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For M M. Services 
There is a great interesf_ in equipment for training operators, particularly for Service 

requirements.  Although supplies are limited, Webb's are making every endeavour 

to reserve supplies for members of the Forces, Schools, etc.  Below are details of some 

of the lines which can be:delivered speedily but numerous other lines are generally 

available. 

MORSE KEYS 
Model A. A bar type key of the popular " Post Office " type specially designed for 
initial training.  Finish, nickel-plate on wood base with heavy terminals at 8/-. 
Model B. Heavy-duty bar type key as illustrated.  Lacquered brass, heavy contacts 
on polished wood base at 10/6. 
Model C. Post Office type bar key with micrometer adjustments capable of with-
standing hard work at 17/6. 
McElroy Semi-automatic " Bug " key Standard heavy-duty model at 43/, 

McELROY AUTOMATIC TRANSMITTER 
This is a machine consisting of photocell, 
the ray to which is broken by printed 

tape. The output from the 
cell is amplified and trig-
gers a sensitive relay, 
making the instrument 
capable of keying at any 
speed from 5 to 50 words 
per minute. It should be 
used in conjunction with 
an audio oscillator as 
Illustrated. Price of Mac 
Auto complete with one 
tape (approximately 2,000 
words), £9 4s.  Tape 
Puller for feeding the 
above, £3 17s. 6d. 

HEADPHONES 
Webb's have available a special lightweight headphone manufactured for training 
S. G. Brown solely for Webb's at 17/6 a pair. All other popular 

"  57/6. 
headphones are available from stock including the FAMOU 
BRO WN'S  A "'ADJUSTABLE REED at  S 

se° o•• 
w1DE IINFORktiri 

k4° WEBB'S RADIO 919 

AUDIO OSCILLATOR 
Audio Oscillator suitable for 
feeding one to two pairs of 
headphones complete with line 
cord for 230-volt A.C. mains 
giving 1,000 cycle note, com-
plete with valves, 45/, 

H E A V Y- D U T Y 
" SCH 0 OLS "  MODEL 
AUDIO  OSCILLATOR, 
giving outputs to feed 20 
or 50 pairs of telephones 
or  alternatively  several 
loudspeakers, is notv avail-
able at C/ 10s. Od. 

4 

e 

purposes by 

14, SOHO ST., OXFORD ST., LONDON, W.I. 
OPEN 9.0 a.m. TO 6.0 p.m. SATS. 1 O'CLOCK 

TELEPHONE: GERRARD 2089 
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COIL 

WINDING 

FOR EFFICIENT PERFORMANCE 

USE PRECISION WOUND COILS 

PRODUCED BY SPECIALISTS 

IGRANIC ELECTRIC CO. LTD. have 
specialised In coil winding for over 25 

years and are able to undertake coil 
winding contracts for Manufacturers in 

large or small quantities at competitive 

prices. 

All coils can be impregnated to suit 

customers' requirements.  Our coil 
winding shop and impregnating plant 
being one of the finest in the country. 

We can undertake Immediately the 
manufacture of 

TRANSFORMERS 
Mains, Low Frequency, Output, 

R.F's and I.F's. 

TUNING COILS 
CHOKES, Etc. Etc. 

May we quote you to your requirements ; 

76-uCnViclortaSt  

JSJYY" 

WORKS RIDE 

New and Improved 
TAYLOR 

VALVE TESTERS 
The Taylor range of Valve Testers, all of proved 
performance, now incorporate a circuit which enables 
accurate measurements of mutual conductance to be 
made on at least 99% of British and American 
receiving valves. 
By means of the illustrated directions provided with 
every instrument, it is also possible for the user to 
work out the correct switch setting for any new 
type of receiving valve which may be produced. 

TAYLOR MODEL 47 
What it will do! 

ACCURATELY MEASURE the Mutual Conductance of 
practically every type of British, American and Continental 
radio receiving valve. 
TEST EVERY VALVE under correct working conditions. 
17 VALVEH OLDERS of different types are incorporated 
for testing Midget Deaf-Aid, Mullard side contact, American 
Octal, Locktal and Bantam bases in addition to all standard types 
of valves. 
MULTI-ELECTRODE  VALVES.  Each  section  can  be 
tested Independently. 
TEST  CATH ODE  LEAKAGE.  Calibrated  scale  shows 
leakages as high as 10 mesiohms. 
TEST FILAMENT CONTINUITY AND SH ORTS.  All 
are indicated by a lamp mounted on the panel. 
MEASURE:  D.C. VOLTS, CURRENT AND RESISTANCE. 
The Taylor 441n. square type moving coil meter is calibrated 
for these measurements. 
Volts : (7 ranges) 0-0.1 CO 0-1,000 volts. 
Amps.: (5 ranges) 0-0.5 m.a. to 0-2.5 amps. 
Resistances s (4 ranges) 5 ohms to 10 megohms. 

Supplied complete with book of instructions. Valve Manual for 
over 1,500 different types.  Grid connecting lead and pair of test 

leads with prods. 

Operates on A.C. 200/250 v., 40/100 cycles. 

£16 16 
(no purchase tax payable) 

A fully descriptive technical Brochure of this instrument 
available on request. 

PORTABLE MODEL, with tool locker, £17-11-6 
BRITISH MADE.  GUARANTEED SIX MONTHS. 

TAYLOR 
ELECTRICAL INSTRUMENTS Ltd. 
419-422, Montrose Av., SLOUGH, Bucks. 

Telephone: SLOUGH 21381 
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HAVE YOU HAD, 
YOUR COPY : 

Here is a new technical pamphlet dealing with the 

latest development in metal rectifier  technique— 

" Westalite " Rectifiers—introduced by Westinghouse, 

of course ! No electrical engineer can afford to be 

without this treatise, as it contains details of several 

applications not covered by metal rectifiers previously. 

The " Westalite " rectifier does not supersede the copper-oxide 

rectifier, but extends the range of applications.  It is being 

used extensively on work of national importance and is not at 

present generally available for civil requirements ; but it is 

expected that its introduction to these fields will not be long 

delayed. 

Write for your copy to Dept. Ec. 

WESTINGHOUSE BRAKE & SIGNAL Co. Ltd., 

Pew Hill House, Chippenham, Wilts. 

TINGHOUSE de/ 
Represented in INDIA by Saxby lb Farmer (India) 

Ltd., Calcutta. 
Represented in AUSTRALIA by McKenzie & Holland 

(Australia) Pty. Ltd., Melbourne. 

*ne 
eeeeee 

CERAMIC MANUFACTUR ERS OF:--- 

TRIMMER  CONDENSERS  CERAMIC COIL FORMERS 
CERAMIC INSULATING PARTS  

Write for  brochure  and full  details. 

CONTRACTOORNS   TO G.P.O. &GOVERNME 

A./.b  NT  DEPARTMENTS  
. APPROVED LIST 

UNITED INSULATOR C? LTD 
12 -16,  LAYSTALL  ST  LONDON,  E.C.1. 
Telephone TERMINUS 4118-9  Telegrams. CALANEL SMITH LONDON 
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Monthly (published last day of preced-
ing month) 1/6 net. Subscription Rates: 
Post Paid to any part of the World-
3 months, 5/- ; 6 months, I 0/- ; 12 
months, 20/..  Registered for Trans-
mission by Canadian Magazine Post. 

Electronic 
Engineering 

INCORPORATING ELECTRONICS, TELEVISION AND SNORT WAVE WORLD 

TELEPHONE: 

CENTRAL 7400 

PROPRIETORS : 

HULTON PRESS LTD., 
Editor: G. PARR. 

TELEGRAMS: 

HULTONPRES LUD, 

LONDON. 

EDITORIAL, ADVERTISING AND PUBLISHING  OFFICES, 43-44, SHOE LANE, LONDON, E.C.4 
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TYPE CP20 

Prices: Plus 20% War Increase 

AC and 12-volt CHASSIS with valves, etc. £12 12 0 
AC only CHASSIS with valves, etc. ..  £8 18 6 

Gauze Case for either chassis 12/6 extra. 
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THIS small Portable Amplifier operating either 
from AC mains or 12-volt battery, was tested 
by " THE WIRELESS WORLD," October 1st, ' 

1937, and has proved so popular that at Customers' 
demand it remains unaltered except that the output 
has been increased to 17.2 watts and the battery 
consumption lowered to 6 amperes.  Read what 
" The Wireless World " said ,— 

" During tests an output of 14.7 watts was obtained 
without any trace of distortion so that the rating of 
15 watts is quite justified.  The measured response 
shows an upper limit of 18,000 c/s and a lower 
of 30 c/s.  Its performance is exceptionally good. 
Another outstanding feature is its exceptionally 
low hum level when AC operated even without 
an earth connection.  In order to.obtain the maximum 
undistorted output, an input to the microphone jack 
of 0.037 volt was required.  The two independent 
volume controls enable one to adjust the gain of 
the amplifier for the same power output from both 
sources, as well as superimpose one on the other, 
or fade out one and bring the other up to full 
volume.  The secondary of the output transformer 
is tapped for loud speakers or line impedances 
of 4, 7.5 and 15 ohms." 

VORTEXION LTD. 
257, The Broadway, Wi mbledon, S.W.19 

'Phone: Lifterty 2814 



292  Electronic Engineering  July, 1941 

TONE UP YOUR SET WITH MAZDA 

h 
MOST FAKOUS 
SET M el " 

2 7it 

PIAZI1 4 
RADIO 

VALVES 

Mazda Radio Valves are manufactured in 61. Britain for the British Thomson-Houston (o. Ltd., London & Rugby and distributed by 

THE EDISON SWAN ELECTRIC CO. LTD. AEI  155 CHARING CROSS RD., LONDON, W.(.2 

For full particulars write-Ito Technical Service Department 
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A
SHORT time ago the " best 
kept secret of the war " was 
revealed in the columns of 

the daily press, and the general pubLc 
became aware for the first time that 
something more than acute hearing 
was employed to detect the approach 
of aircraft. 

Unfortunately, a tendency to make 
the most of the news item in certain 
quarters produced such vivid head-
lines that the public were almost 
convinced that secret details had 
really been given away. 

They need have no anxiety, as any 
radio engineer can inform them. 
The principles on which radiolocation 
works are well known and a number 
of references to them have appeared 
in the technical papers from 1935 
onwards. 

The credit for the initial experi-
ments in detection by radio has been 
rightly given to Mr. Watson Watt, 
whose name is familiar to all workers 
in electronics. He would be the first 
ta pass on a generous share of the 
credit to his colleagues of the old 
days and to the many " back-room " 
engineers and scientists who have 
later collaborated so successfully in 
its development. 

The release of this information 
does, however, serve the purpose of 
directing attention to the urgent need 
of skilled radio workers in National 
Service. 
It is one of the drawbacks of 

complex apparatus (and the modern 
radio receiver might also come into 
this category) that a correspondingly 
high level of intelligence is required 
to maintain it and obtain consistent 
results. 

The R.M.A. and other responsible 
bodies in the radio world have for 
years been advocating a definite 
standard of competence for the service 
engineer and those who have taken 
their advice are now in a position to 
render a service to the country. It is 
not too late for the younger radio 
enthusiasts or amateurs to help in 
the work and train as operators or 
repair mechanics, as the Air Ministry 
announcement on another page shows. 

Contributions 
Original contributions to this journal 

are invited and will receive prompt 
consideration.. 
News items should reach the offices 

not later than the i5th day of the month 
for inclusion in the succeeding issue. 
Manufacturers are invited to submit 

apparatus and components for review, 
which will be returned as soon as 
possible. 
Drawings accompanying MS. need 

not be finished.  Curves should be 
pencilled. 
The recommendations of the British 

Standards Institution for symbols and 
graphical symbols should be followed 
as far as possible. Particulars of these 
can be obtained from the Institution at 
28 Victoria Street, S.W.i. 

One thing is certain: the training 
and experience which so many radio 
men are obtaining through the war 
will have the greatest benefit in 
improving the status of the industry 
afterwards, provided that the later 
arrivals do not assume that a year or 
two's work on Service apparatus will 
entitle them to a well-paid service job 
in peace time. 

The radio student cannot reasonably 
expect to receive a thorough training 
in electrical and radio engineering at 
the country's expense, and will have 
to supplement the scope of the 
training by extra study and reading. 

After the last war there was no 
radio industry, ând the problem of 
re-absorbing hundreds of skilled and 
semi-skilled workers did not arise. 
This time, radio, as an established 
industry, will share the difficulties 
of post-war reconstruction with the 
other engineering industries and only 
those who are thoroughly trained will 
be able to hold their own in the 
competition which is bound to occur. 

It would be well if those responsible 
for the training of radio operators to 
work these new devices pointed this 
out in order to remove any false 
impression that students may have 
that they are being turned into fully-
fledged radio engineers in a few 
months, and to anticipate their dis-
appointment when they are not 
accepted later as fully qualified pro-
fessional men. 
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The  Eddystone' 358 
A New Communications Receiver 

THE 358 Receiver is specially de-
signed for reception of telegraphy 
and telephony signals.  It haS a 

tuning range of 31,000 kc/sec. to 1,250 
kcisec. by the use of interchangeable 
plug-in coil units.  (Additional units 
will shortly be available to extend the 
range to too kcisec,)  . 
The Receiver operates from an input 

of 6 volts 1.4 amperes, and 175/180 volts 
65 milliamperes high tension which is 
supplied by a separate power unit when 
operating the set from A.C. Mains. 

The aerial input is arranged for a 
doublet or single wire aerial system. 
The output circuit incorporates twin 
jacks for the use of either high or 120 
ohm low-impedance type telephones. To 
simplify maintenance, a meter and test 
switch is fitted by which the emission of 
each valve can be checked while in 
position.  The meter when switched in 
position " V x " will act as a resonant 
dip tuning indicator. 

Selectivity. — Adjacent  channel: 
(two kilocycles at 2.5 dB. down). (Five 
kilocycles at 35 dB. down). 

Sensitivity. —Approximately 3 micro-
volts above 1,5o0 kilocycles.  8 micro-
volts for lower frequencies. 30 per cent. 
modulation for 5o milliwatts output on 
all ranges. 

Audio Output.-1.5 watts. 
Intermediate Frequency.-450 kilo-

cycles. 

Dial  Calibration.—Ranges  B.C.D. 
and E are directly calibrated.  Graphs 
are supplied for other ranges calibrated 
against o-ioo degree scale.  The fre-
quency ranges of the coil units are as 
follows :— 

Range B 
C 
D 
E 

9,000- 22,000 kilocycles. 
4,500 - 9,000 

2,100 - 4,500 

1,250 - 2,100 

Additional ranges are as follows :— 
Range A 

G 
H 

)) 

)) 

7) 

22,000 -3 I ,000 kilocycles. 
600-- 1,250  lf 

3oo—  600 
150—  300 
9o—  150 )3 

Cabinet. —Steel, finished in an at-
tractive durable grey crackle, provided 
with spring loaded lid, and substantial 
carrying handles. All brass fittings are 
chromium plated. Dimensions.-2o¡ in. 
by 12 in. by I3¡ in. deep. The panel is 
of steel measuring 19 in. by io¡ in. by 
" (Standard rack mounting size). 

Weight of receiver: 50-¡ lb. 

Power Unit. 
A separate power unit is provided, 

built on a cadmium plated steel chassis 
with steel cover. The finish is grey to 
match the receiver and the case weighs 
16 lb.  Dimensions: 64 in. by 9 in. by 

View of chassis with principal controls and units. 

4i in. deep.  The unit will operate on 
A.C. mains of 2c30-250 V. 4o-6o c.p.s. and 
f.upplies 6 v. 1.4 a. A.C. and 175-18o v. 
65 mA.  The smoothing is effective to 
allow reception of weak stations on 
headphones without hum interference. 

Loudspeaker. 
A separate loudspeaker is supplied in 

a grey cabinet.  This contains a 7 in. 
zone unit with dust-proof protection, 
fitted with a, dual ratio transformer of 
600 ohms (for extension use) and 7,000 
ohms for matching the receiver.  The 
handling capacity of the speaker is 3-5 
watts and special attention has been 
given to the middle register response to 
ensure clear speech. 

Dimensions: 9 in. by 9 in. by d in. 
deep. Weight, 8¡ lb. 

Operating Data. 
The receiver is fitted with flywheel 

drive tuning control having a ratio ot 
approximately 70:1.  Delayed A.G.C. 
working on three stages can be cut in 
or out at will.  The beat frequency 
oscillator is variable in frequency and 
can also be cut off by means of a switch 
on the front panel.  The stages are: 
R.F., F.C., two I.F., Det. and L.F., 

Output, B.F.O., employing either octal 
base Marconi-Osram or Mullard 6.3 volt 
valves. 

Image Ratio: 
At 20 Megacycles 

12 

9 
4.5 
3 
2 

I.2 

33/ 1 
loo/1 
210/1 

400/1 

500 /1 
1)500 /1 
8,000/ 
to,000/ 

Operation. 
Two output impedances are provided 

on the receiver. Telephones or speaker 
may be used in either jack, provided 
their resistances are reasonably close to 
the values engraved on the plate. 

It should be noted that the output 
jacks of the receiver are engraved 120 
ohms and 2,000  ohms. These values 
actually refer to the D.C. resistance of 
the  telephones  likely  to  be  used 
under the operating conditions.  The 
actual impedance of these two output 
jacks are 600 ohms and 6,000 ohms for 
the 120 ohms and 2,000 ohms positions 
respectively. As a matter of interest the 
impedance of 120 ohms and 2,000 ohms 
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Eddystone Receiver Type 358 
Component Values 

R23 

R 24 
c.  4 vs. 

R.f 
R.2 
R.3 
R.4 
R.5 
R.6 
R.7 
R.8 
R.9 
Rao 
R. z x 
R.12 
R.I3 
R.14 
R.15 
R.I6 
R.r7 

1 megohm 
30,000 ohms 
20,000 Ohms 
20,000 ohms 
30,000 ohms 
300 ohms 
250 ohms 
30,000 ohms 
30,000 ohms 
In Coil Unit 
.1 megohm 
6 ohms 
L000 ohms 
6 ohms 
1,000 ohms 
6 ohms 
Loo() ohms 

C.x 
C.2 
C.3 

C.4 
C.5 
C.6 

C.7 
C.8 
C.9 
C.Io 
C.11 
C.12 
C.13 
C.14 
C.15 

In Coil Unit. 

3 Gang 127/.5 mmfd. per 
section. 

In Coil Unit. 
Ioo pf. 
.r mfd. 
.1 mfd. 
.r mfd. 
.z mfd. 
500 pf. 
75 pf. 
75 pf. 

R.20 
R.2 I 
R.22 
R.23 
R.24 
R.25 
R.26 
R.27 
R.28 
R.29 
R.3o 
R.31 
R.32 
R.33 
R.34 
R.35 
R.36 

5,000 Obills 
. r megohm 
.1 megohm 
5,000 Ohms 
.1 megohm 
z megohm 
x,000 ohms 
1 megohm 
xo,000 ohms 
500 ohms 
50,000 ohms 
In Coil Unit 
.5 megohms 
.5 megehms pot. 
Loo° ohms 
.5 megohms 
.25 megohms 

C.I8 
C.19 
C.20 
C.2I 
C.22 

C.231 
C.24 
C.25 
C.26 
C.27 
C.28 

C.29 
C.3o 
C.31 
C.32 

.1 mfd. 

.1 mfd. 

.0I mfd. 

.1 mfd. 

.oi Mfd. 

5 o tumid. var.+5oo pf. 

.i mfd. 

.1 nifd. 

.I mfd. 
loo pf. 

R.39  200 Ohms  C.35 
R.4o 50,000 ohms var. C.36 
R.4I I0,000 Ohms  C.37 
R.42  50,000 ohms  C.38 
R.43  20,000 OhMS C.39 
R.44  •I megohm ,C. 4° 

..., .4z 
C.42 

C.45  .1 mfd. C.52 
C.46  .5 mfd. C.53 
C.47  .01 mfd. C.54 
C.48 .002 mfd. C-55 
C.49 Io mfd. Elect.  C.56 
C.5o  om mfd. C.57 
C.51  .01 mfd. C.58 

C.59 

IO mfd. Elect. 
.oi mid. 
LOO pf. 
300 pf. 

In Coil Unit. 

3 pf. 
75 Pf• 
15-45 PL 
7 pf. 
Ioo pf. 
.01 rcifd. 
.x mfd. 
4 mfd. 350 V. wkg. elect. 

. 
R.I8 6 ohms C.16  .x mfd. R.37 1 megohm C.33 zoo pf. 
R.19 .33 ohms C.r7 .01 mfd. R.38 .5 megohms C.34 .oi mfd. For values of Cl, C7, C39, etc., RIO & R3I, (seetext) 

Su
p
aa
ui
2u
3
 
Diu
o.
ma
i
3 

si) 
VT 
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telephones at 400 cycles approximates 
to 600 ohms and 6,000 ohms respectively. 
If twin wire feeder from the aerial is 

used, this is connected one wire to each 
aerial terminal (marked " Ai " and 
" A2 ") the earth being joined to the 
terminal adjacent to these.  If a single 
wire aerial is used the aerial terminal 
" A2 " is joined to the earth terminal 
together with the earth wire. 
The functions of the controls on the 

panel are indicated by engraving on the 

The moving-coil meter provides an 
indication of valve emission and also 
operates as a tuning indicator of the 
resonant dip type when the associated 
switch is in position " Vi."  Valve 
emission is shown by switching the 
meter into each H.T. feed line by 
means of the eight position switch 
located below the meter.  It should be 
noted that "V2 " has two positions 
since the particular valve, the mixer, 
has two separate anodes.  The meter 
scale is arbitrary and is only intended 
as a guide to the emission of each valve. 
Readings obtained on the test bench at 
the factory are supplied with the re-
ceiver and any wide variation from 
these readings should be regarded with 
suspicion, the appropriate valve or 
valves being replaced if performance is 
.affected.  When checking valves for 
emission the H.F. gain control must be 
at the maximum position, the A.G.C. 
switch  " on " and  the  aerial  dis-
connected.  The B.F.O. V6 will only 
register when the B.F.O. switch is 
" on "; this switch should be " off " 
when checking any other valves. 
In the case of weak signals, or when 

rapidly spaiching for signals it will be 
found easier to locate these by having 
the B.F.O. switched " on " and tuning 
to the silent point of the beat note 
caused by the heterodyne, switching the 
B.F.O. off when so tuned, to get clear 
reception of the modulated carrier. 
The calibrations on the tuning scale 

are marked in kcis. and the particular 
coil to which they refer is indicated at 
each end of the calibrations.  Ranges 
B.C.D.  & E.  only are  calibrated 
directly, and any extra ranges to these 
are separately calibrated on graphs sup-
plied with the receiver, their readifigs 
being referred to the o to roo degree 
inner engraving on the scale. 
Ranges covered by the coil units, 

valve positions, and other technical in-
formation will be found in the service 
instructions issued with each receiver. 

Service Notes. 
The full circuit diagram of the re-

ceiver is shown in Fig. 2 together with 
a list of the component values. The 
following service notes are not intended 
to be comprehensive and the instruction 
book  issued  by the  manufacturers 
should be referred to if the receiver is 
to be overhauled. 

I.F. AmAlifier Alignment. 
The following apparatus will be re-

quired for the successful alignment of 

the  I.F.  amplifier  stages  of  this 
receiver :— 

Signal generator with calibrated 
attenuator to generate at 450 kc/s. 
(modulated 30 per cent.). 
Output meter (power) giving loads 

of 600 ohms and/or 6,000 ohms. 
For  aligning  the  I. F.  ampl ifier 

stages, the lead from the generator 
should be direct, i.e., no durirmy aerial 
in circuit, and must show continuity 
between the high and low potential 
leads. 

If the amplifier is only slightly mis-
aligned, connect the generator leads be-
tween the grid of V2 (after removing 
the cap) and chassis. Set H.F. gain and 
L.F. gain controls to maximum posi-
tion. Switch off the A.G.C. and B.F.O. 

Set the generator to give a suitable 
deflection on the output meter, and ad 
just all six I.F. trimmer, C28, C27, 
C26, C25, C24 and C23, to give maxi-
mum deflection. If no signal is obtained 
in this manner, proceed as follows :— 

Connect the generator leads between 
grid of V4 (after removing clip) and 
chassis, and trim I.F.T.3.  Transfer 
lead to grid of V3 trimming I.F.T.2, 
tbén repeat on V2 as already described. 

A.G.C. and B.F.O. may be checked 
at this point.  Adjust for zero beat by 
means of the trimmer C54 located near 
valveholder of V6. To check A.G.C. 
switch off B.F.O., switch on A.G.C. and 
increase input from the generator to roo 
microvolts, reducing the output of the 
receiver if the output meter is over-
loaded by means of the L.F. gain con-
trol (not H.F. gain). Switch off A.G.C. 
Output meter deflection should now 
show a sharp rise. 

Coil Alignment. 
The plug-in coil units are very care-

fully  adjusted  before  leaving  the 
factory, and the tracking and padding 
condensers set to give the greatest pos-
sible efficiency.  If after consideration, 
it is decided these units required re-ad-
justment,  the  following  procedure 
should he carried out systematically: 
The tracking condensers in Ranges A 

13 and C are of the fixed capacity type, 
whilst those of Ranges DE F G H and 
are variable, adjustments being made 

through the holes in the top of the 
covers by means of a non-metallic trim-
ming tool, which is insulated to avoid 
short circuits from high potential trim-
mers to the chassis. Approximate value 
of tracking condensers are given in the 
list of component values. 

For this procedure a signal generator 
giving output between 12 Mcfs and 
1,2 go kcis.  is required  if Ranges 
AB C 1) and E are used.  If Ranges 
F. G H and I are used, thÉ frequency 
range must be extended to 8 kc/s. 
On Ranges A B C and D use a 

dummy aerial consisting of a non-in-
ductive 400 ohms resistor.  For other 
ranges a standard dummy aerial con-
sisting of a 200 mmfd. condenser, 20 

ohms non-inductive resisto: and a 4o/rH 
inductance in series with the high 
potential lead from tbe generator. (This 
dummy aerial is usually supplied with 
a generator). 

Great care should be taken to avoid 
any overloading of the output meter, as 
may be caused by leaving the H.F. 
gain control full on, and injecting a 
signal from the generator of sufficient 
output to cause the needle to go hard 
over against the stop and possibly be-
come bent. The controls should be ad-
justed so that the signal is enough to 
give deflection on the meter to about 
5o per cent, of the total scale of reading. 

Valve Positions. 

No. 

VI 

V 2 

V3 

V4 

V5 
V6 

V 7 

Function Mullard 
Marconi-
Osram 

Radio Frequency 
Amplifier . . 

Mixer .. 
1st I.F. Ampli-
fier .. 

znd I.F. Ampli-
fier .. 

Detector  . . 
Beat Frequency 
Oscillator . . 

Output  . . 

EF39 
ECH35 

EF39 

EF39 
EBCj3 

EF39 
EL32 

KTW73M 

KTW73M 

KTW73M 
DH73M 

KTW73M 
KT63' 

It should be noted that the Mullard 
EL32 is not a replacement type valve 
for the Marconi-Osram KT63, since it 
utilises a top-grid form of connexion. 
Sets supplied with the Mullard EL32 
are modified accordingly. 

The Mullard ECH35 Mixer valve is 
used in receivers supplied with either 
type of valve, and apart from the ex-
ception mentioned above the valves are 
interchangeable. 

Voltages. 
Referring to circuit diagram, voltages 

are  measured  between  the  points 
indicated by the letters and chassis, 
using a high resistance type meter on 
1,000 volt range. Range B coil unit 
should be in use, and the receiver tuned 
to 22.5 Mc/s with A.G.C. switched off 
and aerial disconnected. 

Mullard 
Valves 

167  volts 
67 
1.5 

155 
75 
50 
1.7 

165 
75 
3.2 

/50 
65 
1.8 
45 
0.9 

167 
155 
167 
6 

Contact 
Point 

Marconi-Osram 
Valves 

A 

D 
E 

G 
H 

N 
O 

165  volts 
70 
1.8 

15o 
70 
50 
1.6 

/6o 
85 
4.4 

140 
70 
2.4 
55 
o.8 

165 
r5o 
r65 
6 

PP 

PP 

A variation of 5 per cent. in H.T. 
supply voltage is permissible. 
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Alternative Models 

Type 358/1 

This received is a modified version of 
the Standard 358 Receiver, and is in-
tended primarily for headphone recep-
tion and battery operation if necessary. 
The normal output valve has been re-
placed by one drawing less anode cur-
rent, and giving as a result a lower 
audio output. To accommodate the new 
type valve, the auto-bias resistor R.39 
hes been increased to a value of r,000 
ohms  and R.26 in the second I.F. 
amplifier stage has been reduced to 500 
ohms.  By means of the above modifica-
tions the total anode current consump-
tion has been reduced to approximately 
33 milliamperes at 18o volts. 

To • stabilise the voltage from the 
power unit at the new load, a bleeder 
resistance of 15,000 ohms 3 watt rating 
has been placed across the rectified 
output. 

It will be noted that the " on-off " 
high tension switch referred to in the 
operating instructions has been replaced 
with a similar type switch controlling 
the dial illumination. 

The power unit has been provided 
with an " on-off " switch on the op-
posite side to the output socket, this 
switch being in the mains supply cir-
cuit.  It is advisable to place this in the 
"off"  position when changing coil 
units.  In the case of battery operation 
the H.T. switch, located in the switch-
box unit should be put in a similar posi-
tion, the L.T. switch being left "on," 
while the new coil unit is being inserted. 

A special battery lead is supplied 
when the receiver has to be operated 
from batteries.  This lead incorporates 
a small switch-box unit.  It is essential 
that both switches be in the " off" posi-
tion when the receiver is left inopera-
tive, as should the H.T. switch be left 
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The photograph shows the unit type of assembly adopted whereby each I.F., B.F.O., Audio Unit, 
etc., is build on a separate complete chassis.  This considerably simplifies both construction and 
maintenance. Also shown is the fly wheel drive and Tufnol gearing mechanism for dial indicator. 

on there will be a small drain, even 
though the filament supply has been 
switched  off,  due  to  the  potential 
divider  circuits  incorporated  in the 
receiver itself. 

For battery operation the following 
will be required :—A 6-volt accumula-
tor of a sufficient capacity to give a 
reasonable number of operating hours, 
and a high-tension supply which may 
consist of four 45-volt block units of 
the super-capacity type, connected in 
series to give 180 volts. 

Type 400 

The Eddystone Type 400 has been 
designed for Service requirements And 
covers the medium frequency band only. 

It is similar to the " 358 " but the 
four coils cover a range of 130 kc/s. to 
2,2oo kc/s. The dial is calibrated in fre-
quency and la separate logging scale, as 
in the " 358 " is supplied.  . 

Separate models of both the " 358 " 
and the " 400," incorporating band-
pass crystal filter units are available. 

C.1 

C.2 

C.3 

Range A 

D 
E 

G 
H 

Range A 

D 
E 

G 
H 

Range A 

D 
E 

G 

Type 
IP 

PI 

SI PP 

à• 

It 

PP 

Coil Unit Component Values for Type 358. 

+to 

+40 pi. 
+40 0-
+40 Pt 
+10 pf. 
+ 20 pf. 

+40 pf. 

+75 

C.7 Range A 

PP  PP 

ID  If 

roo pf. 
B  .004.6 mfd. 
C  .002 mfd. 
D 4000 pf. max. Cyldon 
E 

G 
H 2;0 pf. 

!I 

/1 

PP 

type 
PP 

It 

PP 

PP 

PP 

+100 pf. 
+290 pf. 

St r4.-1- 0005 mfd. 
PP 

7, +too pf. 

C.39  Range A only 75 pf.+2o pf. 
C.40  Range A only 75 pf. -F'°  pf. 
C.4r Range G only 15-45 pf. Type CvS.t/  roo pf. 
C.42  Range G only 15-45 pi. „ + 100  pf. 
R.ro Range A Nil. 

B 25 ohms 4 W. 
C 50 ohms  W. 
D 500 ohms 4 W. 
E  L000 ohms 4 W. 
F  1,500 ohms 4 W. 
G 3,000 ohms 4 W. 
H 3,000 ohms 4 W. 
I 3,000 ohms 4 W. 

R.31  Range A only, i megohm 4 W. 
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Review of Progress in Electronics 
IV. — Photo-Voltaic Effects 

By G. WINDRED, A.M.I.E.E. 

" A new kind of photocell has been described in which the photo-electrons 
liberated by the light do not pass through a vacuu m or gas space, but 
filter through an interface of unidirectional conductivity between two 
conductors.  The na me barrier layer photocell has been proposed for 
such an arrange ment.  Up to the present the co mbination copper-cuprous 
oxide has been employed.  Recently Duh me and Schottky have succeeded 
in depositing thin metal fil ms on cuprous oxide in such a way that the 
action occurs between the surfaces.  There is now in addition the so-called 
seleniu m metal rectifier. . ."  L. Berg mann, in an article on the selen-
iu m barrier-layer photocell published in the Physikalische Zeitschrift, 
1931. 

NVESTIGATION of the phenomena 
with which we are concerned in the 
present article has resulted in the 

development of some important and in-
teresting  types  of photocell,  known 
generally as rectifier or barrier layer 
cells. Although the practical and theor-
etical aspects of the subject have received 
a considerable amount of attention, the 
basic principles are by no means fully 
established, and many different theories 
have been put forward from time to 
time to account for the observed effects, 
which may be briefly described as the 
appearance of a spontaneous e.m.f. 
when the cell is illuminated.  In this 
respect the action is similar to that of 
a Becquerel cell, but the rectifier type 
does not make use of an electrolyte and 
has a dry construction. Some investiga-
tors are of the opinion that the action 
of the electrolytic, photo-conductive and 
rectifier type cells can be ascribed to the 
same basic cause, represented by the 
action of light in liberating electrons 
inside certain semi-conducting materials. 

Early 
Researches 
The  production  of  a spontaneous 

e.m.f. upon illumination of crystalline 
selenium was reported by Adams and 
Day' in 1877. These investigators put 
forward the unsatisfactory theory that 
the e.m.f. was due to a change in the 
crystalline structure of the selenium 
under the action of the light.  They 
were able to show by experiment that 
the response to illumination was very 
rapid. 
The subject was next taken up by 

C. E. Fritte in America, apparently 
without knowledge of the work of 
Adams and Day. In his British Patent 
No. 3,249 of 1884 he mentions the self-
generating properties of his cells, tests 
on which were carried out by Werner 
Siemens and showed results comparing 
very favourably with modern types of 
cell. Fritts appears to have been about 
the first experimenter to use a rotating 
perforated disc for commutating the 
light applied to a cell and to observe 

the changes of tone caused by the re-
sulting intermittent current in a tele-
phone when the speed of the disc was 
varied.  Much of the development of 
manufacturing technique to obtain the 
best results in practice must also be 
ascribed to Fritts. 
A considerable amount of work on the 

subject was also carried out by Uljanin,3 
who confirmed the idea that the e.m.f. 
appeared almost immediately upon illu-
mination.  He also experimented with 
light of different wavelengths, and was 
probably the first to determine with any 
accuracy the distribution of spectral sen-
sitivity.  The experiments of Uljanin 
were mainly academical, as compared 
with those of Fritts, and served the im-
portant purpose of adding to exact 
knowledge of the phenomena as well as 
indicating the technical difficulties asso-
ciated with the production of cells. 
Similar experiments were carried out at 
about the same time by Righi,4 who 
measured the potential from a cell con-
sisting of a selenium plate with an in-
sulated wire electrode in front of it. 
It was not until 19oi that further 

work of importance on the subject was 
carried out.  The U.S.  Patent No. 
755,840 of that year by J. C. Bose re-
lates to a cell in which the photo-voltaic 
effect in a single crystal is utilized. 
The crystal photocell of Bose was a very 
realistic forerunner of the " electric 
eye " of modern times, being made actu-
ally in the form of a human eye. A 
small lens in front focused the light 
on to a crystal in an adjustable holder, 
very much on the lines of an ordinary 
crystal detector. The arrangement had 
little or no practical application, but 
the underlying idea of utilizing the 
photo-sensitive  properties  of  certain 
crystals, such as lead sulphide (galena), 
tellurium, etc. was representative of a 
new branchet c., science which 
has become very much the domain of 
the specialist.3 
A detailed study of the change of re-
sistance of cuprous oxide under the 
effects of illumination was carried out 
by Pfunde in 1916.  This investigator 
observed the effects of light of different 

wavelengths, but owing partly to the 
method of using his cells he did not 
detect the appearance of an e.m.f. upon 
illumination. His most important con-
tributions to the subject are, firstly, his 
use of cuprous oxide, and, secondly, his 
novel method of attaching gold elec-
trodes by cathodic sputtering.  Both 
these features are characteristic of some 
modern types of cell, to the discovery 
of which Pfund came very close. 
The practical aspect of the subject was 

extended considerably by Grondahl and 
Geiger7 in a series of researches cover-
ing a period of several years. In addi-
tion to establishing the principles of 
the now-famous copper-oxide dry recti-
fier,  they observed the photo-voltaic 
effect in a cuprous-oxide cell.  It was 
left for Lang& to develop the modern 
type of cell using cuprous oxide, while 
Bergmann 9 described  a similar  cell 
using selenium. These are substantially 
of the same construction as the cells 
extensively  employed  in  present-day 
"practice. 

General 
Theory 
The properties of crystalline semi-

conductors such as selenium and cuprous 
oxide, as used in photo-voltaic cells, are 
by no means rigidly fixed, and for this 
reason great caution is necessary in 
formulating theories and arriving at con-
clusions.  The results of experimental 
research indicate that electronic 'conduc-
tion in such materials is determined by 
the physical arrangement of the crystal 
structure rather than the material itself. 
It has been found, for example, that 
differences  in  thermal  treatment of 
cuprous oxide which did not cause any 
physical change in the material could 
produce changes in conductivity repre-
sented by a factor of more than a 
thousand.  Thermal treatment of the 
same substance might likewise result in 
a pronounced photo-voltaic effect or none 
at all. Even pure cuprous-oxide crystals 
do not exhibit uniform characteristics; 
some artificially produced ones being 
quite inactive. A vast amount of ex-
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perimental and theoretical research has 
been directed to these problems, but as 
yet there is by no means any complete 
and coherent theory to account for all 
the observed phenomena. 
Some of the most valuable research is 

due to W. Schottky, who visualized the 
interface  or  boundary  between  the 
materials comprising the cell as consist-
ing of minute points of contact corre-
sponding to the corners of individual 
crystals. The nature of this " sieve con-
tact " was considered to be responsible 
for  the  rectifying  property  of  the 
arrangement.  After careful measure-
ments,  Schottky  concluded that the 
actual  aggregate  qpntact  surface 
amountéd to only one-hundredth or even 
one-thousandth part of the nominal area. 
This conception led to the idea of a 
" barrier layer," which was regarded 
as the seat of the photo-voltaic effect. 
The happenings inside a typical cup-

rous-oxide cell according to the prin-
ciples formulated by Schottky can be 
represented as in Fig. 1. The light en-
tering the cuprous-oxide face loosens 
electrons,  which  have  two  possible 
paths—an external path resulting in a 
flow of current through an external cir-
cuit, and an internal path closed upon 
itself through the interface between cop-
per and cuprous.oxide. It can be seen 
that if this is a true picture of the con-
ditions, the light falling nearest the 
front electrode will result in the greatest 
flow of current in the external circuit, 
since the resistance of the correspond-
ing path will be less in relation to the 

LICIT 

FRONT 
E ECTRODE 

Fig. 1. Action of cuprous-oxide cell. 

short-circuit path. This fact has been 
confirmed experimentally by Schottky 
and others. Extensive research based on 
these ideas led to the development of the 
so-called " front wall " cell, in which 
electrons are released in the outermost 
surface of cuprous oxide and flow to a 
translucent front electrode instead of 
originating in the interface and flowing 
in the opposite direction as in Fig. i, 
corresponding to a " back wall " cell. 
Several attempts have been made to 

develop a satisfactory theory to explain 
the exact mechanism governing the 
liberation and subsequent motion of elec-
trons in the barrier-layer types of cell, 
but it cannot be said that any particular 
theory is definitely established.  The 
best accounts of research in this com-
plicated but important subject are to be 
found in the treatises by Lange," 
Hughes and Du Bridge," and Gud-
den'', especially the first-named.  • 

Types of 
Cell 
In dealing with the photo-voltàic cell 

we  have  to  discriminate  between 
cuprous-oxide and selenium types, as 
well as front-wall and back-wall con-
struction. The alternative types of con-
struction are shown in Fig. 2,  from 
which it is seen that the barrier layer 
is differently situated in the two cases 
and that the direction of the current 
flow is also different.  It should be 
carefully noted that the arrows in the 
Figures represent the direction of the 
electron flow, which is, of course, in 
opposition to the conventional direction 
of current flow corresponding to the 
polarity of the cell. 
The selenium-iron cell described by 

Bergmann° consists of an iron plate on 
which a layer of selenium is deposited, 
being then converted into the high con-
ductivity metallic state by special pro-
cesses.  A thin layer of lead alloy is 

• 

TRANSPARENT 
FRONT ELECTRODE 

BARRIER 
LAYER  SEMI -CONDUCTOR 

FRONT WALL CELL  

FRONT ELECTRODE 

BARRIER 
LAYER  SEMI-CONDUCTOR 

BACK WALL CELL 

Fig. 2. "Front Wall " and "Back Wall" cells. 

sprayed on to the selenium surface so 
as to form the second electrode. Berg-
mann states that up to 14 volts such an 
arrangement shows an appreciable bar-
rier action in the direction metal film-
selenium-iron, whereas the conductivity 
in the other direction is high.  At 5 
volts the resistance relationship was 
2,500 to I. 
According to the manufacturers of 

modern British cells, the selenium used 
must be of the utmost purity, and no 
commercial kind is suitable. It is also 
stated that all stages in the application 
and annealing of the selenium are criti-
cal, and that minute variations have a 
marked effect upon the results. Protec-
tion against atmospheric effects is se-
cured by a film of chemically neutral 
lacquer over the sensitive surface. Arti-
ficial ageing of the finished cells is car-
ried out in order to obtain stable charac-
teristics.  A typical procedure is to 
expose each cell to a light intensity of 
from 500 to i,000 foot-candles for at 

least forty-eight hours, followed by a 
short-circuit test.  Any cell showing a 
tendency to an irreversible characteristic 
after this process is rejected. The cells 
are then kept for a month or two for 
natural ageing under dark conditions 
and again tested before use. 
The construction of an American cell 

described recently" is shown in Fig. 3. 
The element in this case consists of a 
layer of selenium deposited on one side 
of a steel plate 1.7 in. • by 0.9 in. and 
0.065 in. thick. The transparent layer 
of conducting metal and the protective 
layer of lacquer are applied in the usual 
way, and the complete cell is mounted 
in a case with connecting terminals and 
a front window for admitting the light. 
The arrangement of this cell is seen to 
correspond to the front-wall construction, 
as shown in Fig. 2, and under illumina-

SELENIUM 
LACQUER 

IRON 

SPRAYED-ON 
METAL CONTACT 

METALLIC FILM 

GLASS WINDOW 
ENCLOSING 

CASE 

CONTACT 
STRIP 
(Negative) 

CONTACT SPRING 
(Positive) 

Fig. 8. Construction of typical selenium-iron 
cell. 

tion the rear contact disc accordingly 
becomes positive. 
With regard to cuprous-oxide cells, 

which have been extensively developed 
in America, a great deal has been writ-
ten." 15  One of the greatest spheres of 
,application has been in connexion with 
illumination meters" and photographic 
exposure meters."  The general con, 
struction of these cells is similar to that 
of the selenium type already described. 

Characteristics 
The properties of a photo-voltaic cell 

of chief interest from the viewpoint of 
practical application are the current out-
put in relation to the illumination for 
loads of different resistance, the power 
output under these conditions, the sensi-
tivity, both spectral and electrical, the 
effects of temperature and the tempera-
ture coefficient, the frequency response 
and fatigue effects. 
Bergmann° has given figures which 

METAL FILM  TRANSPARENT 
SILVER or GOLD FILM 

 SELENIUM 

® 

METAL 
RING 

Fig. 4. Alternative types of selenium-iron cell. 



300 Electronic Engineering July, 1941 

C
U
R
R
E
N
T
 
(M
i
c
r
o
a
m
p
e
r
e
s) 

1400 

1200 -

1000 

800 --

400 

CELL 45 mm diameter 

aged for 300 hours  at  3mA. 

250  300 50  100  150  200 
ILLUMINATION  (Foot- candles) 

Fig. 5. Characteristics of modern selenium-iron cell (Courtesy Arthur E. Evans and Co., Ltd.) 

1000 

show the pronounced effect of cell con-
struction  in so far as output is con-
cerned.  The alternative arrangements 
tested by him are shown in Fig. 4, and 
the relative outputs were as 'follows 
when illuminated by a 40-watt metal-
filament lamp at a distance of zo cm.:— 

(C) 92 X I o -1 amp. 
(b) i4x io —4  amp. 
(a) 4.5 x io -6 amp. 

The increase of sensitivity in the case 
of cell (b) arises from the effect men-
tioned in connexion with Fig. i con-
cerning  the  increased  sensitivity  in 
regions near the front electrode edges. 
The output figure of cell (c) cannot be 
compared directly with the others, since 
in this case the cell area was approxi-
mately to cm2. Bergmann mentions that 
in the case of cell (c) illumination from 
a 4o-ampere projector lamp produced a 
current of about 75 mA in a meter 
having i-ohm resistance.  With illu-
mination from a 5-ampere arc lamp it 
was easily possible to drive a small 
electric motor. 
The current output in relation to load 

resistance for a front-wall selenium cell 
of British manufacture is shown by the 
curves in Fig. 5. It will he seen that 
linearity of response is more nearly 
obtained with low external resistances— 

a factor of some importance when cells 
are used in illumination meters. 
The power output resulting from a 

given illumination depends upon the ex-
ternal load resistance, and is a maxi-
mum when this resistance is equal to the 
internal resistance of the cell. For each 
size of cell it is possible to plot curves 
showing output power in relation to load 
resistance for given intensities of illu-

mination, and from these curves to 
select the cell best suited to the condi-
tions of illumination and the power 
required. 
The spectral or colour sensitivity of 

the  cuprous-oxide  and  selenium-iron 
type § of cell in relation to the sensitivity 
of the eye is shown in Fig. 6. Too much 
reliance should not be placed on such 
curves, owing to variations in manu-
facture  which  affect  the  sensitivity. 
Closer approximation to  eye  response 
may be obtained by the use of suitable 
filters. 18  19  

The frequency  response  of photo-
voltaic cells is fairly good, and depends 
upon the self-capacitance, so that small 
cells have a better response. In the case 
of a seleniu m-iron cell Io-m m. dia meter 

of the type already mentioned the res-

ponse at  z,000 cycles is about 90 per 

cent, and at 5,000 cycles about 6o per 

cent.  These  figures  sho w  that  when 

su fficiently small cells are used there is 

no di fficulty in the use of audio frequen-

cies. 

The effect of te mperature on perfor-

mance is not very marked, especially in 

the case of lo w external resistance.  In 

the case of the cuprous-oxide cell the 

internal  resistance  is  considerably 

affected  by  te mperature,  and  causes 

appreciable  changes in  current  output 

when high external resistances are used. 

The  average  change,  which  depends 

upon the illu mination, varies fro m zero 

under short-circuit conditions to about 

o.6 per cent, with zoo-oh ms external re-

sistance.  According to  manufacturers' 

infor mation  for  the type of seleniu m-

iron  cell  described  by Berg mann,  the 

change of current with te mperature in 

the region of 200 C. is very small.  With 

increasing temperature the current falls, 
more rapidly for high values of external 

resistance.  The coe fficient amounts to 

about 0.14 per cent. with 1°o-oh ms and 

to 0.4 per cent. with 35o-ohms external 
resistance, 
With regard to fatigue, it is difficult 

(Continved on page 321) 
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Low-Loss Ceramics for Radio-Frequency Use 
G. P. Britton, D.I.C., A.C.G.I., B.Sc. (Eng)., (Steatite and Porcelain Products Ltd.) 

The concluding article of the series which commenced in "Electronics and Television and Short Wave World," March, 1941 

p
REVIOUS articles have dealt with 
the composition and properties of 
low  loss  ceramics,  and  the 

methods by which they are manufac-
tured.  It remains to give brief con-
sideration to the application of these 
materials to radio frequency engineer-
ing. At the oufset, it may be remarked 
that, while great stress has always been 
laid on the extremely good electrical 
properties of these special ceramics, it 
is by no means this feature only which 
has caused them to be used so ex-
tensively.  Certain  of  the  organic 
materials compare quite favourably, so 
far as losses are concerned, but the 
ceramics are outstanding by virtue of 
their combination of excellent electrical 
and mechanical characteristics. 
In broadcast receiver development, 

cot is a major limiting factor, and 
ceramic parts have therefore only come 
into general use where their cost com-
pares reasonably with that of equivalent 
plastic mouldings.  Bases for trimmer 
and padder condensers of the mica 
dielectric compression type form one 
of the main uses in this field. Though 
porcelain was used quite successfully in 
early trimmers of this type, preference 
was soon given to the steatite ceiamics, 
more on account of superior mechanical 
strength than because of lower dielec-
tric losses; it was found that reduced 
breakages in assembly more than offset 
the  higher  price  of  the  superior 
material. Most modern gang condenser 
types utilise ceramic supports for their 
stator assemblies, usually in the form of 
short rods.  As compared with earlier 
types, with laminated synthetic resin 
insulation, they show a marked im-
provement in power factor, and more 
important, the capacity matching be-
tween sections is maintained over long 
periods. 
In high-grade communication appara-

tus covering a wide frequency range, 
maintenance of performance and cali-
bration demands careful attention to 
mechanical and electrical stability and 
ceramics are freely used.  Not only for 
the main tuning components, but also 
for valve-holders, valve bases, wave-
change switch parts, etc., which con-
tribute substantially to circuit stray 
capacities.  In addition to the advant-
ages of reduced dielectric losses and 
freedom from long-period changes in 
circuit values due to ageing, substantial 
reductions are effected in frequency 
drift due to thermal changes.  The 
temperature  coefficient  of  effective 
dielectric constant of the steatite group 
ceramics is only of the order of + loo 
to + 120  parts/million/0C,  as  com-
pared with some + i,000 to + 2,000 
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Fig.r.1. The low frequency-drift of ceramics. 

parts/millionp C.  common for syn-
thetic resins, and the importance of this 
property is well illustrated by the fol-
lowing simple measurements taken on 
the oscillator circuit of an " all-wave " 
commercial broadcast receiver.  Curve 
A of Fig. i shows the frequency drift 
during the first hour of a day's use, 
when tuned to the high-frequency end 
of the short-wave band (approx. zo 
Mc./s.).  Curve B shows the effect of 
removihg all components with synthetic 
resin  insulation,  and  substituting 
equivalents with low loss ceramic in-
sulation.  Tuning  condenser,  coil 
former, wave-change switch,  valve-
holder and base were all changed, and 
the layout altered as little as possible. 
It is obvious that, not only would it be 
impossible to calibrate the receiver in 
its original form, but even after an 
hour's running, retuning is necessary 
every few minutes.  Most of the drift 
shown in curve B occurs in the first few 
minutes, before any appreciable general 
rise in temperature has taken place, and 
is obviously due to capacity changes re-
sulting from initial heating of the oscil-
lator valve's electrode system.  There-
after,  the  drift—of  the  order  of 
2 kc/s only in the remainder of the 
hour, and due to the general warming 
up of all components, is small enough 
to be negligible for most classes of ser-
vice; further substantial improvements 
can, however, be effected by the use of 
compensating ceramic condensers, as 
will be indicated later. This is "feasible, 
as the circuit giving curve B will repeat 
regularly.  In its original form, the 
oscillator circuit could not readily be 
compensated, as the high degree of 
compensation required calls for critical 
balancing.  Moreover, the use of syn-

thetic resin insulation leads to non-
cyclic behaviour of the key components, 
and such compensation as may be 
realised initially will not hold for any 
length of time. 
The above simple example indicates 

the very real advantages to be gained 
from the use of ceramics to secure 
stability of performance, and the con-
clusions are endorsed by the increas-
ingly wide use of these materials in 
communication apparatus and precision 
measurement equipment. Little further 
comment on the mere substitution of 
ceramics for other established materials 
seems necessary, and we may therefore 
turn to consider applications  in which 
they are unique. 
The process of pottery decoration by 

firing on thin films of precious metals 
has been well-known for many years, 
and of late, similar methods have been 
applied extensively in the manufacture 
of ceramic condensers. A suspension of 
silver oxide in a suitable organic 
medium (e.g., lavender oil), is sprayed 
or painted on to the ceramic, which is 
then fired to a temperature of 5500 to 
75cP C., when the silver oxide is re, 
duced to a firmly-adhering metallic 
coating, usually of the order of .0003 in. 
to .0005 in. in thickness. To electrodes 
formed in this way connecting leads 
are soldered directly, or the silver de-

Fig. 2. Ceramic cup, disc and tube 
condensers. 
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posit may first be increased in thickness 
by electro-deposition.  With  proper 
firing relative movement between elec-
trodes and dielectric is impossible, and 
this, coupled with the inherent stability 
of ceramic dielectrics themselves, leads 
to the production of condensers which 
remain  perfectly  stable  indefinitely, 
and show a high degree of cyclicity 
when Submitted to many cycles of tern-
perature change. Moreover, as the pro-
perties of the ceramic dielectrics can be 
controlled veiy closely, it is possible to 
manufacture large quantities of any one 
type to close limits of temperature co-
efficient of capacity, which cannot be 
accomplished with mica dielectric ex-
cept by selection. Capacity adjustment to 
close tolerances is also readily achieved, 
by starting with a slightly higher capac-
ity value than desired, and reducing the 
silvered  area by grinding.  Fig. 

Fig. 3. Pearl or rod type condensers. 

shows a group of such condensers in 
the now well-known disk, cup, and 
tubular forms; values up to i,000 p.f. 
are obtained, using thin-walled tubes of 
high titania material (SI C. So), no 
more than 6 mm. diameter and 40 mm. 
' long.  Very low capacities, from 5 p.f. 
down to 0.5 p.f., difficult to produce by 
any other means, are made very simply 
by silvering the ends of little 5 mm. 
diameter rods, using different lengths 
for the various values required (Fig. 
3). For high voltage, high power radio 
frequency use larger ceramic condensers 
—though still much more compact than 
their mica and foil counterparts —are 
made, usually in the form of thick-
aye tle d _tubes.  og e d 2,t one -end, — 
silver coatings on the outside surface 
form the earthy electrodes, and similar 
coatings on the inside form the high 
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Fig. 4. Power condenser bodies. 

potential electrodes, insulated by means 
of substantial flanges at the open end to 
provide adequate flashover and creep-
age path.  Due to the high electrical 
stresses  at which  these components 
work, the required capacity is secured 
by adjustment of the dimensions of the 
ceramic parts rather than by variation 
cf the area of the silvered electrodes; a 
group of these condensers is shown in 
Fig. 4. 
Ceramic  trimmer  condensers  are 

widely used to-day. They consist of a 
base of  steatite-type material,  with 
a silvered area forming the stator plate. 
A thin  disk  of  high  titanic  or 
titania-magnesia material,  forts the 
actual dielectric, the rotor " plate " 
being formed by a segmental area 
(usually 1200) of fired-on silver, con-
nexion from which is made via the ad-
justing screw and spring which holds 
the two ceramic parts firmly in' contact. 
A photograph of the disk and base is on 
page 318. Good electrical properties, 
particularly in respect of stability, can 
only be achieved by precision grinding 
of the meeting surfaces of the ceramic 
parts to quasi-optical standards. This 
type of trimmer was originally developed 
in Geringay, but the British types now 
available show a .humber of detail im-
provements of considerable importanee. 
Measurements  on  typical  trimmers 
taken from bulk production show them 
to  be  highly  satisfactory  under 
mechanical vibration, and cyclic under 
temperature changes; in these respects 
they are superior to suai air-dielectric 
types  as  the  writer  has  had  the 
opportunity to test.  : 

The negative temperature cObfficient 
of capacity of titania dielectric con-
densers makes them of great value for 
compensating *the shift in reSonant fre-
quency of. tuned circuits caused by tem-
perature changes.  Both coil and con-

denser of the simple circuit of (Fig. 7a) 
will in general have •positive tempera-
ture  coefficients  of  inductance  and 
capacity.  By  reducing  the  value 
of C.  and adding  a ceramic cdn-
denser Ci of  negative  coefficient 
(Fig. 5b) and proportioning the two 
capacities such that the overall coeffi-
cient of the combined condensers is 
negative and equal to the positive 
coefficient of the inductance, frequency 
drift is eliminated.  While very simple 
and exact for a single frequency, com-
pensation of this simple nature will not 
-hold if the condenser C is made van-
able to cover a range of frequencies. 
If, however, an additional large capac-
ity condenser C2 of the high titania 
type is connected in series with the 
variable C, as in Fig. 6, exact com-
pensation can be attained at two set-
tings of C.  For low values of C, the 
effect of changes in C2 is small, and the 
positive coefficient of C is balanced at 
one point by the use of a suitable value 
of Ci—if this is of titania material with 
a high negative coefficient its capacity 
need not be large, and the frequency 
coverage therefore will not be unduly 
restricted.  At a setting of C towards 
its maximum capacity, the influence of 
CI will be small, but by suitable choice 
of the capacity of C; the overall co-
efficient of capacity of C and C2 in 
series can again be made of the correct 
negative value to balance the positive 
coefficient of the inductance.  At set-
tings other than the two points at which 
balance is effected, the compensation 

C1 

b. 

Fig. 5. 
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‘vill not hold rigidly, and if a curve of 
residual temperature coefficient against 
frequency be plotted, something like 
the familiar superheterodyne " track-
ing " error curve will result.  Com-
putation of the values of Ci and C2, 
knowing the temperature coefficients of 
L and C, and the capacity swing of C, 
is simple though rather laborious; pro-
vided that the positive coefficients of 
L and C are initially of fairly low posi. 
tive value, thermal frequency drift can 
be reduced to the order of ± 5 parts/ 
million/0 C for quite a large tuning 
range. 

Fig. 8. Fig 7. 

The above can obviously be applied 
to any conventional oscillator circuit 
of the Hartley or reaction coil type, but 
the Colpitts circuit of Fig. 7, using 
variable inductance tuning, is particu-
larly attractive.  Here Ci and C2 can 
with advantage be ceramic condensers 
of low temperature coefficient  (e.g. 
titania-magnesia dielectric); then, pro-
vided the reasonable assumption is 
made that a variable inductance of 
sensibly constant temperature coefficient 
can be made, accurate compensation 
over a wide frequency band can be 
effected by adjusting the capacity value 
of  a  single  negative  coefficient 
condenser C3. 
Where adjustment of the capacities of 

compensating condensers is not permis-
sible on account of their effect on the 
tuning range and calibration of the cir-
cuit as a whole, or where the individual 
temperature coefficient of the main 
tuning components are not accurately 
known, adjustment of compensation can 
be carried out using two condensers in 
parallel for each compensating element, 
one of positive and one of negative co-
efficient: their total capacity may then 
be kept constant while varying the pro. 
portion of capacity of each, the overall 
temperature coefficient varying in simi-
lar proportion. Thus C3 of Fig. 6 may 
be replaced by two ceramic trimmer 
condensers, one with a rotor of high-
titania material, the other with a rotor 
of titania magnesia material. 
Earlier in this article,  frequency 

drift due to heating of valve electrode 
structures  was  commented  on;  the 
rapacity changes here also are generally 
of positive sign, and may therefore be 
compensated for by the use of a small 
ceramic condenser of high negative co-
efficient material in contact with a 
heater element energised from the same 
supply as the valve heater.  This re-
quires adjustment both of the heater 
wattage and thermal capacity of the 
assembly for correct operation, but 
when correct will also help to diminish 
the effects of  slow heater voltage 
changes on frequency after the warm-
ing-up period. 
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Fig. 8 Silvered coils. 

The importance of reducing the tem-
perature coefficients of all components 
as far as possible before attempting 
compensation  has  already  been 
stressed, and in this connexion another 
important application of the silvering 
technique must be mentioned.  An in-
ductance of extremely high stability is 
produced by firing a spiral of silver on 
a low  loss  ceramic  former,  then 
electro-plating the thin fired silver de-
posit to give the required conductivity. 
As the " winding " adheres rigidly to 
the ceramic former, its expansion with 
temperature is limited by the latter's 
low coefficient of thermal expansion. 
Thus not only are permanent mainten-
ance of inductance value and cyclicity 
attained, but also a low temperature co-
efficient of inductance. Fig. 8 shows 
examples taken from a range of such 
coils; a 25 µH coil recently tested had a 
temperature coefficient of the order of 
+ i parts/million/° C., and was com-
pletely cyclic within the limits of 
measurement over several temperature 
cycles. 
There seems every reason to believe 

that compensated oscillatory circuits 
can be produced to compare favourably 
with crystal drives.  They certainly 
must show a considerable saving in 
bulk, weight and cost as compared with 
circuits using a multiplicity of crystals 
to provide alternative frequency chan-
nels for communication. Moreover, no 

difficulty arises when changes in each 
of several operating frequencies must 
be made quickly, whereas with crystal 
drive the complete set of crystals must 
be changed—by no means a light under-
taking if many hundreds of oscillators 
have to be altered. It may be possible 
at a latter date to give data of the per-
formance of experimental oscillators 
with varying types of compensation. A 
word of warning may not be out of 
place meantime; the most accurate of 
compensation can be ruined if care is 
not taken to ensure that all circuit com-
ponents change in temperature at sub-
stantially equal rates. Also every pre-
caution must be taken to reduce the 
effects of varying humidity—in this 
connexion the use is strongly recom-
mended of ceramic condensers of the 
type in which the dielectric element is 
sealed into an outer protective tube. For 
most normal uses, a coating of good 
grade cellulose paint is adequate pro-
tection, but moisture films deposited on 
this paint can cause temporary capacity 
changes at least comparable with those 
due to temperature fluctuations; re-
moval of the moisture films to a safe 
distance by means of an outer tube then 
proves to be the only adequate remedy 
where the highest attainable stability is 
desired. 
There are many other possible appli-

cations of silvering technique which 

(Continued on page 318) 
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The Pentode-Heptode 
A New Method of overcoming Input Loss in H.F. Valves 

THE object of  providing  an 
H.F.  amplifying stage in a 
short-wave  super-heterodyne 

receiver is (a) provision of greater 
preselection  in order  to  remove 
spurious response, (b) reduction of 
radiation from the frequency changer 
and (c) provision of an improved 
signal/noise performance. 
As the frequency is increased so 

the last requirement becomes more 
and more important.  This is due 
to the fact that the signal-to-noise 
ratio  of a receiver for a given 
voltage injected into the aerial depends 
upon the ratio of the signal volts 
developed across the input tuned 
circuit,  to valve noise expressed 
as a voltage at the grid of the first 
valve.  With increase of frequency 
a stage is soon reached where the 
obtainable voltage step-up of the 
aerial tuned circuit is limited by 
the low value of the input resistance 
of the H.F. amplifying valve. 
As has been shown in a number of 

papers 1, 2, 8, 4, and more recently 
illustrated in this journal5, the input 
resistance of a normal amplifying 
valve, shown in Fig. Ia, drops with 
increase in frequency both due to 
cathode lead degeneration and transit 
time loss. 
The input conductance component, 

due to transit time is given by 

rm - = K1 gT w2=2. 
R1' 
while the component of the input 
conductance due to cathode lead 
degeneration is given by 

— -=- gT co2 LoCse 
Ri" 

where gT = slope of cathode current-
control  grid  volts 
characteristic 
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}lg. 2.  Variation of input impedance and hot 
capacity for (a) Pentode (b) Heptode (c) com-

bined Pentode-Heptode. 

Lo = cathode lead inductance 
Cgo = grid-cathode capacity 

= 2 7r (applied  frequency) 
T  = transit  time  between 

cathode and control 
grid 

factor depending on grid-
cathode and grid-anode 
gap dimensions and ap-
plied volt ages. 

These two componen-s of input 
circuit loss are difficult to separate as 
they are equally affected by changes 
in values of co or gT. In normal 
valves they usually have comparable 
magnitudes. 
We can, therefore, lump the two 

effects and let 

G = —  --
Ri' RI" 

=  co2gT [Lo Cgo T 2] 
a typical curve for this is shown by the 
full curve in Fig. 2a. 

= 

For  simplicity  the  lead-self 
inductances and interelectrode capa-
cities of the other electrodes have been 
omitted.  Their effect will still mainly 
be a function of co2gr and can be 
expressed as either an increase or 
decrease of the productioCgo. For a 
detail analysis see reference3. 
If instead of employing a normal 

pentode amplifying valve Fig. ja, in 
which the signal is applied to a grid 
between the cathode and a high 
potential electrode (screen grid), a 
heptode amplifying valve in which the 
signal is applied to a grid situated 
between two high potential electrodes 
(Fig.  xb)  is used,  cathode lead 
degeneration will be eliminated, as 
cathode current is practically un-
affected by changes in the bias of the 
third grid.  In addition, however, it 
can be shown that the Gie to cathode 
space will now exhibit a negative 
conductance over the major portion of 
the Ia/Vgs characteristic and that this 
conductance will be theoretically a 

function of   = K 2 gIII 
R e, 

where g,„ = the slope of the anode 
current to Vgs char-
acteristic 

K, = a factor depending on 
the gaps between the 
electrodes, the applied 
voltages and the cur-
rent collection of g4 
and includes the transit 
time. 

Actual measurements carried out by 
different research laboratories have 
shown the exponent of co to lie in the 
region from i¡ to 2. 
A  typical  input  conductance 

characteristic plotted  against Vies 
volts is shown on Fig. 2b. 

Pig. 1. (a) Normal Pentode and (b) Hexode or Heptode amplifying circuit. 
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R. L. Freeman and the Hazeltine 
Corporation have suggested (British 
Patent No. 535,969) the use of two 
such electrode structures in parallel in 
order to eliminate the input loss, the 
signal being applied to the first grid of 
one structure and to the third grid of 
the second structure.  Under these 
conditions it will be seen that the 
negative conductance of one system 
may be made to neutralise the loading 
of the other system. The total 
conductance being given by 

= w2 [gT (Loc. + K1 T2)-1C, gin] 
this is shown in Fig. 2C which is a 
summation of the two full-line curves 
in Figs. 2a and 2b. 

By  suitably  proportioning  the 
individual characteristics of the two 
sections it is possible to make the 
input conductance have any desired 
value at a selected operating point. 
If, however, it is desired to A.V.C. the 
system, greater care has to be taken 
to match the shape of the two 
component conductance characteristics 
in order to prevent the negative 
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second grid, and the sixth is the normal 
suppressor grid. 
In order to obtain a sufficiently high 

slope in the pentode system, it might 
be necessary to subdivide the third 
grid into two sections so as to enable a 
small grid cathode to be provided in 
the pentode system. 
While the system described suffers 

from • the  inherently  reduced 
signal/noise ratio of the heptode 
section, due to the higher value of the 
current sharing noise, at a sufficiently 
high frequency, this might be more 
than compensated by the increased 
step up obtainable in the aenal tuned 
circuit as a result of the reduced 
input loss. 
The dotted curves in Fig. 2a and 2b 

illustrate the general shape to be 
expected of the variation of the hot 
capacity with bias volts for the 
pentode and heptode, respectively. It 
will be seen that the hot capacity A c 
of the heptode for low biases is 
negative; that is, the total working 
capacity of the valve is less than the 
measured cold capacity. As the bias 
is increased the hot capacity goes 
through  zero  and  then  becomes 
positive. The dotted curve in Fig. 2c 

Fig 8 Construction of Pentode-Heptode va ve (due to R. L. Freeman) 
conductance reaching excessive values 
within the working bias range. 

Fig. 3 illustrates one of the suggested 
arrangements  in which  the  two 
electrode structures have been com-
bined into one system. The valve is 
provided with five grids.  The first 
grid of the heptode section is connected 
to the cathode and included so as to 
enable a reasonably high positive 
voltage to be employed on the second 
grid  without  drawing  excessive 
current. The third grid of the heptode 
section acts also as the first grid of 
the pentode section. The fourth grid is 
the screen grid and is joined to the 

shows the variation of the total hot 
capacity for the combined system. 
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A New Negative Feed-back 
Amplifier 

• IN amplifiers operating with nega-
tive feedback a separate path 
connecting the output and the 

input circuit is usually provided for 
the feedback, and this involves the 
use of a number of additional com-
ponents. • 
In two amplifier circuits recently 

suggested by the Radio Corporation 
of America negative feedback is 
utilised without providing a separate 
path, so reducing the number of 
circuit elements. 
A conventional amplifier having the 

first valve coupled to the output valve 
by a resistance capacity coupling with 
the difference that the anode resistance 
is connected to the anode of the out-
put valve. With this arrangement a 
fraction of the anode voltage of the out-
put valve is fed back negatively to the 
grid, the fraction being determined by 
the relation between the anode im-
pedance of the first valve and the 
value of its anode resistance. 

In the figure the same idea is applied 
to an amplifier in which a valve is 
transformer-coupled to a push-pull 
output stage.  The primary winding 
of the intervalve transformer is con-
nected to the anode of the valve of the 
push-pull pair which oscillates in the 
appropriate phase for the feedback 
via the coupling transformer to be 
negative.  The amount of feedback 
can be reduced if desired by connect-
ing the primary winding of the inter-
valve transformer to a tapping point 
in that portion of the primary of the 
output transformer which is in circuit 
with the valve from which feedback 
voltages are derived, the feedback 
decreasing as the tapping point ap-
proaches the centre tap on this 
winding. It is preferable, in order to 
avoid upsetting the balance of the 
push-pull stage, to connect a resistance 
across the whole or part of the other 
half of the primary winding of the 
output transformer so that the effect 
of the feedback connexion is balanced. 
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TEST SET TYPE D-30-A 

RANGE  .001 ohm to 11.11 megohMs 

DIMENSIONS  -  - 12r x 9r x 6" 

WEIGHT    12 lbs. 

A descriptive bulletin will be supplied on 
request. 

A portable test set for general resistance measure-

ments and for fault location on lines and 

cables—May be used for A.C. tests with suitable 

power source and detector — Resistance decades 

and galvanometer can be used externally. 

rMUIRHEAD 
MUIRHEAD AND COMPANY LIMITED, ELMERS END, BECKENHAM, KENT.  TELEPHONE:  BECKENHAM 0041-0042 

FOR OVER 60 YEARS DESIGNERS & MAKERS OF PRECISION INSTRUMENTS 
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On the High-Frequency Characteristic Impedance 

of Transmission Lines 
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Table.  Equations for Characteristic Impedance used in Calculating the Curves Overleaf. 

THE characteristic impedance of 
a transmission line is one of the 
most important line constants 

and is equal to the input impedance 
of an infinitely long line.  It is 
usually designated by Zo and Zo= 
( I) /R-HuiL 

  (1) 
G -1-jwC 

where R.the resistance in ohms per 
unit length of line. 

G=the leakage conductance in 
mhos per unit length of 
line. 

L=the inductance in henries 
per unit length of line. 

C=the capacity in farads per 
unit length of line. 

K =the dielectric constant of 
the medium between line 
elements. 

w=2 Tr (applied frequency in 
c.p.s.). 

At high frequencies with low-loss lines 

having air dielectric (k=r) this may 

be simplified to Zo=0J — ohms  (2) 

As the velocity of propagation of 
electromagnetic waves in low-loss 
lines is equal to the velocity of light 
" c " and is also given by 

V-  = C 

V LC 

we can write 

(3) 

Zo—     (4) 
cC 

which gives a more convenient method 
of computing Z. 
It is the object of Data Sheets 

Nos. 4 and 5 to present the numerical 
solution of equations (2) and (4) in the 
form of a series of curves covering the 
majority of lines to be met in practice. 
Table r gives the equations for Z, 

for nine types of lines in terms of their 

physical  dimensions.  The  actual 
system of units used for D, d and r 
is immaterial provided the same 
system is used throughout. 
The first four lines in the table are 

open wire lines.  Line I representing 
the case of a single feeder above earth 
or a connecting lead or wire above a 
chasis. It has half the characteristic 
impedance of a two-wire parallel line 
II of twice the spacing, but it gives 
an asymmetric circuit with much 
larger losses. 
The equations given for Zo are only 

approximate for low values of D/d 
owing to the non-uniform distribution 
of current in the wires at close 
spacings.  For example, the exact 
equation for the two-wire parallel 
line is 
Z0=120 cosh-' (D/d)   (5) 
=izo log, [Did+ V(D/d) 2 - 1]  (6) 

which is illustrated by the dotted line 
in Data Sheet 4. A similar correction 
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would be required for the single-wire 
line. 
It will be seen that for the majority 

of practical cases the approximate 
relation given in the table is suffi-
ciently accurate. 
The three parallel-wire line III and 

the four parallel-wire line IV illustrate 
possible methods of reducing the 
characteristic impedance while pre-
serving symmetry.  The five-wire 
line V is a case approaching the 
normal concentric line; as the number 
of wires on the outer periphery is 
increased so Z, of the line approaches 
nearer and nearer the characteristic 
impedance of a normal concentric 
line VI. 
As the range of Zo for usual con-

centric lines lies between, say, 50 and 
150 ohms, the values for Zo are given 
on  an expanded scale  providing 
greater accuracy on Data Sheet 4. 
For comparative purposes, however, 
the values for Zo for the concentric 
line are also shown to a common 
scale with the open-wire lines by the 
left-hand curve VI. 
Data Sheet 5 illustrates the case 

of a shielded pair VII which for 
large values of 2r/D becomes identical 
to II. 

An expression for Z, in terms of 
line dimensions for the case of a line 
consisting of two thin parallel Strips 

VIII (thickness of strip material <d) 

is unfortunately only available when 

D  d. 

The value of Zo against D/d is 
plotted on chart 2 of Data Sheet 4. 
The curve, however, has been shown 
dotteçl for the lower values of D/d 
though the errors there may be 
appreciable. 
The last case treated in Table I is 

the split cylinder line IX. This type 
of line has been used as the anode 
system of ultra-shortwave split anode 
magnetrons at wavelengths of the 
order of 8 cm.  The approximate 
relation for Z, given in Table I, 
which can also be written as Zo= 
296 

4 
log0   

sin a 

ohms, 

gives results within 
r per cent, of the full expression for 
values of a < 15°. 

Earthing 
With the exception of lines I, VI, 

VII, and to a lesser extent V, the 

expressions for Zo are accurate only 
provided neither conductor is con-
nected to earth and that any earthed 
object is at a distance from the line 
large compared to the wire or plate 
separation. 
In the case of lines VI and VII the 

outer sheath is assumed to be earthed 
and for VII the inner two-wire line 
to be symmetrically fed.  Similarly 
the other wire and strip lines are 
assumed symmetrically fed and dis-
posed with respect to earth. 

C.E.L. 

ERRATA 
On Data Sheet II the formula 

for the Time Delay should read 

± 43°  ±  (radians) 

36o° f  21rf 

The equation (6) on page 258 
should agree with the equation on 
Data Sheet I. 

Data Sheets in the August issue 

will cover Resonant Lengths of 

Lines. 
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F R E Q U E N TI T E 

THE outstanding properties of Frequentite —Low 

Loss and High Mechanical Strength —led to a demand 

which even before the war severely taxed our productive 
capacity.  The needs of the fighting services have 

inevitably led to restriction in supplies for general 

industry, but we can now meet all requirements promptly. 

Extensions to our plant, the employment of specialised 

new equipment, and progressive improvements in our 

manufacturing technique made during the past seven 

years, now enable manufacturers to obtain bulk 

supplies of the most intricate designs.  Please write for 

Catalogue No. SP.Io. 

STEATITE & PORCELAIN PRODUCTS LTD. 
Head Office and Works: STOURPORT-ON-SEVERN, WORCS. 
Telephone: Stourport i t t.  Telegrams: Steatain, Stourport. 
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A
FTER passing through various 
vicissitudes the vibrator has ar-
rived at a stage where it is a 

completely reliable and efficient com-
ponent, which is playing its part in 
many  war-time  applications  where 
ability to stand up to hard work is of 
paramount importance. 
The modern vibrator probably owes 

much of its development to car radio, 
the use of which in America has reached 
enormous proportions, and in which the 
vibnator is universally used as the 
means of obtaining the H.T. supply. 
In appearance, the vibrator is a metal 

tube of approximately the size of a re-
ceiving valve, and the similarity is added 
to by the fact that usually the same form 
of connexion is employed—that is, pins 
on the hase of the vibrator to plug into 
a valve-holder.  It is usual for vibra-
tors to have bases equivalent to Ameri-
can valves, four pins for the interrupter 
types, and five, six or seven pins for 
the self-rectifying types, although in one 
noteworthy case a special seven-pin base 
is employed for use with self-rectifying 
vibrators enabling the polarity of the 
output to be reversed by plugging the 
vibrator into one of two positions. This 
is a very necessary feature in car radio, 
where the car chassis (earth) may be 
used as either the negative or positive in 
the electrical wiring system. 

If the outer metal can which serves 
as a screen is removed from a vibrator, 
the driving coil and contact assembly 
will be found; these are usually mounted 
on a stout metal bracket formed as an 
elongated " L " or " U," making a 
complete assembly.  This assembly is 
fitted into a moulded sponge-rubber base 
through which are brought out the con-
necting leads to be soldered to the base 
pins. More sponge-rubber in the shape 
of a tube is slipped over the assembly 
and the whole is fitted into its screening 
can, the bottom end of the can being 
spun over the base plate. It is interest-
ing to note that the sponge-rubber men-
tioned above, which plays the important 
part of damping-out the mechanical vi-
brations of the reed; is a special non-
sulphorous rubber, and therefore cannot 
have any detrimental effect on the 
metals in the contact assembly.  The 
foregoing mechanical details can be seen 
in Fig. i. 
In dealing with the electrical specifi-

cations of vibrators, they can be divided 
into  two  basic  forms.  Firstly,  the 
" interrupter " type, variously called the 
" non-synchronous " or " valve " type, 
the latter name referring to the neces-
sity of using a rectifying valve to obtain 
the D.C. output from the transformer. 
Secondly, there is the " synchronous " 

Vibrators 
By S. L. ROBI NS ON 

(Masteradio Ltd.) 

Fig. 1. Sectioned vibrator unit showing 
driving magnet, reed and contacts. 

or " self-rectifying " type, which pos-
sesses an extra pair of contacts for 
rectifying the output and thus obviating 
the use of a valve.  The synchronous 
types  can  be  sub-divided  into  two 
further classes, the one possessing a 
split reed enabling the input and output 
to be completely isolated from each other 
and thus coming in line in this respect 
with the interrupter types using a valve 
rectifier. The second type of synchron-
ous vibrator not possessing the " split 
reed " feature must necessarily have the 
input and output negatives common. 
This on the face of things would appear 
to be a serious disadvantage, if the 
apparatus being operated requires the 
negative filament, and H.T. negative 
isolated for bias purposes, but this can 
easily be overcome by providing a separ-
ate winding on the transformer for this 
requirement. 
In the writer's opinion the advantage 

of the split reed is completely over-
shadowed by the sounder mechanical 
construction of the types employing a 
reed which is made in one piece. 

Fig. 2. The principle of the vibrator. 

To come now to the functions of 
vibrators, let us make an analogy with 
A.C., which is probably the simplest 
method of explanation. If a D.C. volt-
age were applied to the primary of a 
transformer, there would be no flu/ 
change in the transformer core, except 
at the instant of application, and, there-
fore, no transformation of power from 
the primary to the secondary.  If the 
same D.C. could be made to alternate 
first in one direction and then the other, 
through the primary there would be an 
" alternating current " flowing, and the 
transformer would operate in a similar 
manner as on A.C. (see Fig. 2). The 
double-pole double-throw switch used in 
Fig. 2 to alternate the current in the 
transformer primary could, if the prim-
ary were centre-tapped, be replaced by 
the  simpler  single-pole  double-throw 
switch in Fig. 3. It will be seen that 
this  switch connects the D.C.  first 
through one half of the primary and 
then through the other half, which pro-
duces what is essentially an " alterna-
ting current " which can be transformed 
and rectified to high-voltage D.C. It is 

Fig. 3. Single pole switch replacing the 
double switch of Fig. 2. 

possible to replace the simple switch in 
Fig. 3 with a vibrator.  In Fig. 4 we 
have the simplified switching arrange-
ment carried out by a magnetically 
driven switch or vibrator. This arrange-
ment shows the vibrator reed being 
caused to vibrate by the driver coil 
shunted across the contacts, so that 
when current is applied to the vibrator 
the coil is energized, and pulls the reed 
towards the magnet. 

Fig. 4. Vibrator unit acting as switch of 
Fig. 3. 

RECTIFIED 
Hr.   D.C. 
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As the reed approaches the mag-
net,  the  contact  points  short  the 
coal, destroying the magnetic force, 
and the reed springs back past its 
normal position to make contact with 
the opposite point.  This operation is 
rapidly repeated at a frequency usually 
in the neighbourhood of 115 cycles per 
second.  This method of causing the 
reed to vibrate is known as the " shunt 
type " driver coil system. Fig. 5 shows 
a different method of obtaining the mag-
netic force to energize the vibrator reed, 
and is known as the " series type " 
driver coil system. In this arrangement 
an extra pair of contacts are necessary. 

• 

D.C.  I RECTIFIED 
INPUT H T  DC. 

Fig. 5. Alternative method of energizing 
the reed. 

These are opened ‘-ylien current is ap-
plied by the reed bearing one of the con-
tacts being attracted towards the mag-
net. The breaking of this circuit having 
destroyed the magnetism in the coil, 
allows the reed which has gained suffi-
cient momentum to travel somewhat 
farther and connect with the main con-
tact, and from there it springs back to 
the opposite contact, thus completing 
the cycle.  This latter method suffers 
frOm the obvious disadvantage of having 
an extra pair of contacts to wear out 
and also cause interference by the in-
evitable sparking which must take place 
every time the circuit is made or broken. 
The number of times at which the reeds 
complete the above cycle of operations 
per second is tailed the " vibrator's fre-
quency," and in the better class of units 
this is remarkably stable, and varies 
very little between different vibrators. 
The frequency of different makes of 
vibrators, however, varies considerably. 
especially in units made before 1937-38. 
Prior to this date, full-wave vibrators 
were manufactured with frequencies of 
S5, go, too, 115, 135 and 165 cycles per 
second, but to-day the frequency of 115 
cycles per second is generally adopted, 
having been found to give very satisfac-
tory results. 
Coming now to an examination of the 

self-rectifying types of vibrators, refer-
ence to Fig. 6 shows that the rectifying 
valve in Fig. 4 is replaced by a second 
single-pole double-throw switch, ganged 
to the first switch in the primary cir-
cuit (not electrically connected), and 
made to operate simultaneously.  This 
would in effect reverse the operation of 
the primary switch and act substantially 
as a rectifier to the alternating output 
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from the secondary of the transformer. 
In this arrangement the polarity of the 
switch rectified output would depend en-
tirely on the polarity of the D.C. input. 
Reversal of polarity can be effected by 
changing over the outsides of the second-
ary, or, with certain Vibrators, where 
the special seven-pin base is used, by 
plugging the vibrator into the socket in 
the opposite position. In most receivers 
and other types of apparatus it is usual 
to have the L.T. and H.T. negatives 
grounded. Therefore both blades of the 
switch could be thus connected together 
both mechanically and electrically, or in 
the vibrator; the reed can be made in 
one piece with a consequent gain in 
mechanical strength and a simplifica-
tion of manufacture (see Fig. 7).  By 
using this method of construction, all 
the common interrupter and rectifying 
contacts can be mounted on the one 
reed, and thus operate synchronously. 
The synchronous types of vibrators 
possess one advantage over the simpler 
interrupter types in that the rectifying 
valve is not required, so that the watts 
employed in heating this valve's fila-
ment are saved and a consequent gain 
in overall efficiency obtained. 
Two basic types of vibrators have 

been shown—Fig. 4 for interrupter types, 
and Fig. 7 for self-rectifying types—and 
with all the different variations of bases 
and connexions to the base pins, all 
modern vibrators can be classified into 
one of these two types. There is, how-
ever, a slight variation in the self-rectify-
ing types, as previously mentioned. This 
is illustrated in Fig. 6. 
The writer has personally carried out 

tests on American vibrators which well 
illustrate the reliability and efficiency 
of vibrators. In the first series of tests a 
synchronous vibrator (six-volt type), 
with  a continuous  primary  current 
rating of 7.5 amps, was connected into 
a circuit with a transformer giving a 
D.C. output of 600 volts at 65 mA, and 
consuming 8 amps at 6 volts.  By in-
creasing the input volts the output was 
raised to 620 volts at 120 mA, while the 
input current rose to 12 amps, repre-
senting an overload of approximately 
6o per cent. Under these conditions the 
vibrator was run for sixteen hours, and 
at the end of this period very careful 

COMMON 
NEG1ATIVE 

L.T.  HT. 

Fig. 6. Simplified self-rectifying vibrator. 

checks were made, which showed that 
there had been absolutely no decrease 
in efficiency.  The vibrator was then 
opened up and examined, and the con-
tacts were found to be " as new." After 
reassembling the vibrator it was once 
more run, but by decreasing the load 
the output voltage was allowed to rise 
to find out where " flash over " took 
place, and it was not until the goo-volt 
mark had been passed that this occurred. 
The second test, which was intended 

as a life test, and which was never 
completed because the vibrator—a non. 
synchronous unit—after running continu-

s  

D.C. 
INPUT 

RECTIFIED 

HT  D.C. 

Fig. 7. Principle of self-rectifying vibrator. 

ously for 2,500 hours on load (not ex-
ceeding the maker's rating) with a fall-
ing off in efficiency of only 4 per cent., 
showed every sign of continuing to run 
indefinitely. 

ESSENTIAL BOOKS 
THE SUPERHETERODYNE RECEIVER 

By Alfred T. Witte. A reliable and comprehensive 
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TRAINING SCHEMES MUST BE 
DEVELOPED  TO  THE  MAXIMUM EXTENT 

" Take in more new workers for training on 
the job in your own works.  Remember 
that the Government will help you with 
semi-skilled men and women trained under 
official schemes." 

(This is Point No. 2 of the Ministry of Labour's 

"4-POINT PLA N TO INCREASE WAR 

PRODUCTION" addressed to management.) 

THE OTHER 3 POINTS IN THE PLAN ARE:— 
POINT No. 1. Skilled men are needed for the really 

skilled jobs.  Be sure that each of your men is employed up 

to the very limit of his skill. Combat skilled labour shortage by 

breaking down processes wherever you can, and by training 

up your workpeople, both men and women, to jobs of 

greater skill. 

POINT No. 3. Prepare, now, to employ more and more 

women.  Look constantly to women for ycur new recruits; 

they are excellently suited to many types of semi-skilled 

work. Hundreds of thousands must enter war production 

this year and every factory must play its part. 

POINT No.4. Efficient personnel management is essential. 

Remember that you must secure the whole-hearted co-

operation of your workpeople.  Look closely to their welfare. 

Many of them may be new to industry; be patient and help 

them all you can during the first difficult weeks. A little 

foresight will reduce your labour turnover. 

ADVICE GLADLY GIVEN ON THE DEVELOPMENT OF A TRAINING SCHEME IN YOUR WORKS 
If you feel you would like advice on the develop-
ment of training in your works, remember that the 
Labour Supply Inspectors of the Ministry of Labour 
and National Service are ready and anxious to assist 

you.  You can reach them through the Manager 
of your Local Employment Exchange.  You can 
obtain full particulars of the Government Training 

Schemes from the Inspectors or from the Exchange. 

REMEMBER! If you have not yet received your copy of" THE EMPLOY-
MENT OF WO MEN . . . SUGGESTIONS TO EMPLOYERS" instruct 
your secretary to write for one to-day, asking for pamphlet 87/194 to the 
Manager of the nearest office of the Ministry of Labour and National Service. 

M OBILISE FOR 
IS S U E D  B Y  T H E  MI NI S T R Y  O F  L A B O U R N A TI O N AL  SE R VI C E 
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Valve Circuits Utilising Inductive 
Output Currents 

IT  is well  known that when 
electrons flow through a grid in 
a valve currents are induced in 

the external circuit associated with 
the grid, even though the grid takes 
no current. The R.C.A. laboratories 
have recently developed some useful 
circuit arrangements based on this 
phenomenon. The general idea is to 
include a resonant circuit in the 
suppressor grid lead of a pentode and 
to make use of the signal frequency 
voltage set up across the circuit by 
the induced currents. Depending on 
various factors, such as the decrement 
of the coils, the impedance of the  
valve, and the bias on the control 
grid, the voltage thus obtained may 
be as high as 8o per cent. of the 
anode output voltage. 

Figure r shows the principle sup-
plied to A.G.C. in the I.F. stage of a 
superhet.  The diode rectifier A is 
connected across the tuned circuit 
B,C, in the suppressor grid lead of 
the pentode, and develops across the 
resistor D a uni-directional voltage 
whose magnitude varies directly with 
the amplitude of the I.F. carrier; 
this is led back by the line marked 
A.V.C. to control the grid bias of the 
pentode or of previous valves, as is 
usual. 
As the voltage developed across the 

circuit in the suppressor lead is 
effectively applied to the suppressor, 
if the voltage is large it exercises 
control upon the anode current, since 
the suppressor grid operates as a con-
trol grid having a small amplification 

 factor. This effect 
is utilised in the 
following ar-
rangements. 

Figure 2 illus-
trates an ar-
rangement for 
providing a simple 
band-width 
control by means 

of a switch connected across the tuned 

circuit in the suppressor grid lead: 
when this switch is closed, the re-
sonance curve of the anode output 
circuit is a single sharp peak; when 
open, the curve is a broad double 

peak.  This same arrangement may 
also be used as a regenerative ampli-
fier, or as an oscillator by suitable 
adjustment of control grid bias. 
Figure 3 shows an alternative way 

of controlling band width, using the 
secondary circuit of the anode output 
transformer as the suppressor grid 
tuned circuit;  this gives a broad 
resonance curve when the switch is 
connected to the upper contact, and 
a sharp curve when connected to the 
lower contact. 
Figure 4 illustrates one way of 

providing automatic selectivity con-
trol in the I.F. stage of a superhet. 
In this case the suppressor circuit is 
tuned to a frequency just above the 
operating  intermediate  frequency, 
while the anode circuit is tuned 
accurately to the inte rmediate fre-
quency. When the control-grid bias 
applied via the A.V.C. lead is small, 
the circuit is operating regeneratively, 

so that gain and selectivity are 
increased in the anode circuit; as the 
A.V.C. bias increases (due to increased 
signal carrier amplitude), regeneration 
ceases, reducing gain and selectivity. 
For very high amplitudes, such as 
occur with local reception, this effect 
is more marked, due to the slight 
detuning: thus a simple and econ-
omical automatic selectivity control is 
provided. 

Detecting Pinholes in Rubberised 
Canvas 

by A. W. Russell SINCE rubberised canvas is used 
fairly extensively in A.R.P. work 
under conditions where is must be 

impervious to gas, it is of considerable 
importance to determine whether the 
layer of rubber has " taken " evenly 
over the whole area of the canvas, or 
whether minute pinholes have been left. 
The canvas itself is closely woven and 
pinholes in the rubber are very difficult 
to detect by eye, even when a very 
strong source of light is used behind the 
material. 
If, however, the rubberised canvas is 

placed between two electrodes saturated 
in brine or some suitable conducting 
liquid, the resistance between the elec-
trodes, which is normally of the order 
of tens of megohms, drops to a few 
thousand ohms if there is a pinhole in 
the rubber layer. A suitable method of 
testing consists in passing the material 
between a pair of insulated rollers 
saturated with the liquid chosen and 
using the circuit shown. 

Vi has cathode bias as shown, while 
the grid receives further negative bias 
up to a maximum Ei, the actual value 
being determined by the ratio of the re-
sistance between the rollers and the 
value of Ri. When there are no r in-
holes the resistance is very high and 
the bias on Vi is equal to the (trop 
across R4.  When, however, the resist-
ance falls to a few thousand ohms in-
dicating the presence of a pinhole, tne 
negative bias is increased causing a 
positive impulse to be fed to the grid of 
the gas triode V2, which then fires, 
operating the relay in its anode circuit. 
This relay may be used to ring a ,bell 
or make a mark on the edge of the 
material to indicate roughly the position 
of the pinhole. 
Suitable component values are given 

in the following table and using these 
values the relay will operate whenever 
the resistance between the rollers drops 
below 25,000 ohms.  To change this 
limiting value it is only necessary to 
change the values of Ei and R. 

RI  6,000 ohms  CI  0.5 refd. 
R2  0.126 meg.  C2  50 mfd. 
R3  5,000 ohms  CS  8 mfd. 
R4  500 ohms  VI  Mallard -RE M 
R5  1.0 meg.  V2  Mallard EC 60 
R6  32,000 ohms  Relay: 10 mA. 
R7  1,000 ohms  17,600 ohms 
R8  24,000 ohms 
RD  1,000 ohms 
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Let thelMfmake you a 

Radio/Wireless Mechanic 
As Britain's air power grows, the need for 

Radio/Wireless Mechanics increases   

now, more than ever before, Radio/Wireless 

Mechanics are needed — and they are needed 

AT ONCE. Keen young men between 18 and 

34, interested in the practical side of wireless, 

should volunteer immediately.  They will be 

trained in the maintenance and repair of the 

most up-to-date radio and wireless equipment. 

Theirs will be a responsible job   a job 

upon which depends the safety of the air crews 

of the R.A.F. When peace returns their training 

and experience will stand them in good stead 

in civilian life. Go to-day to the R.A.F. Section 

of the nearest Combined Recruiting Centre 

(address from any Employment Exchange) and 

tell them you want to volunteer for immediate 

duty. 

send me details of Technical Duties in the R.A.F. 

NA ME   

ADDRESS 

To AIR MINISTRY INFORMATION BUREAU, KINGS WAY, LONDON, W.C•2 
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Low Loss Ceramics 
(Continued from page 303) 

will present themselves to an enter-
prising designer. A simple case is that 
of insulating bushes for the terminals 
or lead-out wires of apparatus to be 
sealed permanently against moisture. 
These can be silvered over appropriate 
areas and then soldered directly into 
position. Various insulating supports 
can be silvered and soldered directly to 
metal parts, thus simplifying assembly 
and producing components of great 
rigidity. Again, complete assemblies 
of valve holders, coil mountings, con-
denser and switch insulation can be 
arranged on a single piece of ceramic, 
with silvered areas replacing the func-
tion of metal, parts normally attached 
by bolts or rivets—even the connecting 
leads can be formed in this way. While 
such  extremes  are  unnecessary  at 
normal frequencies, the possibilities are 
worth consideration in ultra-high fre-
quency designs. 
In valves of conventional design, use 

is now often made of ceramics for bases 
and the internal electrode supports, 
and  in  1939  experimental  waives 
were shown at the Berlin Radio Ex-
hibition in which the electrode structure 
was carried directly on pins sealed to a 
ceramic disk base, the envelope being 
formed  by  a dome-shaped  ceramic 
moulding sealed to the base by glazing. 
While the ceramic envelope seems an 
unnecessary complication, this use of a 
ceramic base should lead to an appre-

Electronic Engineering 

fe 
Parts of Ceramic trimmer condenser. 

ciable reduction in both losses and 
capacity change during warming-up, as 
compared with the all-glass base of the 
rather  similar  American  Loctal 
construction. 
Insufficient is yet generally known of 

the properties of ultra-high frequency 
circuits to enable any forecast to be 
made of the importance of ceramics in 
this field, nor are any methods of 
measurement yet established whereby 
the properties of insulating materials 
can be measured accurately at fre-
quencies, greatly in excess  of  too 
megacycles. 
In conclusion of this present series of 

articles, I wish to acknowledge the 
help I have received from my col-
leagues in their preparation, and to ex-
press my thanks to the management of 
Steatite and Porcelain Products, Ltd., 
for  permitting  publication  of  the 
articles and of photographs of the 
Stourport factory. 

July, 1941 

New American Valves 
R.C.A. 6SF7.—A combined single 

diode  variable-mu  H.F.  pentode 
metal valve recommended for use 
as  a combined  I.F.  amplifier 
and detector, but is also suitable 
for use as a resistance-coupled A.F. 
amplifier and will give the same 
high gain and voltage output as 
other similar pentodes. The heater 
rating is 6.3 volts 0.3 ampere. 
R.C.A. 12SF7. —Identical to the 

6SF7 except for the heater rating 
which is 12.6 volts 0.15 ampere. 
R.C.A. 6SN7--G.T. —A glass valve 

comprised of two triode units. The 
cathodes of each triode are brought 
out to separate base pins.  It is 
recommended for use in resistance-
coupled circuits as a voltage amplifier 
or phase invertor. 
R.C.A. 930. —A  new photo-cell 

recommended  for  use  in  sound 
reproduction and relay applications. 
Electrically this is as the type 923 
and physically as the type 929. 
SYL VA NIA  7V7. —A  receiving 

pentode amplifier whose characteristics 
feature, it is claimed, the highest 
mutual conductance combined with 
the lowest anode-to-grid  capacity 
possible for practical applications 
of a valve of this type. 

r For a Sensitive Detector" follow the 
advice of the experts . . 

Three resistances-

120, 2,000 and 4,000 ohms— 

one price, 20/- a pair. 

• 

TT will be noticed in articles on A.C. Bridge 
Methods what emphasis is placed on the 

sensitivity of the detector.  It will also be 
noticed what a liking the experts show for 
Ericsson Supersensitive Telephones. 

No wonder!  These extremely sensitive Tele-
phones are built that way for extra sensitivity 
and response and will be found on the benches 
of the advanced research worker and the 
enthusiastic amateurs everywhere. 

At all good radio dealers.  If you have 

any difficulty in procuring, write direct to: 

ERICSSON TELEPHONES LTD. 
22, Lincoln's Inn Fields, London, W.C.2 

• 

Tel.  HOLborn 6936 

SUPERSENSITIVE 
HEADPHONES Ir., 
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THE " FLUXITE QUINS" AT WORK 

rt—ro 

To a bedtime story 
00 switched 

The set screamed 
like something 
bewitched 
As it shrieked 
through  the 
night 

Came the boys 
with FLUXITE 

Grinned EE " It's 
a wire — come 
unstitchedl " 

See that FLU XITE is always by you —In the house--g  e—work-
shop  wh  speedy soldering is needed.  Used for 30 years In 
 ment works and by leading engineers and manufacturers. 
Of Ironmongers —In tins, 4d., 8d., 1/4 and 2/8.  Ask to see th• 
FLU XITE SMALL-SPACE SOLDERING SET—compact but sub-
stantial —complete with  full  instructions, 7/6.  Write for Free 
Book on th• art of " soft "soldering and ask for Leaflet on CASE-
HARDENING STEEL and TEMPERING TO OLS with FLU XITE. 

1 To CYCLISTS I Your wheels will NOT keep round and true unless the spokes are tied with fine wire at the crossings and SOLDERED. This makes a much 
stronger wheel.  It's simple—with FLUXITE—but IMPORTANT. 

THE FLU XITE GU N pute FLU XITE where 
you went it by a simple pressure.  Price 116, 

or filled 2/6. 

., FLUXITEJLTD. (DEPT., T.V.), 
.1  BERMONDSEY ST., S.E.1. 

AIL MECHANICS WEL Ø t 

FLUXITE  
ri SIMPLIFIES ALL SOLDERING  

CONSTANT 
VOLTAGE 

A NEW ADVANCE IN TRANSFORMER DESIGN 
Line voltage variations of 
± 15% reduced to ± 1% 

Stabilize your Electrical Instruments  by using  an 
" ADVANCE " Constant Voltage Transformer 

TYPICAL SPECIFICATI ON: 
Input Voltage :  190-260 v. 50 C. 
Output Voltage:  230 V. ± 
Max. load:  150 watts. 

Input power factor over 00%. 

Write for details.  Price on application. 

ADVANCE COMPONENTS LTD., 
Back Rd.. Shernhall St., Walthamstow,.London, E 17 

Telephone : Larkswood 4366-7 

AV 
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O ACCURATE 
TESTING 

INSTRUMENTS 

HIGH accuracy, simplicity, exceptional versatility and proven reliability 

have won for "AVO " instruments a world-wide reputation for 

supremacy wherever rapid precision test work is demanded. There 

is an " AVO " Instrument for every essential electrical test. 

In spite of greatly increased production, most of 
our output of " AVO" Instruments is being taken 
by the Services. Delay in delivery of Trade orders 
is consequently inevitable, but we shall continue 
to do our best to fulfil your requirements  as 

promptly as possible. 

The  word 
"AYO" Is 
Ottr  regis-
tered Trade 
Mark 

•  Send for descriptive literature and current prices. 

THE AUTOMATIC COIL WINDER 8, ELECTRICAL EQUIPMENT Co., Ltd. 

Winder House, Douglas Street, London, S.W.I.  Phone: VICtorla 3404-7 
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TRANSFORMERS 

nection with Radio Receivers and 
can be relied upon for unfailing service. 
All types manufactured, including totally shrouded 
with terminals and stripped type with leads only. 
Also manufacturers of special apparatus—Amplifying 
Equipment, Power Packs, Switchboards, etc.  Let us 
quote. 

USE W ODEN 

QUALITY 

Transformers 

for all 

Special Work ! 

Used extensively 
by Government 
War Depart-
ments  for  all 
purposes in con-
Transmitters, and 

W IDEN TRANSFORMER C°.  
THORNLEY ST., WOLVERHAMPTON 

Tel: Wolverhampton 22829 
Shams 

ELIMINATES 
SPARKING 

. . . at the 
control contacts 
The best relay  for  use with 
instrument contacts.  The non-
inductive control circuit elimin-
ates the switching surge.  For 
A.C. or D.C. circuits—currents 
up to 30 amps.—volts up to 
600.  Write for leaflets 101-2 
and 101-2A. 

THE 

HOT WIRE 

VAC U U M  S WITC H 
Sunvic Controls Ltd., I, Kingsway, W.C.2 

Tel. : Temple Bar 8202 

TRANSFORMER 

LAMINATIONS 
EIGHT STANDARD SIZES 

CORE WIDTHS ilk" to 14" (E's and l's) 

AVAILABLE FROM STOCK 

A Comprehensive Bulletin together with details 
of Associated Covers and Clamps with design 
data will be sent to manufacturers on request. 

BRITISH ROLA LIMITED 

MINERVA ROAD, PARK ROYAL, N. W.I0 
WILLESDEN 4322 

Great Possibilities for 

TECHNICALLY QUALIFIED ENGINEERS 
KEY MEN IN W ARTIME AND AFTER WARDS 
The finest posts an the majority of posts in 
this war are technical and when the war is 
over, the immense increase in technique and 
mechanisation created for war purposes will 
be applied to reconstruction and commerce. 
An age of great possibilities for qualified 
engineers is here. Study at home with The 
T.I.G.B. and take a Recognised Engineering 
Qualification such as A.F.R.Ae.S., A.M.I. 
Mech.E., A.M.I.E.E., etc. in which examin-
ations T.I.G.B. Students have gained 25 FIRST 
PLACES and hundreds of passes.  Write 
now  for  " The  Engineer's  Guide  to 
Success " — 200 Courses — covering  all 
branches — Aeronautical, Tele-communi-
cation, Mechanical, Electrical, Chemical, etc. 
etc. 

THE TECHNOLOGICAL INSTITUTE OF GREAT BRITAIN 
160, Temple Bar House, London, E.C.4. 

M ake sure of your 
copy regularly... 

SUBSCRIPTION 

RATES 

All over the world 

12 Months ... 20/-

6 Months ... I0/-
All subscriptions are payable in 
advance.  Cheques and Postal 
Orders should be made payable 
to" Electronic Engineering" 

To avoid disappointment you 

should place an order with 

your newsagent  to deliver 

this journal each month or 

send your subscription direct 

to us. 

HULTON  PRESS  LTD.,  43-44  SH OE  LANE,  LONDON,  E.C.4 

111111011111111111111111111111111IIIIIIIIIIIIIIIIIIIIIIIIII11111111111111111111111111111IIIIIII 
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Review of Progress in Electronics 
(Continued from p. 300) 

to form any definite rules, since this 
factor depends greatly upon manufac-
turing methods and the subsequent age-
ing process. If the ageing is thorough, 
any drift or change of sensitivity during 
normal use should be very small—not 
more than 2 or 3 per cent. In accurate 
measurements,  however,  the  effect 
should always be looked for. 

Applications 
The order of magnitude of the current 

available in some types and sizes of 
photo-voltaic cell introduces the possi-
bility of operating electro-magnetic re-
lays and other devices directly, without 
intermediate amplification. In this case 
it is necessary to match the cell resis-
tance carefully with the load, as already 
mentioned, so as to obtain maximum 
power, and if relays are used they must 
produce adequate contact pressure with 
an exciting current corresponding to the 
output of the cell. 
In cases where amplification is neces-

sary, the use of a D.C. amplifier may 
be avoided by interrupting the light at 
a steady rate, as by means of a rotating 
slotted disc, and using a conventional 
audio-frequency amplifier. Typical con-
nexion diagrams for both arrangements 
are given in Fig. 7. It may be men-
tioned in conclusion that if voltage is 
applied to the cell there is in general 
a change of barrier-layer resistance and 
of the photo-voltaic effect.  In the case 
of selenium cells the conditions are 
further modified by the photo-conductive 
effect.  It was found by Bergmann° in 
the case of a front-wall selenium cell 
that, if the selenium was made negative 

CELL 

DCAMPLIFIER  with 
compensated meter  

ELL 

AMPLIFIER for fluctuating light 

by 12 volts with respect to the metal 
film and a small 2-volt, 0.25-ampere 
lamp connected in the circuit, the lamp 
lit up when the cell was illuminated by 
a too-watt lamp at a distance of zo cm. 
With only 4 volts, and illumination 
from an arc lamp, currents of the order 
of 15o mA were readily obtained. This 
arrangement offers distinct possibilities 
in connexion with the operation of 
relays. 
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Sinclair Speakers 

Messrs. Sinclair Speakers whose head 
cffice is at Pulteney Terrace, Copen-
hagen Street, London, inform us that 
their works have  suffered slight 
damage by enemy action, but pro-
ducticn has not been affected in any 
way. 

CHANGE  OF ADDRESS 

Messrs. Chas. F. Ward, of 46, Far-
ringdon Street, London, E.C.4, manu-
facturers of rotary convertors for 
radio and other purposes, notify us 
that they have now moved to 37, 

 Whitepost Lane, Hackney Wick, E.g. Fig. 7. 

We meant to use this in connec-

tion with our Variable Voltage 

Transformers  (of which we 

make a range suitable for all 

types of control requiring con-

tinuous and smooth adjustment 

of voltage); but our artist has 

caught another angle. 

For our products might well be 

described in these terms, since 

they range from small instru-

ment transformers to 3-phase 

transformers up to 15 KVA 

with voltages up to 50 kV. and 

currents up to 1,000 amps. 

If you want to operate at 500 

cycles or if you want constant 

voltage despite mains fluctua-

tions, our designers are at your 

service and throughout is the 

same careful attention to detail 

on which our reputation has 

been built. 

May we have your enquiries ? 

W dAioeFie  COMPANY/TO 

BOREHAM WOOD 
HE RTS 

TELEPHONE • IELSTREE 1137$ 



322 Electronic Engineering  July, 1941 

Get   

TransFormers Ltd. 
It would be difficult to 
enumerate  the  various. 
types of winding and com-
ponents which we produce. 

Sufficient  to  say — We 
specialise in the manufac-
ture of Mains Transformers 
and Chokes of every type 
and size. Supplied in quan-
tities or singly ; We are 
willing also, to co-operate 
in the production of any 
proposition  put to  us, 
within  our  scope,  to 
execute, with care and 
promptitude. 

Write us for particulars : 

8a Gladstone Road, Wimbledon, 8.W.19 

'Phone: LiBerty 3303 

efeçoeice 
RELIANCE 

. . who are producing 
high degree controls for 
the Air Ministry, Admiralty, 
Ministry of Supply, Post 
Office, etc.  If in doubt 
regarding variable resist-
ance problems it pays and 
profits to consult 

RELIANCE 
Manufacturing Co.(8outhwark)Ltd. 

Sutherland Rd, Higham Hill, 

WALTHAMSTOW, E.17 
Telephone - - - Larkswood 3245 

PATENTS RECORD 
The information and illustrations on this page are given with permission of the Con-
troller of H.M. Stationery Office. Complete copies of the Specifications can be obtained 

from the Patent Office, 25, Southampton Buildings, London, W.C.2, price Is. each. 

RADIO AND COMMUNICATIONS 

Reception 
Combined Compression and 
Expansion Circuit 

rr HT 

A compressor circuit consisting of a 
three-stage  amplifier has  a control 
circuit bridged across the output valve 
by means of an additional valve V and 
a dry contact rectifier X.  Negative 
feedback is applied to the first two 
stages  of  the  amplifier  by  the 
rectifier  bridges Y !and  Z acting 
as variable impedances in the negative 
voltage feedback circuit.  The trans-
formers T T isolate the control current 
from the feedback circuit and step up 
the impedance of the variable con-
trolling bridge Y in the first stage. 

In a form of expander circuit a 
similar control circuit is bridged across 
the input of a two-stage amplifier. 
Negative feedback is applied to both 
amplifier stages to an extent depending 
on the input to the control circuit. The 
gain of the amplifier is thus made to 
vary with the input level. 

An experimental compandor set up 
according to these principles had a 
range of approx. 40 dB. and a ratio of 
:s.  The system gave an improve-

ment of 30 dB. in signal-noise ratio.— 
Standard Telephones and Cables, Ltd., 
and C. P. Rose. Pat. No. 535906. 

TELEVISION 

Scanning System 
The picture-signals, combined with 

both sets of synchronising impulses, are 
fed to the grid of the same valve. The 
cathode lead of the valve includes a 
choke coil which has a substantial im-
pedance at the frequency of the line-
scanning impulse, though practically 
none to the comparatively low " fram-
ing " frequency. Voltages at line fre-
quency  are  accordingly  developed 
across it and tapped off. The framing 
impulses are, in turn, developed across 
a resistance in the anode circuit, and 
are separately tapped off to their appro-
priate terminal. The valve is initially 

biased so that it reaches saturation 
point for any input voltage that is 
higher than the " black " datum line; 
this automatically filters out the picture 
signals. 

The presence of the choke in the com-
mon cathode lead automatically pro-
duces a negative feed-back of the line 
impulses. It is found that this prevents 
phase-distortion and so keeps the de-
sired saw-toothed shape, without, how-
ever, leading to any serious attenuation 
of their amplitude. —Standard Tele-
phones 'and Cables, Ltd., and D. N. 
Corfield. Patent No. 532,718. 

Periodic Wave Generators 

A periodic wave generator is des-
cribed comprising a high-mu value, 
preferably of the screen-grid type, 
having  output  electrodes  çoupled 
to the load circuit with one polar-
ity  and  a low-mu  valve  having 
output electrodes coupled to the load 
circuit with opposite polarity. The out-
put current of the high-mu valve varies 
continuously with time increasing dur-
ing the trace intervals, and causes the 
low-mu valve to vary continuously with 
time in an opposite sense. The current 
of this valve decreases irrespective of 
the increasing voltage applied during 
the trace intervals. 

The low-mu valve is so controlled 
and the output voltage across it so regu-
lated that the rate of change of the 
saw-tooth current in the load circuit of 
the generator is substantially uniform 
and the wave form is thus substantially 
linear during the trace intervals. — 
Hazeltine  Corporation.  Patent No. 
526,153. 

Pulse Sharpener 

To provide a multi-vibrator or two 
valve relaxation oscillator circuits in 
which  the flow of grid current is 
avoided, so that sharp substantially 
rectangular pulses from the oscillator 
can be obtained up to frequencies as 
high as so megacycles per second. 
E. L. C. White. Patent No. 535,633. 

MEASUREMENT 
Electronic Frequency Meter 

A frequency meter in which the 
multi-vibrator consists of two triodes, 
the anodes of each of which are con-
nected through an impedance to a posi-
tive potential, and then through a fur. 
ther impedance to the grid of the other 
valve.  Frequency  is measured  be-
tween the anode of one valve and the 
grid of the other on the grid side of 
the impedance. — Marconi's Wireless 
Telegraph Co., Ltd., and H. Jefferson 
and P. E. jellyman. Patent No. 536, ro6 
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CATH ODE RAY TUBES 

Fluorescent Screens 

According to the invention a small 
decanting pipe is sealed into the C.R. 
tube just above the enlarged base. This 
allows the liquid to be poured out with-
out applying much tilt. In addition, it 
allows the liquid to be removed with-
out flowing over the metallic coating 
deposited to act as an anode higher up 
the tube.  If fluorescent particles are 
allowed to attach themselves here, they 
are liable to producè an undesirable 
" h a ze. arc one s Wireless  Tele-
graph Co., Ltd.  Patent No. 532,886. 

Improved Deflector Plate System for 
U.H.F 

When the electron stream of a C.R. 
tube is deflected at increasingly high 
frequency, the time comes when the full 
deflection due to the applied control 

• voltage is not secured, owing to the 
time taken by the electrons to pass 
from one end of the deflection plate to 
the other. 

E 

II 
I I 

II 
I 

FIG I. 

In order to overcome this difficulty, 
the deflection plates of a cathode-ray 
tube intended 'for handling very high 
freauencies are made to simulate a re-
tardation line, so that the effect of the 
applied control voltage is, in practice, 
slowed down to keep pace with the 
passage of the electrons in the stream. 
This object is secured by splitting the 
deflection plate into a number of sec-
tions, as shown in Fig. 1, each section 
being connected to the other by an in-
ductance.  The series inductances, in 
combination with the shunt capacities 
to the opposite plate, can be arranged 
to produce any lag required to produce 
a correct deflection of the electron 
stream for a given working frequency. 
—Standard TelePhones and Cables, 
Ltd. Patent No. 532,996. 

Improvements in the construction of 
high vacuum cathode-ráy tubes employ-
ing asymmetrical electrostatic deflec-
tion and having as an object the reduc-
tion of trapezium distortion, particu-
larly in the case where the total angle 
of deflection is greater than 20 degrees. 
—A. C. Cossor and E. E. Shelton. 
Patent No. 529,523. 

COMMUNICATIONS DEPEND....  

BULGIN 
FOR 

LAMP H OLDERS 

The largest and most extensive range 
in the World. All kinds of lamp-
caps are accommodated, including 
M.F.S. and ES., to B.S.S. 98, and 
M.B.C. (the new miniature bayonet 
cap, single contact).  In the large 
range, there is a full choice of fixing-
brackets, -strips and -clips, both 
'live ' and ' dead.' The screw types 
are made in rolled, drawn-and-em-
bossed, spring-grip, etc. A lamp-
holder for every use. 

ON SM ALL 
PARTS.... 

In countless instances quite intricate 

pieces of apparatus are wholly de-

pendent on the proved reputation 

and reliability of their component 

parts. 

All products from the House of 

Bulgin are pre-eminent for superior 

design and workmanship, and every 

article bearing our Trade Mark has 

to pass exacting and exhaustive tests 

during the course of its production. 

That is why every manufacturer of 

national  importance  incorporates 

Bulgin Components. 

J ts erLytL 
Our new 128 pp. Catalogue No, I64-ET, 
fully illustrated and with technical and 
dimensional data. A valuable and com-
prehensive reference. Price:9d. post free. 

AL WAYS DEPEND ON 

BULGIN 
R E GI S T E R E D  • T R A D E  • M A R K 

A. F. BULGIN Z, CO. LTD., BY-PASS RD., BARKING, ESSEX 
Tel. Rippleway 3474 (4 lines) 
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If your work is for the Govern-
ment and you are experiencing 
difficulty in obtaining trans-
formersfrom you r usual source, 
please get into touch with us. 

We can still gave prompt 
deliveries providing yourorder 
quotes the number of the 
Government  contract  for 
which the goods are required. 
The latter is essential. 

King's Bldg., Dean Stanley St., London, S.W.1. 

Phone. VICtoria 5035 

Don't miss these! 
Pre-tax  or  demonstration  soiled  Bargains. 
Ex-Bromley.  Carriage and Packing extra. 

£ s. d. 
Ham mariund Super Pro, SPI 10, 15-650 
metres, with power pack.  Pre-war list 
price  ... 59  0 0 

Murphy Table Model A.90, 1940 All-wave, 
at pre-tax price 

Def iant 1940 Table Model, 6 valves, motor 
tuning, all-wave, dem. soiled ... ... 15 IS  0 

Marconi Table Model 345, 17-2,000 metres, 
4 bands, 6 valves, slightly used  9 9 0 

Ekco Table Model P.B.510, All-wave, push-
button, motor tuning.  Pre-tax price...  IS IS  0 

Ekco Console, C.51I, Push button, motor 
tuning, 13-2,000 metres.  Pre-tax price  17 17  0 

G.E.C. Table Model B.C.3950, All-wave, 
5-valve, Pre-tax value  ...  9 9 0 

Eddystone Special Short-wave Receiver, 
15-87 metres, three bands, speaker, 
power pack, meters, as new ...  .  17 10  0 

Scott Quaranta Speaker Console, hand 
carved,  with  Super  Keates  Hacker 
Speaker.  Cost £120.  As new  ... 45  0 0 

McMurdo Silver Guthman Anti-fading 
Diversity Couplers, for balancing out 
fading.  Suit any set.  Pre-tax value ...  9 9 0 

Lowther Bass and Treble Corrector for 
any set.  Old price  ...  3 16  6 

Baker Triple Cone 121n. Dynamic Speaker. 
Little used  5 5 0 

A merlc,an Capehart Auto Record 
Changer, takes 20 mixed 10In. and 121n. 
records, and turns them over.  Cost 
£100.  As new  .. 

Formo Ceramic ribbed 21n, by lain. Coil 
Formers  „.  Per doz. 3/-.  Per gross  1 10  0 

Formo Ceramic Bases for above, 21m, by 
¡In, by lin., 5-hole, without fittings. 

Per doz. 1/6.  Per gross  0 15  0 
Rothermel Hushatone, The Silent Loud-
speaker  ...  2 2 0 

Shure Double Button Microphone  ...  2 2 0 
Many more Sets and Accessories at fair prices. 
Why not look us up ? 
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o 

A.C.S. RADIO 
44, Widmore Rd., Bromley, Kent 
Open until 6 p.m., except Wednesday, 1 p.m. 

O 

o 

ABSTRACTS OF 
ELECTRONIC LITERATURE 

Thermionic Tubes 

Fluctuations Induced in Vacuum 
Tube Grids at High 

Frequencies 
(D. O. North and W. R. Ferris) 

A theoretical formula for the noise 
induced in the input circuit of vacuum-
tube amplifiers by fluctuations in the 
electron  stream  is compared  with 
measured values. The results are found 
to be in substantial agreement.—Froc. 
I .R.E.., Vol. 29, No. 2, Feb., 1941, p. 
49. 

A Simple Vacuum Tube Relay 
(Serfass) 

Details are given  of a compact 
vacuum tube relay which is contained 
in a case measuring 4 X 4 X 2 inches. 
Many advantages are claimed for this 
relay, including simplicity of construc-
tion, low control current, high degree 
of sensitivity,  large plate current, 
power line operation and alternating or 
direct current operation.  The control 
current is limited to a maximum of 
about 5 micro-amps., whilst the plate 
current is stated to be as high as 45-5o 
rnA. The high plate current eliminates 
the necessity for using a sensitive relay. 
lnd. and Engg. Ch. Analytical Ed., 
April, 1941, p. 262. 

Circuits  

Distribution of Amplification with 
time in Fluctuation Noise. 

(V. D. Landon) 
The purpose of this paper is to show 

that fluctuation noise has a statistical 
distribution of amplitude versus time 
which follows the normal-error law. 
This fact is also correlated with the 
measurements of crest factor made on 
the noise output of band-pass amplifiers 
by various investigators. 
It is shown that the distribution of 

noise amplitude  has  been  passed 
through frequency-selective circuits. It 
is shown why the measurements of crest 
factor made by various experimenters 
group around the value 4, but it is 
pointed out that this is not a true wave 
crest-factor because the voltage occa-
sionally goes considerably higher. The 
ratio of the effective voltage is shown 
to be 0.798. A discussion is given of the 
kinds of noise which do not follow the 
normal-error law.—Proc. IR E., Vol. 
29, No. 2, Feb., 1941, p. 50. 

Vacuum Tube Scaling Circuit 
(Don De Vault) 

A counting circuit is described in 
which certain desirable characteristics 
are obtained by applying the tripping 
impulses to the cathodes of the scaling 
tubes.  The circuit is a scale-of-sixteen 
type employing hard valves with no 
interstage complications.—Jour.  Opt. 
Soc. America, Vol. 31, No. 4, April, 
1941. 

Phase-Shift Oscillators 
(E. L. Ginzton and L M. Hollingsworth) 
This paper describes a type of resist-

ance capacitance tuned oscillator which 
operates with a single valve.  A three 
or more mesh phase-shifting network is 
connected between the output and in-
put of an amplifier. When the gain of 
the  amplifier  is  adjusted  either 
manually or by an A.G.C. circuit barely 
to maintain oscillation, almost pure 
sine-wave output is obtained. Varia-
tion in the basic circuit have been 
analysed  and  design  formulœ  are 
included in this paper.  Experimental 
work  varified  theoretical  expecta-
tions. A typical oscillator was found 
to have distortion of o.i per cent. 
at an output voltage of 20 volts.—Proc. 
IR E. Vol. 29, No. 2, Feb., 1941, p. 43. • 

Measurements 

A Precision Thermionic A.C. Test Set 
(K. A. Macfadyen and N. D. Hill) 

The current consumption of volt-
meters and of the pressure coils of watt-
meters is a disadvantage which may 
preclude their use for certain purposes. 
With a view to removing this restric-
tion a combined A.C. voltmeter, am-
meter and wattmeter has been made in 
experimental  form,  incorporating  a 
specially stabilised thermionic amplifier 
interposed between the voltage ter-
minals of the load and the voltmeter or 
pressure coil. Special attention has been 
paid to the accuracy and stability of the 
instrument, which can be used over the 
frequency-range of so to 1,000 cycles/ 
second and hence is suitable for dealing 
with distorted waveforms.  The equip-
ment is at present in a semi-permanent 
form whilst undergoing a long-term 
laboratory trial  in  connexion  with 
power measurements on low wattage 
electric discharge lamps. A circuit dia-
gram is included. —G.E. C. bourn., Feb., 
1941, p. 182. 
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zoll PREMIER RADIO MP 
PLEASE NOTE —ALL S.W. KITS 

PREMIER 
SMOOTHING CHOKES 

Type  Curren. Henrys  Res  Prices * 
C 40/500  40 MA  20-34 H  500 ohms  6/-
C 60/180  MA  8H 180 ohms  6/.  
C 60/100  60 MA  25-34 H  400 ohms  8/8 
C 60/500  60 MA  18-30 H  500 ohms  8/8 
C 100/400  100 MA  20-34 H 400 ohms  10/8 
C 150/185  150 MA  20-34 H  185 ohms  15/4 
C 200/145  200 MA  20-34 H  145 ohms  18/-
C 250/120  250 MA  25 H  120 ohms  20/-

Pre mier Pick-ups. 
Heads (W111 fit any tone-arm)  .- .  8/9 
Premier Pick-ups with Volume Control 
Tone Arm  17/6 

AN OTHER SPECIAL OFFER. 
Rothermel Brush Plazo Crystal Pick-ups. 
De Luxe Pick-up Head ...  ..•  ••• 34 /9 
(Will fit any tone-arm)  ...  ••• 

PREMIER 1941 HIGH 
FIDELITY AMPLIFIER KITS 

Each Kit is complete with ready drilled chassis, 
selected components, specially matched valves 
and full diagrams and instructions. 

Completely 
Kit of Parts Wired and 
with Valves  Tested 

4-watt A.G. Amplifier  11  6 
6-watt A.C.  „  £6 16  6  13  6 
8-10-watt A.C./D.C.  £7  9 0 
I 5-watt A.C.  „  18 9  £9 8 0 

Black Crackle Steel Cabinet 17/6 extra. 

MAINS  TRANSFORMERS 
Wire-ends. All L.T. Windings 

Centre-Tapped 
SP. 250  250-0-250 v. 60 m.a. 4 v. 1-2 a, 

4 v., 2-3 a., 4 v.2-3 a.  ...  13/4 
SP. 300  300-0-300 v. 60 m.a., 4 v.2-3 a, 

4 v., 2-3 a., 4 v. 2-3 a.  13/4 
SP. 301  300-300 v. 150 ma. 4 v. 2-3a, 

4 v. 2-3a., 4 v. la, 4 v. la  ...  17/4 
SP. 350A  350-350 v. 100 m.a. 5 v. 2a (not 

C.T.), 6.3 v. 2-3 a ...  " .  16/- 
SP. 350B  350-350 v. 100 m.a. 4 v. 2-3a, 

4 v. 2-3a, 4 v. 2-3a...  ...  ...  16/-
SP. 351  350-350 v. ISO m.a. 4 v. I-2a, 

4 v. 2-3a, 4 v. 3-4 a...  ...  17/4 
SP, 35IA  350-350-150 m.a. 4 v 3 a, 4 v. 

2-3 a„ 4 v, 1 a„ 4 v, 1 a,...  22/-
SP. 352  350-350 v. 150 m.a. S v. 2a, 

6.3 v. 2a. 6.3 v. 2a...  181-
SP. 811  300-300 60 m.a. 4 v. I a. (not 

C.T.), 4 v. 5 a. C.T.  8/11 
Auto Transformers.  Step up or down.  100-
125 v. to 200,230 or 250 v. A.C., 60 watts, 11/4; 
125 watts 15/- ; 250 watts, 22/-. 
L.T. Transformers, all C.T. 
4 v. 2.-3 a.  ... 11/4  6.3 v. 2-3 a. ...  11/4 
2.5 v. 5 a.  ... 11/4  7.5 v. 3 a.  ...  11 4 
5 v. 2-3 a.  ... 11/4  12 v. 3-4 a. ...  18/-
Push-Pull Driver Transformers,  ...  6/6 
Universal Output Transformers. II 
Ratios  Single or Push-Pull 6/6 

Push-pull Speaker Transformers, 5é.-.1 

Heavy Duty Type for G.I2  ...  6/6 

MATCH MAKER  UNIVERSAL 
OUTPUT TRANSFORMERS 

Will match any output valves to any speaker 
impedance. 
Il ratios from 13 : I to 80 : I, 5-7 watts, 16/10. 
10-15 watts, 21/10. 20-30 watts, 36/10. 

Paxolln Valve Holders, chassis mounting, 4 
or 5 pin, 4d. each. 7 pin, 4d. each. 

ARE NOW SUBJECT TO PURCHASE TAX. THIS IS INCLUDED IN THE PRICE. 

"LEARNING MORSE" I 
3/3 
5/10 
2/-
7/6 

25/-

Premier  Morse  Practice  Key  on 
Bakelite Base and Brass Movement 

General Purpose Morse Key 

Bakelite Buzzers 

3 Henry Chokes 

Complete Kit of Parts for Valve Oscil-
lator  as  described  in  W. W. 
" Learning Morse " 

NE W PREMIER S. W. A.C. RECEIVER 
In response to many requests we have now produced 
an A.C. version of the popular Premier Short Wave 
SG3 Kit. Circuit: Pentode H.F. Stage, Pentode De-
tector, Beam Power Output, and F. W. Rectifier. 200-
250 v. A.C. Operation. Built-in Power Pack. H urn-free 
operation. For use with Phones or P.M. Speaker. 

Complete Kit of Parts with drilled chassis, all com-
ponents. Plug-in Coils covering 13-170 metres, 4 valves 

and full instructions  £6 146 
and circuits.  - - 

Battery Version also available Kit £4 15 4 
Extra Coils 9-15, 200-2000m, also available 
* " The Wireless World" said they were  * 

" very much Impressed   FP 
See full Test Report pp. 492-3 December issue 

Send for full details 

PREMIER BATTERY 
CHARGERS for A.C. MAINS 

Westinghouse Rectification 
complete and ready for use 

To Charge :  6 volts at I amp. 26/ 
2 volts at  amp. 13/4  12 volts at 1 amp. 28/ 
6 volts at  amp. 22/-  6 volts at 2 amps. 43/6 

MOVING COIL SPEAKERS 
All complete with transformer.  Rol, 6; in., 
15/-; 10 In. P.M.s, 22/6; Goodman 8 in. P.M.s, 
20/, 

ENERGISED MODELS 
Plessey 8 in., 175 ohm field, 7/6 

PREMIER SHORT- WAVE KITS 
for OVERSEAS NE WS 

Incorporating the Premier 3-Band S.W. Coils 
11-86 Metres without coil changing. Each Kit is 
complete with all components, diagrams and 
2-volt valves.  3-Band S.W. 1-Valve Kit, 18/, 
3-Band S.W. 2-Valve Kit, 27/6. 

DE LUXE S. W. KITS 
Complete Kit, including all Valves, coils, wiring 
diagrams and lucid instructions for building and 
working.  Each Kit supplied with • steel Chassis. 
Panel and plug-In coils to tune from 13 to 170 
metres. 

I Valve Short- Wave Receiver . r orA. .daptor. 24/6  

I VKaitl  ve Shor..t.- Wave Superhet Converter  
Kit 

2 Valve Short- Wave Receiver Kit  ...  35/6 

SHORT-WAVE CONDENSERS 
Trolitul Insulation.  Certified superior to 
ceramic. All-brass construction. Easily ganged 

15 m.mfd. 
25 m.mfd. 
40 m.mfd. 

...  2/4 

... 2/6 

... 2/6 

100 m.mfd. ...  3/-
160 m.mfd.  3/7 
250 m.mfd.  4/. 

S H 0 RT- WAVE  GEAR 
Short- Wave Coils, 6-pin types, to fit 7-pin 
holder Type 2, also to fit Eddystone coil holder 
Type 3, 13-26, 22-47, 41-94, 78-170 metres, 
2/- each, with circuit. 
Premier 3-Band S.W. Coll, 11-25, 19-43, 38-86 
metres.  Suitable any type circuit, 2/11. 
Bakelite Dielectric Variable Cond  s. 
.0005 mf.  Suitable Tuning or Reaction, 1/6 
each. 
Short- Wave H.F. Chokes. 10-100 m., 10}d. 
each.  High grade Pie- Wound U.S.A. type, 
2/- each. 
Listen Dual Range S  d Coils. Medium 
and Long Waves, 2/9 each. 

PREMIER 
REPLACEMENT VALVES 

4 volt A.C. 5-pin Types, A.C./H.L., A.C./L., 
A.C./P., A.C./V.M., A.C./S.G.  All 5/6 each. 

Premier I.F. Trans., 450-470 k/cs., Air cores. 
With or without Top Grid connection. 5/.. 

Flexible Couplers.  kin. bore.  I Id. etch. 

Valve S   for International and U.S.A. 
types, 1/2 each  

Jacks.  Single or Closed Circuit,  1/9. 

Electric Soldering Irons, 200-250 volts, 5/10. 
Super Model 11/9. 

Potentiometers, all  resistances, 2/4 each; 
with switch, 3/3. 

Beehive Stand-offs, 21 in., 7d. each. 

Mains Noise Suppressors, comprising double 
wound Choke and Conds., 6/6 each. 

Microphone Cable, weatherproof.  Shielded 
and Rubber covered, II- yard. 

ELECTROLYTIC CONDENSERS. 

Cardboard cases. 500 v. working, 4 mfd. 1/9 
each, 8 mfd. 2/4, 8+8 4/6, 8+4 3/8, 4+4 2/6, 
4+4+4 3/8, 16+8 5/10. 16+16 7 - ; 25 mfd. 
25 volt, 1/6 ; 50 mfd. 12 volt, 1/ ; 15 mfd. 
100 volts, 1/3 ; 4 mfd. 500 volt, 4/8. .1+.1 
Mains Buffer, 1/2. 

PREMIER MICROPHONES 
Transverse Current Mike.  High grade large 
output unit.  Response 45-7,500 cycles.  Low 
hiss level, 23/, 

Moving Coil Mike. Permanent magnet model  Microphone Transformers.  Suitable for all 
requiring no energising.  Response 90-5,200  mikes.  Tapped primaries, A, 20 and 40 :1 ; 
cycles.  Output .25 volt average.  Excellent  B, 30 and 60 : I ; C, 50 and 100 : I. 6/6 each. 
reproduction of speech and music. 49/..  Microphone Stands.  Floor Type, 32/6. 

ALL ENQUIRIES M UST BE A CCO MPA NIED B Y 2id. STA MP, All orders under 5/- ed. post extra. 

A PREMIER RADIO CO.  LL POST ORDERS to s JUBILEE W ORKS, 167, LO WER CLAPTON ROAD, LONDO N, Ee.eSts  (Amhersttreet  
E.0 4723 . )4 CALLERS to : Jubilee Work  (Central 2833), or 50, High 

Street, Clapham, S. W.4 (Macaulay 2381).   



326  Electronic Engineering 

LOOKING AHEAD! 
When Peace returns thousands of those who are at present serving 

their country in one radio capacity or another, will feel the urge 
to possess their ówn amateur transmitting station. 

The Radio Society of Great Britain (shortly to celebrate its 28th 
birthday) is pledged to negotiate for the early restoration of amateur 
facilities, a task which will be made easier by the presence of a strong 
and virile organisation whose members realise that Unity is 
Strength.  It is significant that during the past six months 354 new 
members have joined the Society.  Membership carries with it 
numerous privileges, but none is so greatly valued to-day than — 

The T. & R. Bulletin 

"This unique publication provides a complete link between members 
everywhere, besides presenting all that is new In amateur development 
and research.. 

Principal Contents of June Issue 

The Heterofil.  The W3EDP Aerial.  Protecting Loud Speakers from Blast. 
Distant Ranges of Radio Waves.  Khaki and Blue.  73 Lists. 
Field Operator's Vade Mecum.  On Active Service (21st List). 
Mathematics for the Radio Amateur.  The Month off the Air. 
(Formulae and Equations)  The 28 Mc Band.  The V.H.F.'s. 

Random Reflections.  British Isles Notes and News. 

Radio Cross Words.  Members classified advertisements. 

A copy of the June Issue, together with detalla of membership, will be sent to any 
address in Great Britain, on receipt of a P.O. for 

M E M 0. —Have you obtained your copy of "The Amateur Radio 
Handbook " 1 328 pages.  25 sections.  Price 4/- post free. 

All communications to The Secretary-Editor, 

RADIO SOCIETY OF GREAT BRITAIN, 
16, Ashridge Gardens, London, N.I3 

Telephone : PALmers Green 3255. Office  Hours : Weekdays, 9.30-5.30 p.m. 
Saturdays, 9.30-Noon. 

INTEREST IN 

TELEVISION 
IS NOT DEAD! 

The war may have temporarily checked the 
development of television in this country, but the 
interest of hundreds of amateurs has not waned. 
If you are one of those who wish to keep in touch 
with television developments and meet fellow 
enthusiasts, the Television Society offers you every 
facility. 
The work is still being actively carried on at the 
new headquarters at 17, Featherstone Buildings, 
W.C.2, where a library and data collection has 
been installed, and a museum of historic specimens 
is in course of arrangement 
If you are interested in keeping television " on the 
map" and helping the work forward, write for 
particulars of membership to the Hon. General 
Secretary: 

MR. J. J. DENTON, 
17, Anerley Station Road, 

London, S.E.20 

THE TELEVISION SOCIETY 
(Founded 1927) 

President t Sir AMBROSE FLEMING, M.A., D.Sc., F.R.S. 

July, 1941 

THE DIAGRAMS IN THIS 
JOURNAL ARE LETTERED 

WITH 

FOR LEGIBILITY & NEATNESS 
A. WEST & PARTNERS, LTD. 

36, Broadway, 
WESTMINSTER 

Universal Electrical Co. 
221, CITY ROAD, LONDON, E.C. I 

Telephone: CLERK 7030 
1/25 H.P. Universal motors with reduction gear final drive, 240 R.P.M. A.C./D.C. 
230 volts. SS/. each. 

Westinghouse Charger.  200/250 A.C. 6-8 volts at 32 amps £12. 10.  0. 
Westinghouse Charger 200/250 A.G. 6-8 volts at 15 amps £10.  0. 0. 
All Types of American Valves in Stock. 
Sliding resistances, 400 and 800 ohms, 7/6 each. 
Rack type Westinghouse Rectifier. 110v. or 230 v. 50 c. I PH. 50 v. 75 amps. 75/-
Centrifugal Pump Unit and Motor, complete a IS.  0 each. 
D.C. Electric Drill up to t• In., 200/240 37/6. 
Stirrup pumps 16/6 each. 
Photo Electric Cells 15/- each 
" Ferranti " Line Transformers, new 6/- each. 
" Foster " Double wound Transformers : 

110 to 230 volts  500 watts, 50/-.  110 to 230 volts 3,000 watts 1311/-. 
110 to 230 volts 1,000 watts, 80J-  110 to 230 volts 5,000 watts 190/-. 
110 to 230 volts 2,000 watts 100/.. 

Transformers 110 to 230 volts A.C. input, 12 volts output for shelter lighting : 
40 watts IS/- each.  75 watts 17/6 each.  100 watts 2215 each. 

All Types of Rotary Converters sold and purchased. 

"AFTER THE WAR" TELEVISION 
With the coming of Peace, and backed by the Technical 
advances that have resulted from the war years, TELE-
VISION will again spring to life and offer opportunities, 
as never before, to the trained man. 
Now is the time to prepare for this new " market." Our 
Home-study " Television" Course is comprehensive, 
up-to-date and suitable both for the amateur and ex-
perienced Radio Engineer. 

We definitely guarantee 
"SATISFACTION —OR REFUND OF FEE" 

You are advised to send for details of this special Television Course 
immediately to investigate Its possibilities.  Details will also be sent 
of A.M.1.E.E. and A.M.BrIt.I.R.E. Examinations and other courses 
in all branches of Wireless Engineering. Our literature is quite free. 

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 
Principal: Prof. A. M. Low. 

337, Shakespeare House, 17/19, Stratford Place, London, W.I. 
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Owing to war eireumstanees 
'TER MS : Cash with Order  business Is now transferred to 
or C. O.D. Charges extra 

Book Reviews 
Electro-magnetic Theory 

J. A Stratton (McGraw-Hill Book Co. 
600pp. and dappendlx. I 16 figs.42s. net). 
This  volume  forms part of  the 

" International  Series  of  Physics " 
issued by the McGraw-Hill Co., and 
provides  a thorough  treatment  of 
variable magnetic fields and theory of 
wave propagation.  Some attention is 
given to the stationary state, but only 
for the purpose of introducing funda-
mental concepts under simple condi-
tions. 
The book is intended for the physicist 

and research worker rather than the 
engineer, and the reader must possess 
a really sound knowledge of elec-
tricity, magnetism and mathematics to 
appreciate  it.  Commencing  with 
Maxwell's equations, the first two chap-
ters are general in character. Stationary 
fields are treated as particular cases of 
dynamic field equations in Chaps. 3 and 
4, and the propagation of plane cylin-
drical and spherical waves is followed 
by a chapter on  radiation.  Some 
boundary-value problems are considered 
in the final pages, which make inter-
esting reading, but the main object is 
again a sound exposition of the prin-
ciples involved rather than a detailed 
treatment.  The majority of the chap-
ters are followed by sets of problems 

with answers and references, and more 
of the latter would be welcome in the 
main text. An interesting innovation is 
the use of the M.K.S. system of units 
throughout. 
The author is to be thanked for such 

an excellent treatise, which is whole-
heartedly recommended to all workers 
on radiation and wave propagation 
problems.  The publishers are to be 
congratulated on providing a book 
which, however excellent, can have but 
a. limited circulation, and the reviewer 
would  suggest  that  they  placed 
physicists even more in their debt by 
providing a companion volume dealing 
in greater detail with aerial radiation, 
cavity resonators,  rhumbatrons, and j 
.other topics of engineering importance 
at the present time which the limita-
tions of space have precluded from the 
present volume. 

Plastics 
V. E. Yarsley and E. G. Couzens, 
(Allan Lane 6d.) 
One assumes by the fact that this 

book has been published in a "popular" 
series—it is a " Pelican "—that it is in-
tended primarily for laymen. If this is 
so  it can  certainly  be  considered 
successful. 
Normally, a popular treatise on a 

technical subject is viewed by the tech-
nician with a certain amount of scorn, 
but there is too much solid fact in this 

book to allow him to criticise it from 
this standpoint.  For readers of this 
journal the obvious main interest is the 
application of plastics in the sphere of 
electrical and radio engineering, but 
the. scope of the book is much wider 
than this.  After a short historical 
survey a concise chapter follows on the 
chemical structure of plastic materials 
which sets the background for the re-
mainder of the book.  The few tech-
nical terms employed need not give the 
layman any undue concern, yet at the 
same time they give the technician the 
necessary clues to enable him to pursue 
the subject in more advanced treatises. 
The astounding variety of materials 

and objects which is covered by the 
term " Plastics "—from shoe-lace tags 
to  aeroplanes,  fro m  cellophane  to 

coffins—justifies the comment in the 
short  preface,  that,  " the  possible 
applications being almost inexhaustible, 
it looks as though we were already in 
the throes of a second industrial revolu-
tion, the threshold of the Plastic Age." 
This view is very well presented in the 
two final chapters on the significance 
and future of plastics. 
The  value  of  the  book  would, 

perhaps, have been somewhat enhanced 
if at least a short bibliography could 
have been added, but to have included 
in such compact form so much infor-
mation and in so readable a style is a 
notable achievement. 

luis 

GALPINS ELECTRICAL STORES 
Phone: 

SLOUGH 20855 21, William St., Slou h, Bucks. 
ALL GOODS SENT ON THREE DAYS APPROVAL AGAINST CASH 

ELE CTRIC LIGHT CHECK METERS, small, late type, well-known makers, in good 
condition, electrically guaranteed for 200/2.50 volts 50 cy. 1 phase A.C. mains. 5 amp. type 
6/- ; 10 amp. 7/6 ; 20 amp, 9/. each. Post 1/- on all types. 

D.C. ELECTRIC LIGHT CHECK METERS, 200/250 volts 5 and 10 amps., 5/6 each, 
post II- an new condition) 

REGULATORS, STARTERS AND LARGE DIMMER RESISTANCES. Stud 
Switch-arm type. State wants. 

SWITCHBOARD VOLT AND AMPMETERS MOVING COIL AND MOVING 
IRON. All first-class makers. Please state requirements. 

EX R.A.F.   e.s.s ACCUM1ULATOR TANKS, 5 x 5 x 8in„ new and unused, 3/6 each. 
post I/-

EX R.A.F. SWITCH PANEL, with case (new). fitted 6 small knife switches, leads, cord 
and cleats, complete in wood case, 2/6 each, post 6d. 

HIGH-VOLTAGE TRANSFORMERS, useful for all test work, or television. Input 
200/240 volts, output 5,000 and 7,000 volts. 7/6 each, post I/-

VOLTAGE CHANGING TRANSFORMERS (Auto Wound), 100/110 to 200/240 v. or 
vice versa, fully guaranteed, 1,009 watts, 60/, 

DUG-OUT LAMPS. Ex R.A.F. solid brass construction, glass dorme complete with 12 
volt bulb, (any bulb can be fitted), wall fitting 3/ each. POIt 6d. Ditto wing tYne.rs new 
2/6, post 6d. 

DUG•OUT LAMPS. Ex R.A.F. Porthole type or can be bracket fitted. Glass dome three 
colour fitting, white, red or green solid brass construction, 6in. dia., complete with bulb. 
any size bulb can be fitted. Price if- post 6d. 

ROTARY CONVERTOR, D.C. to D.C.. 110 volts input to output of 600 vela at 
150 rn/a, ere carriage Paid-

I H.P. 110 V. D.C. MOTOR, as new, ball bearing totally enclosed. 30/- carriage forward. 

EX R.A.F. AUTOMATIC CHARGING CUT-OUTS AND VOLTAGE REGULA-
TORS to suit any dynamo up to 20 volts at 15 amps, fully adjustable, wiring instructions 
complete in metal case. 3/6, post 9d. 

DYNAMOS, all-shunt wound and fully guaranteed, 50/75 V.-15 A., OHO/.; carriage 
forward. 

GUNMETAL PULLEYS, 7-in. dia, to take 1-in, dia, rope, complete with rope guard 
and hook. 7/6 each, postage 

FLOOD LIGHTS, 12 in. dia., multi mirror type with 5 in. dia Mangin mirror centre. 
any bulb can be fitted. 15/-, carriage paid. 

110 V. BULBS, 150 C.P. Ediswan screw fitting, half-watt gas filled, 2/6 each oast free 
or 25/- per doc. 

HOT WIRE AMPMETER, 5 in, die., reading 0-2 amps, 15/. post free. 

POST OFFICE MORSE KEYS, standard pattern. solid brass construction, in first-
class condition. 15/. post free. 

PRESS-BUTTON UNITS, 8-way, 7 x 6X 11, fitted capacitators, condensen. etc.. for 
3-gang tuning. Price 5/6 post free. 

LARGE TRANSFORMER, double wound, primary 230 volts input output 300-0-300 v., 
capacity 3 kw. Price £3 10s. Os. carriage forward. 

TELEPHONE MAGNETOS or hand calling generators, 3 and 4 magnet type, unbozed 
in good working order. Price 7/6 post free. 

8-WAY Press-Button switches fitted pairolin terminal strip. 2/6 tech post free. 

ROTARY CONVERTER D.C. to A.C., input 220 v. 9 amps. output 85 volts, 50 cycle, 
single or 3 phase, in perfect working order. One foot broken off (missing). Price 
£12 108. Oa. carriage forward. 

H.T. 8 METAL RECTIFIERS, secondhand, but in perfect condition, 7/6 post free. 

MILLIAMPMETERS, by Turner, moving coil, 2 in, dia range 0-30 M/A or 0-150 
MIA, price 25/. each, post free. 
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Tropical Receiver Design 

A
T the opening meeting of the 
Students' Section of the Institu-
tion of Electrical Engineers the 

new Chairman, Mr. M. J. H. Lemmon, 
presented an address on tropical re-
ceiver design of which the following is 
a summary: 

Until about  1938 it was thought 
satisfactory  to  send  out  to India 
India or other tropical countries re-
ceivers which differed very little from 
those sold on the home market, with the 
result that sets of British make were not 
at all popular, mainly owing to their 
inability to stand up to tropical atmos-
pheric conditions. 

When designing a receiver for export 
use, a number of points not encountered 
in home-market design require con-
sideration.  These are mainly due to 
the necessity of ensuring that the re-
ceiver shall be capable of withstanding 
the most rigid climatic conditions. Other 
points arise out of sales requirements,, 
and are therefore dependent upon the 
reaction of the purchasers.  Novel 
features such as push-button station 
selection, motor tuning, etc., are not in 
demand for export receivers.  The fol-
lowing are the main design require-
ments: (a) High sensitivity.  (b) Good 
A.V.C. characteristics.  (c) Frequency 
stability.  (d) Effective " magic eye " 
indication on short waves.  (e) Large 
audio  power  output.  (f)  Tropical 
proofed components. (g) Chassis finish. 
(h) Transport stability.  (j) Reliability 
in service. 
Where a high-frequency stage is em-

ployed the overall sensitivity of the 
short wave-bands is usually about 5 to 
toµV for an output of soom W across 
the speech coil of the loud-speaker. 
Where 13 m. band listening is widely 
used, its is often preferable to design the 
aerial  circuit  to give  the  highest 
sensitivity at this wavelength; this can 
most easily be done by using top 
capacitance aerial coupling. Owing to 
the use of a common capacitance to 
serve  for  all  wavelengths between 
13 m. and 90 m., the condenser, being 
of a low value (about 7.5 m e), causes 
a greater slope in the sensitivity curve 
on the higher-wavelength band than on 
the 13 m. to 30 m. band, but as the 
overall sensitivits• at any point is well 
under io,uV this effect is not at all 
serious. 
In spite of present iconditions, the 

London Students Section is endeavour-
to  maintain  its  normal  activities 
throughout the coming session.  The 
following officers were elected for 1941-
42: Chairman, M. J. H. Lemmon; 
Hon. Sec., J. D. McNeil, B.Sc.; Coun-
cil's representative, F. Jervis Smith, 
A.M.I.E.E.  The first social function 
of the session will take place on Sun-
day, June 22.  Further details can be 
obtained  from  the Hon.  Secretary, 
care of the Institution, Savoy Place, 
W.C.2. 

ABSTRACTS (contd.) 
The Interval Selector 

(Roberts) 
A description is given of a device for 

measuring the  time  distribution ut 
pulses. It is stated that in conjunction 
with two scaling circuits the apparatus 
records the total number of pulses in a 
distribution, and also the number of 
intervals between  pulses  less  than 
o.000t to 0.3 second.  The application 
of the interval selector to the testing of 
particle-counting  apparatus  is 4es-
c ribed. —Rev.  Sci.  Instr., February, 
194 1, 13- 71• 
An Electron Microscope for Practical 

Laboratory Service 
(Zworykin, Hillier, Vance) 

It is stated that the electron micro-
scope has now been developed to a 
point where it is capable of a useful 
magnification nearly two orders of mag-
nitude greater than the ordinary light 
microscope.  The microscope described 
is claimed to be simple to adjust and 
operate, is self-contained and occupies 
only a small amount of space. The 
specimens are mounted on a celluláse 
film about o.00000t cm. thick supported 
by a fine wire mesh.—El. Engg., April, 

194 1, P. 157. 
Video Output Systems 

(D. E. Foster and J. A. Rankin) 
The advantages and disadvantages of 

direct coupling, grid rectification, and 
diode rectification as a means of accom-
plishing d-c reinsertion are discussed. 
It is pointed out that 51-c reinsertion 
tends to restore low frequencies. 
The characteristics of circuits to ob-

tain uniform high-frequency response 
are discussed.  The circuits dealt with 
are shunt peaking,  series peaking, 
series m-derived filter sections, shunt 
m-derived  filter sections,  and two. 
section constant-K filter sections.  The 
performance of typical video output 
tubes with the several circuit types as 
to gain and voltage output is shown.— 
R.C.A. Review, Vol. 5, No. 4, p. 409. 

Industry  
The Spoiling of Tungsten Magnet Steels 

(C. Wainwright, M.Sc.) 
This paper describes an X-ray ex-

amination of the structural changes oc-
curring in tungsten magnet steels dur-
ing heat-treatment, with particular re-
ference to the deterioration in magnetic 
properties caused by heating between 
certain temperature lines.—Jour. Sci. 
Instr., May, 1941, p. 97. 

A Ballistic Meter for Measuring Time 
and Speed 
(Reich, Toomin) 

This paper describes a speedmeter in 
which a ballistic galvanometer serves 
as the indicating and recording element. 
Current flow through the galvanometer 
is initiated and stopped by means of a 
thyratron controlled by two switches. 
It is stated that the instrument was de-
signed primarily for the measurement 
of automobile speeds in traffic studies, 
but should have other applications. — 
Rev. Sci. Ins/r., February, i941, p. 96. 

Classified Announcements 
SCALE OF CHARGES 

The charge for miscellaneous advertisements on this 
page is 12 words or less V, and 2d. for every 
additional word. Single-column Inch rate displayed, 
12/6. All advertisements must be accompanied by 
remittance.  Cheques and Postal Orders should be 
made payable to Hulton Press, Ltd., and crossed, and 
should reach this office, 43, Shoe Lane, London, E.C.4. 
not later than the 15th of the month previous to 

date of issue. 

FOR SALE 

FLUORESCENT powders, mainly with no afterglow. 
Approx. goo grams, for disposal, prefer deal one lot. 
Predominant colour, black and white tone, some blue 
and green and intermediate, in ro to go gtam tubes. 
Full particulars on application. One drawing board 
32' x 23' clamped.  One T square, mahogany. 36/ 
across board. What offers ? D. Shannon, 2z, Quadrant 
Close, Hendon Central, London, N. W. 4 

LOUDSPEAKERS 

3,000 SPEAKERS P.M. and energised 4. to 14's 
Including  several  Epoch  sr. Sinclair  Speakers, 
Pulteney Terrace, Copenhagen Street, N.r. 

MISCELLANEOUS 

ALL TYPES of Rotary Converters, electric motors, 
battery chargers, petrol electric generator sets, etc., 
In stock, new and second-hand. 
A.C.-D.C. Conversion Units for Operating D.C. 

Receivers from A.C. Mains, roo watts output, £2. so 
1,3o watts output, £3. ro. 
WARD, 37, White Post Lane, Hackney Wick, E.9. 

LOUDSPEAKER repairs, British, American, any 
make, 24-hour service;  moderate price.s. —Sincliut 
Speakers, Pulteney Terrace, Copenhagen Street, N.t. 

MORSE EQUIPMENT 

FULL range of Transmitting Keys, practice seta and 
other equipment for Morse training.—Webb's Radio, 
14, Soho Street, London, W.r.  Phone : GERard 208. 

MORSE TRAINING 

FREE.  " Book of Facts," tells you all about The 
Candler System of Code training. Co mes for Begin-
ners and Operators. —Write: Candler System Co. (33B) 
121, Kingsway, London, W.C.a. 

SHORT- WAVE EQUIPMENT 

GISNI for Short Wave Equipment; largest stocks in 
the country ; communication receivers ; National 
distributors; American and British Valves , etc. 48, 
Holloway Head, Birmingham. 

RADIO MAP AND GLOBE 
WEBB'S Radio Map of the World enables you to 

locate any station heard. Size 40' by 3if 2 oolour heavy 
Art Paper, 4/6d., post 6d. Limited supply on Linen,10i6. 
post 6d.  WEBB'S Radio Globe —superb 12- full. 
colour model.  Radio prefixes, zones, etc. Heavy 
oxydised mount.  Post Paid. 27/6. —Webb's Radio, 
14, Soho Street, London, W .I. 'Phone : Gerrard 2089. 

TUITION 
WIRELESS.  Students of both sexes trained for im-
portant War time Radio Appointments, also for peace 
time careers in all branches of Radio & Television. 
Boarders accepted. Low inclusive fees. College in ideal 
peaceful surroundings.  Prospectus Free.  Wireless 
College, Colwyn Bay. 

PRACTICAL POSTAL COURSES, radio television, 
test equipment design, trade-test coaching for R.A.F. 
post, I.P.R.E. and I.W.T. exams.;  booklet free— 
Secretary, I.P.R.E., Bush House, Walton Avenue, 
Henley-on-Thames. 

WANTED 
ALL TYPES of used Radio Sets, Radio and Elec-
trical accessories. Bought for cash. University Radio, 
22 Lisle Street, W.C.2. 'Phone: GER. 4447. 

" ELECTRONICS," May, 194z; and please state 
price. T. W. Chick, 86, Pixmore Way, Letchworth. 

MOVING COIL PICKUPS 
"Coil' . and Voiqt Stock,sts 

HOLIDAY & HEMMERDINGER Ltd. 
74-78, Hardman Street, Manchester. 
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Multiple Contact Relay IF. 

RELAYS 
For A.C. and D.C. 

2V.A. coil consump-

tion, from 2-600 volts, 

tested to 2000 volts. 

Time lag relays, High 

Sensitive Relays, Syn-

chronous  Process 

Timers, and complete 

Control Plants. 

Ask for leaflet SPN/E0, 

High Sensitive Relay, H.S. LONDEX 
LTD. 

Electrical Remote Control Engineers 6t Manufacturers 

Anerley Works, 207 Anerley Rd., London, S.E.20 
'Phone: Sydenham 6258/9 

M AKE  SURE  OF 

YOUR COPY OF THIS 

JO UR N AL  EAC H 

MONTH  BY PLACING 

A REGULAR ORDER 

Quality 
Components 

I.F. TRANSFORMERS 
WIRE WOUND RESISTANCES 
L.F. CHOKES 8c TRANSFORMERS 
MAINS TRANSFORMERS 
DELAY SWITCHES 

Via  (Prop. Oliver Pell Control Ltd.) 
Cambridge Row  Woolwich, S.E.18 

Please mention 
ELECTRONIC ENGINEERING 

when replying to advertisers 

for  RELIABILITY 

QUALITY 
AMPLIFIERS 

The MIX Electrical Co. Ltd.,  Oti Boloover St., London, W.1 

INDEX TO ADVERTISERS 

P5011 

A.S.C. Radio 
Advance Components, Ltd.  ... 
Air Ministry Information Bureau ... ... 
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TECHNICAL BOOKS 
English and Foreign Books on Radio and Electrical 
Engineering supplied from stock or obtained 

promptly to order. 
(Catalogues post free on application.) 

LENDING LIBRARY 
Annual Subscription from One Guinea. 
Details of revised terms free on request. 

H. K. LE WIS & Co. Ltd. 
136 Gower Street, London, W.C.I 

Telephone : EUSton 4282 (5 lines) 

I F O I M L I E S 
*BOOKSELLERS TO THE WORLD it 

New and secondhand Books on every subject. 
loin The Scientific Book Club 

113-125 Charing Cross Road, London, W.C.2 
Telephone : G  d 5660 (16 lines) 

TRANSFORMERS 
to customers' specifica-
tions or in accordance 
with standard list. 

W. BRYAN SAVAGE LTD. 
Westmoreland Road, Londore, N W 9  Colendale 7131 

"LESDIX' 
y EMERGENCY 

LIGHTING 

Emergency Electric Lighting for Shelters, 
Headquarters, homes and factories. 
PHlaavnet.your own Petrol-Electric Lighting and Charging 

500-watt, single cyl. 2-stroke, 
water-cooled, self-oiling Stuart-
Turner  engine  mag.  Ign. 
coupled to 50/70 volts, 10 amps., 
shunt dynamo, 1,000 r.p.m. Fuel 
and Water Tanks.  These are 
£45 sets ready for Immediate 
delivery.  Price £17 Hp 

ISO-watt engine on similar lines, but coupled to 25/30 
volts, 6 amps., dynamo.  £13 10 0 

As we have had to move our London Office, and stores are 
somewhat disorganised, we are unable to receive callers, 
but can deal with all post orders andienquiries for the above 
Lists up to No. 51 are obsolete. NE W List ready shortly. 

LESLIE DIXON & CO. 
225 UPPER THAMES ST., LONDON, E.C.4. 

TELEVISION 
Concise Postal Course of 
Instruction for Radio Engineers 

Apply -

BRITISH RADIO 
ENGINEERING COLLEGE 

179, CLAPHAM ROAD, LONDON, S.W. I 

(Do not delay. Be conversant 
with subject now and prepared 
for business after the War.) 

CAS ES 
in WOOD, METAL and REXINE 

for 

RADIO and RADIO INSTRUMENTS 

Details of Radio Cases for the Home 
will be forwarded on receipt of 24d. 

In stamps. 

LOCK WOOD & CO. (Dept. E.) 
65, LO WLANDS ROAD, HARRO W, 
  MIDDLESEX 

  'Phone: BYRON 1818  

Please mention 
ELECTRONIC ENGINEERING 

when replying to advertisers 

Ar Mondry Aproved. bet No. 8.980555/39 
Controdors o he General Post Office. Etc 

CORED - 

LI D Manufactured bq 
THE DU  BOIS Co.Ltd 

IS, Britannic St. London. W. C.1 
Terminus 6 6 24 

and wire 

5 
CONDITIONS OF SALE AND SUPPLY.—This periodical is sold subject to the following conditions, namely, that it shall not 
without the written consent of the publishers first given, be lent, re-sold, hired out or otherwise disposed of by way of Trade except 
at the full retail price of 1/6 and that it shall not be lent, re-sold, hired out or otherwise disposed of in a mutilated condition or in any 
unauthorised cover by way of Trade; or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever. 
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RADIOLOCATION! 
The word should have been coined for the new 
EDDYSTONE 358 Communication Receiver ; instead, 
it has come to represent to the man in the street the 
latest developments in radio technique applied to 
locating hostile aircraft, U-boats, etc. 

For " Radiolocation " of those long distance " Difficult-
to-Receive " Short Wave Stations for the reception of 
which precision instruments only are of use, the 
Eddystone "358," like the famous 
lighthouse, represent a landmark in 
Communication Receiver design. It is 
ruggedly built, British to the core, and 
our engineers have incorporated every 
advanced detail to 
assure  that  per-
formance shall be 
equal to present-
day tasks. 

Outstanding 
Features. 
32 M/cs. to 120 K/cs. 
Accurate calibration. 
High sensitivity. Very 
high signal-to-noise. 
Logging scale. AU-
circuit meter. Separ-
ate power pack. 

EDDYSTONE components and Receivers have for some time been difficult 
to obtain. The demand is still colossal, mainly from Government Depart-
ments, but we have overcome most of our war-time set-backs and have 
now in ENERGETIC PRODUCTION a range of components to meet most 
requirements.  This range is being added to quickly.  The " 358 " and 
its counterpart medium frequency model " 400 "rwIth or without band-pass 
crystal fitters are available for 

WORK OF NATIONAL IMPORTANCE 

W EBB'S RADIO 
14, SOHO  STREET, OXFORD  STREET, LONDON, W.I 
OPEN 9.0 a.m. to 6 p.m.; SATS. I o'clock.  'PHONE: GERRARD 2089 
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