1952, Vol. 6, 
No. 5, pp. 205-208. Corrections, ibid., Aug. 1952, Vol. 6, 
No. 8, p. 351.) Schulz's network-matrix analysis (68 of 
January) is extended to obtain generalized theory for 
quadripoles violating the reciprocity relation. The 
equivalent circuit of the nonreversible quadripole is 
derived as a generalized L, T or II circuit by introducing 
a coupling element termed a 'dual converter' ('Dualüber-
setzer') comprising three ideal valves and a complex 
impedance. This circuit element is also useful in designing 
transformers, with complex transformation ratio. The 
admittance matrix of the quadripole can also be used for 
deriving an equivalent circuit. 

621.392.5: [621.396.645 -4- 621.317.733 3032 
Particular Applications of Single-T and Double-T 

Networks.-B. Lavagnino. ( Alta Frequenza, June 1952, 
Vol. 21, No. 3, pp. 116-129.) Description of (a) a 3-stage 
RC-coupled amplifier in which high selectivity is achieved 
by application of feedback through a T network either to 
input grids or cathodes, (b) a bridge of T-network type for 
the measurement of capacitance and losses at audio and 
ultrasonic frequencies, and suitable for tests on capacitors 
with a guard electrode. 

621.392.52 3033 
Design of Channel Filters using Quartz Crystals.-

N. Valentini. (Poste e Telecomunicazioni, May 1952, 
Vol. 20, No. 5, pp. 221-228.) A new quick method of 
designing lattice filters is described in detail and illus-
trated with examples. 

621.392.52: 534.113 3034 
Study of a Narrow-Band Electromechanical Filter.-

A. Marro. (Tech. Mitt. schweiz. Telegr.-TelephVerw., 
1st Feb. 1952, Vol. 30, No. 2, pp. 41-50. In French.) 
The type of filter considered consists of one or more units 
formed of parallel pairs of steel rods supported so as to be 
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capable of lateral vibration, electromechanical trans-
formers being used at the ends for conversion from 
electrical to mechanical oscillations and vice versa. 
Theory is based on purely mechanical considerations, and 
design formulae are derived which involve the dimensions 
and physical constants of the rods. Comparison is made 
with equivalent electrical-network filters. The action of 
the transformers is explained and a description is given of a 
complete 3-unit filter using rods of Swedish steel, with 
details of the methods of adjustment of frequency and 
bandwidth. Practical applications in carrier-frequency 
telephony and frequency-shift telegraphy are discussed 
briefly. 

621.392.52 : 621.396.611.21 3035 
A Mode of Operation of a Simple Quartz Filter.-J. 

Manque. (HF, Brussels, 1952, Vol. 2, No. 2, pp. 29-33.) 
Analysis is presented for a simple bridge-type crystal 
filter in which the impedance constituting the median 
arm of the bridge is a very high resistance (R). This type 
of filter is often used in superheterodyne receivers. The 
analysis shows that the selectivity of such a filter 
approaches that of the crystal itself, and that the gain can 
be greater than unity, which is not the case if R is small. 

621.392.52: 621.396.67.029.63 3036 
Separating Networks for the Operation of Several 

Decimetre-Wave Radio Sets on One Aerial.-G. Poach. 
(Fernmeldetech. Z., June 1952, Vol. 5, No. 6, pp. 262--
268.) Tuned-cavity couplings are described. Practical 
designs for both series- and parallel-connected networks 
for transmitter-transmitter and transmitter-receiver 
operation are illustrated. These operate satisfactorily 
when the frequency separation is > 7 Mc/s. 

621.392.52.025.4 3037 
Synthesis of Polyphase RC Filters.-G. B. Madella. 

(Alta Frequenza, June 1952, Vol. 21, No. 3, pp. 130-136.) 
A method for the synthesis of polyphase filters with 
prescribed transfer characteristics is described and applied 
to a practical example. A particular feature of polyphase 
filters is their ability to discriminate positive from nega-
tive frequencies. 

621.392.52.072.6 3038 
Alignment and Adjustment of Synchronously Tuned 

Multiple-Resonant Circuit Filters.-M. Dishal. (Elect. 
Commun., June 1952, Vol. 29, No. 2, pp. 154-164.) 
Reprint. See 627 of March. 

621.396.6 3039 
Nonlinear Elements and Applications in A.F. and R.F. 

Circuits.-H. E. Hollmann. (Tele-Tech, April & May 
1952, Vol. 11, Nos. 4 & 5, pp. 46-47, 127 & 56-57. . 128; 
Proc. nat. Electronics Conf., Chicago, 1951, Vol. 7, pp. 
130-140.) Discussion of the properties and applications of 
saturable reactors, ferroelectric capacitors, and varistors, 
including the 'polaristor'. See also 2538 of September. 

621.396.611.1 534.01 3040 
[Oscillations in] Delayed-Action Systems.-N. Minorsky. 

(C. R. Acad. Sci., Paris, 12th May 1952, Vol. 234, No. 
20, pp. 1945-1947.) Treatment of the differential 
equations for self-maintained oscillations in dynamic 
(mechanical or electrical) systems is simplified by use of 
what is termed a 'stroboscopic' method, an account of 
which has previously been given (2951 of 1951). 

621.396.611.1 3041 
The Response of RLC Resonant Circuits to E.M.F. of 

Sawtooth Varying Frequency.-J. Manque. (Proc. Inst. 
Radio Engrs, Aug. 1952, Vol. 40, No. 8, pp. 945-950.) 
Analysis previously given by Hok (671 of 1949) for the 
case of a single frequency sweep is extended to the case 
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where the frequency sweep is repeated as, e.g., in fre-
quency analysers. The response is composed of two 
terms, one related to the instantaneous conditions and 
the other resulting from the preceding frequency sweeps. 
Response curves obtained by graphical integration are 
compared with curves computed by\ other authors. The 
influence of the limits of exploration is discussed. 

621.396.611.4.017.21 3042 
Surface Losses in Electromagnetic Cavity Resonators. - 

I. Paghis. (Ganad: J. Phys., May 1952, Vol. 30, No. 3, 
pp. 174-184.) The effective skin resistance of brass was 
determined at microwave frequencies by means of Q 
measurements. The results are in essential agreement 
with theory, provided the surface treatment is confined to 
polishing by hand. The effect of surface scratches was 
found to be small compared with the effect of distortion of 
the crystal lattice due to surface working. 

621.396.615 3043 
The Frequency Spectrum of a Pulled Oscillator.-

T. J. Buchanan. (Proc. Inst. Radio Engrs, Aug. 1952, 
Vol. 40, No. 8, pp. 958-961.) Experiments are described 
in which a signal from a Type-CV87 reflex klystron is 
injected into the circuit of the oscillator valve under 
test, the two generators being mounted at opposite ends 
of a waveguide. A loosely coupled probe feeds part of the 
output to a c.r.o. spectrometer, the effect of varying the 
klystron wavelength around the centre value of 3-2 cm 
being studied. The results are discussed on the basis of 
theory previously worked out by Adler (2522 of 1946). 

621.396.615.029.3: 621.385.5 3044 
Simultaneous Generation of Several Audio-Frequency 

Oscillations by means of Electron Coupling in a Multi-
electrode Valve.-W. Spengler & H. H. Rust. (Arch. 
elekt. übertragung, June 1952, Vol. 6, No. 6, pp. 254-
261.) A frequency multiplier is described which produces 
four frequencies simultaneously. The fundamental 
frequency is generated in a feedback circuit using grids 
1 and 2 of a hexode, the higher frequencies being produced 
by shock excitation of oscillatory circuits connected to 
the other electrodes and tuned to required harmonics. 
Nearly sinusoidal oscillations can be obtained by use of 
loosely coupled filters to minimize modulation of the 
harmonics by the fundamental. Design of circuit com-
ponents to obtain optimum results is discussed. 

621.396.615.12 3045 
A High-Frequency Generator with Uniform RC-Line 

as Feedback Element determining the Frequency.-
F. W. Gundlach. (Funk u. Ton, June 1952, Vol. 6, No. 
6, pp. 298-304.) Description, with full circuit details, of 
a generator with a continuous range of 0-1-1-5 Mc/s. 
The output of 3 V into 200 SI is constant to within 10% 
over the whole range. Frequency variation is effected by 
varying the capacitance of the RC-line, which is of simple 
mechanical construction. 

621.396.615.14: 621.385.3 3046 
Ultra-High-Frequency Triode Oscillator using a Series-

Tuned Circuit.-J. M. Pettit. (Proc. Instn Radio Engrs, 
Aust., May 1952, Vol. 13, No. 5, pp. 132-135.) Reprint. 
See 2452 of 1950. 

621.396.615.141.2: 621.316.729 3047 
An Analysis of the Injection Locking of Magnetrons 

used in Amplitude-Modulated Transmitters.-J. S. 
Donal, Jr, & K. K. N. Chang. (RCA Rev., June 1952, 
Vol. 13, No. 2, pp. 239-257.) Analysis is presented for an 
anode-modulation single-loop magnetron, with load 
matched to the transmission line and the synchronizing 
current injected at a plane distant h/2 from the magnetron. 
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The r.f. phase modulation during the a.m. cycle is cal-
culated and the power output required from the locking 
oscillator is determined. For a particular magnetron, 
using a locking amplifier capable of a power output of 
10% of the peak system output, the expected r.f. ph.m. 
is about ± 20° for an a.m. factor of 0-74. 

621.396.615.17.029.63 3048 
Tetrodes improve Harmonic Generation at V.H.F. and 

U.H.F.-D. H. Preist. (Tele-Tech, April 1952, Vol. 11, 
No. 4, pp. 60-61. . 123.) Description of the performance 
of tetrodes such as Type 4X150A and Type 4X150G with 
positive feedback, for frequency multiplication at high 
power levels. 

621.396.619.13: 621.392.5 3049 
Contribution to the Theory of Frequency-Modulated 

Signals in Linear Networks.-L. Kosten. (Tijdschr. 
ned. Radiogenoot., May 1952, Vol. 17, No. 3, pp. 117-133.) 
By using the concepts of negative resistance and induct-
ance, any linear network can be transformed into one. 
containing no capacitances, whose operation can then be 
expressed by first-order differential equations. Matrix 
theory is used in combination with this transformation to 
determine the output current of a linear,quadripole fed 
with a frequency-modulated wave. The formula derived 
is a series differing from those of Carson & Fry (464 of 
1938) and Stumpers (2221 of 1947) in that it is convergent 
and contains finite differences rather than derivatives of 
the transadmittance. 

621.396.645 3050 
Effective Bandwidth of Video Amplifiers.-F. J. 

Tischer. (Arch. elekt. übertragung, June 1952, Vol. 6, 
No. 6, pp. 241-246.) An expression for the effective 
bandwidth is derived directly from the complex ampli-
fication function for steady-state oscillations, taking 
account of phase shift and phase errors. The effective 
bandwidths for theoretical standard amplifier functions 
give a good idea as to the bandwidth to be expected in 
practical amplifiers and what improvement can result 
from compensation of the phase errors. 

621.396.645.371 3051 
Negative Feedback.-W. O. Baldwin. (Proc. Radio 

Cl. Amer., 1952, Vol. 29, No. 2, pp. 3-11.) The use of 
negative feedback for amplifier gain stabilization, 
distortion reduction, and improvement of frequency 
response and phase characteristics is considered, fre-
quency and phase characteristics being specially dealt 
with, since if they are known the gain and distortion 
characteristics can be quickly calculated. A particular 
feature of the treatment is the use of curves showing the 
reciprocal of the gain plotted against frequency. This has 
the advantage of eliminating the addition and division of 
vectors necessary when gain/frequency curves are used. 

GENERAL PHYSICS 

530.162 : 519.21 3052 
A Generalization of the Classical Random-Walk 

Problem, and a Simple Model of Brownian Motion based 
thereon.-G. Klein. (Proc. roy. Soc. Edinb. A, 1950/ 
1951, Vol. 63, Part 3, pp. 268-279.) A precise mathe-
matical model of Brownian motion is derived by introducing 
a 'persistence' factor in analysis of the random-walk 
problem. This is equivalent to the assumption of a dis-
crete velocity distribution of three variates instead of the 
continuous probability distribution formerly assumed. 
General results concerning averages are obtained and 
applied to special cases of conservative and dissipative 
systems. 
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535.223 3053 
The Velocity of Light determined by the Band Spectrum 

Method.-D. H. Rank, R. P. Ruth & K. L. Vander Sluis. 
(Phys. Rev., 1st June 1952, Vol. 86, No. 5, p. 799.) Pre-
liminary account of a determination based on observa-
tions of the 103 and 004 bands of HCN; the value of c 
obtained is 299 776 ± 7 km/s. 

535.37 + 535.215 3054 
The Physics of Crystal Phosphors.-F. Sttickmann. 

(Naturwissenschaften, May & June 1952, Vol. 39, Nos. 
10 & 11, pp. 226-233 & 246-254.) A comprehensive 
study with 63 references. 

535.376 3055 
Electroluminescence observed in the Anodic Polishing 

of Zinc.-M. Krieg & E. Lange. (Naturwissenschaften, 
May 1952, Vol. 39, No. 9, p. 208.) 

•535.42: 538.56 3056 
On the Diffraction of an Electromagnetic Pulse by a 

Wedge.-J. W. Miles. (Proc. roy. Soc. A, 22nd May 1952, 
Vol. 212, No. 1111, pp. 547-551.) The vector problem of 
the diffraction of a plane wave discontinuity with arbitrary 
polarization arid direction of propagation is reduced to a 
pair of two-dimensional scalar problems. The solution of 
one of these is identical with that previously obtained for 
the analogous acoustical problem (2966 above); the 
second problem is treated in a similar manner, using a 
Tschplygin transformation to reduce the boundary-value 
problem to one in potential theory, which is then solved 
by classical methods. 

535.421 : 538.566 3057 
Electromagnetic Reflection and Transmission by Grat-

ings of Resistive Wires.-E. A. Lewis & J. P. Casey, Jr. 
(J. appl. Phys., June 1952, Vol. 23, No. 6, pp. 605-608.) 
Honerjâger's theory (1754 of 1949) is extended to take 
account of the finite conductivity of the wires. Formulae 
and charts are given to facilitate calculations, and a 
practical example is worked out. 

537.11 : 537.226 3058 
The Physical Mechanism of Charge in Solid Dielectrics. 

-H. Bonifas. (Rev. gén. Elect., May 1952, Vol. 61, No. 5, 
pp. 223-231.) 

537.122 3059 
A New Classical Theory 01 Electrons: Part 2.-P. A. M. 

Dirac. (Proc. roy. Soc. A, 7th May 1952, Vol. 212, 
No. 1110, pp. 330-339.) Analysis of the motion of a 
stream of electrons obeying Lorentz's equations of motion 
leads to a more general action principle than that of an 
earlier paper (1574 of June), two new field variables being 
introduced. The theory allows vorticity in the electron 
stream, while still involving e and m only in the ratio 
e/m. A Hamiltonian formulation of the equations is 
deduced. 

537.311.31 -I- 537.312.62 3060 
The High-Frequency Resistance of Metals in the Normal 

and Superconducting State.-C. J. Grebenkemper & 
J. P. Hagen. (Phys. Rev., 1st June 1952, Vol. 86, No. 5, 
pp. 673-679.) Measurements were made on Pb, In and 
Sn at frequencies of about 9 1cMc/s and on Sn at 24 kMcis, 
using resonant-cavity techniques which are described. 
The influence of surface finish is investigated. Results for 
the metals in the normal state support the Reuter-
Sondheimer theory of the anomalous skin effect; for the 
superconducting state the h.f. resistance varied with 
frequency according to a 3/2-power law rather than the 
theoretically predicted square law. 
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537.311.33.001.11 3061 
Carrier Concentrations and Fermi Levels in Semi-

conductors.-J. S. Blakemorc. (Elect. Commit),, June 
1952, Vol. 29, No. 2, pp. 131-153.) Review of pa-,ent-day 
semiconductor theory. 23 references. 

537.312.6: 621.315.592 3062 
Tentative Explanation of the Law giving the Resistance 

of Thermistors as a Function of the Temperature.-
Y. Doucet & J. P. Guignard. (C. R. Acad. Sri., Paris, 
5th May 1952, Vol. 234, No. 19, pp. 1856-1858.) 

537.525: 538.56 3063 
A Nonlinear Theory of Oscillations in an Electron 

Plasma.-A. I. Akhiezer & G. Ya. Lyubarski. (C. R. 
Acad. Sri. U. R.S.S., 1 lth Sept. 1951, Vol. 80, No. 2, 
pp. 193-195. In Russian.) 

537.525 : 621.396.822 3064 
Observations on Radio-Frequency Oscillations in Low-

Pressure Electrical Discharges.-N. R. Labrum & E. K. 
Bigg. (Proc. phys. Soc., 1st May 1952, Vol. 65, No. 389B, 
pp. 356-368.) Random noise of high intensity was 
observed at frequencies near 200 Mc/s and also below 
2 Mcis in several types of discharge tube, and was found 
to be associated with a field reversal in the discharge. 
Coherent oscillations were also found at low radio 
frequencies, and these are apparently related to the 
striations of the positive column. 

537.525.001.11 3065 
The Initiation of Electrical Breakdown in Vacuum.-

L. Cranberg. (J. appl. Phys., May 1952, Vol. 23, No. 5, 
pp. 518-522.) The hypothesis is suggested that initiation 
of high-voltage breakdown in vacuum is due to traversal 
of the high-voltage gap by a clump of loosely adhering 
material. A summary of published results which support 
this conclusion is presented. 

537.525.5 8066 
The Theory of Gaseous Arcs: Part 1 - The Fundamental 

Relations for the Positive Columns.-K. S. W. Champion. 
(Proc. phys. Soc., 1st May 1952, Vol. 65, No. 389B, pp. 
329-344.) Theory is developed for low-pressure arcs with 
high electron densities in which ionization by stages is 
important. By taking account of recombination, this 
theory can be applied to medium- and high-pressure arcs 
with high degree of ionization. The theory includes the 
effect of a longitudinal magnetic field. 

537.525.5 3067 
The Theory of Gaseous Arcs: Part 2 - The Energy-

Balance Equation for the Positive Columns.-K. S. W. 
Champion. (Proc. phys. Soc., 1st May 1952, Vol. 65, 
No. 389B, pp. 345-356.) The energy-balance equation 
proposed by Suits is considered and modifications of his 
theory are suggested which result in better agreement 
between theory and experiment. Radiation losses are 
neglected, since in most cases measurement shows them 
to be small. Theory of the effect of a longitudinal mag-
netic field on a high-pressure arc predicts that the effect 
will tend to a limit with sufficiently strong fields. Part 1: 
3066 above. 

537.525.5: 621.385.132 3068 
Studies of Externally Heated Hot-Cathode Arcs: Part 

2 - The Anode-Glow Mode.-W. M. Webster, E. O. 
Johnson & L. Malter. (RCA Rev., June 1952, Vol. 13, 
No. 2, pp. 163-182.) In this mode all ionization and 
excitation occur in a thin electron sheath close to the 
anode surface. Theory indicates that the electron current 
should vary as the fourth power of the difference between 
the applied potential and the ionization potential of the 
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gas in the discharge tube. Experiment confirms this. 
Evidence is presented to show that the plasma density 
distribution is one in which the lowest diffusion mode 
predominates. Part 1: 959 of April. 

537.533.8 3069 
Theory of the Production of Secondary Electrons in 

Solids.—A. J. Dekker & A. van der Ziel. (Phys. Rev., 
1st June 1952, Vol. 86, No. 5, pp. 755-760.) The problem 
is formulated on the assumption of a simple Coulomb 
interaction between primary electrons and lattice 
electrons; the energy losses of the bombarding primaries 
are examined. The basic features of previously presented 
theories are discussed as approximations to the present 
formulation. The numbers of secondaries emitted accord-
ing to Wooldridge's theory (147 of 1940) and Baroody's 
theory (107 of January) are compared, and the range of 
applicability of their approximations is discussed. 

537.58: 538.221 3070 
Thermionic Emission from Ferromagnetic Materials.— 

A. V. Sokolov & A. Z. Veksler. (C. R. Acad. Sci. 
U.R.S.S., 1st Nov. 1951, Vol. 81, No. 1, pp. 27-30. In 
Russian.) The anomalous variation with temperature of 
the thermionic emission from ferromagnetic materials may 
be due to disappearance of spontaneous magnetization 
when passing through the Curie point. On this assump-
tion, and using the model of the exchange interaction 
between the valence and inner electrons proposed by 
Vonsovski (2074 of 1947), a formula (15) is derived 
showing the temperature dependence of the saturation 
current and its deviation from the normal temperature 
dependence (16). 

538.122 4- 537.212 3071 
The Two-Dimensional Magnetic or Electric Field 

inside a Semi-infinite Slot terminated by a Semicircular 
Cylinder.—N. Davy & N. H. Langton. (Brit. J. appl. 
Phys., May 1952, Vol. 3, No. 5, pp. 156-158.) Exact 
calculations, with tables and graph of results. 

538.249 3072 
Theory of Magnetic Diffusion After-Effect.—L. Néel. 

(J. Phys. Radium, May 1952, Vol. 13, No. 5, pp. 249-
264.) 

621.3.011.4 3073 
Calculation of the Electrostatic Capacitance of a 

Conductor.—W. Gross. (R. C. Accad. naz. Lancei, May 
1952, Vol. 12, No. 5, pp. 496-506.) 

GEOPHYSICAL AND EXTRATERRESTRIAL 
PHENOMENA 

523.72 -I- 523.8] : 621.396.822 3074 
Radio Astronomy.—(Engineer, Lond, 9th May 1952, 

Vol. 193, No. 5024, pp. 640-641.) A brief survey includ-
ing a note about the 265-ft steerable radio telescope 
planned to be installed at Jodrell Bank for Manchester 
University. 

523.72 : 621.396.822 3075 
Solar Radio-Noise Bursts.—( Tech. Bull. nat. Bur. 

Stand., May 1952, Vol. 36, No. 5, pp. 65-67.) Radio-
astronomy methods were used for observation of the 
radio-noise bursts, which are considered to originate in 
the many high-velocity streams of ionized plasma in the 
corona, being the result of the direct conversion of the 
kinetic energy in the plasma to e.m. energy. Some 
evidence indicates correlation of the noise bursts with 
sudden ionosphere disturbances, and they also tend to 
accompany, precede or follow flurries of solar activity. 

523.72 : 621.396.822.029.65 3076 
Detection of Millimeter Wave Solar Radiation.— 

W. M. Sinton. (Phys. Rev., 1st May 1952, Vol. 86, No. 3, 
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p. 424.) Solar radiation over a band with an average 
wavelength of 1-4 mm was detected by allowing the sun 
to drift across the field of a mm-wave telescope, a Golay 
infrared detector being used at the focus of a modified 
24-in. searchlight. Typical records are shown. 

523.78 3077 
Observations of the Solar Eclipse of 25th February 

1952 in the Sudan.—H. von Klüber. (Naturwissen-
schaften, May 1952, Vol. 39, No. 9, pp. 199-206.) 
Illustrated account of the equipment of different re-
search groups and their programme of observations. 

550.38 "1952.04/.06" 3078 
Indices of Geomagnetic Activity of the Observatories 

Abinger, Eskdalemuir and Lerwick, April to June 1952.— 
(J. (limos. terr. Phys., 1952, Vol. 2, No. 5, pp. 306-308.) 

551.510.535 3079 
A Search for Radio Echoes of Long Delay.—K. G. 

Budden & G. G. Yates. (J. atmos. terr. Phys., 1952, 
Vol. 2, No. 5, pp. 272-281.) An account of attempts to 
detect long-delay echoes of the type reported by Stormer 
(1929 Abstracts, pp. 38, 565 & 623) and others. High-
power transmitters operating on frequencies of ap-
proximately 13.5 and 20.7 Mc/s were used, but no long-
delay echoes were observed. Possible explanations of 
this failure are suggested. 

551.510.535 3080 
A Method for studying Sporadic-E Clouds at a 

Distance.-0. G. Villard, Jr, A. M. Peterson & L. A. 
Manning. (Proc. Inst. Radio Engrs, Aug. 1952, Vol. 40, 
No. 8, pp. 992-994.) A pulsed transmitter is used in 
conjunction with a rotatable Yagi aerial to track moving 
clouds of sporadic-E by means of the back-scattered 
echoes, which are displayed on a plan position indicator. 
P.p.i. photographs obtained at Stanford University on 
15th December 1951 are shown together with the 
corresponding h'f records. 

551.510.535 3081 
The Graphical Representation of the Longitude Effect 

in F2 Region.—C. M. Minnis. (J. atmos. terr. Phys., 
1952, Vol. 2, No. 5, pp. 261-265.) Discussion leads to the 
conclusion that for commercial use the best solution of 
the problem would be a set of hourly charts each showing 
the f F, distribution at a fixed universal time. 

551.510.535 : 551.557 3082 
A Radio-Astronomical Investigation of Winds in the 

Upper Atmosphere.—A. Maxwell & C. G. Little. ( Nature, 
Lond., 3rd May 1952, Vol. 169, No. 4305, pp. 746-747.) 
Results of observations using three receivers at the corners 
of a triangle (spacing about 4 km) indicate that F-region 
irregularities have a steady translational movement, 
which is usually maintained in the same direction for 
many hours. During May-June and September-
October 1951 the most favoured direction was towards 
the west, the variation in direction during a 4-hour 
period being generally <25° and the average velocity 
about 350 km/hr. 

551.510.535 : 551.557 3083 
A Radio Echo Method for the Investigation of Atmo-

spheric Winds at Altitudes of 80 to 100 km.—J. S. 
Greenhow. (J. atmos. terr. Phys., 1952, Vol. 2, No. 5, 
pp. 282-291.) 'The variations of wind velocity with 
height between altitudes of 80 and 100 km can be 
determined from the fluctuations in amplitude and the 
changes in width of the recorded radio echoes from 
meteor trails. Results of observations are presented, 
with typical records, and discussed. 
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551.510.535 : 621.3.087.I 3084 
Study and Design of an Ionospheric Radar Sounder. 

M. Geffroy. (Radio franç., May 1952, No. 5, pp. 16-24.) 
Full circuit details are given of a vertical-incidence 
recorder with transmitter peak power of 2 kW, frequency 
range 5-10 Mc/s, pulse width 1001.4s and repetition 
frequency 50/sec. The control circuits are shown and 
the derivation of pulses of different waveform for c.r.o. 
calibration and transmitter switching is described stage 
by stage. The construction of a pulse transformer for 
anode modulation is illustrated. A complete circuit 
diagram of the receiver is given. 

551.594.22 3085 
The Relation between Point Discharge Current and 

Field.—J. A. Chalmers. (J. atmos. 'err. Phys., 1952, 
Vol. 2, No. 5, pp. 292-300.) 

551.594.22 3086 
Point Discharge Currents. —J. A. Chalmers. (J. 

atmos. terr. Phys., 1952, Vol. 2, No.5, pp. 301-305.) 

551.594.221 3087 
Lightning and Buildings. Statistical Study of Lightning 

Strokes occurring in Switzerland from 1925 to 1947.— 
(Bull. schweiz. elektrotech. Ver., 17th May 1952, Vol. 43, 
No. 10, pp. 428-432. In French.) 

551.594.221 : 001.891 3088 
Experimental Lightning Research.—H. Norinder. 

(J. Franklin Inst., May 1952, Vol. 253, No. 5, pp. 
471-504.) Historical account of methods of investiga-
tion from .Franklin's time to the present day. 51 
references. 

LOCATION AND AIDS TO NAVIGATION 

621.396 3089 
Some Modern Developments in Radar Equipment for 

Shipboard Use.—C. B. Broersma. ( Tijdschr. ned. 
Radiogenoot., May 1952, Vol. 17, No. 3, pp. 139-145. 
Discussion, pp. 145-146.) Postwar development of radar 
for merchant ships is reviewed. Current trends are 
toward greatest possible simplicity and toward the use 
of large c.r.o. screens. The relation between the desirable 
size of screen and the duration of the radar pulse is 
discussed. A description is given of a modern 38-valve 
equipment using a 16-in, tube and a magnetron producing 
0.2-las pulses with a peak power of 7 kW. The supply is 
a.c. at 2 kcis. 

621.396.9 : 621.396.825 3090 
Echo and Noise in a Radar System subject to Deliberate 

Interference.—U. Tiberio. (Alta Frequenza, June 1952, 
Vol. 21, No. 3, pp. 137-151.) When a radar system is 
jammed by transmissions from the target, the echo/ 
noise ratio has a value dependent on the range. This 
dependence is analysed for practical applications, mainly 
naval ones. Formulae are derived for the maximum 
detection range possible for a iven ratio of jammer to 
radar power. 

621.396.9.002.2 3091 
The Engineering of Radar Equipments designed for 

the R.A.F.—G. W. A. Dummer. (Electronic Engng, 
Aug. 1952, Vol. 24, No. 294, pp. 348-355.) Discussion 
of factors affecting design, including sealing, pressurizing, 
heat dissipation, weight reduction, accessibility for 
servicing, simplicity of controls, corrosion, packaging, 
and transport risks. 

621.396.93 3092 
The Measurement of Angles by Direction-Finding 

Technique.—W. Messerschmidt. (Arch. tech. Messen, 
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April 1952, No. 195, pp. 73-80.) Discussion of the 
principles of various methods and review of applications 
in air, marine and ground radiolocation systems, with 
indication of the limitations imposed by the aerial 
characteristics. 

621.396.932 3093 
Conference of the Committee for Radio Navigation. - 

Kronjager. (Fernmeldetech. Z., June 1952, Vol. 5, 
No. 6, pp. 287-289.) Summaries of nine papers read in 
Hamburg, March 1952, on marine navigation systems. 

621.396.932 3094 
Microwave Lighthouse.—A. Roberts. (Radio & 

Televis. News, Radio-Electronic Engng Section, June 
1952, Vol. 47, No. 6, pp. 6-7, 31.) Description of a cheap 
and simple navigation aid for small ships. The 7-kW 
shore transmitter uses a 3-cm magnetron modulated at 
500 pulses per sec by a rotary spark gap, and a twin-
beam aerial keyed in one of the usual interlocking codes. 
The ship-borne receiver is integral with a parabolic-
cylinder aerial, and has a crystal detector; its sensitivity 
is such that a signal of duration 1ps and power 10-8 W 
can be heard above receiver noise. An accurate fix on 
the shore station can be obtained. 

621.396.932/.933(43-15) 3095 
Integration of the Recently Installed Air-Navigation 

Safety System of the Federal German Republic with the 
Existing West European Network.—F. C. Saic. (Elektro-
tech. ii. .11aschinenb., 1st May 1952, Vol. 69, No. 9, pp. 
203-207.) The principles of the Decca system are out-
lined and the two-frequency Decca-Telefunken system 
due to O'Brien and Schwarz is described. In this system, 
signals from two transmitters, with frequencies which 
are different multiples of a common frequency, are 
picked up on separate receivers in a ship or aircraft and 
multiplied in frequency so as to derive two signals of 
identical frequency, whose phase difference is measured 
by a phase bridge enabling location in the hyperbola 
system to be determined to within about 4m. The 
master transmitter at Madfeld, Westphalia, operates on 
a frequency 6f„,, from which are derived, by frequency 
division and subsequent multiplication, the frequencies 
V0, 91,, and 5.4 of the three slave transmitters, which are 
symmetrically located round the master transmitter at 
a distance from it of 200 km. Three combinations give 
frequencies of 24f0, 184 and 30f, for use in the phase-
measurement bridge. The signals for the 'coarse' location, 
with frequencies interchanged, are transmitted during 
short breaks in the 'fine' location transmissions. The 
transmitter power is 2.4 kW and vertical wire-cage 
aerials are used. IStandby Diesel generators are provided 
in case of mains failure, with battery feed during the 
starting-up period. See also 1923 of July. 

621.396.933 : €57.7 3096 
The Application of Telecommunications to Civil 

Airways.—D. P. Taylor. (J. Brit. Instn Radio Engrs, 
June 1952, Vol. 12, No. 6, pp. 341-359.) An account of 
the development of facilities for promoting safety and 
regularity in civil aviation operation in the U.K. in 
accordance with decisions taken by the Ministry of Civil 
Aviation in 1948. The airways system is described and a 
list is given of communication facilities and navigation 
aids essential for its operation. Descriptions are given of 
the v.h.f. air-to-ground R/T system, using area-coverage 
networks, and of the m.f. radio ranges and beacons and 
v.h.f. fan markers. References are included to more 
detailed accounts of individual features of the system. 

621.396.933.1 : 621.396.67 3097 
Cage-Type Very-High-Frequency Phase-Comparison 

Omnidirectional Radio Range Antenna.---F. J. Lundburg 
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& F. X. Bucher. (Elect. Commun., June 1952, Vol. 29, 
No. 2, pp. 108-116.) Description of an aerial system 
consisting of a dipole rotating within a cage of vertical 
metal rods, together with an upper cage extension 
serving to suppress vertical polarization. Tests carried 
out on the system show that it has good azimuth accuracy, 
a small cone of silence, and vertical polarization 50 db 
below horizontal polarization for an upper-cage length 
of 12 ft, the whole system being mounted on a circular 
metal counterpoise 35 ft in diameter and 15 ft above the 
ground. Details are given of the tone wheel and magnetic 
pickup that provide the fixed-phase reference signal. 

621.396.933.23 •+ 621.317.79 3098 
Airborne Receivers and Test Gear for Instrument 

Landing Systems.—F. G. Overbury. (Elect. Commun., 
June 1952, Vol. 29, No. 2, pp. 122-130.) A description 
has previously been given of the ILS-2 ground equipment 
[2513 of 1950 (Hampshire & Thompson)]. Details are 
now given of the operation of the SR.14 and SR.15 air-
borne receivers which derive suitable course indications 
from comparison of the modulation depths of the trans-
mitted 90- and 150-cis tones. Sources of error and means 
adopted for reducing them are discussed. In the SR.14 
localizer receiver, a.v.c. is derived at the detector, delay 
being determined by a neon reference tube. In the 
SR.15 glide-slope receiver an audio type of a.v.c. is used. 
An outline description is given of portable field test 
equipment which enables accurate checking of audio, 
filter and rectifier circuits on one crystal-controlled 
channel in the localizer and glide-slope frequencies. 
R.f. circuits are checked by functional tests. 

621.396.93 3099 
Radio Research Special Report No. 22. The Siting of 

Direction-Finding Stations.[Book Review]—W. Ross & 
F. Homer. Publishers: H.M. Stationery Office, London, 
1952, 38 pp., is. 6d. (Nature, Lond., 24th May 1952, 
Vol. 169, No. 4308, p. 875.) "The main conclusions of the 
report are summarized in tables showing the minimum 
tolerable distances for different objects when it is desired 
to achieve specified accuracies." 

621.396.933 3100 
Radio Research Special Report No. 21. Radio Direction-

Finding and Navigational Aids; some Reporta on German 
Work issued in 1944-45. [Book Review]—Publishers: 
H.M. Stationery Office, London, 1951, 92 pp., 3s. 6d. 
(Nature, Lond., 24th May 1952, Vol. 169, No. 4308, p. 
875.) Translations of nine hitherto unpublished papers 
by German experts. 

MATERIALS AND SUBSIDIARY TECHNIQUES 

531.788.13 3101 
Knudsen Gauges.—W. Steckelmacher. ( Vacuum, 

Oct. 1951, Vol. 1, No. 4, pp. 266-282.) The design of 
improved forms of suspended-vane metal and glass 
instruments is discussed. Gauges can be constructed 
for the pressure range 10-2-10-8 mm Hg with phosphor-
bronze taut-strip suspension and eddy-current damping. 
The inherently narrow range of the instrument is 
extended by means of an alternating magnetic field 
acting inductively on the vane system. The theory of 
the Knudsen gauge is developed. 48 references. 

531.788.7 3102 
Use of Penning's Gauge. Experimental Comparison 

with the Ionization Gauge.—J. Vermandé. (Le Vide, 
March 1952, Vol. 7, No. 38, pp. 1145-1150. Discussion, 
pp. 1150-1152.) Calibration and operation of the 
vacuum gauge [1423 of 1950 (Penning & Nienhuis)] 
are described; its advantages are summarized. 
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.331.788.7 3103 
Thermocouple Micromanometer. Theoretical and 

Experimental Study.—D. Degras. (Le Vide, March 
1952, Vol. 7, No. 38, pp. 1153-1171.) Description and 
theory of the instrument, and discussion of factors 
affecting sensitivity and the aging of the thermocouple. 

535.215 : 537.311.33 : 546.23 3104 
Photoconductivity in Vacuum Coated Selenium Films.— 

P. H. Keck. (J. opt. Soc. Amer., April 1952, Vol. 42, 
No. 4, pp. 221-225.) The influence of base-plate 
temperature and process timetable on the growth of. 
crystals in evaporated Se coatings was investigated. 
The presence of a small amount of crystalline Se increases 
red sensitivity, but high insulation is maintained only 
if the crystals are well separated by the vitreous matrix. 
The effect on the spectral response of Te additions is 
considered. See also 1925 of 1951. 

535.215 : 546.482.21 3105 
Note on Quenching of Photoconductivity in Cadmium 

Sulfide.—E. A. Taft & M. H. Hebb. (j. opt. Soc. Amer., 
April 1952, Vol. 42, No. 4, pp. 249-251.) Experiments 
were made on a single crystal 1 x 1 x4 mm in size, 
subjected to a small unidirectional field and simul-
taneously irradiated with two monochromatic beams, one 
of constant and the other of variable intensity. There 
appear to be two independent but similar quenching 
processes, with peaks at variable-beam energies of 0.9 
and 1.5 eV respectively. An interpretation based on 
Frerichs' theory (450 of 1948) is proposed. 

535.215 : 549.328.1 3106 
Antimony Content and Photoelectric Effect of Different 

Samples of Galena.—J. E. Hiller & H. G. Smolczyk. 
(Naturwissenschaften, May 1952, Vol. 39, No. 9, p. 
208.) Results of tests on 57 samples indicate that a Sb 
content of <0.03%, a negatively directed photoelectric 
effect (current from contact point to galena) and a positive 
thermoelectric effect are characteristic of samples which 
are good detectors. 

535.343 : [546.817.221 +546.817.231 + 546.817.241 3107 
The Absorption Spectra of Single Crystals of Lead 

Sulphide, Selenide and Telluride.—A. F. Gibson. (Proc. 
phys. Soc., 1st May 1952, Vol. 65, No. 389B, pp. 378-
388. Correction, ibid., 1st July 1952, Vol. 65, No. 391B, 
p.555.) The spectra were examined over the temperature 
range 20-600°K; they are characterized by a sharp 
absorption 'edge' coincident with the long-wave limit of 
the photoconductivity of each material. 

535.37 3108 
The Third All-Union Conference on Luminescence and 

the Applications of Luminescent Materials.—P. Feofilov. 
(Uspekhi fis. Nauk, Nov. 1951, Vol. 45, No. 3, pp. 
445-457.) Report on a conference held in Moscow, June 
15-21, 1951. Summaries of 45 papers are given. 

535.37 : 546.412.84 3109 
Optical Properties of Calcium-Silicate Phosphors.— 

G. R. Fonda & F. J. Studer. ( J. opt. Soc. Amer., May 
1952, Vol. 42, No. 5, p. 360.) Further investigations 
indicate that the optical properties of these phosphors 
are dependent on structure and not on lead content. 
See also 107 of 1950. 

535.372 3110 
Luminescence of Alkali Sulphides and Sulphates. 

H. Gobrecht & D. Hahn. (Z. Phys., 10th April 1952, 
Vol. 132, No. 1, pp. 111-128.) By reduction of the 
alkali sulphates, materials are obtained giving red or blue 
luminescence when excited by Hg radiation of wave-
length 366 met or 254 met. The red luminescence is due 
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to the production of polysulphides, the blue to alkali 
atoms in the sulphate lattice. Investigations of the 
luminescence spectra at different temperatures are 
described and discussed. 

537.226 : 546.311.88 3111 
Ferroelectric Properties of Tantalates and Niobates of 

Alkali Metals.-N. V. Kozhevniko% & A. I. Medovoi. 
(Zh. tekh. Fiz., Nov. 1951, Vol. 21, No. 11, pp. 1383-
1387.) The temperature dependence of the dielectric 
constant and coefficient of linear expansion was 
investigated for certain tantalates and niobates of alkali 
metals, and their lattice parameters were determined. 
Over the temperature range 20°C-500°C these materials 
did not show any ferroelectric properties. These results 
are contrary to those obtained by Matthias (PM's. Rev., 
1949, Vol. 75, p. 1771) and by Matthias & hemeika 
(3023 of 1951). 

537.226.2 3112 
Theory of the Dielectric Constant of Mixtures.-G. 

Eckart. (Z. angew. Phys., April 1952, Vol. 4, No. 4, 
pp. 134-136.) A formula based on calculations of 
Darwin and Hartree is derived for the dielectric constant 
of a material containing globular particles of a second 
material embedded in it. Curves are drawn to simplify 
calculations. Application of the formula to the case of 
water drops or vapour in air is illustrated. Experimental 
evidence indicates that the formula is only useful if the 
dielectric constants of the two materials differ by a 
factor <10. 

537.226.31 3113 
The Effect of Orientation on the Dielectric Losses in 

Polar Polymers.-G. P. Mikhailov. (Zh. tekh. Fiz., 
Nov. 1951, Vol. 21, No. 11, pp. 1395-1401.) 

537.312 3114 
Measurement of the Resistance of Thin Insulating 

Layers between Gold Contacts within the Range of the 
Tunnel Effect.-I. Dietrich. (Z. Phys., 14th May 1952, 
Vol. 132, No. 2, pp. 231-238.) Results of measurements 
on TiO2 layers show that, for layer thicknesses <100 
A, contact resistance is governed by the tunnel effect, 
being independent of the specific resistance of the 
layer material and, for layer thicknesses <80A, in-
dependent of temperature between - 160° and + 20°C. 

538.221 3115 
Minute Eddy Currents due to Displacement of Domain 

Boundaries.-N. S. Akulov & G. S. Krinchik. (C. R. 
Acad. Sci. U.R.S.S., 11th Nov. 1951, Vol. 81, No. 2, 
pp. 171-174. In Russian.) 

538.221 3116 
Theory of the Coercive Force and Magnetic Suscept-

ibility of Ferromagnetic Powders (Dependence on the 
Density of Packing).-E. Kondorski. (C. R. Acad. Sci. 
U. R.S.S., 11th Sept. 1951, Vol. 80, No. 2, pp. 197-200. 
In Russian.) 

538.221 3117 
The Magnetization of Highly Coercive Ferromagnetic 

Materials in Weak Fields.-D. I. Volkov. (C. R. Acad. 
Sci. U.R.S.S., 21st Sept. 1951, Vol. 80, No. 3, pp. 349-
351. In Russian.) 

538.221 3118 
New Ferromagnetic Materials with High Coercivity, 

High Permeability and Low Losses,-C. Guillaud. 
(Onde élect., June 1952, Vol. 32, No. 303, pp. 238-253.) 
The domain theory of ferromagnetism is outlined and the 
properties of recently developed permanent-magnet and 
magnetically soft materials are described, including both 
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solid materials and those produced by powder-metallurgy 
technique, ferrites being particularly considered. 
Applications of the new materials for filter-coil cores, 
wide-band transformers, magnetostriction devices, 
magnetic amplifiers, etc. are briefly discussed. 27 
references.. 

538.221 3119 
Calculation of the Magnetic Skin-Effect in Sheet 

Permalloy and Determination of its Characteristic 
Parameters.-A. A. Shvarts. (Zh. tekh. Fiz., Nov. 
1951, Vol. 21, No. 11, pp. 1293-1310.) The usual equa-
tion (1) of the hysteresis loop is valid only for the case 
of a quasistatic field and ceases to be accurate if the 
field varies with a finite frequency. A generalized 
equation (14) is derived for investigating the behaviour 
of ferromagnetic materials in weak alternating fields 
both with and without taking account of their domain 
structure. A new method is proposed for separating the 
losses in sheet materials, and an experimental determina-
tion of the parameters of sheet permalloy is reported. 

538.221 3120 
The Spontaneous Magnetization of Magnesium Ferrite 

and Magnesium Ferrite-Aluminate Powders at Low 
Temperatures.-G. O. Jones & F. F. Roberts. (Proc. 
phys. Soc., 1st May 1952, Vol. 65, No. 389B, pp. 390-
391.) 

538.221 : 061.3 3121 
Soft Magnetic Materials in Telecommunications.-

(Nature, Lond., 31st May 1952, Vol. 169, No. 4309, pp. 
905-906.) Report of discussions at the Post Office 
Engineering Research Station, London, April 1952, at 
which 34 papers were presented. 

538.221 : 538.541 3122 
Eddy Currents in Solid Cylindrical Cores having 

Nonuniform Permeability.-H. Aspden. (J. app!. 
Phys., May 1952, Vol. 23, No. 5, pp. 523-528.) A method 
of estimating magnetization losses due to eddy currents 
in inhomogenous ferromagnetic materials is given. 
A case in which the permeability changes across the core 
section is considered and the solution is extended to a 
homogeneous core whose permeability changes with the 
degree of magnetization. 

538.221 : 669.15.24-198 3123 
Study of a Ferronickel Alloy of Very Low Strain 

Energy in Steady and Alternating Magnetic Fields.-
I. Epelboin & G. Gilardin. (C. R. Acad. Sci., Paris, 
5th May 1952, Vol. 234, No. 19, pp. 1860-1862.) Discus-
sion of measurements on very thin mumetal strip, the 
thickness of which was successively rediked electro-
lytically, with subsequent annealing in an atmosphere 
of H,. 

538.221.001.8 3124 
Some Applications of Ferroxcube.-W. Six. (Philips 

tech. Rev., May 1952, Vol. 13, No. 11, pp. 301-311.) 
Review of the properties of ferroxcube and of applica-
tions for filter coils, loading coils for telephone circuits, 
wideband h.f. transformers, 'palisade' screening, u.h.f. 
modulation, and in television line-scan circuits. 

538.221.096 : 546.726-3 3125 
Thermomagnetic Study of a Single Crystal of Fe203a. 

-L. Néel & R. Pauthenet. (C. R. Acad. Sci., Paris, 26th 
May 1952, Vol. 234, No. 22, pp. 2172-2174.) Measure-
ments of the magnetization of a natural single crystal 
of Fe20,2 are shown graphically for the temperature 
range 20-950°K. A discontinuity occurs at about 250°K. 
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539.234 : 537.311.31 : 546.92 3126 
Electrical Conductivity of Thin Deposits of Platinum 

on Dielectric Layers evaporated in Vacuo.—C. Feldman. 
(C. R. Acad. Sci., Paris, 5th May 1952, Vol. 234, No. 
19, pp. 1858-1860.) Measurements show that the resistivity 
of Pt films deposited on evaporated layers of KBr or 
CaF, is much higher than that of Pt films on glass. 
The difference is not so great for films on layers of Si0,. 
An explanation is suggested. 

546.217 : 621.317.335.3.029.64 • 3127 
The Dielectric Constant of Dry Air.— J . V. Hughes & 

H. L. Armstrong. (J. appl. Phys., May 1952, Vol. 23, 
No. 5, pp. 501-504.) Measurements by a two-cavity 
method similar in some respects to that of Birnbaum et 
al. (1426 of 1951) give a value of 100069 for the dielectric 
constant of dry air at N.T.P., for a frequency of 3 kMc/s. 
The value previously reported by Hughes & Lavrench 
(3047 of 1951) was found to be too high because of 
insufficient drying of the air. 

546.23 : [535.323 + 535.343 3128 
Properties of Amorphous Selenium and its Use as an 

Optical Material.—H. A. Gebbie & C. G. Cannon. (J. 
opt. Soc. Amer., April 1952, Vol. 42, No. 4, p. 277.) 
Measurements were made of the transmission over the 
wavelength range 1-25 it. Results are discussed in relation 
to values of optical constants previously reported by 
Gebbie & Saker (Proc. phys. Soc., 1st April 1951, Vol. 64, 
No. 376B, pp. 360-361) and by Dowd (1013 of April). 

546.24: [537.311.33 + 538.632 3129 
The Hall Effect and Electrical Resistivity of Tellurium. 

—V. E. Bottom. (Science, 23rd May 1952, Vol. 115, No. 
2995, pp. 570-571.) 

546.24: 538.632 3130 
Interpretation of the Double Reversal of the Hall 

Effect in Tellurium.—H. Fritzsche. (Science, 23rd May 
1952, Vol. 115, No. 2995, pp. 571-572.) 

546.24: 621.314.632 3131 
Contact Rectification with Tellurium.—J. Lagrenaudie. 

(J. Phys. Radium, May 1952, Vol. 13, No. 5, p. 308.) 
Systematic measurements have been made of mean 
rectified current and upper-limit value of reverse voltage 
for single-crystal and polycrystalline specimens of Te 
with metal point contacts. Rectification is obtained with 
contact metals having low work function and coated with 
oxide. A theoretical explanation is advanced for the 
different results observed with different contact metals. 
Measurements made with unidirectional voltages are also 
reported. 

546.28: 537.323 3132 
The Sign of the Thermal E.M.F. of Silicon.—J. Savornin 

& F. Fourrier-Savornin. (C. R. Acad. Sci., Paris, 26th 
May 1952, Vol. 234, No. 22, pp. 2165-2167.) Experi-
ments carried out on small bars of Si (98% Si, 1.4% Al, 
0.6% Fe), with Cu and constantan contacts at the ends, 
show that the thermal e.m.f. of Si with respect to Cu is 
positive, not negative, as given in tables of physical 
constants. For a Si-Pb couple the thermal e.m.f. is 
408 ItV/1°C, as against 80 1V/1°C for a Pb-Bi couple. 

546.281.26: 537.311.4 3133 
Contribution to the Theory of the Silicon Carbide 

Contact.—E. Holm. (J. appl. Phys., May 1952, Vol. 23, 
No. 5, pp. 509-517.) The high limiting contact voltage of 
40-50 V between SiC single crystals of the black-green 
variety is explained on the basis of the known temperature-' 
voltage relation. The electrical properties of the surface 
layer on the crystals are investigated with special reference 
to the 'tunnel' effect, which affords an explanation of the 
resistance at low voltages. 

W IRELESS ENGINEER, NOVEMBER 1952 

546.289: 537.311.33 3134 
p-n Junction Method for Measuring Diffusion in 

Germanium.—W. C. Dunlap, Jr, & D. E. Brown. (Phys. 
Rev., 1st May 1952, Vol. 86, No. 3, pp. 417-418.) Diffusion 
of an n-type impurity into a p-type semiconductor 
creates a p-n junction which can be detected electrically by 
means of a probe. Measurements of the rate of diffusion 
by this method and by a radioactive-tracer method gave 
results in good agreement. 

546.289: [621.314.63 + 621.314.7 + 621.383.5 3135 
Single-Crystal Germanium.—G. K. Teal, M. Sparks & 

E. Buehler. (Proc. Inst. Radio Engrs, Aug. 1952, Vol. 40, 
No. 8, pp. 906-909.) When single crystals of Ge are used, 
the properties of the barriers between p-type and n-type 
specimens can be predicted from measurements on the 
separate specimens. The long life of carriers injected into 
single crystals and the good chemical controllability are 
particularly useful characteristics from the point of view 
of developing rectifiers, transistors and photocells. The 
range of properties of available Ge crystals is indicated. 

546.289: 669.054.83 3136 
Germanium from Coal.—R. C. Chirnside & H. J. 

Cluley. (G.E.C. J., April 1952, Vol. 19, No. 2, pp. 94-
100.) An account of the methods developed for the 
production of high-purity Ge from flue dusts, with some 
details of the treatment of GeCl„ with Cu turnings to 
remove traces of As. 

546.431.824-31 : 537.226 313'7 
The Effective Fields in Barium Titanate.—V. Kh. 

Kozlovski. (Zh. tekh. Fiz., Nov. 1951, Vol. 21, No. 11, 
pp. 1388-1394.) 

546.72-3 : 537.311.33 3138 
Semiconducting Properties of Oxides of Iron.—J. 

Martinet. (C. R. Acad. Sci., Paris, 26th May 1952, 
Vol. 234, No. 22, pp. 2167-2169.) Results of measure-
ments on Fe80,, Fea0e, Fe20,y and intermediate 
mixtures from — 190° to + 100°C are presented and 
discussed. 

546.722.21 : 538.22 3139 
Paramagnetism of Sulphides of Iron.—R. Benoît. 

(C. R. Acad. Sci., Paris, 26th May 1952, Vol. 234, No. 
22, pp. 2174-2175.) Graphical presentation and dis-
cussion of measurements on various sulphides in the 
temperature range 0-1 000°C. 

546.817.221 + 546.817.231 -I- 546.817.241] : 537.311.33 
3140 

Electrical Conductivity in the Compounds PbS, PbSe, 
PbTe.—E. H. Putley. (Proc. phys. Soc., 1st May 1952, 
Vol. 65, No. 389B, pp. 388-389.) Measurements on single 
crystals give electron and hole mobilities two or three 
times those reported for multicrystal specimens. 

548.0: 537.228.1 : 539.32 3141 
The Elastic Constants of Piezoelectric Crystals.— 

R. F. S. Hearmon. (Brit. J. appl. Phys., April 1952, 
Vol. 3, No. 4, pp. 120-124.) Published values of the 
elastic constants of Rochelle salt, KH,P0,(KDP), 
(NH4)1-1,130,(ADP), quartz, NaC10, and NaBrO, crystals 
are assembled and discussed. 23 references. 

548.0: 537.228.1 : 539.4 3142 
Mechanical Strength of Piezoelectric Crystals.—R. 

Beehmann & P. L. Parsons. (Brit. J. app!. Phys., May 
1952, Vol. 3, No. 5, pp. 147-150.) A direct mechanical 
method and an electrical method have been used to 
determine the breaking strength of crystals of NaC10,, 
NaBr0s, ADP, EDT and Li,S0,. Results are tabulated. 
New measurements on quartz crystals were used to check 
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the methods. A formula for the current due to the 
piezoelectric polarization is given which covers the 
longitudinal flexural, contour, and thickness modes of 
vibration considered. The calculated maximum safe 
currents are tabulated for resonators of various materials 
and cuts. 

549.211 : 621.317.335.3 3143 
The Dielectric Constant of Diamond.—F. P. Pietermaat, 

W. van Dyck & F. de Keuster. (HF, Brussels, 1952, 
Vol. 2, No. 2, pp. 47-51.) Bridge measurements on pure 
diamonds at frequencies from 100 c/s to 1 Mc/s gave a 
permittivity value of 5.6, independent of frequency. The 
value for industrial diamonds at frequencies < 5 kc/s 
was slightly higher. 

549.514.51 : 621.396.611.21 • 3144 
Heat Treatment and Internal Friction of Piezoelectric 

Quartz Resonators.—G. Frigerio. (Alta Frequenza, 
April 1952, Vol. 21, No. 2, pp. 102-104.) Brief account of 
an experimental investigation of the effect of heat treat-
ment on crystal structure and Q-value. 

620.197: 621.396.6 3145 
A Colonial talks about Tropicalization.—E. Dawance. 

(Toute la Radio, June 1952, No. 166, pp. 177-182.) 
Discussion of the various mechanical and electrical 
faults commonly found in radio equipment used in the 
tropics, with detailed suggestions as to the treatment of 
components, assemblies and complete units, necessary to 
ensure reliable operation under difficult conditions. 

621.3.066.6 3146 
Materials for Electrical Contacts.—H. Gagel & H. 

Dittler. (Elektrotech. Z., 1st May 1952, Vol. 73, No. 9, 
pp. 292-294.) Review of the special characteristics of the 
metals and alloys commonly used, with a summary of 
their relative advantages and disadvantages. 

621.314.632: [549.325.2 -I- 546.784.221 3147 
Rectification Effects with Molybdenite and Tungstenite. 

—J. Lagrenaudie. (J. Phys. Radium, May 1952, Vol. 13, 
No. 5, pp. 311-312.) Results are reported of measure-
ments on sheets of natural molybdenite (MoS,) soldered 
to a large-contact base, and on artificial tungstenite 
(WS,). For MoS, the results are not affected by the 
particular contact metal used, for WS, the nature of the 
contact metal has some influence. The forward resistance 
of the MoS, rectifier is high, due to the laminated nature 
of the material. Modifications of the characteristics 
obtained by lightly firing the contact are described. 

621.315.613.1 3148 
Processing Mica Paper for Electrical Insulation.— 

R. L. Griffeth & E. R. Younglove. (Elect. Engng, N.Y., 
May 1952, Vol. 71, No. 5, pp. 463-465.) A.I.E.E. Winter 
General Meeting paper, January 1952. An account of the 
production and properties of the type of mica paper 
developed in France by Bardet. See also 1407 of 1951 
(George & Metzger). 

621.315.613.1 3149 
Synthesis o1 Mica.—A. Van Valkenburg & R. G. Pike. 

(Bur. Stand. J. lees., May 1952, Vol. 48, No. 5, pp. 360-
369.) An account of the preparation and properties of a 
phlogopite-type mica in which the (OH) ions present in 
natural mica are replaced by fluorine. 

621.316.87 : 541.18: 537.311.35 3150 
The Electrical Properties of Colloidal Suspensions and 

Mixtures and their Use in the Manufacture of Nonlinear 
Resistors.—H. E. Hollmann. (Arch. ele/cg. übertragung, 
May 1952, Vol. 6, No. 5, pp. 178-186.) See 2538 of 
September. 
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621.318.2: 669.1-492.2 3151 
Permanent Magnets from Ultrafine Iron Powder.— 

B. Kopelman. (Elect. Engng, N.Y., May 1952, Vol. 71, 
No. 5, pp. 447-451.) A.I.E.E. Winter General Meeting 
paper, January 1952. The salient points of the domain 
theory pertaining to such magnets are reviewed and the 
properties of magnets at present available are described. 
Theoretically it is possible to produce magnets with 
coercive forces of 2 500 oersted or more, saturation mag-
netization of the order of 11 000 gauss, and remanence of 
5 000 gauss, but actual figilres are considerably below these 
values. BHm„. values are of the same order as for 
alnico-3, but the iron-powder magnets are much lighter, 
containing only about 50% Fe. Possible methods for 
obtaining improved magnetic properties in this type of 
magnet are discussed. 

621.318.23 3152 
Modern Permanent Magnets and their Application.— 

F. Latscher. (Elektrotech. u. Maschinenb., 15th April 
1952, Vol. 69, No. 8, pp. 188-192.) 

MATHEMATICS 

517.946: 517.949.8: 518.12 3153 
Numerical Solution of Boundary-Value Problems in 

Elliptic Partial Differential Equations.—E. Batschelet. 
(Z. angew. Math. Phys., 15th May 1952, Vol. 3, No. 3, pp. 
165-193.) Partial differential equations of the elliptic 
type are solved by finite-difference approximation. If the 
boundary conditions involve derivatives, such approxi-
mation may be difficult. It is shown how the normal 
derivative may be approximated for a curved boundary 
without any corner. The finite-difference solutions con-
verge to the exact solution of the differential equation as 
the mesh side tends to zero; this is proved, under certain 
conditions, by a method similar to that given by Gersch-
gorin. Relaxation technique is considered and it is 
proved that the residuals for inner and for boundary 
points converge to zero. 24 references. 

517.946: 518.12 3154 
Numerical Determination of Periodic Solutions for 

Nonlinear Oscillations.—L. Collatz. (Z. angew. Math. 
Phys., 15th May 1952, Vol. 3, No. 3, pp. 193-205.) 
Description of a relatively simple multipoint method, 
with worked-out examples. 

681.142 : 512.3 8155 
The Solution of Algebraic Equations on the EDSAC.— 

R. A. Brooker. (Proc. Camb. phil. Soc., April 1952, Vol. 
48, Part 2, pp. 255-270.) Three iterative methods are 
examined: Bernoulli's method, the root-squaring method, 
and the Newton-Raphson method. Quadratically 
convergent methods are found preferable to those less 
rapidly convergent. Examples are given. 

681.142: 621.3.042.143 3156 
Static Magnetic Matrix Memory and Switching Circuits. 

—J. A. Rajchman. (RCA Rev., June 1952, Vol. 13, No. 
2, pp. 183-201.) Description of recent developments in 
this type of memory device. See also 2258 of August 
(Papian). 

MEASUREMENTS AND TEST GEAR 

531.76: 621.3.015.7 3157 
The use of a Pulse-Height Analyzer for Time-Interval 

Measurements.—G. Jenssen & A. Sunde. (Physica, 
April 1952, Vol. 18, No. 4, pp. 265-269.) Description of 
an instrument adapted from the pulse-height analyser of 
Elmore & Sands (2007 of 1950). 
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531.764.5 3158 
Development of a Clock whose Rate is Accurately the 

Arithmetic Mean of the Rates of Several Clocks.-B. 
Decaux, J. Lucas & V. Yanouchevsky. (C. R.• Acad. 
Sci., Paris, 26th May 1952, Vol. 234, No. 22, pp. 2164-
2165.) Description of a method particularly applicable 
to quartz clocks. By a process of simple frequency 
mixing and division, a frequency is derived which is the 
exact arithmetic mean of the fundamental 100-kcis 
nominal frequencies of several clocks, or of nominal 
frequencies of 1 kcis derived by frequency division. In 
the latter ease a synchronous motor can then be used to 
drive mechanism for recording the mean time or operating 
seconds contacts. 

621.317.2(44) : 621.317.361 3159 
Recent Developments in the Frequency-Measurement 

Department of the Laboratoire National de Radio-
électricité.-B. Decaux. (Onde élect., June 1952, Vol. 32, 
No. 303, pp. 219-231.) An outline is given of the organ-
ization of the department and of its functions, with 
descriptions of the measurement equipment, including 
the standard oscillators (installed underground), fre-
quency meters up to 4 kMc/s, synchronous recording 
drums, beat-frequency counters, etc. A new microwave 
meter is to range up to 12 kMc/s. 

621.317.3: 621.396.611.21 3160 
Measurement of the Parameters of a Quartz Crystal. 

Use of the Two-Circle Abac.-J. Coulon. (C. R. Acad. 
Sci., Paris, 12th May 1952, Vol. 234, No. 20, pp. 1965-
1968.) Discussion of the application of an orthogonal 
system of circles to the determination of crystal para-
meters. See also 2550 and 2549 of September. 

621.317.3: 621.396.822 3161 
Characteristics of Noises and Noise Voltages.-H. 

Bittel. (Z. angew. Phys., April 1952, Vol. 4, No. 4, pp. 
137-146.) The frequency spectrum of a noise voltage 
often gives insufficient data on the character of the noise; 
a knowledge of the statistical amplitude distribution is 
required. In many practical cases this distribution is 
Gaussian. Deviations are due to non-overlapping of the 
voltage pulses; the frequency characteristic of the trans-
mission system may contribute to this. The effect of the 
amplitude distribution on the rectification process is 
analysed and measurement apparatus is described. For 
resistance and valve noise a Gaussian distribution is 
confirmed experimentally. 

621.317.3.017.143: 621.396.611.4 3162 
An Approximate Theory of the Cavity-Resonator 

Method of Determining the Dielectric Loss of Solids at 
Microwave Frequencies.-S. K. Chatterjee. (J. Indian 
Inst. Sci., April 1952, Vol. 34, No. 2, Section B, pp. 43-
49.) The field equations for a cylindrical cavity resonator 
and the perturbation formula due to Bethe & Schwinger 
are applied to the calculation of the real and imaginary 
parts of the generalized dielectric constant of a small 
sample of solid dielectric rod introduced into the resonator. 
The loaded Q of the cavity is determined from the field 
equations and the Poynting vector. 

621.317.3.029.5/.6 3163 
High-Frequency Measurement Technique.-W. Druey. 

(Tech. Mitt. schweiz. Telegr.-TelephVerw., 1st Feb. 
1952, Vol. 30, No. 2, pp. 50-56. In German.) Reprint. 
See 1954 of July. 

621.317.32: 537.221 3164 
Measurement of the Volta Effect.-R. Bourion. (Ann. 

Phys., Paris, May/June 1952, Vol. 7, pp. 360-395.) 
Investigation of the sources of error in contact-potential 
measurements resulted in the development of a reliable 
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rcv:liod, a detailed account of which is given, including a 
description of the technique for obtaining the very high 
vacuum necessary to obtain consistent results. Values 
obtained for the contact e.m.f. for a layer of Cu condensed 
on a W wire are discussed in relation to results published 
by other investigators. See also 1885 of July. 

621.317.331.029.51 : 621.316.993 3165 
The Value of H.F. Measurements on Lightning-

Protection Earths.-W. Bulla. (Elekirotech. u. 
Maschinenb., 15th March 1952, Vol. 69, No. 6, pp. 140-
146.) Discussion indicates that h.f. measurements on 
earthing systems supply little additional information to 
that furnished by measurements with a 1.f. bridge. 

621.317.335.3: 518.4 3168 
The Computation of Dielectric Constants.-R. M. 

Redheffer, R. C. Wildman & V. O'Gorman. (J. appl. 
Phys., May 1952, Vol. 23, No. 5, pp. 505-508.) Charts are 
provided which enable the complex dielectric constant to 
be determined for any type of sample from measure-
ments by the shorted-line method. 

621.317.335.3: 621.316.726 3167 
A Frequency-Stabilization System for Microwave Gas 

Dielectric Measurements.-W. F. Gabriel. (Proc. Inst. 
Radio Engrs, Aug. 1952, Vol. 40, No. 8, pp. 940-945.) 
In a method based on observing the shift of resonance 
frequency of a cavity when filled with the gas, the 
frequency of the klystron oscillator used is automatically 
controlled by means of a double-loop servo system. One 
loop is of the type described by Pound (1311 of 1948) and 
the other of the type described by Rideout (276 of 1948). 
The value of (n - 1), where n is the refractive index,can 
be obtained accurate to three or four significant figures. 

621.317.336: 621.315.212 3168 
The Sweep-Frequency Response of RG-6U [cable], 

W. T. Blackband. (Proc. Inst. Radio Engrs, Aug. 1952, 
Vol. 40, No. 8, pp. 995-996.) A discussion of the causes of 
frequency dependence and irregularity of the measured 
characteristic impedance noted by Alsberg (728 of March). 

621.317.34: 621.315.212 3169 
Measurement of the Attenuation and Characteristic 

Impedance of Transmission Lines. Tests on Coaxial 
Cables.-P. Hontoy. ( HF, Brussels, 1952, Vol. 2, No. 2, 
pp. 35-46.) A method of measurement applicable to all 
uniform lines is described. If a line has a variable purely 
reactive termination, the locus, in the complex plane, of 
its input impedance is a circle whose position and radius 
are functions of the attenuation and characteristic 
impedance. The mathematical theory of the method 
makes use of the properties of certain transformations in 
the complex plane. The necessary formulae are estab-
lished for the representation in cartesian coordinates and 
in Smith's diagram. Tests on coaxial cables for a very 
large range of frequencies gave attenuation values in 
good agreement with wattmeter measurements. 

621.317.35.029.3 3170 
Gated Amplifier Wave Analyzer.-V. R. Nelson. 

(Electronics, Aug. 1952, Vol. 25, No. 8, pp. 136-139.) 
Description of an instrument giving a direct-reading 
quantitative indication of the spectral components of 
complex a.f. waveforms. The waveform under test and 
gating pulses from a variable-frequency multivibrator are 
fed to an amplifier having in its output circuit a meter 
whose deflection varies as a function of the phase difference 
between the two inputs. 

621.317.351 : 534.442.2 3171 
Some Problems in Audio-Frequency Spectrum Analysis. 

-S. V. Soanes. (Electronic Engng, June & July 1952, 

A.23E. 



Vol. 24, Nos. 292 & 293, pp. 268-270 & 312-318.) Theory 
is presented for analysers of the type using a fixed-
frequency filter and a swept-frequency heterodyne 
oscillator. A description is given of a double-heterodyne 
analyser for general laboratory use covering the working 
range 20 cis-20 kc/s; the useful range of input voltage is 
1 mV-300 V. the sweep frequency is variable between 
0.1 c/s and 30 c/s and the filter bandwidth is variable 
between 10 c/s and 500 c/s. The response is displayed on a 
long-persistence cr. tube. 

621.317.361 3172 
A Recording Frequency Comparator.-R. Walter & 

H. Voigt. (Tech. Hausmitt. NordwDtsch. Rdfunks, 
May/June 1952, Vol. 4, Nos. 5/6, pp. 111-114.) A 
special heterodyne method is described in which a saw-
tooth oscillation of the one frequency is multiplicatively 
mixed in a pentode with pulses repeated at the other 
frequency; the resulting beat has a sawtooth form, 
enabling the direction of frequency deviation to be 
recognized immediately. A practical arrangement is 
illustrated in which several oscillators can be compared 
simultaneously with the same reference oscillator, the 
results being recorded on a single paper-strip chart. 

621.317.361.029.6 3173 
Frequency Measurement in the Microwave Range.-

B. Koch. ( Arch. tech. Messen, May 1952, No. 196, pp. 
111-116.) Review of different methods and apparatus, 
including wavemeter methods, direct heterodyne methods 
and others involving frequency multiplication. A list of 
64 NH3 absorption lines between 19 and 40 kMc/s is 
given. 47 references. 

621.317.444.087 3174 
A Recording Fluxmeter of High Accuracy and Sensitivity. 

--P. P. Cioffi. (Bell Lab. Rec., June 1952, Vol. 30, No. 6, 
pp. 247-251.) Description of an instrument which plots 
magnetization curves and major and minor hysteresis 
loops of ring and bar samples on standard coordinate 
paper. 

621.317.7 : 537.311.33 3175 
Apparatus for Electrical Measurements on Semi-

conductors.-H. K. Henisch & J. Ewels. (Research, 
Lond., May 1952, Vol. 5, No. 5, pp. 235-237.) Descrip-
tion of apparatus facilitating measurements over a wide 
temperature range and in controlled gas atmospheres; 
it is intended mainly for d.c. operation. Experiments 
have been made on Se, Ge and TiO2; typical results are 
given. 

621.317.715 3176 
Integrating and Other Galvanometers.-A. H. Bebb. 

(J. sci. Instrum., April 1952, Vol. 29, No. 4, pp. 105-
111.) The theory, design and construction are discussed 
of an integrating galvanometer with a free period of 80 
sec. The damping/control ratio is large enough to enable 
measurement of the change of flux through an exploring 
coil of considerable resistance connected in series, even 
though the flux change may take several minutes. The 
small degree of control is achieved by attaching a mag-
netized needle to the upper end of a glass tube whose 
lower end is secured to the moving-coil system, the needle 
being located in an auxiliary field of opposite polarity to 
that of the needle. The effect of shunting the integrating 
galvanometer is examined and the theory confirmed 
experimentally. 

621.317.723 3177 
A Mechanically Astatized Leaf Electrometer.-H. W. 

Lücking. (Z. angew. Phys., May 1952, Vol. 4, No. 5, 
pp. 169-173.) The instrument described is some hundreds 
of times more sensitive than earlier types of leaf electro-
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meter, as a result of (a) the astatization, and (b) arranging 
the direction of electric force to coincide with the gravita-
tional force. Both direct and h.f. voltages can be 
measured. 

621.317.725 : 621.318.572 ' 3178 
Anodige: a Discrete-Digit Voltage-Indicating Device.-

(Tech. Bull. nat. Bur. Stand., May 1952, Vol. 36, No. 5, 
pp. 70-71.) Description of equipment which measures 
continuously variable voltages and indicates their values 
on a digital panel or records them on a strip of electro-
sensitive paper. Essentially the instrument consists of an 
electronic counter which counts the number of equal 
increments of charge required to raise the terminal 
voltage of a capacitor up to the value of the unknown 
voltage. 400 readings per second are possible with the 
present model, but this can easily be increased. 

621.317.729 3179 
Electrolyte Tank with Automatic Recording of Equipo-

tential Lines.-H. Schmidl. (Elektrotech. u. Maschinenb., 
1st April 1952, Vol. 69, No. 7, pp. 155-161.) 

621.317.733: 621.316.8.011.6 3180 
A Precision Bridge for Determination of Time Constants 

of Resistors for Measurement Apparatus.-E. Blech-
schmidt. (Elektrotechnik, Berlin, May 1952, Vol. 6, No. 
5, pp. 199-202.) Description of a bridge, developed by 
G. Zickner at the German Office of Weights and Measures, 
for measurement of the time constants of resistors in the 
range 1 a-100 k. The phase shift due to the time con-
stant of the resistor under test is compensated by means 
of a special capacitor in parallel with one arm. The 
actual evaluation of the time constant is effected by a 
substitution method, stretched twin wires, screened or 
unscreened, serving as time-constant standards for resist-
ance values up to 10 Ica, and screened carbon-film 
resistors for values from 10 MI to 100 k. 

621.317.75.029.4 3181 
Applications of the Muirhead-Pametrada Wave 

Analyser Type D-489: Part 1 - Aircraft-Engine Research. 
-B. D. Banks. (.11uirhead Technique, April 1952, Vol. 6, 
No. 2, pp. 11-14.) An instrument of the tuned-filter 
type for measuring amplitude and frequency of any 
component of a complex wave. Frequency range is 
19 c/s-21 kcis. Percentage frequency accuracy is high 
and constant at all frequencies. In vibration measure-
ments described, a resistance strain gauge or moving-coil 
pickup is used. 

621.317.75.029.42 3182 
Adapting the Wave Analyser for Very-Low-Frequency 

Measurements.-(Muirhead Technique, April 1952, Vol. 
6, No. 2, pp. 15-16.) Description of a mains-operated 
ring-modulator unit extending the range of the Type 
D-489 analyser (3181 above) down to 2 c/s. A RC filter 
in a selective feedback circuit provides 40-db attenuation 
above 100 c/s for suppressing unwanted frequencies. 

621.317.755: 531.765 3183 
Circular-Sweep Chronograph for Single Millisecond 

Time Intervals.-A. Linz, Jr. (Rev. sci. Instrum., May 
1952, Vol. 23, No. 5, pp. 199-203.) Description, with 
circuit details, of equipment comprising (a) a scaling-
circuit interval timer driven by a 100-kc/s frequency 
standard, and (b) a c.r.o. with a 10-s circular sweep 
driven from the same standard. The scaling circuit 
measures the interval between two electrical signals to 
within 10 ps, readings on the c.r.o. being used for inter-
polation to within 10 mils. Suitable pulse-sharpening 
circuits and a high-speed gate circuit are also described. 
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621.317.755 : 621.314.7.012 3184 
Display of Transistor Characteristics on the Cathode-

Ray Oscillograph.-G. B. B. Chaplin. (J. sci. Instrum., 
May 1952, Vol. 29, No. 5, pp. 142-145.) Pulse and step 
waves are generated and applied to the grids of two 
cathode-follower circuits, the outputs from which are fed 
to the appropriate transistor electrodes. Any of the 
following families of characteristics can then be displayed: 
(a) I. against V, or V„, with ic as parameter; (b) I, 
against V, or V., with I, as parameter, where e and c 
denote emitter and collector respectively. The equip-
ment is designed for testing n-type transistors; the 
modifications necessary for p-type transistors are 
indicated. 

621.317.78.029.64 3185 
Arrangement for the Measurement of High Powers at 

Microwave Frequencies.-S. Giustini & R. Tozzi. (Alta 
Frequenza, April 1952, Vol. 21, No. 2, pp. 67-76.) 
Description of a calorimetric arrangement which has 
practically no energy losses and has a measurement 
range up to some hundreds of watts with an error < 6%. 

621.317.79 + 621.396.933.23 3186 
Airborne Receivers and Test Gear for Instrument 

Landing Systems.-Overbury. (See 3098.) 

621.317 3187 
Electrical Measurements. [Book Review]-F. K. Harris. 

Publishers: J. Wiley & Sons, New York, 784 pp., $8.00. 
(Tech. Bull. nat. Bur. Stand., May 1952, Vol. 36, No. 5, 
p. 79.) "Basic instrument theory is thoroughly discussed, 
and direct-current and low-frequency measurements are 
covered in detail." 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

531.719.33 3188 
The F.R.B. Servo-Gauge.-Bonhomme & Droin. 

(Électronique, Paris, May 1952, No. 66, pp. 30-35.) 
Equipment is described for measuring the depth of 
liquids and signalling the result to a remote point. The 
principle of operation is to arrange just above and just 
below the surface of the liquid a pair of 'feelers' attached to 
a vertical metal strip which is driven up or down by a 
servomechanism according as the liquid level rises or 
falls. 

534.321.9 : 539.32 3189 
A Simple Method for Measurement of Elastic Constants, 

using Ultrasonic Pulses.-A. Lutsch. (Z. angew. Phys., 
May 1952, Vol. 4, No. 5, pp. 166-168.) The velocities of 
waves propagated longitudinally and transversely in a 
medium are determined in a single operation. The 
piezoelectric generator/detector is of the type used for 
nondestructive testing, and the c.r.o. display is self-
calibrated. 

534.321.9: 672.8 3190 
Cleaning Work with the Aid of Ultrasonic Vibration.-

C. R. Fay. ()liachinery, Lond., 15th May 1952, Vol. 80, 
No. 2061, pp. 853-855.) Description of a machine in 
which small metal parts are cleaned by ultrasonic 
agitation of a solution in which they are immersed. A 
quartz resonator with a natural frequency of 750 kc/s 
is used. 

621-57 : 621.318 3191 
Magnetic-Powder Clutch.-0. Grebe. (Elektrotech. Z., 

1st May 1952, Vol. 73, No. 9, pp. 281-284.) Discussion of 
operating torque characteristics and description of 
typical equipment made by Elektro-Mechanik G.m.b.H. 
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621.316.7 3192 
Control Technique.-(Elektrotech. Z., 1st April 1952, 

Vol. 73, No. 7, pp. 181-251.) A symposium of papers 
dealing with numerous aspects and applications of 
electrical control equipment. 

6L365.54t 3198 
Equipment for Inductive Surface Hardening.-K. 

Kegel. (Z. Ver. dtsch. Ing., 21st April 1952, Vol. 94, 
Nos. 11/12, pp. 331-338.) Review of general-purpose and 
special-purpose equipment and discussion of power 
requirements for specified hardening depths. 

621.365.54/.55t 3194 
Radio-Frequency Heating.-(Brown Boyen i Rev., Nov. 

1951, Vol. 38, No. 11, pp. 315-371.) A collection of papers 
describing equipment for, and methods and applications 
of r.f. heating. 

621.38: 529.78 3195 
Application of Electronics to the Control of the Rate of 

Watches and Clockwork Movements.-J. Dusailly. 
(Électronique, Paris, June 1952, No. 67, pp. 10-15.) 
Description of equipment giving a record on a paper band 
of the rate of a watch or clock movement relative to a 
standard frequency derived from a quartz-crystal 
oscillator. Each tick of the watch serves to initiate a h.v. 
spark which perforates and blackens the paper. 

621.383.001.8 3196 
Amplification of Light-Intensity Fluctuations by means 

of Photoconductive Cells.-M. Ploke. (Funk u. Ton, 
June 1952, Vol. 6, No. 6, pp. 305-310.) Discussion of the 
use of PbS and CdS photocells, which have definite 
advantages over Se and Tl cells as regards sensitivity. 

621.384.611.2t 3197 
Synchrotron.-Please note that 621.384.612 will be 

used in future for synchrotrons in place of 621.384.611.2t 
used hitherto. 

621.384.612: 621.311.6 3198 
The Bevatron Power Plant.-J. V. Kresser. (Elect. 

Engng, pril 1952, Vol. 71, No. 4, pp. 338-343.) 
Description N.YO.,f the power-supply arrangements for the 
bevatron at the University of California. 

621.384.62 3199 
Expression for the Electromagnetic Field in Linear Ion 

Accelerators.-M. Bernard. (C. R. Acad. Sci., Paris, 
5th May 1952, Vol. 234, No. 19, pp. 1862-1865.) A 
solution of Maxwell's equations is obtained for a semi-
infinite cylinder excited by application of a difference of 
potential between the cylinder and a metal diaphragm 
across its end. 

621.384.62 3200 
Numerical Calculation of the Electromagnetic Field in 

Linear Ion Accelerators.-M. Bernard. (C. R. Acad. 
Sci., Paris, 26th May 1952, Vol. 234, No. 22, pp. 2175-
2178.) The series previously given for the field are in 
general difficult to evaluate numerically. Simple approxi-
mate formulae for the field on the axis are derived. 

621.384.62 3201 
Application of the W.B.B.. Method to the Dynamics of 

Linear Accelerators.-M. Hoyaux. (Rev. sci. Ins/rum., 
April 1952, Vol. 23, No. 4, pp. 173-175.) The dynamics 
of 'small motions' in a linear accelerator is studied for 
conditions as general as possible. It is concluded that 
heavy particles cannot be accelerated up to the 109-eV 
range by any practical combination of TM and/or TE 
travelling and/or stationary waves. Several methods are, 
however, possible for electrons. 
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621.385.833 3202 
An Approximation Method for the Sinuous Trajectories 

of Highly Convergent [electron] Lenses.—F. Bertein. 
(J. Phys. Radium, May 1952, Vol. 13, No. 5, p. 309.) 

621.385.833 3203 
Study of an Electron Lens by the W.K.B. Method.— 

C. Muscia. (R. C. Accad. naz. Lincei, May 1952, Vol. 12, 
No. 5, pp. 575-582.) 

621.385.833 3204 
Electronoptical Velocity Filters.—M. Schiekel. (optik, 

1952, Vol. 9, No. 4, pp. 145-153.) Chromatic aberration 
in the electron microscope can be reduced by use of a 
unipotential lens with a negative middle electrode as a 
velocity filter for the electrons scattered inelastically at 
the object. The image-forming properties of such filters 
are calculated for different potential distributions. The 
optimum resolving power is 110 A. 

621.385.833: 061.3 3205 
The Fourth Annual Convention of the German Asso-

ciation for Electron Microscopy, Tübingen, 6th-8th June 
1952.—(optik, 1952, Vol. 9, No. 4, pp. 189-191.) Titles 
are given of all the papers presented. 

621.385.833: 061.3 3206 
Report of Conferences on Electron Microscopy, 

Washington and Philadelphia 1951.—V. E. Cosslett. 
(Brit. J. appl. Phys., May 1952, Vol. 3, No. 5, pp. 137-
139.) 

621.387.4(083.72) 
Standards on Gas-Filled Radiation Counter 

Definitions of Terms, 1952.--(Proc. Inst. Radio 
Aug. 1952, Vol. 40, No. 8, pp. 924-926.) 

621.387.4(083.74) 
Standards on Gas-Filled Radiation Counter 

Methods of Testing, 1952.—(Proc. Inst. Radio 
Aug. 1952, Vol. 40, No. 8, pp. 926-930.) 

3207 
Tubes: 
Engrs, 

3208 
Tubes: 
Engrs, 

621.387.422: 621.385.2 3209 
Performance of Pulsed Photomultipliers.—R. F. Post. 

(Nucleonics, May 1952, Vol. 10, No. 5, pp. 46-50.) 
Report of investigations on selected type-931A and type-
IP21 tubes fed with pulses of duration up to 3 p,s, the 
applied voltages corresponding to peak secondary 
emission with total amplification up to 109. Short 
resolving times are obtained. Time dispersion effects are 
estimated. 

621.387.424 3210 
Geiger-Müller Counters.—N. Warmoltz. (Philips tech. 

Rev., April 1952, Vol. 13, No. 10, pp. 282-292.) The 
different possible ways of operating gas-filled tubes as 
counters of ionizing particles are discussed, and descrip-
tions are given of recently developed types of G-M counter, 
the importance of the quenching gas being emphasized. 

621.387.462: 549.211 3211 
The Texture of Diamonds used for Counting a, 8 or y 

Particles as found from Divergent-Beam X-Ray Photo-
graphs.—H. J. Grenville-Wells. (Proc. phys. Soc., 1st 
May 1952, Vol. 65, No. 389B, pp. 313-320.) 

PROPAGATION OF WAVES 

621.396.11 : 523.4 3212 
Planetary Position Effect on Short-Wave Signal 

Quality.—J. H. Nelson. (Elect. Engng, N.Y., May 1952, 
Vol. 71, No. 5, pp. 421-424.) A.I.E.E. Winter General 
Meeting paper, January 1952. Investigations extending 
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over seven years indicate distinct correlation between the 
fading of s.w. transatlantic radio signals and certain 
planetary configurations in which the heliocentric angles 
differ by multiples of 90°. Typical configurations which 
were accompanied by severe fading are shown. A fore-
casting system based on planetary indications, solar 
observations and day-to-day signal analysis has given 
good service throughout 1950 and 1951. See also 1997 
of 1951. 

621.396.11 : 550.38 3213 
Some Aspects of the Average Monthly Radio Propaga-

tion Conditions of the Circuit New York-Amsterdam 
during the Last Three Years, and their Relation with the 
Average Monthly Geomagnetic Activity and the Maximum 
Usable Frequency.—B. van Dij1 & D. van Sabben. 
(Tijdschr. ned. Radiogenoot., May 1952, Vol. 17, No. 3, 
pp. 135-137.) Correlation is sought between graphs 
showing the mean monthly values from October 1949 to 
April 1952 of (a) the percentage of hours lost, (b) the 
percentage of hours during which the K index (at Witte-
veen) had a value of 4 or more, and (c) the lowest 
daily value of m.u.f. According as the m.u.f. value is low 
or high, the number of hours lost is higher or lower than 
would be expected from the geomagnetic activity. It is 
noted that magnetic activity increased throughout the 
period, though the sunspot maximum occurred 4-
years before. 

621.396.11 : 621.317.353.3 3214 
Resonance in Gyro-interaction of Radio Waves.— 

V. A. Bailey, R. A. Smith, K. Landecker, A. J. Higgs & 
F. H. Hibberd. (Nature, Lond., 31st May 1952, Vol. 
169, No. 4309, pp. 911-913.) Experiments carried out 
in Australia during the past two years are described 
which have completely confirmed Bailey's theoretical 
predictions (2437 of 1937 and 9 of 1939). The gyro-wave 
A was radiated vertically from a horizontal aerial at 
Armidale, New South Wales, and the wanted wave B 
was radiated from Brisbane, Queensland, on 590 kc/s 
with a power of 10 kW. The principal observations of 
B were made at Katoomba, New South Wales, Armidale 
being very nearly at the mid-point of the 740-km path 
from Brisbane to Katoomba. The pulse power of A was 
about 36 kW, frequencies from 1 255 to 1 880 kc/s 
being used, the estimated gyro-frequency being about 
1 530 kc/s. The results show that a notable degree of 
resonance occurs as the frequency of the disturbing 
wave A passes through the gyro-frequency. Both 
double-humped and single-humped resonance curves 
were obtained. A detailed report of the investigations 
is to be published elsewhere. 

621.396.11.029.55 3215 
New Propagation Forecasts from WWV,(QST, 

June 1952, Vol. 36, No. 6, p. 19.) From 1st July 1952, 
forecasts of s.w. radio disturbances will be broadcast 
from WWV on the standard frequencies (2 -5, 5, 10, 15, 
20 and 25 Mc/s). The forecasts are prepared four times 
daily, and are transmitted in code at 19-5 and 49-5 
minutes past each hour. The letters N, V, W denote 
respectively the existing normal, unsettled, or disturbed 
conditions. The following number indicates on the 
N.B.S. scale the expected quality of future reception, 
1 representing 'impossible' and 9 'excellent'. The fore-
casts refer only to North Atlantic paths, such as 
Washington to London or New York to Berlin. 

621.396.11.029.62/.64 3216 
Transmission beyond the Horizon at Frequencies 

between 40 and 4 000 Mols.—(Bell Lab. Rec., June 
1952, Vol. 30, No. 6, pp. 245-246.) A short account of 
experimental results which show that the power received 
at points beyond the horizon is substantially independent 
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of frequency, aerial height, and weather effects, and that 
the signal strength decreases much rhore slowly with 
increase of distance than the rapid decrease predicted 
from the classical smooth-earth theory. A fuller report 
is to be published. 

621.396.11.029.62 3217 
The Propagation of Ultrashort Waves beyond the 

Horizon, with Particular Reference to the Meteorological 
Influences.-B. Abild, H. Wensien, E. Arnold & W. 
Schikorski. (Tech. Hausmitt. NordwDtsch. Rdfunks, 
May/June 1952, Vol. 4, Nos. 5/6, pp. 85-100.) A study 
is made of the meteorological conditions in western 
Germany causing ultrashort waves to be propagated to 
abnormally great distances; both mean values and 
detailed variation of field strength are examined. 
Predictions from theory are compared with results of 
measurements recorded at a number of receiving stations. 
Previous investigations [e.g. 2580 of September (Abild)] 
have indicated that field-strength fluctuations depend 
mainly on vapour pressure and temperature in the lower 
troposphere. Probable secondary influences are turbulence 
in the lower atmosphere and variations of the state of 
the ground. 

621.396.11.029.64(442.6/8) 3218 
Study of the Propagation of Centimetre Waves in 

Northern France.-P. Chavance. (Ann. Télécommun., 
June 1952, Vol. 7, No. 6, pp. 254-261.) An account of 
investigations on wavelengths of 9-5 and 3-2 cm, using 
equipment described previously [3115 of 1951 (Maillard, 
Voge & Chavance)]. The aim was to obtain statistical 
information on propagation over a 76-km path with 
insufficient ground clearance. Seasonal and diurnal 
effects on signal strength and fading are shown graphically 
and discussed, and records of typical fading effects are 
displayed and analysed. 

621.396.81 3219 
Interpretation of High-Frequency C.W. Field-Intensity 

Records with the Aid of Simultaneous Pulse Data.-
R. Silberstein. (Proc. Inst. Radio Engrs., Aug. 1952, 
Vol. 40, No. 8, pp. 974-976.) 

RECEPTION 

621.396.62: 061.4 3220 
Radio at the Paris Fair.-(TSF et TV, June 1952, 

Vol. 28, No. 284, pp. 187-189.) Comment on the exhibits 
and classification of 133 receivers shown. 

621.396.621(083.74) (44) 3221 
French Standard C92-120 on Battery-Operated 

Receivers.-Radionyme. (Toute la Radio, June 1952, 
No. 166, pp. 193-195.) Analysis of the specifications for 
receivers of different types, with an outline of test 
methods for sensitivity, selectivity, distortion, etc. 

621.396.8 621.396.1 3222 
Reception of Broadcasting from all over the World.-

Lhombreaud. (See 3228.) 

621.396.97 : 621.396.823 : 351.819(44) 3223 
The New French Regulations for the Protection of 

Broadcasting against Interference of Industrial Origin.-
M. Adam. (Rev. gén. Elect., April 1952, Vol. 36, No. 4, 
pp. 197-200.) Maximum permissible interfering voltages 
are specified for the long-, medium- and short-wave 
bands respectively. Methods of measuring such voltages 
are indicated. Apparatus must be fitted with suppressor 
devices before being offered for sale. 
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STATIONS AND COMMUNICATION SYSTEMS 

621.39.001.11 3224 
Basic Communication Theory.-L. S. Schwartz. 

(Radio & Televis. News, Radio-Electronic Engng 
Section, June & July 1952, Vol. 47, Nos. 6 & 7, pp. 3-5, 
28-30 & 11-13.) A nonmathematical presentation of the 
theory developed by Shannon, Wiener and others. 

621.39.001.11 : 519.21 3225 
Convexity and Information.-R. Féron. (C. R. 

Acad. Sci., Paris, 5th May 1952, Vol. 234, No. 19, pp. 
1840-1841.) Proof is given that the necessary and 
sufficient condition that the gain of information should 
not be negative for any pair XY of aleatory variables 
is that a certain function of the distribution function of 
Y should be a concave function. 

621.396.029.6 3226 
Radio Communication on Short Waves.-H. Kóppen. 

(NachrTech., May 1952, Vol. 2, No. 5, pp. 136-139.) 
A short review of present-day technical developments in 
communication on m, dm and cm waves, and of recent 
investigations of the practicability of using wavelengths 
in the range 25-100 m for communication in mines. 

621.396.1 3227 
Wavelength Problems in Telephony and Television 

Broadcasting.-G. Pedersen. (Teleteknik, Copenhagen, 
May 1952, Vol. 3, No. 2, pp. 49-60.) An outline is given 
of the principles governing the international allocation 
of wavelengths. The heavy bandwidth demands of 
television are discussed with special reference to the 
plans for television in Denmark. 

621.396.1 : 621.396.8 3228 
Reception of Broadcasting from all over the World.-

C. Lhombreaud. (TSF et TV, April 1952, Vol. 28, No. 
282, pp. Doc. tech. 1-3.) Report of a survey made in the 
light of the Copenhagen frequency allocation. This 
article is the first of a series giving station operating 
details and an indication of the quality of reception near 
Bordeaux, starting with European stations. 

621.396.4.029.53 3229 
Microwave Systems for 980 and 2 000 Mcls.-R. V. 

Rector & W. E. Sutter. (Trans. Amer. Inst. elect. 
Engrs, 1950, Vol. 69, Part II, pp. 1100-1108. Discussion, 
pp. 1108-1109.) In the 2-kMc/s transmitter, 2-5 W 
output is obtained from a type-SRL-7C klystron rated 
at 10 W. Good frequency stability is obtained by accurate 
voltage and temperature control. Pulse-duration modula-
tion is used and 24 channels are provided, each of which 
can give 18 two-way control channels. The 960-Mc/s 
transmitter provides 7 channels, each giving either two-
way voice communication or 18 two-way control channels. 
Block diagrams of both equipments are given with 
description and illustrations. 

621.396.619.16 3230 
A System of Pulse-Code Modulation using Circulated 

Pulses.-S. Fedida. (Electronic Engng, Aug. 1952, Vol. 
24, No. 294, pp. 356-361.) A method is described for 
converting sample pulses into sequences of up to five 
on/off pulses, which when interpreted as digits in a 
binary system of units, reproduce the original informa-
tion represented by the sample pulses. Two possible 
methods of decoding to derive the original within a 
prescribed tolerance are outlined. 

621.396.619.16 : 621.396.4 3231 
Nonsynchronous Pulse Multiplex System.-A. L. 

Hopper. (Electronics, Aug. 1952, Vol. 25, No. 8, pp. 
116-120.) An experimental time-sharing multiplex 
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system is described in which the inputs to the different 
transmitters are converted to p.a.m. by sampling with 
random pulses, these a.m. pulses being converted to 
equal and opposite pulse pairs separated by a constant 
delay whose value is selected by means of a switch. 
This delay constitutes the identifying characteristic at 
the receiver. The system can be used for rural radio-
telephony and for communication between moving 
vehicles. It has the disadvantage that it is not economical 
of channel capacity, and would probably be useful for 
the transmission of intelligence rather than high-quality 
speech. 

621.396.619.16 : 621.396.41 3232 
Electronic Pulse Systems for Telegraphy.-G. 

Montessori. (Alta Frequenza, April 1952, Vol. 21, No. 
2, pp. 77-101.) Synchronization, regeneration and 
channel separation are provided electronically in a time-
division multiplex telegraphy system using ring 
distributors controlled by a frequency-stabilized pulse 
generator, the synchronizing signal being produced by 
modifying the regular pulse rhythm. The system has 
been used by the Italcable Co. for high-speed telegraphy. 

621.396.65 : 621.396.43 3233 
Multiple-Channel Telephony on V.H.F. Radio Links.-

B. R. Tupper & P. B. Patton. (Proc. Inst. Radio Engrs, 
Aug. 1952, Vol. 40, No. 8, pp. 913-916.) 

621.396.65 : 621.396.43 3234 
Design Fundamentals for Beam Radio Systems.-H. 

Werrmann. (Funk u. Ton, June 1952, Vol. 6, No. 6, 
pp. 281-297. Correction, ibid., July 1952, Vol. 6, No. 7, 
p. 380.) Discussion of the various factors which must be 
taken into account, including effects of normal attenua-
tion, ground proximity and operation beyond the optical 
range, aerial aperture and gain, interference and system 
noise, and the type of modulation to be used. 

621.396.65.029.6 : 621.316.925 : 621.311.1 8235 
Protective Relaying Systems using Microwave Channels. 

-H. W. Lensner. (Elect. Engng, N.Y., May 1952, 
Vol. 71, No. 5, pp. 400-405.) A.I.E.E. Winter General 
Meeting paper, January 1952. Several practical applica-
tions in power systems are outlined. 

621.396.65.029.63 : [621.396.5 ± 621.317.083.7 3236 
Microwave Radio Links of Bonneville Power Administra-

tion.-S. Metzger, N. H. Gottfried & R. W. Hughes. 
(Elect. Commun., June 1952, Vol. 29, No. 2, pp. 87-92.) 
Description of the FTL-10B 23-channel system now 
in operation. See also 1777 of 1951 (Stevens & Stringfield). 

621.396.72.029.62 3237 
The Inauguration of F8REF.-J. Ferré. (Radio 

franç., May 1952, No. 5, p. 15.) Note of s.w. R/T trans-
missions to be made twice weekly from a central station 
for the benefit of French amateurs. 

621.396.8.029.53 3238 
Medium-Wave Broadcasting Coverage in the NWDR 

Area.-G. Paulsen. ( Tech. Hausmitt. NordwDtsch. 
Rdfunks, May/June 1952, Vol. 4, Nós. 5/6, pp. 101-110. 
Correction, ibid., July/Aug. 1952, Vol. 4, Nos. 7/8, p. 
141.) A résumé is given of the theory of radio wave 
propagation and of transmission requirements for a 
satisfactory broadcasting service. Interference between 
transmissions on (a) common channels and (b) adjacent 
channels is discussed and the limiting values adopted by 
the NWDR for the ratio between wanted and unwanted 
signals in various cases are shown graphically. The 
principles of system planning to cover the greatest possible 
fraction of the population are discussed in relation to 
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the area; about 70% of the population is adequately 
served. The complementary uses of medium-wave and 
u.s.w. services are indicated. 

621.39.001.11 3239 
La Cybernétique-Théorie du Signal et de l'Informa-

tion. [Book Reviewj-L. de Broglie (Ed.). Publishers: 
Editions de la Revue d'Optique Théorique et Instru-
mentale, 1951, 318 pp., 1600 fr. (Brit. J. appl. Phys., 
April 1952, Vol. 3, No. 4, p. 133.) Papers presented at a 
conference at the Henri Poincaré Institute, Paris, 1950. 

SUBSIDIARY APPARATUS 

621-526 : 621.313.281 3240 
Amplifying Dynamos: their Use in Servomechanisms.-

G. Lehmann. (Bull. Soc. franç. Elect., April 1952, 
Vol. 2, No. 16, pp. 198-209.) 

621.314.632: 546.289 3241 
The New G-10 Germanium Dot Rectifier.-T. J. 

Ferguson. (Radio & Televis. News, June 1952, Vol. 47, 
No. 6, pp. 42-43.) Description and some performance 
figures of a rectifier unit suitable for supplying power to 
radio and television equipment. The G-10 is a series 
combination of two 'button' rectifiers each consisting 
of a pellet of spectroscopically pure Ge, fin. square, 
placed at the centre of a metal dish sealed with butyl 
rubber and mounted on a 2-in.-diameter metal cooling 
fin. Units are selected to ensure equal division of peak 
back voltage across the two associated rectifiers. 

621.314.634.012 3242 
Static and Dynamic Characteristic Curves for Selenium 

Rectillers.-I. Somos. (Elektrotechnika, Budapest, May 
1952, Vol. 45, No. 5, pp. 154-159.) Methods of measure-
ment are described which give reproducible results. 

621.316.722.1 : 621.326 3243 
Incandescent Lamp Bulbs in Voltage Stabilizers.-

W. J. Cunningham. (J. appl. Phys., June 1952, Vol. 23, 
No. 6, pp. 658-662.) An approximate analysis is made 
of the operation of lamps used as sources of reference 
voltage in a.c. stabilizers. The equivalent-circuit theory 
developed in 3026 above is used to determine the distor-
tion due to the nonlinearity of the lamp I/V characteristic. 
The effects of changes of frequency and current are 
demonstrated. 

621.316.93 3244 
Lightning Protection since Franklin's Day.-K. B. 

McEachron. (J. Franklin Inst., May 1952, Vol. 253, 
No. 5, pp. 441-470.) Historical account of the develop-
ment of the various types of protective device in use 
to-day. 46 references. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397.5 3245 
Optimum Number of Lines and Screen Dimensions.-

P. Stroobants. (Télévision, May 1952, No. 23, pp. 113-
117.) The lowest number of scanning lines N consistent 
with invisibility of line structure in the television image 
is expressed in terms of the angular resolution of the eye 
and the ratio between the viewing distance (as selected 
naturally by average viewers) and the screen height h. 
Based on subjective judgments, curves are plotted 
showing the variation of N with h for 95% and for 
100% observer satisfaction. By reference, to these curves 
line standards of 625, 819 and >819 are shown to be 
appropriate respectively for receivers with screen 
diameters up to 22 cm, between 22 and 40 cm, and over 
40 cm. 
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621.397.5 : 061.3 (431.55) 3248 
Berlin Television Conference.—( Funk u. Ton, May 

1952, Vol. 6, No. 5, pp. 258-264.) Summaries are given 
of papers presented at the conference arranged by the 
Berlin-Charlottenburg Technical University, March 
1952. 

621.397.5 : 535.623 3247 
Requisite Color Bandwidth for Simultaneous Color-

Television Systems.—K. McIlwain. (Proc. Inst. Radio 
Engrs, Aug. 1952, Vol. 40, No. 8, pp. 909-912.) Report 
of subjective tests, using both skilled and lay observers, 
to determine how far bandwidth can be reduced before 
picture reproduction becomes unsatisfactory. Under the 
particular test conditions described a band about 1 
Mc/s wide is sufficient for most colour transmissions, 
provided a further band 4 Mc/s wide is available for 
transmitting the brightness detail. 

621.397.5 : 535.88 : 791.45 3248 
A Direct-Projection System for Theater Television.— 

F. N. Gillette. (J. Soc. Mot. Pict. Televis. Engrs, May 
1952, Vol. 58, No. 5, pp. 385-396.) General description 
of the Simplex Model PB-600 for projecting a full-size 
television picture on a theatre screen. The system 
combines simplicity in installation, convenience in 
maintenance and reliability in operation. 

621.397.5 : 621.396.712 3249 
The Lime Grove Television Studios of the British 

Broadcasting Corporation.—( Engineering, Lond., 25th 
April 1952, Vol. 173, No. 4500, pp. 518-519.) Details 
are given of studio arrangements and camera equipment 
in use. See also 753 of 1951. 

621.397.5(204.1) 3250 
Underwater Television.—( Engineer, Lond., 9th May 

1952, Vol. 193, No. 5024, pp. 642-643.) Description, 
based on an Admiralty bulletin, of remotely controlled 
television camera equipment developed by Pye, Ltd, 
for operation at depths up to 1 000 ft; sea trials have 
been made in the diving vessel 'Reclaim'. Using a 
plane window, a 75° viewing angle has been obtained by 
simple devices. 

621.397.5(204.1) 3251 
Underwater Television.—( Engineer, Lond., 25th April 

1952, Vol. 193, No. 5022, p. 565; Engineering, Lond., 
25th April 1952, Vol. 173, No. 4500, p. 531.) Account 
of a laboratory demonstration of progress made since the 
first use of underwater television (2053 of July). Camera 
mounting and lighting arrangements are described. 
The image-orthicon equipment is modified to permit 
remote control of focusing and aperture, with remote 
indication on the parent ship permitting deductions to 
be made as to size of object and distance from camera; 
the brand of a packet of cigarettes could be identified 
at 6-12 ft. A 625-line picture is used. 

621.397.5.001.8 3252 
Television Technique as an Aid to Observation.—J. D. 

McGee. (J. R. Soc. Arts, 21st March 1952, Vol. 100, 
No. 4869, pp. 329-345. Discussion, pp. 346-349.) A 
survey of applications covering (a) the extension of 
vision in respect of either distance or wavelength range, 
(b) television memory devices. 

621.397.6 3253 
Improving TV System Transient Response.— J . Ruston. 

(Electronics, Aug. 1952, Vol. 25, No. 8, pp. 110-113.) 
A television transmitter/receiver system having the 
overall frequency characteristic specified by the F.C.C. 
and R.T.M.A. has unacceptably high transient distor-
tion. This distortion can be reduced by modifying the 
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overall response curve to produce a stepped characteristic 
with a region of symmetry about the carrier frequency. 
A network suitable for producing such a modification 
in the receiver video circuit is illustrated. 

621.397.61(494) 3251 
The Uetliberg as a Site for a Television Transmitter.— 

H. Laett. (Tech. Mitt. schweiz. Telegr.-TelephVertv., 
1st Feb. 1952, Vol. 30, No. 2, pp. 59-69. In French and 
German.) An account is given of field-strength and 
picture-quality measurements in the district within about 
40 km of Zürich, which is the most densely populated 
part of Switzerland. A double-turnstile aerial mounted 
on a tower at the summit of the Uetliberg, which 
dominates the district, was fed by a transmitter operat-
ing on 62.25 Mc/s with a peak power of 400 W. Field 
strengths are shown on a map. The results as a whole 
show clearly the primary importance of operation within 
the optical range, though diffraction effects rendered 
reception satisfactory over a considerable part of the 
region not visible from the transmitter. 

621.397.611.2 3255 
The Application of Negative Feedback to Flying-Spot 

Scanners.—R. Theile & H. McGhee. (J. Brit. Instn 
Radio Engrs, June 1952, Vol. 12, No. 6, pp. 325-339.) 
Negative feedback between the output of the amplifier 
following the photomultiplier and the control electrode 
of the scanning tube affords a convenient means of 
controlling contrast. Problems introduced by the time 
delay round the feedback loop are discussed. The 
influence of feedback on the appearance of screen after-
glow is analysed, and the effect on signal/noise ratio is 
considered. 

621.397.611.2 : 621.385.2 3256 
A Simple Electrostatic Electron-Optical System with 

only One Voltage.—Schagen, Bruining & Francken. 
(See 3284.) 

621.397.62 3257 
The Simplification of Television Receivers.—W. B. 

Whalley. (Proc. Instn Radio Engrs, Aust., April 1952, 
Vol. 13, No. 4, pp. 99-103.) Reprint. See 1271 of 1950. 

621.397.621.2 3258 
The Focusing of Cathode-Ray Tubes for Television 

Receivers.—J. A. Hutton. (J. Brit. Instn Radio Engrs, 
May 1952, Vol. 12, No. 5, pp. 295-304.) The problem 
is examined from the point of view of receiver design 
rather than tube design. Deflection defocusing and 
resulting aberrations are discussed and remedies in-
dicated. The influence on focus control of the configura-
tion and position of the focusing field is investigated, 
and the effect of supply-voltage variation considered. 

621.397.621.2 3259 
Cathode-Ray Picture Tube with Low Focusing 

Voltage.—C. S. Szegho. (Proc. Inst. Radio Engrs, 
Aug. 1952, Vol. 40, No. 8, pp. 937-939.) Focusing is 
performed by means of a univoltage es. lens with the 
low-voltage electrode at 0-5% of anode voltage. A 
description and operating characteristics are given for 
a particular design incorporating an ion trap. Methods 
of avoiding breakdown due to high voltage gradients 
are discussed. 

621.397.621.2 : 535.241.48 3260 
A Graphical Treatment of the Tone-Reproduction 

Problem in Television Systems.—R. B. Mackenzie. 
(Brit. J. app!. Phys., May 1952, Vol. 3, No. 5, pp. 141-
147.) "The impracticability of analysing the tone 
reproduction properties of a television system in terms 
of simple mathematical laws is discussed. A construc-

A.241 



tion for a tone reproduction chart is presented which 
enables a realistic assessment of the overall performance 
of a system to be made, subjective effects being taken 
into account. The use of the chart is demonstrated by 
examining the effects of altering certain parameters of 
the system." 

621.397.621.2 : 535.623 3261 
Elimination of Moiré Effects in Tricolor Kinescopes.-

E. G. Ramberg. (Proc. Inst. Radio Engrs, Aug. 1952, 
Vol. 40, No. 8, pp. 916-923.) The influence of scanning-
line width, mask-aperture size, aperture spacing, line 
separation, orientation of scanning pattern relative to 
mask, and picture content on moiré effects arising in 
tubes of the type described by Law (844 of March) is 
discussed. 

621.397.621.2 : 621.397.335 3262 
Flywheel Synchronization of Sawtooth Generators in 

Television Receivers.-13. A. Neeteson. (Philips tech. 
Rev., May 1952, Vol. 13, No. 11, pp. 312-322.) The 
sensitivity of different systems of synchronization to 
interference is discussed and a detailed description is 
given of the 'flywheel' method of line synchronization 
which minimizes the effect of interference. The principles 
of a.ph.c., particularly important in this system, are 
fully explained, and two circuits are described in which 
the functions of phase discriminator and sawtooth-
voltage generator are combined in an ordinary pentode. 

621.397.74 3283 
Maximum Coverage for V.H.F.-U.H.F. TV.-F. W. 

Smith. (Electronics, July 1952, Vol. 25, No. 7, pp. 146-
150.) A series of charts are presented relating transmitter 
power, aerial height and service area for the two grades 
of service specified in the F.C.C. report of April 1952 
revising the frequency-allocation system. 

621.397.82 3284 
Reducing TV Receiver Oscillator Radiation.-E. W. 

Chapin & W. K. Roberts. (Electronics, July 1952, Vol. 
25, No. 7, pp. 116-120.) Measurements of the radiation 
from typical receivers are described and the results are 
tabulated. Methods of screening the oscillator unit 
efficiently, and circuit modifications which reduce 
interference with other receivers, are detailed. 

TRANSMISSION 

621.396.61 : 621.396.931 3285 
F.M. Transmitter for 42 Mcis.-H. G. Stratman. 

(Radio & Televis. News, Radio-Electronic Engng Section, 
June 1952, Vol. 47, No. 6, pp. 10-13, 31.) Design and 
performance details are given of a 3-kW transmitter for 
police communications. 

621.396.619.13 3266 
Improved Reactance-Valve Circuit.-J. Wobst. 

(Nachr Tech., June 1952, Vol. 2, No. 6, pp. 177-179.) 
A circuit is described which gives the same maximum 
frequency swing as can be obtained with the normal 
reactance-valve modulator, but which suppresses 
completely the a.m. which usually accompanies the f.m. 
On account of the frequency dependence of the phase 
shifter used, the new arrangement is only suitable for a 
frequency range of about 1:1.3. Design formulae are 
given and applied to the determination of circuit para-
meters for a f.m. oscillator covering the range 10-12 
Mc/s. 

621.396.619.23 3267 
Study of the Serrasoid Modulator.-F. W. Gundlach. 

(Fernmeldetech. Z., June 1952, Vol. 5, No. 6, pp. 256-
262.) The merits of three ways of operating the modulator 
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[342 of 1949 (Day)] are examined by analysing the 
frequency spectrum of the pulse trains. The only method 
providing complete freedom from a.m. is that in which the 
pulses are of constant height, a form of p.w.m. being 
applied. The effect of slight a.m. on the frequency-
multiplier performance is studied. The multiplier should 
operate in class C with automatic bias. 

VALVES AND THERMIONICS 

621 :i I I 7 3268 
Crystal Triodes.-E. G. James & G. M. Wells. (J. 

Bra. Insta Radio Engrs, May 1952, Vol. 12, No. 5, 
pp. 285-292. Discussion, pp. 293-294.) A brief account 
is given of developments leading to the production of the 
Ge triode, and some applications and limitations are 
indicated. 

621.314.7 3269 
New Transistors give Improved Performance.-J. A. 

Morton. (Electronics, Aug. 1952, Vol. 25, No. 8, pp. 
100-103.) Design developments leading to improved 
reliability, reproducibility and frequency response are 
described briefly. For a fuller account see 2651 of 
September. 

621.383 : 621.385.15 : 535.51 3270 
Polarization Effects in Photomultiplier Tubes.-E. P. 

Clancy. (J. opt. Soc. Amer., May 1952, Vol. 42, No. 5, 
p. 357.) Measurements were made of the response of a 
photomultiplier tube as a function of the angle O between 
the direction of the electric vector of the plane-polarized 
incident light and the longitudinal axis of the tube. 
Type 931-A tubes gave the highest value of the ratio of 
the responses at O = 90° and O = 0°. 

621.383.2 3271 
Production Testing of Multiplier Phototubes.-R. W. 

Engstrom, R. G. Stoudenheimer & A. M. Glover. 
(Nucleonics, April 1952, Vol. 10, No. 4, pp. 58-62.) 
Account of tests applied in the manufacture of the 
R.C.A. 5819 photomultiplier, with emphasis on cathode 
sensitivity. 

621.3S3.27 3272 
Non-Linear Amplification in E.M.I. Photomultipliers.-

J. F. Raffle & E. J. Robbins. (Proc. phys. Soc., 1st 
May 1952, Vol. 65, No. 389B, pp. 320-324.) The heights 
of the output pulses obtained from E.M.I. photo-
multipliers are not always proportional to the quantity 
of light incident on the photocathode, the linear relation 
failing when the charge density in the multiplier be-
comes too great. 

621.383.5 3273 
Response of Barrier-Layer Photocells. Theory permit-

ting the Prediction of the Variations of Output Voltage as 
a Function of the Illumination and the Load Resistance 
of a Selenium Photocell.-G. Blet. (C. R. Acad. Sci., 
Paris, 26th May 1952, Vol. 234, No. 22, pp. 2187-2189.) 
A single curve is derived which gives results in good 
agreement with experiment for any value of load 
resistance and for a very wide range of intensity of 
illumination. 

62i.384.5 : 621.318.572 3274 
The Cold-Cathode Gaseous Discharge as a Switching 

Device.-N. L. Harris. (Engineer, Lond., 4th April 
1952, Vol. 193, No. 5019, pp. 460-462.) Applications 
are described of cold-cathode tubes of various types in 
over-voltage protection and in radar switching devices. 
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621.385.029.6 : 621.392.22 3275 
A Broad-Band Interdigital Circuit for Use in Traveling-

Wave-Type Amplifiers.-R. C. Fletcher. (Proc. Inst. 
Radio Engrs, Aug. 1952, Vol. 40, No. 8, pp. 951-955.) 
Analysis indicates that the interdigital type of structure, 
which is capable of handling high power, can be designed 
to have a wide frequency band. Phase-velocity/frequency 
curves plotted from measurements made on a model 
operating at 300 Mc/s are of the same general shape as 
curves derived from the theory. 

621.385.029.6 : 621.396.822 3278 
Calculation of the Noise Figure of the Travelling-

Wave Valve: Part 1.-W. Kleen & \V. Ruppel. ( Arch. 
elekt. übertragung, May 1952, Vol. 6, No. 5, pp. 187-
194.) Recent investigations indicate that fluctuations 
of density and velocity have a periodic distribution 
along the electron beam, while the energy fluctuations 
are uniformly distributed. Because of the periodicity, 
there is an optimum value of the distance between 
accelerator electrode and entrance to delay line. The 
noise figure is approximately proportional to the ratio 
between the phase constant and the attenuation constant 
for transmission through the valve, and under optimum 
conditions is equal to this ratio. The variation of noise 
figure with dimensions and operating conditions is shown 
for a valve with helical delay line; in this case the 
optimum value varies approximately exponentially 
with frequency, being about equal at 3 kMc/s to the 
noise figure of a crystal detector in a mixing circuit. 

621.385.032.216 3277 
Thermionic Emission and Electrical Conductivity of 

Oxide-Coated Cathodes.-S. I. Narita. (J. appl. Phys., 
May 1952, Vol. 23, No. 5, p. 599.) Measurements on both 
sintered and ordinary oxide-coated cathodes are described 
and direct comparisons made. The variations of emission 
and conductivity with temperature and with degree of 
activation are shown. The sintered cathode was prepared 
by converting BaCO, to BaO under conditions of slow 
speed of exhaust and at very high cathode temperature. 
The activities of both types of cathbde were varied by 
evaporating Ba on to the surfaces. Three mechanisms 
of electron conduction in the oxide coating are considered 
possible, all operating simultaneously in the most general 
case. 

621.385.032.216 3278 
Activation of High-Vacuum Oxide-Cathode Valves.-

G. H. Metson. (Vacuum, Oct. 1951, Vol. 1, No. 4, pp. 
283-293.) Discussion, based on laboratory experience, 
of three current theories of activation: chemical reduction, 
electrolysis and thermodynamic action. None of these 
gives an adequate explanation of the high initial activa-
tion commonly achieved. 

621.385.032 216 3279 
Chemical Reactions in Barium-Oxide-on-Tungsten 

Emitters.-R. C. Hughes, P. P. Coppola & H. T. Evans. 
( J. appl. Phys., June 1952, Vol. 23, No. 6, pp. 635-641.) 
Alternative theories are examined regarding the reactions 
responsible for the Ba,WO« interface formed when a 
BaO-on-W cathode is prepared by applying BaCO, to 
W and processing normally. Two possibilities are con-
sidered: (a) formation of Ba.,W0,3 from BaO and W, and 
(b) formation of Ba3WO„ from BaCO, and W. Experi-
ments made to test these theories are described. A series 
of four reactions occur at progressively higher 
temperatures. Prolonged heating at over 1 000°C may 
convert the whole of the oxide layer into Ba3W0«. The 
interface can probably be eliminated by applying BaO 
to oxide-free W and adding the necessary Ba for activa-
tion from an outside source. 
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621.385.032.216 3280 
Physical Processes in the L Cathode.-D. L. Schaefer 

& J. E. White. (J. appl. Phys., June 1952, Vol. 23, No. 
6, pp. 669-674.) Experiments on the L-type cathode 
[773 of 1951 (Lemmens, Jansen & Loosjes)] are described; 
degree of coverage of the W surface with Ba, and rate 
of evaporation of the Ba were investigated. The evapora-
tion rate is found to be controlled by the surface diffusion 
of the Ba over the W. Despite incomplete coverage of 
the emitting surface with Ba, and almost complete 
absence of streaming of active material out through 
pores in the surface material, evaporation is sufficient to 
cause concern in certain applications. 

621.385 -L- 621.3261.032.7 : 666.17 3281 
Making Glass Bülbs.-(Elect. Rev., Lond., 23rd May 

1952, Vol. 150, No. 3887, pp. 1124-1128.) Description 
of the plant and operation of a new factory at Harworth, 
Notts, manufacturing 1 500 000 bulbs daily from the 
basic raw materials by a highly mechanized system of 
'flow production'. The smaller of two ,glass-moulding 
bulb-blowing machines operating on a continuous glass 
ribbon produces the complete range of valve bulbs of 
diameter up to 44.5 mm, including all the miniature 
types. Its output is approximately One million bulbs in 
24 hours. The larger machine has a daily. output of half a 
million lamp bulbs of diameter up to 8 cm. For similar 
descriptions see Elect. Times, 22nd May 1952, Vol. 121, 
No. 3159, pp. 937-940 and Electrician, 23rd May 1952, 
Vol. 148, No. 3858, pp. 1693-1696. 

621.385 2 : 546.289 3282 
The Time Lag of the Forward Conductance of 

Germanium Diodes.-T. Einsele. (Z. angeui. Phys., 
May 1952, Vol. 4, No. 5, pp. 183-185.) Measurements 
were made of Ge-diode current with a pulsed input 
voltage of low duty factor; the forward characteristics 
obtained at different instants are plotted for a specimen 
in which the conductance took nearly 1 es to reach its 
static value. With Si diodes no lag was observed; with 
Ge diodes the lag was longer when large reverse bias was 
applied. In contrast to the results obtained by Meacham 
& Michaels (1817 of 1950), no lag was observed in the 
backward conductance. 

621.385.2: 546.289 : 621.317 3283 
Germanium Diodes for Indicating Instruments and 

Relays.-F. J. Lingel. (Tele- Tech, April 1952, Vol. 11, 
No. 4, pp. 42-43 .. 104.) A series of circuit diagrams 
illustrates the various applications of Ge rectifiers. A 
table and graphs show the operating characteristics of 
different available types. 

621.385.2: 621.397.611.2 3284 
A Simple Electrostatic Electron-Optical System with 

only One Voltage.-13. Schagen, H. Bruining & J. C. 
Francken. (Philips Res. Rep., April 1952, Vol. 7, No. 2, 
pp. 119-130.) Analysis of a system for use in television 
camera tubes or image converters, in which the cathode 
and anode are concentric spheres, the anode being the 
smaller. The effect of providing an aperture in the anode 
for the passage of the electrons is investigated. The 
formulae derived from theory were applied to an experi-
mental arrangement with a cathode in part spherical and 
in part cylindrical; pictures of good definition and free-
dom from distortion were obtained. 

621.385.3/.5 3285 
Determination of Penetration Factor for Amplifier 

Valves.-H. KÔppen. (Nachr Tech., April 1952, Vol. 2, 
No. 4, pp. 112-116.) Charts are provided whiciih enable 
penetration factors to be readily determined -from the 
physical dimensions of valve electrode systems; their use 
is illustrated for a directly heated pentode. 
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621.385.3/.4].029.63 3286 
Some New Ultra-high-Frequency Power Tubes.-

P. T. Smith. (RCA Rev., June 1952, Vol. 13, No. 2, 
pp. 224-238.) Experimental grounded-grid triodes and 
grounded-cathode tetrodes with close grid-cathode 
spacing are described. The output of the triodes is 5-10 
kW at 900 Mc/s, about the same as at lower frequencies. 
The tetrodes have lower power gain, but have certain 
advantages when high-level modulation is required. 

621.385.3.029.64 3287 
Amplification Constant for Microwave Triodes.-

Y. Koike & S. Yamanaka. ( Technol. Rep. Tohoku Univ., 
1951, Vol. 15, No. 2, pp. 14-25.) Published results of 
various workers for microwave valves with parallel-wire 
grids are reviewed and suitable formulae for calculating 
the amplification factor are quoted for the two cases 
where island formation is appreciable or negligible. 
Formulae for the screening effect of wire-mesh grids are 
based on experimental results. 

621.385.5.018.424 3288 
New Valve for Wide-Band Amplifiers.-P. Meunier. 

(Onde élect., June 1952, Vol. 32, No. 303, pp. 232-237.) 
Detailed description of the construction and character-
istics of two pentodes, Type PTT216 with noval base and 
Type PTT214P with standard PTT type-P base. Cathode-
current density is 50 mA/cm2, grid-cathode distance 
0-06 mm, grid pitch 0-065 mm and diameter of grid wires 
only 8 a. Seven Type-PTT216 valves were used in an 
amplifie,r with 75-G input and output impedance, gain 
70 db and pass band of 25 Mc/s centred on 70 Mc/s. An 
equivalent amplifier using Type-6AK5 valves would have 
required 13 valves. 

621.385.83 3289 
The Effect of Velocity Distribution in a Modulated 

Electron Stream.-D. A. Watkins. (J. app/. 
May 1952, Vol. 23, No. 5, pp. 568-573.) A method of 
solving electron-beam problems is described which takes 
account of the thermal spread of velocity. The method is 
based on Liouville's theorem. The effect of the thermal 
spread on signal and noise in a drifting stream is cal-
culated by means of a power series (a) for small-signal 
v.m. of the stream, (b) with the stream initially possessing 
full shot noise. 

621.385.832 3290 
Internal Electrostatic Deflection Yokes.-K. Schlesinger. 

(Electronics, July 1952, Vol. 25, No. 7, pp. 105-109.) 
Description of the 'deflectran' electrode design. For 
deflection in two directions at right angles, composite 
electrodes with triangular boundaries are used which form 
the sides of a box. This provides simultaneous horizontal 
and vertical deflection, equal sensitivities and a common 
centre of deflection, giving greater freedom from scan 
distortion and defocusing than a conventional crossed-
plate structure. Cylindrical and conical modifications of 
the design are illustrated; their application and produc-
tion techniques are described. 

621.396.615.14 ± 621.396.6451.029.64 3291 
Generation and Amplification of Oscillations in the 

Ultra-High-Frequency Region.-F. Gundlacli. (Z. 
angew. Phys., April 1952, Vol. 4, No. 4, pp. 147-157.) 
The mode of operation and practical constructions of 
microwave triode, klystron and travelling-wave valves, 
including multi-segment magnetrons, are described. 
Sectional drawings of selected types are shown. 70 refer-
ences. 

621.396.6t5.141.2: 621.365.55f 3292 
Industrial Magnetrons for Dielectric Heating.-R. B. 

Nelson. (Electronics, Aug. 1952, Vol. 25, No. 8, pp. 104-
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109.) Magnetrons and associated circuits for operation at 
915 Mc/s and 2-450 kMc/s are described. A 5-kW 
oscillator is available for the 915-Mc/s band, and experi-
mental 50-kW models have been produced. A 2-kW 
model is available for the 2-450-kMc/s band. See also 
556 of February. 

621.396.615.141.2.016.352 3293 
Instabilities in the Smooth-Anode Cylindrical Magnetron. 

-L. A. Harris. (J. appl. Phys.. May 1952, Vol. 23, 
No. 5, pp. 562-567.) A magnetically focused space-
charge cloud of the type found in the smooth-anode 
magnetron is examined to determine whether a perturba-
tion of the equilibrium condition will grow. A field 
analysis is carried out in which radial admittances are 
matched at the edge of the cloud. The solutions for the 
characteristic frequencies are complex, indicating that 
the disturbance grows with time. 

621.396.615.141.2.029.63: 621.396.619.13 3294 
Frequency Modulation of Magnetron in the Decimetre 

Wave Range.-H. Fricke. (Arch. elekt. Übertragung, 
June & July 1952, Vol. 6, Nos. 6 & 7, pp. 228-240 & 
281-287. Corrections, ibid., Aug. 1952, Vol. 6, No. 8, 
p. 351.) Magnetron characteristics are deduced from 
circle-diagram analysis of the equivalent circuit for the 
apparent conductance between two adjacent segments of 
a multisegment magnetron. This shows that with the 
usual method of modulation by variation of the anode 
voltage, amplitude variation is superposed on the fre-
quency modulation. A new method is proposed which 
results in wide-band f.m. without accompanying a.m. 
The method consists in varying a capacitive reactance 
connected in parallel with the oscillatory system. An 
experimental verification was carried out, using the grid-
anode path of a retarding-field valve as the variable 
reactance. 

621.396.615.141.2.029.64: 621.396.619.13 3295 
A 7 000-Mcis Developmental Magnetron for Frequency 

Modulation.-H. K. Jenny. (RCA Rev., June 1952, Vol. 
13, No. 2, pp. 202-223.) Description of a 24-vane double-
strapped valve operated at the relatively low voltage of 
550 V and cathode-current density of 150 mA/cm2 to 
ensure long life. The frequency range is 6-575-6-875 
kMc/s, output power 10 W. and efficiency 30-40%; 
frequency swings up to 16 Mc/s can be handled without 
a.m. Tuning and modulation curves are derived from 
consideration of equivalent circuits. 

621.396.622.63 3296 
An Analysis of Crystal Diodes in the Millivolt Region. --

W. B. Whalley & C. Masucci. (Tele-Tech, May 1952, 
Vol. 11, No. 5, pp. 40-42 . . 131.) The resistance character-
istics of different diodes were determined using a balanced 
a.c. source, a high-gain band-pass RC amplifier and a 
c.r.o. The overall characteristic is expanded to show the 
mid-region constant-resistance portion below about 
1 mV. This is correlated experimentally with the thresh-
old r.f. detection voltage. Traces obtained with a 
selector circuit using two diodes are analysed. 

MISCELLANEOUS 

621.3 : 061.4 3297 
26th Brussels International Fair, 26th April to 11th 

May 1952.-(Radio Revue T1', May 1952, Vol. 4, No. 5, 
pp. 173 .. 207.) Note on acoustic and radio apparatus 
exhibited by certain firms. 

W IRELESS ENGINEER, NOVEMBER 1952 



.. •:,. 

LE D 11 1WAIN 
1111 (  

By adding the Clix range 

of radio, television and elec-

tronic components to its exist-

ing list of products The Edison 

Swan Electric Co., Ltd. is able 

to offer an improved com-

ponents service to the radio 

industry. Future enquiries and 

orders for these products, and 

others in the Ediswan range, 

will be welcomed. 

United 

for better 

Radio, Television 

Electronic 

component 

service 

THE EDISON SWAN ELECTRIC COMPANY LIMITED 

155 Charing Cross Road, London, W.C.2, and branches 

Member of the A.E.I. Group of Companies ER9 
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Constantly reliable readings or indications of any 

photometric device require a constant light 
source, which in turn demands constant voltage. 
Advance Constant Voltage Transformers keep 
the mains supply voltage steady to within 
± 1% with input variations of up to ± 15%. 

Full details in Folder S.15I V available on request. 

ADVANCE COMPONENTS LTD., BACK ROAD, SHERNHALL STREET. VVALTHAMSTOVV, LONDON, E. I 7 

Telephone : LARkswood 4366 7 8 Grnr, : Attenuate, Walt, London 

Panel Mounting 
Socket, type 58C 

Socket. 
type 58 S,V 

TELCONNECTORS 

co-axial plugs 

and sockets 

The connectors illustrated are designed for use with the smaller 
diameter R.F. cables, such as Telcon PT.1.M, PT.11.M, AS.60.M, 

etc. Produced for instrument designers and general application, 
the 58 Series Plug and Socket has a capacitance of less than 

71,1,F. The 58C panel mounting socket shown will 

accept any plug in the 58P Series. 

All types are readily available in various sizes and combinations. 
Write for publication 7 / 

• TELCON 
cables 

THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD 

Head Office: 22 OLD BROAD STREET, LONDON, E.C.2. Tel: LONdon Wall 7104 

All enquiries to: TELCON WORKS, GREENWICH S.E.I0. Tel: GREenwich 3291 
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This outstanding "Standard" V.H.F. Attenuator now in its 

second year of production remains the first and only accurate instru-

ment of its kind and continues to meet a heavy demand from leading 

organisations and authorities the world over. 

Four models now available 

Characteristic impedance 75 ohms 

0-9 db in Idb steps 

0-90 db in 10db steps 

50 ohms 

Type 74600-A Type 74600-E 

Type 74600-B Type 74600-F 

All types will handle inputs up to 0.25 watts. 

Accuracy of D.C. adjustment 
0-9 db Models: The insertion loss error will lot exceed L0.05 db for any setting. 
0-90 db Models: The insertion loss error for the 90 db setting will not exceed 

+ 0.3 db. For other settings this limit falls linearly to a value of 
-_0.06 db at the 10 db setting. 

High frequency performance 
0-9 c'b Models : At 50 Mc's the insertion loss error for the 9 db setting will not 

exceed ± 0.15 db. For other settings this limit falls linearly to a 
value cf _0.05 db for the I db setting. 

0-90 db Models : At 50 Mc's the insertion loss error will not exceed _0.1db per step. 
N.B. All insertion loss errors are relative to zero db setting. 

Ready for Building into your own equipment. 
Calibration charts for frequencies up to 100 Mc/is for the 0-9 db models or 65 Mcis for the 0-90 db 

models can be supplied on request. 

Standard Telephones  citid Cables Limited 
RcgIstered Office : Connaught House, Aldwych. toron. W.C.2 

TRANSMISSION DIVISION, NORTH WOOLWICH, LONDON, El6 
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UNIVERSAL IMPEDANCE BRIDGE 

A general-purpose instrument covering a 

very wide range of measurements for values 
of resistance, inductance and capacity. 
When used for resistance measurement it 
is connected as a Wheatstone bridge, the 
required D.C. source of supply and the 
balance-indicating micro-ammeter both 
being incorporated in the instrument. 

When used as a capacity bridge, the con-

MODEL UB 202 

denser under test is connected in a modified 
De Saute's Bridge. The same dial as used 

for resistance measurement is used to 

balance the capacity of the unknown 

condenser, whilst a second dial in combina-
tion with a decade resistance balances the 
power loss. For the measurement of 
inductance the instrument is converted into 
a Hay's bridge. 

RESISTANCE RANGE: 0.1 ohm to 1,000,000 ohms. 
Baslc range: 0 1 to 11 ohms continuously variable. 
plus nine steps of 10 ohms. 

CAPACITY RANGE: 10 pf to 1,000 netts. Basic 
range: 10 to 1,100 pf continuously variable, plus nine 
steps of 1,000 pf. 

INDUCTANCE RANGE: 10 microhenries to 
lea henries. Basic range: 10 to 1,000 microhenries 
continuously variable, plus nine steps of 1,000 micro-
henries. 6-way multiplier. 

BRIDGE FREQUENCY: 1,000 cycles supplied from 
internal valve oscillator. Visual null detector is in-
corporated in the instrument. 

SENSITIVE PANEL MOUNTING METERS 

SIZE 3¡." 5" 

RANGE 25“A 15µA 15pA 
CO to to 
50A 50A 50A 

Prices on application 
Available for immediate delivery from our 
Stockists, M.R. Supplies, Ltd., 68 New 

Oxford Street, W.C.1, or 

BRITISH PHYSICAL LABORATORIES 
HOUSEBOAT WORKS • RADLETT • HERTS • Telephone: Radlett 5674-5-6 

HIGH SPEED 

AlITOMATICS 

lb 4 

46,, 4e iç..1 - a 

Modern machinery and mass production methods give 

you top quality capstan and automatic work and sheet 

pressings at a price you are sure to like—and on time. 

GRIFFITHS, GILBART, LLOYD MI 
AND COMPANY LIMITED 

EMPIRE WORKS, PARK RD., 
BIRMINGHAM 18 

Telephone: NORthern 2132-4 

* * TAECsHSNOICCALIATED ILIFFE 
BOOKS 

* * 

SOUND RECORDING 
AND REPRODUCTION 

By J. W. Godfrey and S. W. Amos, B.SC., 

in collaboration with the B.B.C. 
Engineering Division. Will prove invaluable to 
all interested in the technique of high-quality 
sound recording. It covers in detail the theory and 
practice of disc, magnetic and film recording, 
special reference being made to equipment used 
by the B.B.C. 

305. net. By post 3os.7d. 

ADVANCED THEORY 
OF WAVEGUIDES 

By L. Lewin. Sets out various methods of treat-
ing waveguide problems—the author selecting for 
discussion a number of topics as representative of 
the field in which the centimetre-wave engineer is 
now engaged. Many of these examples are con-
cerned with the rectangular waveguide, but the 
reader will be able to apply the general principle 
to most of the cases encountered in practice. 

30s. net. By post 3os.7d. 

Obtainable at all booksellers or by post from :-
DORSET HOUSE, STAMFORD ST., LONDON, S.E.I 
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sturdy 

and 

strong-

The compact, rugged design of the 

Type 5 Carpenter Polarized Relay 

is just one of the many reasons 

why this small-size relay is so 

frequently specified in many 

fields of scientific research and 

electrical engineering. 

44*71 

:Sacs, 

A : 730W 

Z 

03 uT 21MO:.M .00 

al 30 45715 

41.0", n'af 

Type 5 Relay with cover. 

Plug or solder tag base optional. 

Complete specification and 
further details of the complete 
range of Carpenter Relays may 

be had on request. 

Other outstanding features include:— 

HIGH OPERATIONAL SPEED 

FREEDOM FROM CONTACT REBOUND 

IMMUNITY FROM POSITIONAL ERROR 

GOOD CONTACT PRESSURES 

HIGH SENSITIVITY 

ACCURACY OF SIGNAL REPETITION 

EXCEPTIONAL THERMAL STABILITY 

Manufactured by the Sole Licensees:— 

TELEPHONE MANUFACTURING CO. LTD 
Contractors to Governments of the British Commonwealth and other Nations. 

HOLLINGSWORTH WORKS • DULWICH • LONDON S.E.2I • Telephone: Gipsy Hill 2211 (IC lines) 
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TO SET DESIGNERS 
Is flux density an accurate measurement of your require-
ments from a loudspeaker—or is it only a convenient 
indication of the sensitivity you need? 

When asked, we submit samples and quotations on the 
basis of so many "lines per sq. cm." But since we 
always aim to provide the required sensitivity at the 

lowest possible cost, we often find that total gap energy 
(combined with other factors) enables us to supply a 

Reproducer which does all that is required—and 
sometimes even more—although the specification 

differs from that originally asked for. 

This is part of the "know-how" acquired in nearly 30 
years' concentrated experience of loudspeaker design 
and manufacture. 

REPRODUCERS AND AMPLIFIERS LIMITED 

WOLVERHAMPTON ENGLAND • 
PHONE: Wolverhampton 22241 (5 lines) GRAMS: Audio, Wolverhampton 

pq 
Loudspeaker 

Manufacturers 

to the radio industry 

since 1930 

The Superb Philips Scries on 

Valves 
*Important To. Ilia 
ready this month 

If valves are your concern, it's worth 
a P.C. to get the descriptive literature 
on these encyclopzdic and sumptuous 
volumes from the great Eindhoven 
research centre. 

I: Deketh: Fundamentals of Radio 
Valve Technique. 

576 pp. with (like all others in the 
series) copious illustrations. 35s. 
(post 9d.) 

Data & Circuits of Philips Valves :— 
II 1933-9 111 1940-41 Ilia 1945-50 

405 pp. 21s. 220 pp. 12s. 6d. 500 pp. 40s. 

Applications in Receivers & Amplifiers 
IV Part 1: RF and IF amplification, frequency-changing, 
detection, distortion, etc. 440 pp., 35s. (post 9d.) 
V Part II: AF amplification, output stage, power supply, 
etc. 450 pp., 45s. (post 9d.) 

Philips Technical Library Distributors: 

CLEAVER-HUME PRESS LTD. 

London: 42a South Audley Street, W.I. 

\A‘Y44  
THE SCIENTIFIC 

VALVE  

BRITISH   MADE 

Pdeeceede ad Aeseleàefe 

út AIR ezgAse 

teffileUee5 (\ SteU‘e1.1‘11.:r uftes 

oGel.5 s 
MI .0;t‘ole s 

e>s otnele 
ettee  

  Ltd  
GREENHILL CRESCENT, HARROW-ON-THE-HILL, MIDDX. 

Telephone: HARrow 2655 
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PLASTIC MOUIBIllag 

+V_ 

FOR THE 

ELECTRONIC 
AND 

ALLIED INDUSTRIES 

4 

• FULLY A.I.D. APPROVED FOR DEFENCE PROGRAMME 
REQUIREMENTS. 

• AMPLE CAPACITY AVAILABLE FOR ALL COMPRESSION 
MOULDINGS, UP TO 250 TON PRESSES, AND SMALL 
PRECISION MOULDINGS IN THERMOPLASTICS. 

• SPECIAL GRADE MOULDINGS IN MELAMINE AND NYLON-
FILLED PHENOL. 

• PROMPT ATTENTION TO ALL ENQUIRIES. 

• GOOD, RELIABLE DELIVERY, AND FIRST-RATE QUALITY 
IN PRODUCTION. 

• A REPRESENTATIVE WILL CALL, IF DESIRED. 

NAME PLATES FROM 

OR ANY NAME-PLA r STANDARD TO 
IN THE • Attractive name pates to your own 

wording at extremely keen prices. 

VISCOSE DEVELOPMENT COMPANY LIMITED 
WOLDHAM ROAD, BROMLEY, KENT. RAVENSBOURNE 2641 
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FOR GREATEST EFFICIEN 
AT 

THE HIGHER FREQUENCIES 

SILVERED CERAMIC 

PRECISION 
CAPACITORS 

FOR TELEVISION, F.M., AND 
ALL U.H.F. APPLICATIONS 

Constructors', service replacement, and 
all kit types. 

High precision and laboratory types. 
ENQUIRIES INVITED 

Sole Export Agents:— 
Messrs. Antes, 3 Tower Hill. London E.C.3 

JAY DEVELOPMENTS. 
HEATH LANE, WEST BROMVVICI-1. 

Tel.: STO 2394. 

Remember 

POPPY 
DAY 

BRITISH LEGION, HMG'S FUND 

PALL MALL, LONDON, S. W. 1 
(Registered under the War Charities Act 1940) 

Skilled Instrument Mechanics (Electronic).—Research and 
Experimental Mechanics urgently required by Ministry of Sunni> 
at Sellafield, Cumberland. 

Applicants must have served a recognised relevant apprenticeship 
and have sound theoretical knowledge of electronics (Ordinary 
National Certificate standard desirable) with practical knowledge 
of Pulse Amplifiers, D.C. Amplifiers, electronic scalers, dis-
criminations, and general trigger circuits, and in wiring and assembly 

of electronic apparatus. Experience of test gear and general instru-
ment calibration an advantage. 

Rates of pay for 44-hour. 5-day week: 145s. 9d. on entry with 
early assessment for merit pay. Merit pay agreed after first assess-
ment will be applied from entry date. Possibility of advancement 
to 187s. 9d. 

Apply, giving details of apprenticeship, training (including any 
Forces' training), qualifications and experience to Senior Labour 
Manager, Windscale Works, Sellafield, Cumberland. 

APPOINTMENTS—The engagement of persons answering these advertisements must be made through the local office of the Ministry of 
Labour and National Service, etc., if the applicant is a man aged 18-64 or a woman 18-59 inclusive, unless he or she or the employer is 

excepted from the provisions of The Notification of Vacancies Order, 1952. 

Senior Engineer required, to be responsible for small Engineering 

Laboratory engaged on development of high-grade Test Equipment 

in connection with manufacture and maintenance of Automatic 

Pilots. Aircraft Instruments and Associated Equipment. Work 

involves the application of electronic techniques over a frequency 

range from zero to 100 kcs and design experience of light electrical 

and mechanical assemblies. Preference given to applications from 

qualified engineers with experience of applied measurements in one 

or more of the above-mentioned engineering fields. 

The post Is permanent with superannuation benefits, carries a 

salary in accordance with qualifications and experience. Assistance 

given with housing facilities after a satisfactory probationary 

period. Apply Personnel Manager. S. Smith & Sons (England), Ltd., 

Cheltenham. quoting reference 9,EN. 

E. K. COLE. LTD. (Malmesbury Division), invite applications 
from Electronic Engineers for permanent posts in Development 
Laboratories engaged on long-term projects involving the following 
techniques:— 

I. Pulse Generation and Transmission. 
2. Servo Mechanism. 
3. Centimetric and V.H.F. Systems. 
4. Video and Feedback Amplifiers. 
5. V.H.F. Transmission and Reception. 
6. Electronics as applied to Atomic Physics. 

There are vacancies in the Senior Engineer, Engineers and Junior 
Grades. Candidates should have had at least 3 years' industrial 
experience in the above types of work, together with educational 
qualifications equivalent to A.M.I.E.E. examination standard. 
Commencing salary and status will be commensurate with qualifi-
cations and experience. Excellent opportunities for advancement 
are offered with entry into a Pension Scheme after a period of service. 
Forms of application may be obtained from Personnel Manager. 
EKCO Works, Malmesbury, Wilts. 

Experienced men (ex-Service radar mechanics preferred) are 

required for duties in the electronics division of Saunders-Roe, Ltd. 

Applicants should be capable of intelligent assembly and wiring of 

a wide variety of electronic apparatus from circuit diagrams. Write, 

giving details of experience, age, etc., to the Personnel Officer, 

Saunders-Roe. Ltd., East Cowes, Isle of Wight. 

Wanted.—A Graduate in Physics, Chemistry or Electronics 
Engineering, or equivalent, to be trained in the Capacitor laboratory 
on the development of new materials and the exploitation of new 
manufacturing techniques No previous experience is necessary 
and there are excellent prospects for advancement. Apply to 
l'ersonnel Department. Standard Telephones & Cables, Ltd., 
N. Woolwich, E.16, stating age, qualifications and salary required. 

Estimator for Electronic Division S.E. London light engineering 

works. Applicants must be fully experienced in this type of work. 

Write, giving details of experience, age and salary required, to 

Box 3315, co Wireless Engineer. 

R G ID require the following technical staff for their new 
• • • Laboratories in Romford, Essex:-

1 Radio and Television Development Engineers, able to work 
I • with minimum of supervision and carry through a project up 

to production stage. 
Draughtsmen, both senior and junior, experience of Radio 

— • and Television preferable, but not essential. 
Write giving full details to Radio Gramophone Development Co.. 
Ltd., 3 Hampton Court Parade, East Molesey. 
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ADVANTAGES 

OF THE NEW 

METALLISED CERAMICS 

2 

3 

4 

Steatite & Porcelain Products' outstanding 

advance in the technique of 

metallising ceramics offers these 

five vital advantages:— 

Robust and highly resistant to solution in any 

soft solder alloys. 

Any method of soldering may be used, without 
precautions of controlled temperature and 

soldering time. No special skill needed. 

May be repeatedly mounted and de-mounted; 
removed from faulty or broken-down compo-

nents and used again. 

High melting-point soft-solders (such as silver-
lead) may be used in assembly, eliminating all 
risk of failure of the hermetic sealing during 
component assembly into equipment. 

5 No gas or oil leakage can occur—the bona 

between the new metallising and the ceramic is 
stronger than the ceramic itself. 

SEND FOR FULL DETAILS 
The new metallising is applied to all the hermetic 
seals of the standard range (shown in catalogue 
No. 25, available on request). Special types, 
including multi-seals, can readily be produced to 
customer's requirements. 
Please write to us for further details. We shall be 
glad to answer any queries on the new metallised 

ceramics. 

STEATITE 8g PORCELAIN PRODUCTS LTD 
STOURPORT-ON-SEVERN WORCESTERSHIRE TEL: STOURPORT III. GRAMS: STEATAIN STOURPORT 

W IRELESS ENGINEER, NOVEMBER 1952 



Wireless Engineers. Applications invited for limited number of 

acancies on overseas staff of Cable & Wireless, Ltd. Applicants 

should have technical knowledge and practical experience or 

operation and maintenance of wireless communirr ions Plant and 

possess at least 1st class P.M.G. or C. & G. Radio II certificates. 

Desirable age limit 29. Basic commencing salary £324 (age 22) to 

£456 (age 29) per annum. Free accommodation or allowance in 

lieu. Foreign Service and Expatriate allowances up to £240 and 

£550 p.a. (respectively) additional. Permanent and pensionable 

positions for suitable candidates. Apply in writing, giving experience 

and qualifications to Managing Director, Cable & Wireless, Ltd.. 

Electra House, Victoria Embankment, London, W.C.2. 

CROWN AGENTS FOR THE COLONIES 

Inspectors of Police (Radio Duties) required by Government of 
Uganda. Appointment will be on probation for permanent and 
pensionable employment. Salary in scale £612 rising to £893 a year 
(including temporary allowance). Outfit allowance £30. Uniform 
allowance £10 a year. Free passages. Liberal leave on full salary 
after tour of 30 36 months. Candidates between ages 21 and 30 
must be at least 5 ft 8 in in height without footwear, of good 
physique and normal vision without glasses. They must have good 
practical experience in the operation, maintenance and repair of 
modern low and medium power H.F. and V.H.F. radio trans-
mitting and receiving equipment and of petrol/electric and diesel 
power generating equipment. 

Apply at once by letter, stating age, full names in block letters 
and full particulars of qualifications and experience, and mentioning 
this paper to the Crown Agents for the Colonies. 4 Mil'bank, 
London, S.W.1. quoting on letter M.29571.B. The Crown Agents 
cannot undertake to acknowledge all applications and will 
communicate only with applicants selected for further consideration. 

Testers for Electronic Division of Vidor, I td.. West Street, Erith. 

Good all-round comm. exp. These vacancies are suitable for 

ex-R.A.F. Fitters (Air) or skilled R.E.M.E. Apply Personnel 

Department. 

CROWN AGENTS FOR THE COLONIES 

Wireless and Telegraph Supervisor required by the Nigeria 

Government Railway Department for one tour of 18 to 24 months 
in first instance Option of appointment either (a) on agreement 

with a prospect of permanent and pensionable employment on 

salary £750 rising to £1,175 a year (including expatriation pay) or 

(b) on a temporary basis at salary £807 rising to £1,269 a year 
(including contract addition and expatriation pay) with a gratuity 
on satisfactory completion of final service of £25 or £37 10s, 

according to salary for each completed period of three months' 
service. Outfit allowance £60. Free passages for officer and wife 

and assistance towards cost of children's passages or their main-
tenance in this country. Liberal leave on full salary. Candidates 
must have a sound knowledge of International wireless operating, 
of telegraph working, and of the general running and supervision of 
a Telegraph and Wireless office. They should have experience of 
the working and handling of traffic over wireless and telegraph 

networks, together with technical knowledge of modern H.F. radio 

transmitters and receivers and of telegraph circuits. Candidates 
employed by the General Post Office should apply through 
departmental channels. 

Apply at once by letter, stating age, full names in block letters. 

and full particulars of qualifications and experience and mentioning 
this paper to the Crown Agents for the Colonies. 4 Millbank, 
London, S.W.1, quoting on letter M.29579.B. The Crown Agents 

cannot undertake to acknowledge all applications and will 
communicate only with applicants selected for further consideration. 

CROWN AGENTS FOR THE COLONIES 

Wireless Station Superintendent required by the Government of 
Nigeria for the Posts and Telegraphs Department for one tour of 

18 to 24 months in the first instance with prospect of permanency. 
Salary (including expatriation pay) between £750 and £1,175 a year 
according to qualifications and experience. Outfit allowance £60. 

Free passages for officer and wife and assistance towards cost of 
children's passages or their maintenance in this country. Liberal 

leave on full salary. Candidates (under 40 years) must have had 
wide practical experience of modern radio techniques and equip-
ment. in particular V.H.F. equipment, and preferably also V.H.F. 
multi-channel equipment. 

Apply at once by letter, stating age, full names in block letters, 

and full particulars of qualifications and experience, and mentioning 
this paper to the Crown Agents for the Colonies, 4 Millbank, 

London, S.W.I, quoting on letter M.28927.B. The Crown Agents 
cannot undertake to acknowledge all applications and will 

communicate only with applicants selected for further consideration 

CROWN AGENTS FOR THE COLONIES 

Technician Grade I required for radio.work by East African Posts 

and Telecommunications Administration. Appointment will be on 

probation for permanent and pensionable employment. Commenc-

ing salary according to age and experience in scale £687 rising to 

£1,050 a year (including allowance). Outfit allowance £30. Free 

passages. Liberal leave on full salary. Normal tour is four years. 

Candidates aged 23-36 should possess a thorough practical know-

ledge of the working and maintenance of modern radio trans-

mitting and receiving equipment. General Post Office employees 

should apply through departmental channels. 

Apply at once by letter, stating age, full names in block letters. 

and full particulars of qualifications and experience, and mentioning 

this paper to the Crown Agents for the Colonies. 4 Millbank, 

London, S.W.I, quoting on letter M.29528.B. The Crown Agents 

cannot undertake to acknowledge all applications and will 

communicate only with applicants selected for further consideration. 

Senior Electro-Mechanical Engineer required by new division of 
prominent engineering establishment in Northern Ireland to lead 
section engaged in development work on guided weapons. Degree 
or equivalent in electrical or mechanical engineering, with good 
practical experience in design of small precision electro-mechanical 
devices, servo systems or instruments. Good salary and prospects 
for man with originality, assistance given with housing. Send full 
particulars of age, qualifications and experience to Box 3251, 
c/o Wireless Engineer. 

The Research Laboratories of the General Electric Company. 
Ltd., propose to set up an organisation near Adelaide, South 
Australia, for trials and further development of guided weapon 
equipment which is at present under development in this country. 

Applications are invited from men with qualifications sidtable to 
fill the following vacancies:— 

(a) An engineer to take charge of trials teams; 

(b) An engineer or physicist to take charge of a laboratory 
engaged on the development and use of special test equipment: 

(c) A physicist or mathematician to take charge of a small 
group on the analysis and assessment of trials results. 

Candidates should have an honours degree or equivalent quali-
fication. For post (a) and (b) they should have had experience of 
modern radar or similar equipment and of supervising the work 
of a small number of experimental staff. For post (c), experience 
or interest in statistics or the interpretation of experimental results 
is desirable, together with ability to write clear concise reports and 
supervise the work of a small number of assistants. 

The successful applicants will commence employment in this 
country on the work they will ultimately be doing in Australia, 
and will be transferred to that country in due course. 

Details of conditions of employment, housing, passages to 
Australia, etc.. will be given to candidates who are selected for 
interview. 

Reply quoting reference KTH1AUST, to the Staff Manager. 
G.E.C., Stanmore Laboratories, The Grove, Stanmore Common. 
Stanmore, Middlesex, stating age. qualifications and experience. 
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MuHard Ferroxcube 
being extruded into 
rods for H.F. cores. 

MAGNETIC MATERIALS Extensive 
research and manufacturing facilities have established 

Mullard as the leading producers of magnetic materials. 
They were the first, for example, to introduce Ferroxcube, the 

world's most efficient magnetic ferrite; Ticonal' anisotropic 
permanent magnets, renowned for their high stability and high 
energy output; and Ferroxdure, an entirely new type of 
permanent magnet with the insulating properties of a ceramic. 
The wealth of experience gained from these developments is 

available to all users of magnetic materials through the Mullard 
advisory service. An enquiry to the address below will put a 
team of specialised engineers at your disposal. 

' TICONAL' PERMANENT MAGNETS • FERROXDURE PERMANENT MAGNETS 

FERROXCUBE MAGNETIC CORE MATERIAL 

NULLARD LTD., COMPONLNT DIVISION, (.E.N1 t, kit DOUSE, SIP.] I LSDLIti .VENE, LONDON, W.C.2. 
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The General Electric Co.. Ltd.. Research Laboratories, Wembley, 
Middlesex, have vacancies for graduate engineers and physicists for 
electronic research and development work in the microwave field. 
Openings are concerned with (a) receivers. (b) aerials, (c) the 
development of specialised test equipment for airborne radar. An 
original approach is necessary and a knowledge of microwave 
techniques or circuit design is essential. Appointments will be at 
Stanmore (Middx.). Apply to the Staff Manager (Ref. GBLC 'S, 909): 
stating age, qualifications and experience. 

Graduate physicists and engineers are required at the G.E.0 
Stanmore Laboratories for work concerned with (a) electronic 
circuitry. (b) electronic simulators, (c) magnetic amplifiers or small 
power electric motors, and (d) I.F. receivers. Experience in one of 
these fields will be an advantage. Apply to the Staff Manager 
(Ref. GBLC/S/910), Research Laboratories of The General Electric 
Co., Ltd.. Wembley. Middlesex. stating age, qualifications and 
experience. 

Electrical and Mechanical Engineers with an interest in servo-

systems and small mechanical devices are required by the Research 

I aboratories of The General Electric Co., Ltd.. Wembley, Middlesex. 

for work at Stanmore. University degree or H.N.C. is essential. 

plus some experience in the development of small mechanisms. 

Write to the Staff Manager (Ref. GBLCIS/911) stating age and 

record. 

Electrical engineer or physicist with higher national certificate 

or equivalent is required for the design of small quantities of special 

transformers for experimental apparatus. This appointment is at 

Stanmore. Apply to the Staff Manager (Ref. GBLC/S/912). 

Research Laboratories of The General Electric Co.. Ltd., Wembley. 

Middlesex, stating age qualifications and experience. 

Development Engineer or Physicist is required for work concerned 
with transistor and cold cathode valve circuitry. Degree or H.N.C. 
in electrical engineering or physics with electronics or telecom-
munications is essential. Previous experience would be useful. 
Appointment is at Stanmore. Apply to the Staff Manager (Ref. 
GBLC/S/913), Research Laboratories of The General Electric 
Co.. Ltd., Wembley. Middlesex, stating age, qualifications and 
experience. 

Senior Electronic Development Engineer required to take charge 
of Engineering associated with Guided Weapons and like projects. 

Electronic Development Engineers also required for the same 
projects. 

Reply stating age, qualifications and experience to Staff Manager 
(Ref. R.G.). G.E.C.. Stanmore Laboratories. The Grove, Stanmore 
Common. Middlesex. 

Field Trials—The General Electric Co., Ltd., require Engineers 
at the Stanmore Laboratories concerned with (a) the assessment 
of field trials of electronic equipment and (b) the organisation ot 

and participation in these trials (for this vacancy, some travelling 
is involved). Experience in similar work would be an advantage. 
Write to the Staff Manager (Ref. GBLC/S/936), G.E.C. Research 
Laboratories, Wembley, Middlesex, stating age and record. 

Senior Mechanical Design Draughtsmen required with experience 

of electronic layouts for work on Guided Weapons and like projects. 

Reply stating age, qualifications and experience to Staff Manager 

(Ref. R.G.), G.E.C.. Stanmore Laboratories, The Grove. Stanmore 

Common, Stanmore, Middlesex. 

Belling & Lee. Ltd.. Cambridge Arterial Road, Enfield, Middlesex. 

have vacancies for electronic designs engineers in the sales depart-

ment: duties are liaison with Government and industrial laboratories. 
and radio and television designs engineers: ownership of car 

essential: compulsory contributory pension scheme. Remuneration 
is salary, commission and expenses. 

Applications to state (in confidence) qualifications and experien,. 

EXPERIENCED RADIO TESTERS AND INSPECTORS 

Required for production of communication and radio apparatus. 

Also instrument makers, wirers and assemblers for factory test 

apparatus. Apply Personnel Manager, E. K. Cole. Ltd., Ekco 

Works, Malmesbury. Wilts. 

The English Electric Co., Ltd., Luton, invites application, for permamut 
lost., in a laboratory engaged in development work involving Radar techniques. 
vsnior and junior positions are available to candidate» poseeesing euitable 
qualifications and a knowledge of one or more of the following: (1) Centirnetric 
•ystems and measurements: (2) Radar or television retwiver practice: (3) 
Mechanical layout and design work, in connection with the above. Salaries 
o-cording to qualifications and experience from £450 upwards. The labomtoriee 
renew and pleasantly situated. The Company also encourages further study 
ri the case of Juniors. Please reply, quoting ref. 8150, to Central Personnel 
,..rvice((, English Electric Co., Ltd., 336 Strand. London, W.C.2. 

The English Electric Valve Co.. Ltd.. Chelmsford. Essex. has 
several attractive vacancies, junior and senior, for Physics and 
Engineering Graduates to undertake research and development 
work on vacuum tubes. Applications from graduates who have 
recently qualified as well as those with industrial and research 
experience will be considered. Please write, giving full details and 
quoting ref. 4I9F to Central Personnel Services, English Electric 
Co., Ltd., 336 Strand, W.C.2. 

Belling & Lee, Ltd.. Cambridge Arterial Road. Enfield, Middlesex. 
require research assistants in connection with work on electronic 
components, fuses, interference suppressors and television aerials. 
Applicants must be graduates of the I.E.E. or possess equivalent 
qualifications -together with similar laboratory experience. Salary 
will be commensurate with previous experience: five-day week, 
contributory pension scheme. Applications must be detailed and 
concise, and will be treated as confidential. 

Senior Physicist or Engineer with wide experience in radio communications 
and radar, is required to direct a research team in these fields. Familiarity with 
eentimetric measuring technlquee, circuitry, aerials and propagation is essential 
together with a real knowledge of the fundamental aspects of such work. This 
is an appointment at Stanmore (Middx) for a first-class research man and carries 
an attractive galaxy commensurate with experience and excellent prospecte. 
Applications should be sent to the Staff Manager (Ref. OBLCIS/9141, The 
Research Laboratories of The General Electric Co., Ltd., Wembley, Middlesex, 
and should give full details of aae, qualifications and experienne. 

BRIGHTON EDUCATION COMMITTEE 
Brighton Technical College 

Principal: G. E. Watts, M.A., Ph.D.(('antal..), B.Sc.(Lond.), FRIC. 
Lecturer in Electrical Engineering required. Salary scale x 25 — 41,040 

(men), t152 x 20 — 1832 (women). Applicants must be suitably qualified and 
experienced to teach Electrical Measurements to Final Degree level and able to 
offer Electrical Technology and Telecommunications at least to Higher National 
Diploma standard. Further particulars and forme of application from the 
undersigned on receipt of a stamped tuldres.e 1 envelope. 
54 Our &sum, W. G. STONE, 

Hatœrron. Education Officer. 
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The 'AVO' ELECTRONIC TESTMETER 
THIS instrument has been developed to meet the growing demand 

for an instrument of laboratory sensitivity built in a robust and portable form, 
for use in conjunction with electronic and other apparatus where it is imperative 
that the instrument should present a negligible loading factor upon the circuit 

under test. 

The instrument consists basically of a balanced bridge voltmeter. It incor-
porates many unique features and a wide set of ranges so that in operation it 

is as simple to use as a normal multi-range testmeter. 

The instrument gives 56 ranges of readings. 
D.C. Volts: SmV. to 250V. (Input Resistance 11M n). 

25mV. to 10.000V. (Input Resistance 110M t». 

D.C. C • 0 5gA. to 1 amp. (250mV. drop on all ranges). 
A.C. Volts: 0.1V. to 2,500V. R.M.S. up to 2 Mc/s. With diode probe 

external 0.1V. to 250V. R.M.S. Useful measurements can be 
made up to 200 Mc/s., the applied voltage being limited to 
100V. above 50 Mc/s. 

A.C. Output Power: 5mW. to 5 watts in 6 different load resistances from 
5 to 5,000 ohms. 

Decibels: —10db. to + 20 db. Zero level 50mW. 

Capacitance: .0001µF. to 50p.F. 
Resistance: 0.2 ohm. to 10M a 
Insulation: 0.1M O to 1,000 MO. 

The thermionic circuit gives delicate 
galvanometer sensitivity to a robust 
moving coil movement which it is almost 
impossible to damage by overload. The 
instrument is quickly set up for any of the 

various tests to be undertaken, a single 
range selector switch automatically re-
moving from the circuit any voltages and 
controls which are not required for the 
test in question. 

Sole Proprietors and Manufacturers: 

Size: 12f x 9" x 5+" 
Weight: 124-lbs. 

Operates on 100-130V. and 200-2601 
A.C. mains supply, 50-60 c/s. 

Fully descriptive pamphlet 
avail -11,1e on application. 

  eze AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO:ITD. 
IND E R HOUSE • DOUGLAS STREET • LON DON • S.VV. I Telephone: VICTORIA 3404/9) 

CONTROL 
Sampling is a regular test procedure. Accelerated and accentuated 

routines have been developed over many years of specialization. In the 
manufacture of resistors, relatively high processing and working temperatures 
introduce distinct problems of a unique character, to control which, special 
test and control equipment is used. Humidity, pressure and spray 
chambers: life-test panels for continuous, pulsed and overload power runs: 
laboratory resistance bridges: surface-temperature pyrometers—all devised 
and employed to ensure maximum reliability and 
stability and is evidence of our insistence upon 
too°,,', efficiency throughout daily production. 

Resistors 

Depending upon the duty of a resistor, special 
protective coatings are available: 

VITREOUS CEMENT • SILICONE • LACQUER 
Full information on the application of ERG Wire 

Wound Resistors is to be obtained from our London 
Sales Office: so Portman Square, London, W.I. 
(Welbeck 8114.) 

ERG INDUSTRIAL CORPORATION LTD - 
Type Approved for all Service Departments 

MATTHEW STREET • DUNSTABLE 

m 

BEDS 
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ALL-POWER 

REGULATED POWER SUPPLIES 

Semi-standard designs are available 

covering output voltages from 0.1 to 

2,000 volts and output currents from 

I mA to 10 amps. 

Special units can be made to any specifica-

tion, and although the demand for our 

products is continually increasing we can 

still offer reasonably prompt delivery 

ALL-POWER TRANSFORMERS LTD. 
CHERTSEY ROAD, BYFLEET, SURREY. 

Tel : Byfleet 3224,5. 

41, 

THE LATEST in 

AIR DIELECTRIC TRIMMERS 

Encased in acetate con-
tainer for extra protection 
Width 16.5 m/m. Length: 20 m/m. 
Height: 1.5 to 8pF-7.5 In/m. 1.5 to 
20pF-10m/m. Sto 26pF-11 mim. 
2 to 32pF-12 m/m. Law, Btralght 
line rapacity. Power Factor: Leas 
than .001. Insulation: Over 2,000 
megohrna. Voltage: 500 D.C. Tt/Pa 

approved 
Cal. A. 
So. 464 

DEVELOPMENTS CO LTD. 
ULVERSTON NORTH LANCS TEL.: ULVERSTON 3306 
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WEBB'S Radio 
for INDUSTRIAL ELECTRONIC SUPPLIES 

'PHONE GERrord 2089 for our 
"SANIE DAY" SERVICE 

appreciated for 25 years by: 

GOVERNMENT DEPARTMENTS 

COMMERCIAL LABORATORIES 

RESEARCH ESTABLISHMENTS 

HOSPITALS, etc. 

Unrivalled stocks of components and complete apparatus 

WEBB'S RADIO 
14 Soho Street, London, W.I. Gerrard 2089. 
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Quest and Test—symbols of 

Condenser Perfection 

The task of the laboratory worker is often 
dull: only occasionally do the results of some 

original work assume proportions sufficient to 

glorify his monotonous routine. 

We test all raw materials before approving 

them for use, and test to destruction all new 

types developed by the designs department. 

These are everyday tasks, but our chemists 

also carry out research on new materials which 

may result in the adoption of an entirely new 

manufacturing technique. 

Research can never reach finality: it must 

keep abreast — and indeed ahead — of changing 

conditions and fresh applications. 

SPECIALISTS IN CONDENSERS SINCE 1906 
THE TELEGRAPH CONDENSER CO LTD RADIO D/V'SION LONDON • W.3 • Tel: ACORN 0061 (9- lines) 
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Mica capacitors designed and built to 
handle R.F. power are available in a variety 
of housings and sizes. The range includes 
open clamp construction and stacked mica 
types in porcelain or metal tank containers. 

The standard range 
types covers four sizes of 
containers and is extended 
non-ferrous tanks. 

of metal tank 
cast aluminium 
with steel and 

A greatly improved Mark 51 version 
of the HUNT-INGRAM (Mycalex product) type 
of R.F. Capacitor is now available. Full 
details on request. 

The very special, nature of these types, 
however, means that to provide for efficiency 
and economy in use. specific designs must 
often be prepared to mect individual needs. 
Hunts specialise in such ork- and enquiries 
from designers are most welcome. 

REGISTERED TRADE MARK 

rirqiThíP 

CAPACITORS 
THE TRADE MARK OF RELIABILITY 

ESTABLISHED 1901 

orEN CL.I MP CO.V.,T II LTC T ION 

T PES L7-I .i.vb L75 

Alternative to oil filled tanks 

for handling considerable R.F. 

Pou•er in limited space. 

POUCEL.IIN T pe L76 
Range, includes ratings up to 

10 kl and D.C. Voltages 

up to k I peak 

MEt.11, TASK r rrE L73—oil 

filled—for application where 

the R.F. conditions exceed 

10 k VA. 

Crt 

A. H. HUNT (Capacitors) LTD. WANDSWORTH, LONDON, S.W.I8 BATtersea 3131 

el. 


