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"... A book that should be in every television 
dealer's service workshop, and in every home- 
constructor's, for that matter." . c. . / Journal of the Television Society 
" . . The book will undoubtedly be of value to 
TV service engineers, particularly those who are 
not fully experienced in translating the aPPear^n^ 
of faulty pictures into ^the necessary adjustments or receiver fault location." . r-i , • „/ TmJpr Wireless and Electrical Trader 
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— and is unique in that it is lavishly illustrated by 
photographs taken from the screen of a tel®v,s®r 

exhibiting the faults under discussion. A handy 
fault-finding guide is incorporated, and this is cross- 
referenced to the book itself. 
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Radio Control 

FOR MODEL SHIPS, BOATS AND AIRCRAFT 

BY F. C JUDD, G2BCX 
To operate a model ship or aircraft is a most inter- 
esting hobby. But how much more fascinating it 
would be if one could emulate the skipper or pilot 
and remain in control after the model has been set 
off on its course. This, thanks to radio control, 
can now be done, and enthusiasm for it is steadily 
mounting. With the publication of this book, we 
really believe that we have produced what will 
become a recognised handbook in this field. 
Standard Edition, art board cover 
Cloth bound, with gold lettering 

Postage "id. 

8s. 6d. 
11s. 6d. 

A really comprehensive work on this 
fascinating subject 

144 pages 
135 diagrams and illustrations 
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The Radio Amateur's Handbook. 
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New edition. 3s. 6d. Postage 3d. 

Radio Control for Model Ships, 
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G2BcX. 8s. 6d. Postage 4d. 
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Manual. By Alan Douglas. 30s. 
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Basic Electronic Test Instruments. 
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Write or call for our catalogue 

19-23 PRAED STREET (Dept. RC) LONDON W2 
PADdington 4185 

SCOTTISH INSURANCE ([ |% | cheapside 

CORPORATION LTD. yESy/ London, e.c.2. 

TELEVISION SETS, RECEIVERS AND TRANSMITTERS 
Television Sets and Short Wave Transmitters/Receivers are expensive to acquire and you no 

doubt highly prize your installation. Apart from the value ofyour Set, you might be held respon- 
sible should injury be caused by a fault in the Set, or injury or damage by your Aerial collapsing. 

A "Scottish" special policy for Television Sets and Short Wave Transmitters/Receivers 
provides the following cover:— l ^ u j n 
(a) Loss or damage to installation (including in the case of Television Sets the Cathode Ray 

Tube) by Fire, Explosion, Lightning, Theft or Accidental External Means at any private 
dwelling house. 

(b) (i) Legal Liability for bodily injury to Third Parties or damage to their property arising 
out of the breakage or collapse of the Aerial Fittings or Mast, or through any defect 
in the Set. Indemnity £10,000 any one accident. 

(ii) Damage to your property or that of your landlord arising out of the breakage or 
collapse of the Aerial Fittings or Mast, but not exceeding £500. 

The cost of Cover (a) is 5/- a year for Sets worth £50 or less, and for Sets valued at more 
than £50 the cost is in proportion. Cover (b) (i) and (ii) costs only 2/6 a year if taken with 
Cover (o), or 5/-if taken alone. 

Why not BE PRUDENT AND INSURE your installation—it is well worth while AT THE 
VERY LOW COST INVOLVED. If you will complete and return this form to the Corporation's 
Office at the above address, a proposal will be submitted for completion. 

NAME (Block Letters)  
If lady, state Mrs. or Miss 

ADDRESS (Block Letters)  
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Y* ^Overload 

uTQ^^^rotection 

Produced in response to a demand for a 
high sensitivity version of the world- 
famous Universal AvoMeter, this mod 
incorporates the traditional design features 
of its predecessors, so highly valued for 
simplicity of operation and compact porta- 
bility. It has a sensitivity of 20,000 ohms 
per volt on all D.C. voltage ranges and 
1,000 ohms per volt on A.C. ranges from 
100 V. upwards. A decibel scale is pro- 
vided for audio frequency tests. In 
addition, a press button has been incor- 
porated which reverses the direction of 
current through the moving coil, and 
thus obviates the inconvenience of chang- 
ing over test leads when the current 
direction reverses. It also simplifies the 
testing of potentials both positive and 
negative about a common reference point. 
A wide range of resistance measurements 
can be made using internal batteries, 
separate zero adjustment being provided 
for each range. 
k's 0/ importance to note that this model incorpor- ates the "AVO" automatic cut-out for protection 
against inadvertent overloads. 
D.C. Voltage D.C. Current 

2-5 V so uA 10 V 250 uA 
,?oV 1 mA 
ROV 10 mA ,?50 V mo mA 

1000 V | A 
2,500 V |0 A 

Sizes : S^in. x 7iin. x 45in. 
Weight: 6^ lbs. (including leads). 

£23 : 10s. 

The following accessories are available to 
widen still further the ranges of the instru- 
ment: A Resistance Range Extension Unit 
to extend the limits of measurements from 
0.025 ohm to 200MO, a IQkV D.C. multiplier 
and a number of A.C. current transformers 

A.C. Voltage 
2.5 V 
10 V 
25 V 
100 V 
250 V 

1,000 V 
2,500 V 

A.C. Current 
100 mA 

I A 
2.5 A 
10 A 

Resistance 
First indication 0.5Q 

Maximum indication 20MQ 
0,2-OOOQ 1 . . 
o-moooo j."5'"/ mtemal 

0-20Mn J 
0-200 MQ using external 

batteries 
THE AUTOMATIC COIL WINDER & ELECTRI 
^'NDER HOUSE • DOUGLAS STREET . LONDON CAOQUIPMENT CO. LTD. J, 

I Victoria 3 40 4-9 | 
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BEGD. 

We GUARANTEE these seven Coil Packs to be the finest 
of their class in the Country. Mechanical precision, 

design and technical performance unsurpassed 

   -IW JclUmJTl swfl & CP.4/M CR4/L 

These compact 4-station Coil Packs are available 
for either—1 Long wave and 3 Medium wave 
stations (CP.4/L) or 4 Medium wave stations 
(CP.4/M). They are fully wired and require only 
four connections for use with any standard tre- 
quency changer valve. 
Retail Price of each unit: 25/-, plus 8/4 P.T.—Total 33/4. 
With Gram, Position: 31/- plus 10/4 P.I. Total 41/4. 

Send 1/- in stamps for General Catalogue 

These 3 waveband Coil Packs are available for use 
with either 370 pF or 500 pF tuning condenKrs. 
The coverages are: Long wave 800-2,000 metres, 
Med. wave 200-550 metres, Short wave lfr-50 
metres. Designed for use with Jackson Bros. Full 
Vision Drive or SL.8 Spin Wheel Drive. 
Retail Price of each unit: , 32/-, plus 10/8 P.T.—Total 42/8. 
CP.3/G with Gram. Position suitable for use with 
500 pF tuning condenser: 39/-, plus 13/- P.T.—Total 52/-. 

DENC0 (CLACTON) LTD., 357/9 OLD ROAD, CLACT0N-0N-SEA 
STOP PRESS Brimar Crystal Coil. 7/6. 'Mullard'"Five-Ten" High Quality Amplifier Chassis, 12/6. Brimar Germanium Diode GD5, 7/0.   

90 DEGREE SCANNING 

Please note that 90 degree scanning yokes are now available 
These are interchangeable with our existing D.C.300C yoke 

Scanning Yoke type DC/390C (90 
degree), 42/-. 
Scanning Yoke type DC/300C (70 
degree), 39/6. 

Line Output Transformer type L.O. 
308, 40/-. 
Focus Coil type F.C.302, 31/- 
Frame Output Transformer type 
F.O. 305, 21/-. 
Width Control type G.L.I8, 7/6. 

All the above are available direct from 

ALLEN COMPONENTS LIMITED 
Crown Works, 197 Lower Richmond Road, Richmond, Surrey 

Telephone PRO 9013 

Linearity Control type G.L.I6, 7/6. 
Smoothing Choke type S.C.3I2, 21/-. 
Mains Auto Transformer type A.T. 
310, 30/-. 
Also available: 
Output Transformer type O.P. 1320, 
8/3. 
Heater Transformer type M.T. 1209, 
10/6. 
These two transformers are as specified for 

the Easi-Build 

Send 9d. and S.A.E. for recommended Wide-Angle Circuit Diagrams 
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• Seven valve superheterodyne with R.F. 
stage. 

® Frequency coverage 30 Mc/s. to 480 kc/s. 
• Gear driven tuning with 140/1 reduction. 
0 Mechanical bandspread. Accurate re- 

setting. 
© B.F.O. and noise limiter. 
0 Internal loud-speaker. Headphones jack. 
• Robust diecast construction. Rustproofed 

steel case. 
• Suitable for tropical service. 
• Weight 30 lbs. Size 16J" x 10i" X 8}" high. 

List Price (in U.K.) £4S 
PLEASE WRITE FOR FULL SPECIFICATION TO THE MANUFACTURERS : 

STRATTON & CO. LTD.. EDDYSTONE WORKS, BIRMINGHAM, 31 

CR50 BRIDGE 
measures capacitance from lOpF to lOOmFd and resist- 
ance from I ohm to lOmegohms in fourteen ranges, 
having a total scale length of over 120 inches. Indica- 
tion of balance is given by a magic eye fed from a high 
gain amplifier. Neon leakage test incorporated for 
condensers. Specially designed for bench use with 
case and panel of steel, finished black crackle and 
scale of anodised aluminium. Size 5^" x 8" x Sy" high. 
Complete with all valves, full instructions and ready 
for operation from 200/250 volt A.C. mains. Uses 
double wound mains transformer. A BARGAIN at 
only £6 19 6, plus 4/6 carr. and packing. 
If you are not completely satisfied with the instrument 
return within three days and money will be refunded 
in full and without question. 
Also available—Signal Generator SG50 at £7 19 6 
plus 6/- carr. and packing. 
If further details are required, please send stamped 
addressed envelope for reply by return. 

Sole London stockists—Charles Britain (Radio) 
Ltd., M Upper Saint Martin's Lane, W.C.2 
(near Leicester Sq.) or send direct to manufacturer 

Grayshaw Instruments 
54 Overstone Road Harpenden Herts 
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Model "840", illustrated above, possesses full Com* rnumcacion facilities and operates from either A.C. or D.C. mains 100/110 and 220/250 volts. 

c 

11 

Is 

www.americanradiohistory.com

www.americanradiohistory.com


THE MULLARD 
5 Valve 10 Watt 

High Quality llmplifier 
as demonstrated at the Radio Show 

can now be heard at 

of 
ROAD memmmm 

who can supply all the parts for 
under £8 (less valves) 

16 rause Aluminium Chassis, drilled and punched to Mullard specification, 17/6 complete with Screen. 
Priced Parts List available 

Full details are contained in a B°0^et ^ 
Mullard Technical Experts, price 2/6 from 

H. L. SMITH & CO. LTD 
287/9 Edgware Road London W2 Telephone Paddington 5891 

Hours 9 till 6 (Thursday I o'clock) 
Nr Edgware Rood Stations, Metropolitan & Boker/oo 

ARTHURS HAVE IT! 
LONDON'S OLDEST RADIO DEALERS 

large valve stocks 
AVOMETERS IN STOCK 

Avo T«t Seters and Signal Generator. 
and Tav'0' Metf" iifiers and Tuning 

Leak Point One Ampimers anu Units. ,. .. 
Chapman Tuning Units. 
Decc^Rep^a^ment HeadTjand Pickups. 

Partridge Output 'jfra   'or 
AlTcom^onentsTor'the*Radio Construe- 

tor's 16" Televisor. £jr< 
Weare ^Esf vAivf MANUAL 

Mullard Osram & ^.mar No. 4 S/-eac^ 
television sets^wire and tape 
Goods offered su^o^price alteration, and being unsold. Est 

1919 
first 

Proprietors: ARTHUR GRAY LTD. 
OUR ONLY ADDRESS Gray House 

150-52 Charing Cross Road 

TEMple Bar SSSSMon"' ATes'^RITE FOR LISTS 

Arthurs 

^6% 
mr. 

NEW LEARN THE PRACTICAL WAY 
COURSES WITH EQUIPMENT 
With many of our courses we supply 
actual equipment which is sent upon 
enrol ment and remains your property. 
Courses include: Radio, Television, 
Electronics, Draughtsmanship, Carpentry, 
Photography, and Commercial Art, etc. 

A POST TOD A Y FOR OUR BROCHURE ON 
S!f THE LATEST METHODS OF HOME 
ili TRAINING FOR OVER 150 CAREERS 
U? & HOBBIES 
5? private & INDIVIDUAL TUITION IN YOUR OWN HOWE 
Cits and Guilds Grouped Certificates in Telecommunications; A.M.Brit. I.R.E. 
Examination, Radio Amateur's Licence, Radio and Television Servicing 
CertlScates, General Radio and Television Courses, Radar, Sound Recording, 
etc. Also Courses in all other branches of Eogioeering and Commerce. 

The advantages of E.M.I, training 
* The teaching methods are planned to meet 
industrial requirements. ★ A tutor is personally 
allotted by name to ensure private and individual tuition, 
i Free advice covering all aspects of training is given 
to students before and after enrolling with u^   

POST THIS COUPOMTOOtT 

The only Postal College which is 

Courses ^ 
t 1 C / jpiease send without obligation your FREE book. from! b/- I E M , INSTITUTES, Dept. IT SR. 
per month ' 43 Grove Park Road. Chiswick, Lond n. 

yfliJlNAME  address.. 

part of a world-wide Industrial Organisation.| SUB1_ECT(S)_ 

 —I 
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quality crystal 

microphones 

at reasonable prices 

MIC 33 

A 

/ 

I MIC 36 

A crystal hand or desk omni- 
directional microphone for the 
high quality public address and 
tape recording field, incorporat- 
ing a specially designed acoustic 
filter giving a response flat from 
30 to 7,000 c/s. 
RETAIL PRICE £2-10- od. 

For 

tape 

and 

disc 

recording, 

P. A. 

and 

amateur 

radio. 
A handsome omni-directional instru- 
ment of high sensitivity and a 
substantially flat response from 5c? 
to 7,000 c/s. Alternative models, 
with or without switch, are available 
with suitable adaptors for floor ot 
table stands, or for hand use. 
RETAIL PRICE without 
switch, or £3 - 8 - od. with switch. 

A general purpose hand microphone of 
robust construction with substantially flat 
response from 50 to 5,000 c/s. Suitable for 
recording apparatus, Public Address equip- 
ment, etc. 

RETAIL PRICE £1 - 5 - od. 

. always well ahead 

I MIC 35 

ACOS devices are protected by patents, patent applications and registered designs in Great Britain and abroad. 

G0SM0G0RD LIMITED • EN FIELD • MIDDLESEX 
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MANNING BRITAIN'S RADAR DEFENCES 

There's a place for YOU 

in the R.A.F. part-time 

In building up Britain's air defences 
the Royal Air Force needs a large, 
fully trained reserve of men and 
women on whom it can rely in any 
emergency. On their skill the whole 
fighting efficiency of the R.A.F. 
hinges—and tnere's a place for you 

6.<> 

among them. In the cheerful atmo- 
sphere of the R.Aux.A.F. or the 
R.A.F.V.R. you will find yourself 
doing work that is vital and fas- 
cinating, among people you will 
be proud to call your friends. Post 
the coupon now for full details. 

TO: ROYAL AIR FORCE (j.j.78), VICTORY HOUSE, LONDON, W.C.2. 
Please send me particulars of part-time service with the R.A.F. 

NAME, 

ADDRESS  
(Ifex-R.A.F. or W.R.A.F., please give rank, trade and number) 
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VOL. 8 NO. 4 

annual subscription 18/- 
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57 MAIDA VALE LONDON W9 

Telephone 
CUNNINGHAM 6518 
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C. W. C. OVERLAND, G2ATV 

Advertising Manager 
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200 Suggested Circuits: A System for Automatic 
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  NOTICES  

THE EDITOR invites original contributions on construction of radio subjects. All material used will be paid 
for. Articles should preferably be typewritten, and photographs should be clear and sharp. Diagrams need not 
be large or perfectly drawn, as our draughtsmen will redraw in most cases, but all relevant information should 
be included. 
All Mss must be accompanied by a stamped addressed envelope for reply or return. Each item must bear the 
sender's name and adress. 
TRADE NEWS. Manufacturers, publishers, etc. are invited to submit samples or information of new produce 
for review in this section. 
ALL CORRESPONDENCE should be addressed to The Radio Constructor, 57 Maida Vale, London, W.9 
Telephone CUti. 6518. 
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77;£■ circuits presented in this series have been designed by 
g. A. French, specially for the enthusiast who needs only the 

circuit and essential relevant data 

No. 48: A System for Automatic Picture Control 

AS IS WELL KNOWN, THE PROVISION OF 
AGC facilities in television receivers 
confers a considerable advantage on 

viewers in many districts. This is due not only 
to the normal fading which is to be expected 
in fringe areas but, also, to the more severe 
and irritating effects of "aircraft flutter. 

Automatic picture control (as television 
AGC circuits have nowadays come to be 
called) is not easy to apply to receivers operat- 
ing on the British positive modulation 
standards, owing to the difficulty of obtaining 
a reliable reference voltage from the trans- 
mitted signal. Indeed, the only representative 
amplitude in the transmitted waveform is 
given by that of the synchronising pulses 
themselves. To obtain perfect results, there- 
fore, automatic picture control circuits should 
operate from the pulse amplitude alone. 

In practice, such a scheme has been carried 
out in the television receivers developed by 
Pye. The Pye circuit functions by generating 
a "spike" at the line time-base output stage, 
this probing the received waveform and 
meeting it at the back porch of the line sync 
pulse. The voltage existing at the back porch 
is equal to the height of the pulse, and thereby 
provides a very satisfactory reference voltage 
for automatic picture control. 

Other methods of automatic picture control 
are less complex. They consist of integrating 
the picture content of the complete signal and 
applying the voltage obtained to the auto- 
matic picture control bias circuits. The time 
constant of the integrating circuit is usually 
equivalent to the time taken to transmit a 
small number of frames, and is therefore 
capable of minimising the effect of all but the 

most rapid cases of aircraft flutter, without 
introducing signal content into the bias 
control network. 

This second method of automatic picture 
control has the disadvantage of tending to 
cancel out graduations in scene illumination 
introduced in the television signal by the 
programme producer. Thus if, during the 
transmission of a play, aesthetic considera- 
tions render it desirable to change from a 
well-lit to a darkened stage, the picture 
amplitude of the transmitted signal drops. 
This causes the contrast of receivers employ- 
ing the second method of picture control to be 
at once automatically advanced, with the 
result that the dramatic effect of the change 
in lighting is largely lost. Such shortcomings 
are especially noticeable during the transmis- 
sion of films, in which the changes in average 
scenic illumination are more frequent and 
more pronounced than occur in the con- 
ventional studio production. 

On the other hand, this second method of 
obtaining automatic picture control has the 
advantage of considerable simplicity. 
This Month's Circuit 

Suggested Circuits, this month, presents an 
entirely different method of obtaining auto- 
matic picture control. As with the Pye system, 
it depends largely on the amplitude of the 
transmitted synchronising pulse. Unfor- 
tunately, it is not capable of obtaining a 
reference voltage from the transmitted signal 
which has the same accuracy as is given by 
the Pye system, but its response to changes in 
scenic illumination should, nevertheless, not 
be so pronounced as occurs with other types 
of automatic picture control. 

200 THE RADIO CONSTRUCTOR 

The basic arrangement is shown in the 
accompanying diagram. A connection is 
made into the television receiver at any point 
at which the rectified video signal exists with 
its line sync pulses at full, or nearly full, 
amplitude. Such a point may always be found 
at the detector load (assuming that the set is 
operating correctly), and, in most instances, 
at the video output anode. The second posi- 
tion is to be preferred, as the total video 
waveform is then available with a comfortably 
large amplitude. It also has the advantage of 
allowing an easily-accessible connection to be 
made at the base of the CRT. 

The composite waveform thus available is 
then applied to the differentiating circuit 
given by C1 and Rl. The time constant of 

these two components is such that only abrupt 
changes in signal strength appear across Rl. 
Such abrupt changes will be provided by the 
line synchronising pulses, and possibly by 
part of the picture content itself. (This point 
is discussed later.) 

The positive-going part of the differen- 
tiated pulses built up across Rl is applied, 
via diode VI and the coupling coil LI, to the 
high-Q tuned circuit L2-C2. This tuned 
circuit is resonant at the line frequency, or at 

NOVEMBER 1954 

a multiple of the line frequency, with the 
result that it is continually shock-excited by 
the differentiated pulses from Rl. The 
sinusoidal voltage induced in L2-C2 is 
rectified by the diode V2, whereupon it 
becomes available for application to the early 
control grids of the television receiver. 

An automatic picture control loop is 
thereby set up. 

Tuned Circuit Frequency 
As was mentioned above, the tuned circuit 

L2-C2 may be tuned to the line frequency or 
to a multiple of the line frequency. Since the 
line frequency is fairly low at 10 kc/s (actually 
10,125 cycles) so far as the easy construction 

of high-Q coils is concerned, it will probably 
be found more convenient to use one of its 
harmonics. The writer made a mock-up of 
this part of the circuit to check its practical 
feasibility, and obtained satisfactory negative 
voltages from V2 by tuning to both the 
second and third harmonics. Tuning, 
incidentally, was very sharp. 

Great care must be taken to screen the 
chassis holding the automatic picture control 

[continued on page 210 
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To video circuits 
of receiver 

To chassis of 

Loosely coupled 

A.P.C (-Ve ) 

(A) Picture signal (B) Differentiated sync pulses Sine wave from L2-C2 

A SYSTEM FOR A.P.C. 
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In which J. R. D. discusses Problems and Points of Interest 
based on Letters from Readers and his own experience 

JUDGING BY A PROPORTION OF THE LETTERS 
which have recently arrived at The Radio 
Constructor, quite a few readers are 

puzzled at the various types of isolation trans- 
former which are now being offered on the 
market to eliminate the effects of television 
picture tube cathode-heater shorts. The 
mystery is deepened further by the widely 
differing prices quoted by advertisers; these 
ranging from a few shillings per transformer 
to well over a pound. 

As a typical instance of what has been 
occurring, one reader fitted an isolation trans- 
former which, he was assured, was of the 
correct type for his particular receiver. He was 
very disappointed with the results he obtained. 
Whilst the transformer enabled the picture to 
re-appear, its definition was very poor indeed. 
Similar stories are recounted in other letters. 

Two Types of Transformer 
The reason for the manufacture of what, at 

first sight, appears to be a widely diverging 
range of these components is that, in reality, 
there are two basic types of isolation trans- 
former. One type, consisting of two simple 
windings on a small stack of laminations, 
provides heater isolation which is purely ot a 
DC nature. The other type provides a 
similarly isolated heater voltage; but in 
addition, the transformer is specially made to 
ensure that the secondary heater winding has 
a very low capacity to the primary winding 
and to the laminations. Whilst the capacity 
inherent in the first type of transformer is 
unimportant, in the second type it is kept 
down to approximately 15 pF or even less. 

The first of these two isolation transformers 
is obviously, the cheaper. In its simplest 
form it has a 1 :1 ratio, and its dimensions are 

equivalent to those of a medium size, single- 
ended, loudspeaker transformer. Such a 
transformer may be fitted in AC receivers by 
connecting it directly between the mams 
transformer heater winding and the heater of 
the defective picture tube. If the television 
receiver is of the AC/DC type with a series 
heater chain, the primary of the isolation 
transformer may often be connected into the 
heater chain in place of the picture tube 
heater, its secondary being loaded by the 
picture tube heater itself. In all cases, how- 
ever, isolation transformers with 1 ; 1 ratios 
should never be fitted into television receivers, 
especially if AC/DC heater chains are 
employed, unless it has been ascertained for 
certain that they have the correct voltage and 
current specifications for the particular 
receiver in which they will be used. 

Many readers may consider that pre- 
cautions such as these are far too extensive 
for a little matter like popping in an isolation 
transformer; especially when this job is 
carried out by servicemen all over the country 
hundreds of times a week without a second 
thought. This is very true. On the other 
hand, there are a number of "no-name 
isolation transformers knocking around these 
days; and it would be foolish to burn out a 
very expensive item like a picture tube 
merely by omitting to take a few precautions. 

Some isolation transformers of the simple 
type being now described have a step-up ratio 
between primary and secondary. These are 
intended to give a higher heater voltage for 
the purpose of "rejuvenating" old picture 
tubes which are otherwise useless on account 
of low cathode emission. "Rejuvenation 
should not be used if, apart from the cathode- 
heater short, the tube still has plenty of life 
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left in it. It is possible, also, for transformers 
with nominal 1 : I ratios to have one or two 
extra turns on the secondary in order to make 
up for losses in the transformer. 

The second type of isolation transformer, 
that having a low capacity between its heater 
winding and the primary and laminations, is a 
different matter altogether. In a transformer 
of this type it is usually necessary to employ 
large laminations in order to obtain the 
necessary physical spacing between primary 
and secondary; and the size of the component 
is, consequently, similar to that of a con- 
ventional mains transformer. Because of this 
wide spacing, the coupling which would be 
given between primary and secondary wind- 
ings consisting of a relatively few turns of 
thick wire each—such as occurs in the simple 
1 ; 1 arrangement—is too loose to give a 
satisfactory transference of power. Low 
capacity isolation transformers, therefore, 
almost always employ a full mains primary 
intended for direct connection to the mains. 

transformer does not upset the picture, since 
no signal intelligence is applied to the 
cathode. 

The situation is very different if cathode 
modulation is employed, however, and 
especially if the cathode-heater breakdown is 
of the "dead-short" variety. In such an 
instance the picture intelligence applied to the 
cathode now appears also at the heater pins. 
What happens if we isolate the tube with a 
simple, "DC-only" type, isolation trans- 
former ? 

The answer to that question depends on the 
capacity existing between the secondary of 
the transformer and its primary and lamina- 
tions. In almost every case this capacity is 
certain to be higher than 60 pF (out of repre- 
sentative transformers which I checked 
myself before writing this article, capacities 
varied between 75 and 120 pF). 

Now, the reactance of a 40 pF condenser at 
3 Mc/s is approximately l.SkO. Also, the 
impedance at which the cathode of the picture 

Fig. 1. Fitting a 
high-value resistor, 
as shown here, 
between the cathode 
and heater of a 
picture tube with 
a cathode-heater 
breakdown can 
sometimes prevent 
the fault from 
becoming progres- 
sively worse 

Picture tube 

! i 
Et 

—WMf— 
High value 
resistor 

(lOOhn-lMn) 

 2 £  
Isolation 
transformer 
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Grid and Cathode Modulation 
After having discussed the transformers 

themselves, it would now be worth-while to 
examine what is incurred in curing the effects 
of cathode-heater shorts in typical television 
receivers, paying especial attention to the 
type of isolation transformer which would 
give the best results.. 

If a cathode-heater short occurs in a 
receiver employing grid modulation, the effect 
usually given is that of uncontrollable bril- 
liance. This is due to the fact that the 
brilliance network varies the DC biasing 
voltage on the cathode, with the result that 
the cathode-heater short brings the cathode 
down to chassis potential (or to an AC voltage 
which swings about chassis potential) and the 
brilliance circuits become inoperable. 

In such a case, the simple DC—isolation 
type of transformer is perfectly satisfactory, 
since it at once allows the cathode to receive 
once more the DC voltage applied to it by the 
brilliance control. At the same time, the 
relatively high capacity existing in such a 

tube is being driven (usually, the impedance 
of the video output anode load), lies normally 
between 1.5 and 5 kO. It may be seen at once 
from these figures that, even if the capacity 
introduced by the transformer is only of the 
order of 40 pF, there is certain to be con- 
siderable attenuation of any 3 Mc/s signal 
applied to the picture tube cathode. When 
we consider the more usual capacities in 
excess of 60 pF the situation becomes far 
worse. Using one or two of the transformers 
whose capacides were checked by myself, one 
would not only kiss good-bye to the 3 Mc/s 
bars, but to the 2.5, 2 and 1.5 Mc/s bars as 
well! 

It is obvious therefore that, in the case of 
dead-shorts between cathode and heater, the 
DC-only type of isolation transformer is not 
of great help, and we have to use instead one 
of the more expensive low-capacity models. 

Fortunately, cathode-heater breakdowns 
are not always of the dead-short type; and it 
is occasionally feasible for the breakdown to 
take the form of a "leak." If this occurs, and 
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the "leak" has a value higher than, say, 10 kH, 
the simpler type of isolation transformer may 
be used, since its capacity to earth is applied 
to the cathode in series with the effective 
resistance of the "leak." The only trouble 
with this solution is that there is no guarantee 
that the breakdown will not reduce in ohmic 
value as the tube gets older, whereupon the 
inherent capacity of the transformer would 
cause increasingly severe attenuation of the 
higher video frequencies as time went on. 

Yet another possibility is given by the fact 
that a "leak" or short-circuit may occur 
between the cathode and heater of a picture 
tube only when a relatively high DC voltage 
exists between them, it disappearing when 
both electrodes have the same potential. In 
such an instance, it is possible for the simple 
isolation transformer to give at least 
temporary, if not permanent, relief. 

After an isolation transformer has been 
fitted, it is a good plan to connect a high 
value of resistance between the cathode and 
the heater, as shown in Fig. 1. If the break- 
down should happen to clear momentarily, 
this resistor will then ensure that no potential 
differences can occur between the two elements 
due to static charges, with the consequent risk 
later of even more severe breakdown. Such 
a resistor is worth while even in the case of a 
dead-short, as such short-circuits have 
occasionally been known to clear themselves 
with time. 

A Home-Built Transformer 
Before finishing on this subject, I would like 

to give a few details on the winding of isola- 
tion transformers of the low-capacity type by 
the amateur. The other, "DC-only," type is 
hardly worth while making at home since the 

manufactured article can be obtained so very 
cheaply. 

The secret of making a low capacity 
isolation transformer consists essentially of 
keeping the secondary spaced as far away 
from the primary winding as possible. Fig. 2 
shows a cross-section through a typical trans- 
former of this type, illustrating the various 
leakage capacities which have to be con- 
sidered. In practice, the capacity between 
secondary and laminations is far less than 
that existing between the two windings them- 
selves, and it is possible to bring the outside of 
the secondary winding to within as close as 
three-sixteenths of an inch to the inside sur- 
face of the laminations before the capacity 
between these two becomes really trouble- 
some. On the other hand, at least three- 
quarters of an inch (preferably much more) of 
space between primary and secondary is 

Fig. 2. A cross- 
section through a 
practicable low- 
capacity isolation 
transformer, show- 
ing possible capaci- 
ties to the heater 
winding 

needed if the capacity is to be kept below 
20 pF or so. The spacing between primary 
and secondary, incidentally, may be obtained 
by winding the requisite amount of "Lasso- 
vic" or similar tape around the primary. If 
an air-space can be introduced practicably, 
so much the better. 

Fig. 3a shows a cross-section through a 
low-capacity isolation transformer at right 
angles to the view of Fig. 2. In this diagram, 
the heater winding occupies almost the whole 
width of the bobbin. In Fig. 3b, the heater 
winding has been halved in width and wound 
on in two layers. Assuming that the same 
spacing between primary and secondary is 
maintained, this method of assembly has the 
effect of halving the capacity between these 
two windings. Against this, of course, is the 
fact that the two-layer heater winding now 
approaches the laminations more closely, with 

Capacity between „ 
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laminations T3 

Capacity between 
secondary t primary 
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Laminations 
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heater winding » \ ' 
receiver chassis ^ 
(usually negligible) 
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the result that the distance between the 
primary and secondary has to be slightly 
reduced. About the best practical solution 
appears to consist of winding the secondary 
jp three layers. After this it is liable to 
become unmanageable, and the advantages 
gained by the narrower winding are lost due 
to the necessarily reduced spacing between 
primary and secondary. 

The primary may either be wound at home, 
or that of an existing transformer pressed into 
service. In the case of an isolation trans- 
former which I made some time ago, I started 
off with a normal mains transformer having 
a burnt-out secondary. This I removed, 
retaining the still-serviceable primary. The 
transformer was then built up with tape as 
described above. 

are liable to crop up now and again which 
require meticulous attention to dimensions. 

A typical instance occurred some time ago 
when I was making a gadget which incor- 
porated several holes in a heavy piece of brass. 
These holes had to provide a sliding fit for 
rods of three-eights of an inch nominal 
diameter, and there had to be no side play. 

I commenced by carefully drilling out the 
brass on a power drill, but the holes I 
obtained were a tiny bit too small for perfect 
results. They needed opening out by just 
one or two thousandths of an inch. 

It was as I was regretfully thinking of 
having to do a little "butchering" that I 
suddenly remembered an old dodge I was 
shown many years ago. This consisted of 
re-drilling the hole; inserting also a small 

Single layer, 
heater winding 

Single layer^ 
heater winding 

Two-layer  
heater winding crcncocrro (Xliiifllli., 

Laminations 

Packing 

Primary 

rCOCCCUO^CD 

Two-layer , 
heater winding 

Fig. 3 
(a) Another cross-section through an isolation transformer, illustrating a single- 

layer heater winding 
(b) The same transformer with the heater winding wound in two layers. Although 
this method of winding reduces the capacity between primary and secondary, it has 
the slight disadvantage of bringing the outside of the heater winding closer to the 

laminations 

Further reductions in capacity may be 
achieved by winding the secondary with as 
thin a wire as is practicable for the current it 
has to carry, and by using only just sufficient 
laminations to keep the transformer from 
running too warm. 

That Odd "Thou" 
Although, in radio, it is not usually 

necessary to work to high degrees of accuracy 
so far as "metal-bashing" is concerned, jobs 

piece of very thin tissue paper. I tried it in 
this case and it worked perfectly. 

What happens, of course, is that although 
the tissue paper is mangled up by the drill 
immediately the latter enters the hole, its 
pieces still remain in situ until finally ejected 
at the other end. Whilst in the hole they 
constitute a certain amount of bulk, con- 
sequently forcing the drill to bear more 
forcibly against the side of the hole. The 
result is a hole that is one or two "thou" 
oversize. [end 
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REPAIR and MAINTENANCE 

of Line Output Transformers 

Part 3 By S, WELBURN 

IN THE LAST TWO ARTICLES IN THIS SHORT 
series devoted to that important com- 
ponent in the television receiver—the line 

output transformer—the writer described the 
several different types of circuit in which the 
line output transformer most commonly 
appears, as well as giving details of its general 
construction. Considerable attention was also 
paid to the question of breakdown and 
corona. 

Over-Drive 
Whilst dealing with breakdown and 

corona, it was pointed out that it is possible 
to run into quite a lot of trouble with line 
output transformers simply by driving them 
more heavily than their designers intended. 
This trouble occurs far more frequently than 
is generally realised. 

Over-drive of a line output transformer 
occurs mainly due to three different causes. 
The first of these is that of too high a drive to 
the line output valve. The second is given by 
the application of incorrect voltages to the 
line output valve, and the third by incor- 
rectly valued components connected to this 
valve. 

The first of these cases, that of too high a 
drive to the line output valve, is somewhat 
infrequent nowadays; although it is still 
feasible when the line timebase is provided 
with a variable amplitude control. Such 
controls (which should not be confused with 
"width" controls connected directly to the 
line output transformer), are usually found in 
the older type of receiver, in which the line 
output valve acts purely as an amplifier and 
not as a "switch." The grid input, in such a 
case, consists of a sawtooth. 

When an amplitude control is fitted to a 
receiver, all that is needed to ensure that the 
drive to the line output valve is not exces- 
sively high is to observe the reproduced 
picture. Assuming that the receiver is work- 
ing correctly, the condition of excessive over- 
drive is usually shown by the appearance of 
vertical white bars down the centre of the 
picture. It is often stated that the amplitude 
control should be retarded slightly from the 
position where these white bars appear. 
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However, this is not necessarily the best 
setting for the amplitude control at all. It is 
frequently found that it is possible to retard 
the amplitude control over quite a consider- 
able travel from the excessive over-drive 
setting before the EHT drops, or the picture 
begins to lose its width or linearity. The best 
position of the amplitude control is then that 
which is slightly advanced from this second 
setting, and not that which is slightly retarded 
from the first, white bar, effect. This method 
of adjusting the amplitude control has the 
advantage of ensuring that the line output 
components are protected from alterations 
caused by changes in mains voltage and by 
warm-up variations. 

If the line amplitude control is used in a 
receiver which has just been constructed at 
home, the control should always be set to its 
minimum position when the receiver is 
switched cn for the first lime, and tests arc 
being carried out. It can then be brought up- 
to its correct position afterwards. 
Incorrect Voltages 

When the line output valve is used as a 
"switch" and not as a sawtooth amplifier, the 
question of supply voltages is most important. 

This applies particularly to the HT voltage 
applied to the line output anode, since a very 
slight increase in this HT voltage can cause 
a considerable increase in EHT. The most 
usual cause of too high an HT voltage is an 
incorrect setting of the mains voltage adjust- 
ment panel on the power pack. 

Line Output Components 
Over-drive may also occur due to the use of 

incorrectly valued components in the line 
output stage; this being especially true of 
those connected to the control grid and 
screen-grid. 

In many cases, the line output grid is fed 
via a coupling condenser and grid leak, these 
components providing the necessary line 
output grid bias. When this arrangement is 
emplojed, the cathode is usually connected 
directly to chassis. It is important that the 
grid leak and condenser have the values 
specified for the particular receiver in which 
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they are used, and that the condenser is not 
lc3ky» 

The line output screen-grid is nearly always 
fed via a dropping resistor from the HT rail, 
and is sometimes decoupled to chassis by a 
condenser. The value of the dropping resistor 
can have a very marked effect on the EHT 
developed in the line output transformer. It 
should never have a value lower than that 
specified for the receiver in which it is used. 
The decoupling condenser also has an 
influence on the EHT voltage. This, however, 
has less to do with values than it has with the 
actual presence or absence of the condenser. 
Thus, if a decoupling condenser is fitted to a 
circuit which is not designed for it, it can often 
cause a very considerable rise in EHT voltage. 

There is, incidentally, a secondary reason 
for resisting the occasional temptation to 
obtain higher EHT by reducing the value of 
the screen dropping resistor. This is given by 
the fact that, as soon as the line output 
cathode has achieved emitting temperature 
after switching on, the screen-grid has to pass 
a considerable amount of current until the 
booster diode has warmed up sufficiently to 
pass HT to the anode. The booster diode 
takes a relatively long time to warm up 
because of the necessarily heavy heater- 
cathode insulation it requires. The screen- 
grid resistor limits the current passed by this 
electrode, therefore, to a safe value during the 
warm-up period, and, for this reason alone, 
should not be reduced. 

The writer anticipates that there may be an 
adverse reaction from one or two readers of 
the above paragraphs; this being to the effect 
that a line output transformer should be 
capable of handling over-drive conditions, 
and that the precautions just mentioned are in 
consequence somewhat over-fussy. There is, 
admittedly, quite a lot of truth in such a 
statement, and it is a fact, also, that a well- 
manufactured line output transformer is per- 
fectly capable of being over-driven (within 
reasonable limits) without breaking down. 
On the other hand, there are a considerable 
number of cathode ray tubes in working 
television receivers which are rated at a 
maximum of 14 kV, but which are actually 
receiving EHT voltages around the 16 kV 
mark! This can hardly be described as a state 
of affairs to be recommended. Furthermore, 
it is always bad practice to over-run a com- 
ponent when it is capable of working per- 
fectly well within its correct, specified ratings. 

Ringing 
Another fault which is caused by the line 

output transformer is that of "ringing" of the 
EHT over-wind. This results in a velocity- 
modulated scan on the left-hand side of the 
picture, giving the impression of one or more 
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parallel vertical bars which are lighter in 
shade than the general picture. 

This fault is not usually evident with the 
line output transformers sold on the home- 
constructor market; but it does appear fairly 
frequently in commercial televisors. Such 
troubles are inherent in the line output trans- 
former itself; although replacement by a 
similar model occasionally effects a reduction 
of the trouble. Failure of any damping 
components which may be connected to the 
transformer, or to the line deflector coils, can 
also cause the ringing to appear. Very slight 
ringing may usually be ignored. 

It should be pointed out at this stage that 
many cases of "ringing" arise which are not 
originated by the line output transformer at 
all. The trouble is caused, instead, by the 
grid, or cathode, lead to the cathode ray tube 
being positioned too closely to the line output 
transformer or its wiring. The cathode ray 
tube lead then picks up the ringing voltages 
capaci lively. Repositioning the lead usually 
effects an immediate cure. 

Whistle 
All line output transformers give an 

audible whistle at line frequency. This effect 
cannot be considered as a fault, unless the 
whistle is excessively loud. It is difficult to 
define how loud a normal whistle should be, 
and it is usually assumed that if one gets 
"used to it" after a short time and forgets its 
existence, then it is not too loud. (The 
writer admits that this is an extremely elastic 
definition). 

The whistle is generated by reason of the 
very high pulse power handled by the line 
output transformer. In cases where the trans- 
former has been subjected to damage or hard 
knocks, consequent damage to the core 
gapping material may cause the whistle to be 
much louder than it should be. The only cure 
for a fault of this nature is replacement of the 
transformer. 

Interference 
Due to the nature of the waveform appear- 

ing across the windings of the line output 
transformer, this component (with its wiring) 
is very liable to radiate RE interference at 
harmonics of the line frequency. One of these 
harmonics lies close to the frequency of the 
Light Programme on 1,500 metres, and can 
manifest itself as a "gurgling" whistle on a 
sound receiver tuned to this wavelength. 

If interference with neighbouring sound 
receivers occurs, the television chassis should 
be connected to a reliable earth; this being 
done via a 0.01 u.F condenser in cases when 
the chassis is "live." This process often 

[continued on page 210 
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NOTES ON RADIO CONTROL 

I. Valves and Kelajs 

By QUENCH COIL 

The following series of notes is 
intended as a guide rather than compre- 
hensive articles on radio control equip- 

ment, and is drawn from the author's 
experience during the construction of R/C 
apparatus applied to many of his models, 
these being ships and planes. 

To the experienced radio control fan many 
of his remarks may seem to be superfluous, 
but as they are intended more for the begin- 
ner, he hopes these enthusiasts will bear 
with him. 

There are many links in the chain of 
operations between the transmitter control 
and the final "action" in the model. The 
two most important, thinking in terms of 
components, are the valve and the relay, let 
us here examine the types of valves and 
relays which can be used in the receiver. 

Valves 
We have a choice of two types of valve: 

the gas-filled triode, or the hard valve, such 
as the 3S4 and 3A4, as used in many items 

of radio equipment. The hard valves are 
especially suitable for radio control owing to 
their robust construction and long life span; 
however, they have one disadvantage—their 
size and the need for a larger holder. This 
must be considered if the receiver is intended 
for use in a model plane, where size and 
weight is a number one consideration. 
Should the model be a boat of any size, the 
problem is not nearly as serious. 

Personally, I prefer the hard valve, and 
feel that the size and weight are more than 

made up for by the long life and robust con- 
struction. It is surprising the amount of 
rough treatment these valves will take. 

The gas-filled triode has been designed to 
operate on a low HT voltage of 45V maxi- 
mum and a filament voltage of 1.4; this alone 
reduces the size and weight of the completed 
receiver to a minimum. 

The gas-filled triode must be treated with 
great care, and under no circumstances must 
the rated voltages and currents be exceeded 
even for a short time, if we wish to prolong 
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Three typical Radio Control Relays. On the left, that used in the Cossor " Mercury" 
receiver. Centre, the Siemens type 73 {usually ex-WD surplus). Right, the E.C.C. type 5A. 
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the life of the valve. It must be borne in 
mind that it is designed and rated for inter- 
mittent rather than continuous use, in appli- 
cations where appreciable changes in valve 
characteristics during life are acceptable, or 
can be covered by appropriate circuit 
adjustments. 

The useful life of the valve is critically 
dependent upon the peak anode current, 

weighing only a few ounces. I have, in fact, 
built a receiver complete with relay weighing 
under 4 ounces. 
Relays 

The relay is, I think, the most important 
item in the receiver. It should always be 
fitted last and, when possible, on the top of 
the panel. 
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Our contributor " Quench Coil" shown in his workshop, with some of the radio control 
equipment which he will be describing in this series of articles. 

which is not readily measurable. However, 
the mean anode current is, and should be 
adjusted to 1.5mA or less for long life. 

For maximum sensitivity in any receiver 
there is an optimum value of grid bias, and 
adequate provision should be made for 
adjustment, both initially and during the life 
of the valve. 

The XFGI is a sub-miniature gas-filled 
triode, and its size—40mm long by 10mm by 
7.2mm—together with its low weight, makes 
it an ideal valve for our purpose. No valve- 
holder is needed as it has flexible leads which 
may readily be soldered direct to the other 
components. 

By using other miniature parts we can 
build a complete receiver (less batteries) 
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There are a number of relays on the market 
which are suitable, some of these being the 
ECC5A, the ED, and the Siemens 73. As a 
point of interest, the ECC5A can be adjusted 
to move from contact to contact on a current 
change of less than SOjxA; this is the type I 
would suggest employing when using the 
hard valve in a receiver. 

These relays are very reliable and non- 
sensitive to vibration. A word of warning is 
necessary here—handle with great care, and 
always over a felt pad on the bench. Never 
twiddle; when once adjusted, leave well 
alone, as a faulty relay can be the cause of 
considerable trouble. It is a good plan (if 
room will permit) to cover the relay with a 

[continued top of page 21@ 
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small can, which will protect it from dust 
and knocks. 

Note on the Siemens Relay type 73 
The bobbins are terminated with red and 

green leads, which will be seen on removing 
the plastic covering. For maximum sensi- 
tivity, the two red leads must be joined 
together, leaving the green leads as the open 
connections to the relay. The DC resistance 

of both bobbins is 3,400£J, Great care must 
be exercised when removing the plastic 
covering and re-soldering; avoid pulling the 
leads as they are likely to come away from 
the bobbins. 

The relay is mounted on a paxolin base 
which, in turn, is fitted to an iron base; this 
latter should be removed before fitting the 
relay to the receiver, and again great care 
must be taken when handling. 

SUGGESTED CIRCUITS—continued from page 201 
components, as well as the input lead con- 
necting into the television chassis. This is due 
to the fact that the automatic picture control 
components may pick up radiations directly 
from the line output transformer and its 
wiring; these blanketing, or interfering with, 
the sync pulses present in the video signal. 
If the video output anode is used as a source 
of sync pulses, care should be taken to see 
that the lead to the CRT is screened, or is not 
in a position to pick up interference from the 
line output wiring. 

Accuracy 
The accuracy with which the automatic 

picture control circuit provides bias relative 

to the synchronising pulse amplitude should 
be fairly high. This is due to the fact that the 
most abrupt changes in signal amplitude 
should be given by the synchronising pulses 
themselves. Unfortunately, sharp-fronted 
changes in signal amplitude are liable to be 
given at the commencement and end of the 
picture information in each successive line 
scan, and these may also excite the tuned 
circuit via the differentiating network. How- 
ever, from the writer's experimental evidence, 
these do not appear to cause by any means 
such large variations in negative control 
voltage between bright and dark transmitted 
scenes as occurs when the picture content is 
extracted as a whole. 

THE REPAIR & MAINTENANCE OF L, 
results in a considerable diminution of the 
interference, since it is then radiated by the 
television chassis wiring alone. Persistent 
interference can be cured only by screening 
the entire line output stage. Mild interfer- 
ence, however, can often be cleared by 
repositioning the television receiver in the 

,O.T.—continued from page 207 
room in which it is used, so that it is further 
away from the sound receiver and its aerial 
lead-in. (Alternatively, of course, the sound 
receiver, and its aerial lead-in, may be moved 
further away from the televisor). RF interfer- 
ence from the television receiver is frequently 
confined to a radius of several yards only. 

THE TELEVISION SOCIETY-FUTURE MEETINGS 

Friday 
Nov. 12 

Thursday 
Nov. 18 

Thursday 
Nov. 25 

Friday 
Dec. 10 

1955 
Thurs.-Sat. 

Jan. 6-8 

Faulty Interlacing .. 

Conversazione at University College to mark the 
Jubilee of the Invention of the Thermionic Valve 

European Television Programme Exchanges 

Television Circuit Refinements 

The Society's Annual Exhibition 
{Thursday: Members only. Other days by Invita- 
tion Ticket) 

Dr. G. N. Patchett 
{Bradford Tech. Col.) 

M. J. L. Pulling, O.B.E., 
M.A. {S.S.E., B.B.C. 
Television) 

C. H. Banthorpe 
{Derwent Radio Ltd.) 

Place to be announced. 

All meetings, unless otherwise stated, are held at the Cinematograph Exhibitors' Association, 
164 Shaftesbury Avenue, WC2, and commence at 7 p.m. Non-members of the Society are 
admitted to meetings on presentation of a signed ticket obtainable from any member or 

from the office of the Society, 164 Shaftesbury Avenue, WC2. 
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A DECADE 

RESISTANCE BOX 

By F. A. BALDWIN a.m.i.p.r.e. 

For those constructors wishing to 
carry out serious experimental work, the 
decade box is one of the essential items of 

equipment that must be to hand. In order to 
be of real value, the resistances must be 
accurate and constant, and the resistance 
windings should be non-inductive. 

Circuit 
This is shown in Fig. 1A, and it consists of 

three switched variable resistors in series, any 
section of which may be switched into circuit 
as required. In each of the three networks, 
each resistor has the same value; thus, in that 

of the Units, each separate resistor has a value 
of lOO. Those of the Tens system each have 
a value of 1000 each, while in the Hundreds 
unit, each has a value of 1,0000. It will thus 
be seen that each of the three units are 
arranged in ratios of 10 to 1. Arranging 
things in this manner, it is possible to set the 

decade box to any value, in steps of lOO, from 
the minimum of 10O to the maximum of 
11,1000. 

Construction 
The case is made of sheet iron with an 
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aluminium panel of sufficient thickness to 
take the fixing screws. The overall dimen- 
sions are 9 inches long by 3 inches wide and 
3 inches deep. Both the case and panel are 
finished with a coat of "Panl" black crackle 
paint. The three sets of resistor graduations 
and wording are those being currently 
marketed under the trade name "Panel Signs"; 
these form an easy and simple method of 
panel marking, while, at the same time, 
adding a pleasing and professional appearance 
to the unit. 

The three switches shown are of the Yaxley 
type and are single-pole twelve-way, each 
having two banks which are connected in 
parallel in order to minimise contact resist- 
ance. The resistors themselves are wound 
with 40 swg enamelled Eureka wire, and both 
methods of winding are shown in Fig. IB. 

Dealing with the I OH resistors first, a 
half-inch wide paxolin strip some sixteenth of 
an inch thick was employed for the formers. 
In order to minimise as much as possible the 
•unwanted reactance effects, (he direction of 
the winding should be reversed half-way along 
the former. 

With the lOOD and the 1,0000 resistors, 
the previous method would result in unwieldy 
sizes, and these were therefore wound in 
slotted formers. In the present case, these 
were turned up in a lathe from ebonite rod, 
or, alternatively, old RF chokes stripped of 
windings could be utilised. In each former, an 
even number of slots are required, the 
direction of winding being again reversed at 
every other slot. Once the winding has been 
completed, the resistors should be finally 
checked for accuracy before applying Denco 
polystyrene cement in order to firmly secure 
each winding in its proper place. 

Checking is carried out with the aid of a 
bridge and two "standard" resistors of 1000, 
thus enabling the 1-1 ratio point to be 

accurately determined. Having done this, it 
is a comparatively simple matter to wind ten 
further 1000 resistors. With these ten in 
series, together with one of the "standards," 
connect to the "Match" terminals of the 
bridge and establish the 10-1 and the 1-10 
ratio positions. From these it then becomes 
possible to construct the 10 and 1,0000 resis- 
tors. Each of the 1,0000 resistors were 
further checked in the "Match" terminals of 
the bridge against the ten 1000 resistors, and 
the ten ICO resistors against one of the 
standards. 

Should a bridge not be available, these 
resistors may be measured with fair accuracy 
by means of an ohmmeter. If this is decided 
upon, it would be advisable to procure a 
"standard" for each of the ranges required, 
and to use an applied voltage of such a value 
that an almost full scale reading is obtained. 

For those who do not wish for various 
reasons to wind their own resistors, these may 
be purchased in the normal manner provided 
the higher cost of close-tolerance components 
is not a deterrent. The wirewound type of 
close tolerance resistors of reputable manu- 
facture are accurate to within ± .01 per cent. 
This latter course will probably be of greater 
appeal to the vast majority of readers; never- 
the-less, the close tolerance specification must 
be adhered to if the instrument is to be of any 
real value. 

The instrument described has been tested 
on a Sullivan bridge, and was found to be 
accurate within ± 1 per cent on the 1000 and 
the 1,000fl units, and to within ±2J per cent 
on the lOfl unit. Altogether a most useful 
piece of test equipment that every enthusiast 
should have in the workshop. 

The bringing out of the centre switch rotor 
to a third terminal makes the instrument even 
more versatile. It then becomes possible to 
use the decade box as a test potentiometer. 

Tlufus 

M " Good Heavens, 
there's nothing in the 
Radio Times about 
Rufus being on TV 
tonight!" 
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Part 3: THE CABINET By M. HARVEY 

Details of a simple cabinet which may 
be built in the home at little cost 

IN the last two issues OF The Radio 
Constructor full details and wiring dia- 
grams were given for the construction of 

the Easi-Build. As was mentioned in these 
articles, this set is very simple to make; so 
simple, indeed, that it can be confidently 
tackled by the beginner who has never built 
any radio gear before. It was felt that the 
series would not be complete unless it 
included constructional details of a cabinet 
which could be made in a similarly simple 
manner. As with the Easi-Build chassis itself, 
this cabinet requires few tools that cannot be 
found in the usual handyman's tool-kit. 

Basic Construction 
The basic method of making the cabinet 

consists, firstly, of constructing a framework 
with normal, easily-obtainable, 5-or 7-ply 
wood; and of then covering this with leather- 
ette cloth. When properly applied, a leather- 
ette finish can impart a very professional 
appearance to a job, and it has the further 
advantages of reasonable cheapness and of 
not requiring any special skill for its applica- 
tion. Also, of course, leatherette is obtainable 
in a wide range of hues, extending from very 
bright colours to subdued pastel shades, with 
the result that the completed cabinet can be 
made to fit into any colour scheme already 
in existence. 

Dimensions 
One of the best materials to use for the 

cabinet is three-eighths-in 5-or 7-ply. (Wood 
of this thickness is sometimes available in 
9-ply, and this could also be used, if desired). 
This type of plywood is very easy to handle 
and is capable of allowing the simple butt- 
joints used in this cabinet to be made rigidly 
and reliably. The diagrams which accompany 
this article show dimensions which are based 
on wood of this thickness. 

For the main part of the cabinet five pieces 
of plywood are needed, these being the top 
and bottom, the two sides, and the front. 
Fig. 1 shows their dimensions. It is a good 
plan to get the supplier of the wood to cut 
it into the sizes required, as this will save a 
lot of time and trouble in cases where the 
available equipment in the constructor's home 
is limited. Most suppliers will provide this 
service at nominal cost, and will ensure also 
that the wood is cut accurately and at a 
correct right angle. 

Having proceeded so far, the top, bottom, 
and two sides are now complete and ready for 
assembly! However, before the cabinet can 
be put together, a little carpentry still remains 
to be carried out on the front panel. 

Fig. 2 shows the cutting-out necessitated 
on the left-hand side of this panel in order to 
take the three lower control spindles and to 
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Fig- I ■ The dimen- 
sions of the five 
pieces of plywood 
which make up the 

cabinet 

Top & botton 
2- of f 

Sides 
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l-off 
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FIG.2 FIG.3 

Fig. 2. Illustrating the drilling and cutting-out required at the left-hand side of 
the front panel 

Fig. 3. A loudspeaker aperture which allows the speaker to be mounted directly 
behind the front panel 
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provide an opening for the tuning dial. The 
surface shown in this diagram is that which 
will be at the front of the completed cabinet. 

The three control holes should be drilled 
out at a diameter of i in. To avoid the 
risk of accidentally splintering the plywood 
at any point where it would spoil the appear- 
ance of the completed cabinet, drilling should 
always be done from the front side of the 
panel. If splintering then occurs it will do so 
at the back. It is not worth while cleaning up 
the holes, after drilling, at this stage. 

The position of the dial aperture is shown 
also in Fig. 2, and this should be cut out next. 

Fig. 3 shows the dimensions of a suitable 
aperture employing the first method. No 
baffle-board is needed if a speaker aperture 
of this size is used, of course, since the 
speaker is then mounted directly against the 
back of the front panel. 

Fig. 4, illustrating the second method of 
mounting the speaker, gives the maximum 
recommended dimensions of any speaker 
aperture which the constructor may wish to 
design himself. These dimensions allow a 
minimum of half an inch all round the open- 
ing to enable the baffle-board to be screwed 
to the back of the front panel. The dotted 

• T 

T" 

Speaker cut-out 

Top 

A"* 

A* 

2 & 

Bottom 
4'a 

Baffle board 
(behind panel) 

ESO 

Maximum recommended 
outline for speaker 

aperture 

FIG.4 

Material — ^ plywood 

TIG-S 
Fig. 4. Maximum recommended dimensions for an alternative aperture employing 

an internal baffle-board 
Fig. 5. The baffle-board used with the arrangement of Fig. 4 

Care should be taken to see that the edges of 
the aperture are cleaned up square and evenly, 
as a rough finish here can spoil the appearance 
of the finished cabinet. 

The Loudspeaker 
There are two ways of cutting out the 

aperture for the loudspeaker. The first 
method consists of cutting out a rather small 
hole against which the loudspeaker can be 
mounted directly. The second consists of 
cutting out a much larger aperture, behind 
which can be mounted a baffle-board holding 
the speaker. 

line shows the position which the baffle-board 
should occupy in the cabinet; whilst Fig. 5 
gives the dimensions of the board itself (look- 
ing at the front). The baffle-board should be 
made from |-in plywood. 

All the dimensions given in Figs. 3, 4 and 5 
are based on the assumption that the W.B. 
Stentorian loudspeaker recommended in the 
constructional articles describing the chassis 
is employed with the finished cabinet. 

Assembly 
As was mentioned above, the cabinet is 

assembled by means of simple butt joints. 
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These are strengthened by f-in panel pins, 
and glue. The panel pins should be spaced at 
IJ-in intervals, their main purpose being to 
assist in the location of the various parts 
whilst the glue is setting. Before commencing 
the assembly, it is advisable to drive these pins 
into the wood just sufficiently far for their 
points to protrude. These points may then 
locate on the edge of the second piece of 
wood completing the joint, and the pins can 
be driven home quickly and accurately after 
the glue has been applied. See Fig. 6. 

So far as the glue is concerned, nothing is as 
good for this application as the old-fashioned 
type which has to be heated up in a glue-pot. 
If a glue-pot is not available, a serviceable 
makeshift may be obtained with the aid of a 
tin and saucepan. With this arrangement, the 
tin holds the glue and water mixture, and is 
immersed in a saucepan half-filled with water. 
To keep the tin at the bottom of the saucepan 
a few small weights should be placed in it. 
(It does not matter if these become mixed up 
with the glue, although they may afterwards 
be rendered irredeemable when the glue in 
the tin has set!) The tin, with the glue in it, is 
then placed in the saucepan, water is added, 
and the whole heated up. Theoretically, the 
bottom of the tin should not be in contact 
with the bottom of the saucepan, but it will 
not make much difference in practice if the 
temporary "glue-pot" is in use only for short 
periods of time. 

A fairly thick solution of glue is needed 
for the butt joints, and it should not be 
applied until it is really hot, fluid, and free 
from lumps. The glue should be brushed 
liberally onto the wood before joining, taking 
especial care to ensure that it soaks well into 
the end-surfaces. - If possible, pressure should 
be applied to each joint after the glue has been 
applied, until all joints are properly set. 

The chassis may now be "tried for size." It 
should be possible to insert the chassis into 
the cabinet such that the projecting bushes of 
the three lower controls lie snugly in the 
three half-inch holes in the front panel. These 
three holes may now be cleaned and "trimmed 
up." 

Next, the surface and corners of the cabinet 
should be treated with sandpaper to ensure 
that they are clean and smooth. Any irregu- 
larities will show themselves through the 
leatherette covering. If there is any pitting 
in the surface of the wood, this may be filled in 
with plastic wood or a similar material. 

The Leatherette 
The process of applying leatherette to a 

wooden cabinet of this nature is very simple 
and gives effective results so long as two 
essential rules are observed. The first of 
these is that only one surface should be glued 
at one time. No attempt should be made to 

glue the leatherette to a second surface until 
the first has set firmly. In practice, the obser- 
vance of this rule does not involve the 
constructor in any considerable delay, since 
thin glue only is needed for securing the 
leatherette to the cabinet and this usually sets 
sufficiently hard for the purpose in twenty 
minutes or so. The second rule is to make no 
attempt to cut out the leatherette into a shape 
which will fit the cabinet before glueing. Such 
a course usually ends in failure because the 
leatherette is liable to stretch when the hot 
glue is applied. 

Before applying the leatherette, the corners 
of the speaker opening, and the four comers 
of the tuning scale aperture, should be 
covered with small strips of leatherette, as 
shown in Fig. 7. It is necessary to do this as 
these corners would otherwise be left 
uncovered by the main piece of leatherette. 

The front panel may now be covered. This 
panel should be painted liberally with thin 
glue and the leatherette applied to it imme- 
diately. (Remember that the centre of the 
piece of leatherette used should be glued to 
the front panel, so that adequate material 
from the same piece is available for the sides, 
top and bottom). Whilst the glue is still fluid, 
t^e ' ;atherette should be smoothed over with 
a damp cloth and gently stretched in all 
directions to ensure that no wrinkles or ridges 
are left. The leatherette should then be held 
against the panel under pressure until the glue 
has set. Several thicknesses of newsprint 
should be inserted between the leatherette and 
the surface which applies the pressure since 
some of the glue may seep through the pores 
of the leatherette. Any small pieces of news- 
print sticking to the leatherette can be 
removed later with soap and water. 

After the front panel, the top, and then the 
bottom of the cabinet should be covered, 
using the same uncut piece of leatherette and 
keeping it gently stretched away from the 
front panel. 

Next required is a little detail work at the 
four corners of the cabinet. This is shown in 
Fig. 8. After this part of the job has been 
completed, the side pieces may then be cut 
and affixed as illustrated in Fig. 9. 

The hardest part of the job is now over. 
The next process consists of trimming the 
leatherette and taking it round the inside back 
surfaces of the cabinet to ensure that complete 
coverage is obtained. 

The dial and speaker apertures have next to 
be tackled. This is done by carefully cutting 
the leatherette covering these apertures in the 
manner shown in Fig. 10. The four one-inch 
strips of leatherette formed can then be taken 
around the sides of the aperture to the back 
surface of the front panel, and firmly glued. 
As may be seen, the small strips previously 
fitted to the corners of these apertures prevent 
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Fig. 6. Showing how the panel pins assist in the location and assembly of the butt joints 
Fig. 7. Applying small strips of leatherette to the corners of the speaker and dial apertures 
Fig. 8. First step in covering the sides of the cabinet. Fig. 9. Finishing off the covering of 
the sides. Fig. 10. Cutting the leatherette at the dial aperture. A similar procedure is 
required for the speaker aperture. Fig. 11. Showing the simple method of mounting the chassis 
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protective back to the cabinet. Instructions 
have not been given for this as the work 
involved is, of course, very simple and 
straightforward. It must be emphasised, 
nevertheless, that it is essential that ventilating 
holes are drilled in the back; as, otherwise, 
overheating of the power components in the 
chassis may occur with consequent break- 
down. 

more about 

REPRODUCING 

RECORDS 

ft® 

By O. J. RUSSELL B.SC., A.INST.P., G3BHJ 

any bare wood being visible. The leatherette 
covering the three control holes may also be 
carefully removed at this stage. 

The Dial Aperture 
All that now remains is to fit a perspex 

insert into the dial aperture and to fix four 
small rubber feet to the cabinet. These latter 
may be obtained at most branches of the 
popular chain stores. 

The perspex for the dial aperture is cut such 
that it is a push fit in the aperture, its front 
surface lying flush with the front of the 
cabinet. A hole has to be drilled in it to take 
the central tuning spindle. 

If the cabinet has been made accurately, the 
three lower control bushes will locate com- 
fortably into the three half-inch holes in the 
front panel. To lock the chassis in position, 
all that is then needed are two small brackets 
at the rear. These may be fitted as showh in 
Fig. 11. 

Making a Back 
Since the chassis of the Easi-Build is "live," 

many constructors may decide to fit a 

Radio Control for Model Ships, 
Boats and Aircraft, 8/6 

The Osram 912 Amplifier. 3/6 
The Mullard 5-10 Amplifier. 2/6 
Amplifier Manual No. 3. 

by J. S. Kendall. 3/6 
Bernards Valve Manual No. 1. 5/- 
Bernards Valve Manual No. 2. 5/- 
Bernards Valve Substitution 

Manual. 5/- 
The Emperor Radiogram Construc- 

tion Book, by Walter J. May. 3/6 
The Boy's Book of Crystal Sets 2/6 
Practical Transistors and Tran- 

sistor Circuits, by J. S. Kendall. 3/6 
Packing and post 'id. per book extra 

Trade Enquiries Invited 

KENDALL & MOUSLEY 
(Technical Books Dept.) 

18 Melville Road, Birmingham 16 

The Photograph 
The photograph accompanying this article 

illustrates a typical cabinet of the type 
described here. As has already been stated, 
the method of construction used gives con- 
siderable latitude for those who wish to 
implement their own cabinet designs. Also, 
ornamental bars, etc., may easily be fitted 
over the loudspeaker aperture or glued to the 
surface of the front panel. 

The red leatherette cloth for the prototype 
was obtained from Messrs. E. D. Pimble, 
12 Liverpool Road, Newcastle, Staffs., at 
6s. per yard, the width being 28 inches. One 
yard was ample. 

RADIO LABORATORY HANDBOOK 
by Wireless World   25/- 

TELEVISION EXPLAINED 
by W. E. Miller  s/_ 

RADIO VALVE DATA 
by Wireless World   3/6 

Mandl's TELEVISION 
SERVICING   44/_ 

MODULATORS AND FREQUENCY 
CHANGERS by D. G. Tucker ... 28/- 
BASIC ELECTRONIC TEST 
INSTRUMENTS 

by Rufus Turner  32/_ 

RADIO AND TELEVISION 
MATHEMATICS  35/_ 

Please add postage to above prices 

Direct from 

G. & J. BOOKSHOP LTD. 
38 Newport Court 

Charing Cross Rd. London, WC2 

From several letters and queries from 
readers it is clear that there is a great 
interest in Hi-Fi reproduction. There 

are also indications that many readers are 
interested in obtaining reasonable results 
without undue expense. In fact, there seems 
to be little or no gap between the indifferent 
reproduction given by the average domestic 
receiver and the high-priced high-fidelity 
units. Indeed, at some £20 or so for the 
average domestic receiver it is a moot point 
whether this can be described as cheap! 

Certainly it is possible for the home 
constructor to work up in easy stages to a 
good high-fidelity reproducing set-up without 
spending large sums, or without having to 
pay out a lump sum at one go. It is only fair 
to say also, however, that the path to reason- 
able Hi-Fi results is strewn with pitfalls, and 
the intention in future articles is to make the 
way easier for the home constructor to obtain 
worthwhile results as simply and economic- 
ally as possible. 

The "equaliser" circuits given recently do 
enable the listener—at the cost of a few 
resistors and condensers—to make a con- 
siderable improvement in reproduction. In 
fact, it is useless to start on the Hi-Fi road 
without first equalising record response! Let 
the reader consider the thirty decibels differ- 
ence between mass and treble levels found on 
LPs and some 78 rpm records . . . not to 
mention the EP (extended playing) 45 rpm 
records. Some exceptional records recently 
heard have had top of such a degree of 
recorded boost that they were painful to 
listen to without equalising. The fitting of the 
recently described equalising circuit produced 
a marked reaction from the owner of one of 
these records recently! 

However, due to individual preferences, 
and also due to the deficiencies of some 
domestic speakers, some form of variable tone 
control is often requested. In the case of any 

tone control worthy of the name, separate 
treble and bass control is a "must." The 
mass-produced receivers use simply a vicious 
form of "top-cut" control labelled "tone." 
This is virtually useless as a real tone control. 

To simplify "tone control" problems, an 
attractive proposition is to make the "equal- 
iser" circuit for record reproduction variable. 
This eliminates the need for making both 
equalisers and tone controls, and is useful 
for the enthusiast who wishes to obtain an 
added measure of control over the over-all 
balance of reproduction. Fortunately, the 
present-day record characteristics do enable 
this to be done to an appreciable extent. 

To see how the idea operates, consider the 
bass boost first. If we provide for an amount 
of "boost" variable from more than that 
needed to equalise the recording bass drop, 
then we have in effect an over-all "bass boost" 
above a straightline curve. Thus by "over 
equalising" we get in effect an actual accentua- 
tion of bass. If we make the degree of 
equalising variable, then bass can be controlled 
from accentuated bass, straightline or bass 
attenuation. 

Similarly, we can consider the treble 
control. Here the manufacturers nearly all 
record with accentuated treble, so that with 
a control giving more or less attenuation 
about the correct equalising level, we can lift 
or cut the top response about the "straight- 
line" position. In fact, by building in top 
boost on the actual recording, the makers 
have simplified our "top control" problem! 
Also the "top cut" control of a domestic 
receiver does often provide the "top control" 
necessary for controlling the treble end. 

Fig. 1 shows the simplest tone control unit 
based upon these ideas. It is intended for 
working into the pick-up terminals of a 
domestic receiver of the type fitted with a 
"tone control" of the "top-cut" variety. The 
variable control in the circuit then gives 
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control of bass response, while the domestic 
receiver "tone" knob is used to control the 
treble levels. This is particularly effective on 
LP recordings, and does enable the owner of 
a crystal pick-up to obtain control independ- 
ently of both bass and treble. 

For those using small home-built amplifiers, 
or domestic receivers not fitted with top-cut 
knobs labelled "Tone," the circuit of Fig. 2 is 
suggested. This provides for both top and 
bass control, so that a crystal pick-up of the 
Acos Hi-G 39 types, or the popular Philips 
type "Disc Jockey" units equipped with 
crystal pick-ups, may be employed with a 
domestic receiver and have independent 
treble and bass control. It should be noted, 
of course, that like all circuits of this type, 
the "boost" is obtained at the expense of 
over-all output. Flowever, the high output 
of these crystal pick-ups enables such tone 
control systems to be used satisfactorily. 
Moreover, when, for example, the bass boost 
control is turned to reduce bass, the output 
level increases, so that a compromise can 
easily be arrived at. Most domestic receivers, 
however, have adequate gain to enable full 
boost to be used. 

The question arises of how to boost "top" 
on EMI 78 rpm records, which are recorded 
without top boost. Clearly, here, we can not 
utilise the record characteristic to provide 
"Top." In this case, too, the question of top 
loss arises. If a long screened lead is used to 
connect the pick-up to the receiver or ampli- 
fier, the capacity of the cable may be easily 
enough to cuuse an appreciable drop in the 
treble register! If a little more output can be 
sacrificed, the circuit of Fig. 3 will enable a 
mild degree of top boost to be obtained even 
on records with a flat treble characteristic. 

Finally, the question of "sharp cut" scratch 

THE JUBILEE OF THE 
INVENTION OF 

THE THERMIONIC VALVE 

IN CONNECTION WITH THE CELEBRATION OF THE JUBILEE 
of the invention of the thermionic valve by Sir 
Ambrose Fleming on November 16th, 1904, a 
Conversazione will be held in the Electrical Engine- 

ering Department of University College London. 
A plaque commemorating the occasion will be unveiled 
by the Lord President of the Council. 

In addition to exhibits and documents relating to 
Sir Ambrose Fleming's work while Professor of 
Electrical Engineering at the College, examples of 
recent researches will be on view. Admission to the 
Conversazione, which will extend over the three 
days November 16th, 17th and 18th, will be by invita- 
tion ticket only. A limited number of tickets for the 
17th is available on application, and Senior Engineers 
or members of the Radio Industry who would like to 
visit the Exhibition at the College, which will be open 
from 3 p.m. to 10 p.m., should apply to the Assistant 
Secretary, University College, Gower Street, London 
W.C.I. 

filters arises. Whilst LP records are uncan- 
nily noiseless with velvety silent surfaces (at 
any rate when new!) and whilst modem 
78 rpm British records have a very low noise 
level, old records and records from various 
sources may have bad surfaces. Again, some 
Continental pressings made by British firms 
appear to be very noisy. In addition the 
record enthusiast has many old favourites in 
his collection which show considerable wear 
and which give considerable "needle hiss" if 
reproduced with equipment having a good 
top reponse. 

The use of a "top cut" type of tone control 
to reduce the distracting hiss background is a 
compromise solution. In cutting the top on 
a gradual slope as in Fig. 4, the top register 
treble is sadly attenuated if hiss is to be 
appreciably reduced. To overcome this, 
"sharp cut" filters are used. These cut very 
steeply beyond a given frequency, so that hiss 
is attenuated with as little as possible of the 
top register. These units are commercially 
available, but are not easy to construct. In 
some commercial filters the slope is some 
50 decibels per octave, and both slope and 
cut-off frequency are variable. 

As explained in earlier articles, the usual 
RC stage of tone correction has a slope of 
6 decibels per octave. However, if two RC 
stages both designed for the same cut-off 
frequency are cascaded, the slope becomes 
12 db per octave. Three identical cascaded 
stages provide 18 db per octave, and so on. 
Moreover, as more stages are cascaded, the 
onset of attenuation becomes sharper. As 
readers have requested details of some form 
of "sharp cut" filter for use as a record 
scratch attenuator, the solution suggested 
is to cascade identical "top cut" circuits 
designed for the same frequency. This again 
is a "compromise" solution, but is one that 
can be tried by the home constructor without 
involving critical circuits such as are employed 
in the more elaborate types of "steep cut" 
filter. Naturally the steep cut filters of 
elaborate design can give better results, but in 
general they require close tolerance com- 
ponents, and some care in setting up. 

For those reluctant to tackle the more 
complex types of "sharp cut" filter, the 
arrangement of Fig. 5 gives a suggested set- 
up. This is intended as an intervalve coupling, 
and gives a choice of cut-off frequencies, so 
that as much scratch may be eliminated as 
possible without unduly destroying treble as 
well. It should be noted that this is not a 
tone control; and a normal tone control unit 
used in conjunction with a steep cut filter 
enables reasonable reproduction from even 
worn records. Fig. 5 is a compromise 
arrangement that is worth trying for its 
obvious simplicity and non-critical compo- 
nent values. [end 
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Simple and Efficient 

AERIAL MATCHING UNIT 

By L. F. WEST 

Much has been written in the past 
about the problem of matching the 
aerial to the receiver, and many 

highly commendable circuits have been 
published. However, the complication of 
receiver operation, brought about by the 
need to keep the tuning of the matching 
unit in step with that of the receiver, not to 
mention the fact that as the tuning is varied 
the matching invariably has also to be 

flats or in houses with little space for com- 
plicated aerial systems. Whist it is possible 
to install a short aerial or vertical rod to 
present a low impedance on the higher 
frequency bands, it becomes increasingly 
difficult to do so as the frequency is decreased. 
To make matters worse, it is on the lower 
frequencies, such as the 160 metres and MF 
broadcast bands, that a vertical aerial will 
give better results, whilst, at the same 
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corrected, scares many people away from 
tackling this problem. 

The unit described here is an attempt 
to overcome the trouble for those enthusiasts 
who are unfortunate enough to live in 

time, presenting a much higher impedance 
to the receiver than the usual recommended 
400 n. 

The cathode follower circuit has the 
advantage of providing a low impedance 

222 THE RADIO CONSTRUCTOR 

output whilst presenting a high impedance 
input, causing extremely light loading of the 
preceding circuit or signal source - coupled 
to the welcome fact that input and output 
impedances are not critical. This is due 
to the very high (100%) degree of negative 
feedback. The valve used in this circuit 
is the 6J5, which has a reasonably high 
gm of 2.5mA/V, giving a cathode output 
impedance of 400U (1 -Hgm in amps/volt). 

The RF choke shown in the grid circuit 
provides a DC return path for the 6J5 grid, 
and it should be chosen to be effective over 
the operating range of the unit. If a suitable 
RF choke cannot be obtained, two chokes 
may be connected in series, e.g., a medium 
wave choke in series with an Eddystone 
1010 type to cover 550-1,500 kc/s and 2-60 
Mc/s. The short wave choke should be 
connected on the grid side of the chain. 

Switch SI is incorporated to allow the 
aerial to be switched direct to the receiver, 
when required, and is not necessary to the 

operation of the unit. It is, however, an 
asset when one aerial cut to one band is 
used on all bands. 

It is recommended that the output to the 
receiver is run in co-ax cable and that the 
screening is earthed only at one end, a 
separate direct earth connection being made 
between unit and receiver. This is necessary 
if direct pick-up by the receiver input is to 
be avoided. 

No originality is claimed for this circuit; 
the cathode follower as an impedance 
matching device is now well established and 
widely used. The increase in signal-to-noise 
ratio and apparent signal gain more than 
compensates for the slight cost of the few 
components required. In most cases, the 
complete unit could be squeezed into the 
receiver itself. There is no reason why one 
of the current miniature based valves should 
not be used in place of the 615, and the 
RF choke could be substituted, with little 
loss of efficiency, by a 470k D resistor. 

TRADE REVIEW 

A NEW LOW-PRICE DECADE CAPACITOR BOX 
TRACED WITH THE PROBLEM OF CONSIDERABLE 

expenditure on decade capacitor boxes for a large 
research and development programme, two develop- 
ment engineers at Winston Electronics, Ltd., Hampton 
Hill, Middlesex, investigated the design of these 
instruments, starting from fundamentals. 

By designing a new type of eleven-position switch—■ 
now patented—a great saving in bulk and manufactur- 
ing costs was made. An instrument which can be sold 
at a lower price than the cost of constructing home- 
made apparatus in either the factory or laboratory 
resulted, and is now being marketed at £10 15s. retail. 
Technical specification: 

Range; 0.001 pE to 1-11 P-F in 0.001 p.F steps. 
Stray Capacitance; Less than 13 pF per decade. 
Working Potentials: 500 volts DC, except the 0.1 pF 

range, where it is 350 volts DC. 
Switching: Positive and firm. No play. 
Controls: Firm, finger-ready. 
Finish: Facia Panel, Photo-etched. Box, Steel, grey 

hammer-tone enamel. 
Dimensions: 8" X 3?" X 3" (20.3 cm. X 8.4 cm. X 

7.6 cm.). 
Weight: 32 ozs. (0.9 kilos). 

PLESSEY VHP AERIAL MULTICOUPLER 
In VHF receiving stations, it is often desired to 

operate several receivers from one aerial. Direct 
attachment is seldom satisfactory as it results in con- 
siderable cross-coupling between the receivers and 
serious matching difficulties. 

To overcome these problems, Plessey have developed 
a VHF aerial multicoupler, operating in the band 
116-134 Mc/s, which enables up to six receivers to be 
worked from one aerial without loss of performance. 
An insertion gain of 17db., is achieved with a noise 
factor of 8 db., so that the use of this coupler often 
gives a substantial improvement in the signal-to-noise 
fatio. The coupling between any two output sockets 
is better than 40 db. down relative to the insertion 
gain, and the linearity is such that cross-modulation 

effects are negligible over the normal range of signal 
strengths. The input and output circuits are arranged 
for use with 75 ohms co-axial cable. 

The input stage consists of two triodes connected 
in cascode which allows wide band operation with 
minimum noise. This amplifier is fed to the six separate 
grounded grid output stages, the output being taken 
at low impedance from a tap on the anode coil. Each 
output stage is provided with an adjustable trimmer 
which may be set against a calibrated scale to give 
maximum gain at the frequency being received. If 
this gain is not required, it may be reduced, without 
deterioration in noise factor of the multicoupler, by 
deliberate mistuning. No other adjustments are 
required. 

A built-in AC power supply is provided and the 
unit is designed for mounting in standard international 
19" racks, occupying a height of 5^". All components 
are tropically rated. 
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AN ELECTRONIC ENLARGER 

& EXPOSURE TIMER 

By A. R. TUT 

The alliance of radio and photography 
is, to the writer, like chalk is to cheese, 
but nevertheless, the alliance exists. 

Your contributor has found that a large 
proportion of those versed in the art of radio 
and electronics and employing same as a 
hobby, have at some time or other delved into 
the field of photography as a secondary hobby. 
The following article allows one so afflicted to 
follow both hobbies simultaneously. 

Requirements 
The unit, when used as the title expresses, 

is so constructed as to give automatic 
exposures from one second to one-hundred 
and-nine seconds in one-second steps. 

Before construction was attempted, the 
requirements and necessary features were 
considered and tabulated as follows: 
(a) The unit was to be simple to operate 

(sometimes in total darkness). 
(b) Should be reliable and consistent. 
(c) Have a fair degree of accuracy. 
(d) Finally, the ever-important consideration 

-—cost—was to be kept as low as possible. 

SATE g3elb 

The finalised unit complied with all the 
points tabulated, and the degree of accuracy 
was better than expected by the constructor 
when first putting the unit through a series of 
counts. The accuracy was found to be better 
than 5 per cent over the entire range, and con- 
sequent juggling with the resistors in the time 
forming circuit brought the accuracy to better 
than 2 per cent over the full range. 

Circuit 
Perusal of the circuit shows that a fairly 

orthodox arrangement is employed, and the 
principle of operation is commonplace. A 
condenser of fixed capacity is charged and 
allowed to discharge through a pre-selected 
resistance, the value of resistance governing 
the time taken to discharge the condenser. 

Operation 
When the mains supply (AC) is applied to 

the transformer, valves VI and V2 acquire 
their heater supply and at the same time the 
bank of condensers Cl, C2 and C3 is charged 
by the two valves in series, each valve acting 

COMPONENT LIST 
VI 6J5, 6C5 or L63 
V2 6L6 (or 6V6 with R4 shorted) 
R1 20kn JW ± 20 per cent Erie 

type 8 
R2 2.2M£1 iW ± 20 per cent Erie 

type 8 
R3 12kn JW ± 20 per cent Erie 

type 8 
R4 68£2 jW ± 20 per cent Erie 

type 9 
R5 to R14 IMO iW ± 5 per cent Erie 

type 16 
R15 to R23 lOOkO iW ± 5 per cent Erie 

type 16 
CI O.SnF 500V wkg (or two 0.25 

TCC 545 in parallel) 
C2 0.1 fj-F 500V wkg TCC Metalpack 
C3 2gF 500V wkg TCC 82 
C4 0.0liiF 350V wkg TCC Metal- 

mite 
C5 16aF 350V wkg TCC Micropack 

(insulated case) 

SI DPDT Toggle switch Bulgin 
S2-S3 SPST Toggle switch Bulgin 
S4-S5 SP 11-way wafer switch, eon- 

tinuous rotation 
S6 Push button switch Bulgin or 

Siemens 
RLA 5000 type 3000 GPO relay 4 

change-over (or similar) 
T1 6.3V 0.3A, 6.3V 1.5A heater 

transformer 
PLl, PL2 6.5V 0.3A MES Bulbs with suit- 

able holders 
F1 2A cartridge fuse Belling Lee 
VR1 5kO wire wound potentiometer 

Miscellaneous: 3-pin 5A mains plug, 3-pin 5A 
output socket, 2-pin 2A output socket, 
9-in. x 6i-in. x 2-in. chassis (or similar). 
Panel to suit chassis, 2 white dials (or 
Panel Signs), nuts, bolts, grommets, 
pointer knobs (2). 
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as a half-wave rectifier. The charge developed 
across the condensers is in the region of 
310 volts. 

Depressing the "push-to-start" switch 
causes V2 to conduct because of the potential 
then applied across the valve. The anode 
current of V2 brings the relay RLA into 
operation, and the contacts A and C form a 
circuit which "holds" the relay RLA even 
after pressure on the "push-to-start" switch 
has been released. 

Contacts D/F and G/J are so wired on the 
relay that they all make together and the 
mains supply is connected across an output 
socket which feeds, in turn, the lamp in the 
photographic enlarger, and secondly the 

selected resistor is placed across the con- 
densers. The initial high voltage on the con- 
denser bank appears on the grid of VI as a 
high cut-off bias and consequently the valve 
will not conduct. 

When the condenser bank has discharged 
to a sufficiently low value through the 
switched resistor brought into circuit at the 
beginning of the count, VI will begin to pass 
current and a voltage will therefore appear 
across the anode load R2. This voltage biases 
V2 to cut-off point with the result that V2 

anode current falls, causing the energising coil 
of the relay to become inoperative. The 
contacts open—the enlarging lamp is discon- 
nected—and the condenser bank receives a 
further charge for the next count. 

General 
In order to obtain best results with the 

timer, a little care is necessary in selecting the 
components in the timing network, i.e. the 
rotary switches, the condenser bank and the 
resistors. The writer finalised with Erie 
Type 16 resistors with a tolerance rating of 
5 per cent and a 2 u-F T.C.C. Type 82 con- 
denser paralleled with a 0.5 u.F tubular and 

G7I 

0.1 (xF Metalpack T.C.C. condenser, makin" 
a total capacity of 2.6 [xF. New Yaxky 
switches were employed (single-pole 11-way). 

The function of the remaining components 
needs little explanation, except maybe for the 
potential divider across the filament supply in 
the form of a wire-wound potentiometer. This 
control permits a small AC voltage to be 
applied to the cathode of VI, thus determin- 
ing the point at which VI will conduct when 
the charge on the condenser bank has leaked 
away. In other words, it forms a fine adjust- 
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FIG.2. FRONT PANEL CONTROLS 
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ment control and, once set, need never be 
altered. 

A lamp (PL2) indicates whether the unit is 
counting (lamp off) or if ready to commence 
a count (lamp on). A pair of contacts on the 
relay (A and B) bring this circuit into being 
when the relay is inoperative, i.e. V2 not 
conducting. The lamp could be substituted 
by a 6-volt solenoid capable of 
ringing a bell. This would 
indicate that the unit had com- 
pleted its count and that ex- 
posure had finished. A switch 
S3 is incorporated to take 
PL2 out of circuit and this 
could be used to work in con- 
junction wi.h the bell, if added. 

With the rotary switch in the 
position marked "Focus," the 
condenser-resistor network is 
open circuited, thus presenting 
an infinite impedance to the 
condensers, and consequently 
the Enlarger lamp will stay 
illuminated until such time as 
the rotary switch is thrown to 
the zero position to discharge 
the condensers. (The custom- 
ary "crack" occurs, but to 
date no adverse effect has been 
noticed to either the rotary 
switch contacts or the cap- 
acitors themselves). 

Other attachments to the 
unit include a socket in paral- 
lel with the "push-to-start" 
button, into which a foot- 
operated switch can be inserted 
for remote control. 

The "auto-manual" switch 
is included to enable manual 
timing to be used if desired. VI is made 
inoperative by R1 when the switch is thrown 
to "Manual" and the holding circuit of 
the Relay RLA is disconnected, causing 
the Enlarger Lamp to stay in only when the 
"push-to-start" button or the foot switch 
is depressed. A wiring point to note is that 
no part of the circuitry is earthed, except 
the Earth lead on the lamp and the mains 
input earth lead. Therefore, a wooden base- 
board could be employed; the writer, how- 
ever, recommends a metal chassis (earthed) 
as this not only enhances the finished pro- 
duct but aids in the ease of construction. 

The electrolytic in the anode circuit of V2 
prevents relay chatter; Fig. 1 shows the 
theoretical circuit and reference to the photo- 
graphs shows the layout and the front panel 
arrangement adopted by the writer. 

Fig. 2 identifies the controls on the front 
panel. A chassis 6i' x 9" with a panel 
10" x 6|* was employed; ample space is 

afforded for under-chassis wiring. 
A 6V6 can be used in the place of the 6L6, 

but the limiting resistor R4 will probably have 
to be reduced in value, or even omitted 
entirely. 

On putting the unit into operation and 
checking the timing against a reliable time- 
piece, it may be found inaccurate at one point 

(starting from the one second count). It is an 
easy matter to locate the defaulting resistor 
causing the error for it will be that one 
preceding the contact on which the switch is 
operating. Removal of the resistor and 
substitution for one nearer its nominal value 
will effect a cure. 

Regarding wiring, no interaction will be 
found due to the low frequency operation 
(AC mains) and the rectified AC, so one need 
not bother about short and direct leads. 

Conclusions 
Those radio enthusiasts with a trend 

towards photography can satisfy both desires 
by constructing this Electronic Timer and 
then by using it in the pursuance of the 
second hobby, or constructing it for that 
cousin who is always in the dark room mixing 
his concoctions and potions of hypo and 
developer, and who will undoubtedly appreci- 
ate the gift! 
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Query Corner 

A Radio Constructor Service 

for Readers 

Ultra-Linear Operation 
I have always been interested in the quality 

reproduction of Sound, and have successfully 
built several amplifiers during the past few 
years. However, I have recently noticed a new 
term which is creeping into what might be 
termed the "hi-fi" jargon. This term is 
"Ultra-Linear," which I believe refers to some 

The ultra-linear or distributed load method 
of operating a push-pull output stage in an 
audio amplifier has been known for some 
years now, and was first employed in a com- 
mercially produced amplifier just after the 
war. It consists of distributing the load 
impedance between the screen grid and anode 
of each output valve in order to achieve a 
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FIG.I. The ultra linear arrangement applied to both a single-ended and a push-pull stage 

new method of operating the output valves. 
Would you enlighten me on the advantages of 
this arrangement, and is it, in your opinion, to 
be recommended? D. Neath, Acton. 

reduction in the harmonic distortion which 
the output stage introduces. In its basic form 
the circuit appears as in Fig. la. 

The arrangement differs from that normally 
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used only in that the screen grid is tapped into 
the primary of the output transformer; this 
makes a part of the load common to both the 
screen and anode circuits. If the tapping 
point is moved to "C" the valve behaves as a 
triode, whilst if it is at "A" the performance 
is that of a normal tetrode. Thus as the tap- 
ping point is moved progressively from "C" 
to "A," the characteristic changes from triode 
to tetrode. The effect which this has on the 
anode-current/anode-voltage characteristic of 
the valve is shown in Fig. 2. This set of curves 
indicates the way in which the curve shape 
changes as the tapping point is adjusted. 

It will be apparent from the circuit diagram 
that the arrangement is virtually a tetrode 
output stage operating with negative feedback 
applied to the screen grid. As the feedback is 
increased, so the permissible anode swing is 
decreased because of anode current cut-off 
on the negative half-cycle. This reduces the 
maximum output. The optimum tapping 
point on the output transformer will depend 
on the type of output valves employed, but 
it is usually in the region of 20 per cent from 
the top. This only reduces the available out- 
put power by about 10 per cent, but the 
distortion can be reduced by as much as 50 
per cent in a push-pull stage. 

The screen grid characteristic of the valve 
introduces a non-linear element into the feed- 
back circuit, and this can result in an increase 
in even harmonic distortion in a single-ended 
output stage. However, when using push- 
pull the even order harmonics tend to cancel 
out in the load circuit. It is under these 
conditions that the ultra-linear circuit offers 
its main advantages—a reduction in distor- 
tion at the expense of only a small decrease in 
power efficiency, coupled with an appreciable 
reduction in output resistance resulting from 
the negative feedback. 

It is generally preferable to apply feedback 
to an audio amplifier in a series of separate 
loops, each embracing a minimum number of 
stages. By so doing, the phase shift in each 
loop is kept small and the stability and 
response of the amplifier preserved. The 
ultra-linear circuit covers only the output 
stage, and leaves the designer free to choose 
the remainder of the circuit constants without 
the added difficulties associated with the more 
conventional wide loop feedback. When 
considering the bias circuit of an ultra-linear 
output stage, it is important when a common 
cathode resistor is used to shunt it with a 
large value capacitor (at least IOOj-iF). 

Finally, a note about the output trans- 
former. It is reasonable to state that any 
amplifier is only as good as the output 
transformer, it being false economy to pur- 
chase a cheap component. The various 
windings and sections of windings on a trans- 
former are coupled by a complex system of 

leakage reactances which may produce a 
large phase shift at the higher frequencies. 
This can, in turn, result in peaks forming in 
the frequency response, and may, in severe 

TopC' 
Top B 

r.» Tap A 

FIG.2. Ia/va charactirlstic showing the 
change in shape as the output transformer tap 

is changed 

cases, result in instability. Troubles of this 
nature can only be avoided by using tightly 
coupled windings and by keeping the shunt 

Query Corner 

RULES 

(1) A nominal fee of 2/6 will be made for each 
query. 

(2) Queries on any subject relating to technical, 
radio matters will be accepted, though it will 
not be possible to provide complete circuit 
diagrams for the more complex receivers, 
transmitters and the like. Queries relating to 
ex-W.D. surplus or commercial equipment 
cannot be accepted. 

(3) Complete circuits of equipment may be 
submitted to us before construction is 
commenced. This will ensure that com- 
ponent values are correct and that the 
circuit is theoretically sound. 

(4) All queries will receive critical scrutiny and 
replies will be as comprehensive as possible. 

(5) Correspondence to be addressed to "Query 
Corner," Radio Constructor, 57 Maida Vale, 
Paddington, London, W.9. 

(6) A selection of those queries with a more 
general interest will be reproduced in these 
pages each month. 

capacitances to a minimum; in other words, 
by using a well-designed and well-made 
transformer. 
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Inner-Mu 
I have found references in valve makers' 

literature to the term "Inner-Mu," which 
applies to a characteristic of a tetrode or 
pentode valve. Could you define this term and 
give me some idea of its purpose ? 

E. Evans, Bristol 

The inner-mu of a pentode or tetrode 
valve is a characteristic of the screen grid, 
and is often denoted by the term tigl-g2. It 
is well known that if the screen grid voltage 
of a valve is increased whilst all other 
electrode voltages are held constant, the anode 
current will increase. A similar increase in 
anode current could, however, be obtained 
by holding the screen voltage constant and 
reducing the negative bias on the control grid. 
Now the inner-mu of a valve may be defined 
as the change in screen voltage which will 
produce the same deviation in anode current 
as a change of one volt in the grid bias. This 

characteristic is usually measured about the 
normal class A working point of the valve. 

Take, as an example, a pentode which has 
an inner-mu of 20 and a slope or mutual 
conductance of lOmA/V. A change of one 
volt in grid bias will alter the anode current 
by 10mA, but if the bias is held constant a 
similar difference in current can be produced 
by changing the screen voltage by 20V. Thus, 
with a knowledge of the inner-mu we can 
calculate the anode current which a valve will 
pass at screen voltages other than those 
published in the maker's data; or, conversely, 
if a different screen voltage has to be employed 
it is a simple matter to determine the bias 
voltage required to bring the anode current 
back to its working value. 

In conclusion, it is useful to remember that 
if a pentode valve is being used as a current 
stabiliser, for example to control the focus 
coil current in a TV set, a valve with the 
lowest inner-mu will be least susceptible to 
differences in HT supply voltage. 

PANEL-SIGNS 

Permanent Paint Transfers 
for a Professional Finish 

A REAL BOON 
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Set No. 1: Receivers and Amplifiers 
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Let's Get Started 

17; PHASE SHIFT 

By A. BLACKBURN 

My original intention this month 
was to go into the complexities of 
negative feedback, but the deeper I 

went into the subject, the more it appeared 
necessary to talk about phase shift instead. 
Which only goes to show how easily one 
can be sidetracked 1 

However, there was obviously no point in 
attempting to explain negative feedback 
when a vital and integral part of the subject 
was not clear. In tackling this question of 
phase shift, several limitations of amplifiers 
will come to light. 

Capacity 
The problem boils down to two basic 

questions. Firstly, why does a capacitor 
pass AC and not DC? and secondly, what 
is phase shift anyway? The reason for a 
capacitor's failure to pass DC is, of course, 
that the plates are separated by an insulating 
material. 

The presence of this insulating material, 
however, affects the application of AC very 
differently. Fig. 1 shows a circuit in which a 
capacitor C is charged through a resistor 
by a battery. When the switch is closed, 
electrons leave one plate, flow around the 
circuit and arrive at the other plate. If a 
meter were inserted in series with, say, 
the resistor, a current would be indicated, 
due to the flow of electrons. When the 
capacitor were fully charged, i.e., it had the 
same voltage between its plates as the 
battery, the current would cease. 

Switching to position B would cause a 
current to flow in the opposite direction as 
the capacitor discharged. On completion 
of the discharge, the current would once 
again cease. The meter, then, will have 
indicated current flowing just as though a 
resistor were in circuit, instead of a capacitor. 
Unlike a purely resistive circuit, however, 
the current only lasts for a short period and 
then ceases altogether. 

An interesting digression here is to note 
how a capacitor charges and discharges. 

If a voltmeter were connected across the 
capacitor during the charging period, and 
the voltage read at regular intervals, we 
could produce a graph like that shown in 
Fig. 2a. Leaving the voltmeter connected 
and putting the switch to position B would 
produce a graph as in Fig. 2b. The water 
levels in a lock, as it fills and empties, 
plotted against time would produce exactly 
the same graph. The vertical and horizontal 
scales in Figs. 2a and 2b have been marked 
in terms of these quantities also. 

The lock is a very good comparison. 
When the underwater sluices are opened, 
a surge of water rushes into the lock. This 
flow represents the current (dotted in Fig. 2a). 
The head of water (represented by voltage 
in 2a) begins to rise quickly. However, as 
time passes, the head in the lock begins to 

B Discharge 

Charge 

Fi a. I 
E93 

oppose the flow of water entering it, and the 
rate of flow of the water will decrease, as 
will the rate of rise of the head of water be 
correspondingly slowed. When the head in 
the lock is almost at the level of the river 
outside the gates, the current will be very 
slow indeed—in fact, the lock never com- 
pletely fills. It will always be in the state 
of filling, however slowly, long after you have 
got tired of waiting and moved on. 
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The charging capacitor is exactly the 
same—it never completely charges. The 
same condition applies for emptying the 
lock, and of course, discharging the capacitor. 
There will always be a residual charge, 
which grows less as time goes on. 

V&I 
or 

levc I 

^qier 

SC 

level) 

Time 
F i q. 2 a 

Copqci tor charoino 

Voltaoe 

leve 
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T j m e ■ 
£19^26 

Capacitor discharQino 

Phase 
Fig. 3 shows a capacitor and resistor in 

series being fed by the customary AC gen- 
erator. When the generator voltage begins 
to increase towards its first positive peak, 
electrons flow round the circuit and develop 
a voltage across R. However, when the 
peak is reached, the voltage begins to increase 
towards the negative peak. The electrons 
reverse their direction and move round the 
circuit, thus developing a voltage of opposite 
polarity across the resistor. In other words, 
the voltage waveform appearing across the 
resistor will be a replica of that produced by 
the generator. 

We get the impression, therefore, that the 
capacitor is acting rather like a resistor in 
our circuit of Fig. 3. But if we could observe, 
on an oscilloscope for example, the wave- 
form at the generator, simultaneously dis- 
played with the waveform across R, we 
would notice that they were not in step, 
as shown in Fig. 4. These voltages are said 
to be 'out of phase'. 

Fig. 2a gives a clue to the reason for this 
'phase shift' as it is called. The current in 
the capacitor is a maximum when the volt- 
age is a minimum, and vice-versa. When the 
generator voltage (Fig. 3) reaches a maxi- 
mum, therefore, the current round the 
circuit will be a minimum, and the resultant 
voltage developed across the resistor will 
also be a minimum. Conversely, when the 
generator voltage reaches a minimum, the 
current around the circuit will be a maximum 
and the voltage developed across the resistor 
will be a maximum. 

The amount by which the phase is shifted 
depends upon the frequency of the applied 
voltage, and the values of resistance and 
capacity. The phase shift 9 in degrees is 
given by: 

1 
Tan 0=  

toCR 

where w=2 7t: frequency, C—capacity in 
Farads, R=resistance in Ohms; but one 
needn't really worry about the mathematics 
of the thing. 

The maximum phase shift possible with a 
single resistor and capacitor is 90°. The 
reason for denoting the amount of phase 
shift by degrees is connected with the vector 
generating the signal. One rotation of the 
vector representing one cycle is 360°. The 
phase shift between current and voltage is 
measured, therefore, by their relative angular 
positions, i.e., in degrees of rotation. 

Because it reaches its maximum value 
before the voltage, the current is said to 
lead the voltage. 

Attenuation 
We have seen that the capacitor acts in 

an AC circuit rather in the manner of a 
resistor, except that it produces a shift in 
phase between input and output voltages. 
The question which follows naturally is 
whether a capacitor produces a voltage drop 
in the same way as a resistor. And the 
answer, with reservations, is yes. The 
reservations are important. 

If the capacitor in Fig. 3 were replaced 
by a resistor, the total load seen by the 
battery would be the sum of the two resistors. 
Now the apparent resistance, or reactance 
as it is called, of a capacitor is: 

Reactance Xc=- 
106 

2 Ttfc 
(1) 

Where f is in cycles/sec., and C is in gF, 
and Xc is in ohms. 

It would seem logical, therefore, to suppose 
that the total impedance of a resistor in 
series with a capacitor would be R+Xe. 
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(Note that a resistor on its own has the 
property of resistance, a capacitor on its 
own is said to have a reactance, and a com- 
bination of resistor and capacitor (or 
inductor) is said to constitute an impedance). 

It is disappointing, however, to learn that 
whereas R+Xc would seem a reasonable 
conclusion to draw, it is nothing so simple 
as that. The phase difference between 
current and voltage complicates the issue. 

The resultant impedance of the series 
R and C in Fig. 3 can be expressed as; 

Impedance Z=Vfr2+x 2 
(2) 

A practical example is shown in Fig. 4, 
where RC coupling between two amplifier 
stages, in which two volts are developed 
across the anode load of the first stage, is 
illustrated. We want to find what voltage 
appears at the grid of the second stage at 
5 kc/s and 50 c/s. 

We have now sufficient information to 
calculate how many volts are lost in any 
particular network of this type. The current 
will be: 

E 
1=  

Z 
The R for resistance in a DC circuit is 

simply replaced by Z in Ohms Law, when 
it is an AC circuit. The output voltage is 
expressed as: 

V=IR, 
but we know the value of I, so if we insert 
this value into this expression, we get: 

ER 
V=   

F i q .3 
E95 

We have the values R=100kn, C=0.01|j.F, 
and E=2V. The simplest way, and the best, 
to go about this is to work out Xc first, 
using the equation (1) above. 

106 
Xc——  

2 tux5x 103x.01 
=3.2ka 

Substitute Xc in expression (3) for its 
value of 3.2k £1 and we get: 

2volts signal 

u* OluF 

lOOkn 

Fi q.4 
Phase of voltages in fiq.3 a 
application to valve circuit 

E97 

However, we have already worked out that 
Z=R2-|-XC2, so the output voltage must be: 

V=- 
R 

v R2 + Xc2 (3) 

V=- 
105 

■^1010+3.22x106 
=2 volts. 

-x2 volts 
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At a frequency of 5 kc/s, then, the signal 
voltage at the grid of V2 is equal to the 
signal voltage at the anode of Vj. At 50 c/s, 
however, 

106 
Xc=- 

and 

2 TTx50x.01 
-320ka 

105 
V=- -x2V 

1010+3.2x1010 
= 1 volt approx. 

This shows that at 50 c/s the voltage 
appearing at the grid of V2 is only one halt 
that appearing at the anode of Vp This 
voltage is called the attenuation of the 
circuit, and will immediately be familiar to 
the 'quality' man as a falling off of bass 
response. 

Primary 
voltage 

/7777 

Secondary 
voltage 
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It is interesting to try the same calculations 
for a 0.1[xF coupling condenser. 

The phase changes from the anode of Vi 
to the grid of V2 are as follows, and were 

1 
calculated from Tan 0 =  

caCR 
At 5 kc/s, Phase change approx. 2°. ^ 
At 50 c/s, Phase change approx. 72J0. 
In a straightforward amplifier without 

feedback, this phase shift is not particularly 
important. However, the point to notice 
and remember is that the phase shift in- 
creases as the attenuation increases. 

To retain the low frequency response, 
therefore, the coupling capacitor and grid 
leak should be of the highest value possible. 

Inductance 
It is seldom nowadays that the various 

forms of inductance, chokes and transfor- 
mers are found in amplifiers, except in the 
output circuit. It won't do any harm, 
however, and will complete the picture, if 
we have a brief look at the properties of 
inductors. 

An inductance in a circuit produces a 
shift in phase in the same way as a capacitor. 
In this case, however, the voltage leads the 
current, and the phase shift is given by; 

coL 
Tan 6=  

R 
If the capacitor is replaced by an induct- 

ance in Fig. 3, the impedance of the series 
inductance and resistance becomes; 

Z-V R2 + Xi2 
and the voltage output becomes: 

R 
V=- 

V R2 + XL2 

The Transformer 
The effect of a transformer on the phase 

of input and output voltages cannot be 
stated so definitely as in the case of C and L. 

Fig. 5 shows a transformer in the anode 
of a valve. It may be either an intervalve 
coupling component, or an output trans- 
former. For a start, we will assume that the 
transformer is perfect. By perfect, I mean 
that no energy is lost in the resistance of the 
windings or in magnetising the core. What 
is more, to be perfect, every magnetic line 
of force produced by the primary must cut 
the secondary, i.e., there is no leakage. 
The final condition is that there must be 
negligible capacity in the windings. 

If all these conditions are met, the voltage 
across the secondary will be either precisely 
in phase with the voltage applied to the 
primary, or precisely 180° out of phase 
with it. How the transformer is connected 
will decide which it shall be. 

If point B, in Fig. 5, is earthed, then the 
voltage between A and B, we will assume, 
is in phase with the primary voltage. If, 
however, point A is earthed, the voltage 
between B and A will be 180° out of phase 
with the primary voltage. 

This all sounds delightfully simple, but 
of course in practice no transformer—or 
anything else for that matter—is perfect. 
All the conditions set out above are modified 
to some extent, depending upon the design. 
The output voltage is, therefore, never 
exactly in phase with the input, and never 
exactly 180° out of phase. 
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To further complicate matters, the phase 
shift varies with frequency as in the case 
of inductance and capacity. 

These effects, however, may be kept to a 
minimum by proper design of the transfor- 
mer. In high quality amplifiers the output 
transformer is often the most expensive 
component in the circuit. 

Summing Up 
The salient points about capacity and 

inductance can be collected and correlated. 
A capacitor will transfer AC energy from 

one part of the circuit to another, but not 
DC. In doing so it attenuates the applied 
voltage and produces a phase shift, the 
extent of both effects depending on the 
values of capacity and resistance in the 
circuit. The phase shift and attenuation 
depend upon frequency. Current leads 
voltage in a capacitor and vice versa in an 
inductor. A transformer may reverse the 
phase or not, according to its connection. 

This last remark will be immediately 
clear to anyone who has connected oscillator 
coils the wrong way round—and we all 
have at some time! 

Can Anyone Help? 

Dear Sir,— I have recently obtained an 
ex-Government 194 IF strip and wish to 
use it as a vision receiver for London area. 
Unfortunately it has been partly modified 
for some purpose unknown, and as I wish 
to carry out the conversion as described 
in Inexpensive Television, I shall need to 
know what the original components were, 
or, at least, the values of all components to be 
used. The conversion in Data Book No. 4 
only gives the values of added components. 
Can anyone help in this matter, or if not, 
can you through your columns contact 
anyone who may have the details ? — 
P. J. Peuleve, 64 Cambria Road, Rusk in 
Park, London, S.E.5. 
Dear Sir, — I have tried without success 
to obtain a design for an Electric Guitar 
which I hope to make. I have tried several 
places for this design but no one appears 
to stock them and I would very much 
appreciate help from fellow readers of 
The Radio Constructor - IV. Bell, 26 Glenbryn 
Drive, Belfast, N. Ireland. 
Dear Sir,- I wonder if any of your readers 
would either lend or sell me the circuit of 
the Army transmitter No. 18 Mark III.- 
A. R. Williams, 24 Mar/borough Road, 
Ipswich. 
Dear Sir, -1 would be very much obliged 
if any reader could lend or sell me the 
Handbook of the Army "12 Sender" or 
the circuit of same. I would also like to 
hear From any reader who has modified 
the "12 Sender." I will willingly pay for 
any expense involved. - R. W. Stewart GhELS 
21 Kilwick Street, West Hartlepool, Durham. 

Dear Sir, -1 have just purchased an ex- 
Government Type 10(A) Power Unit, 24 
volts input. This unit is fitted with a 10- 
Prong socket and I would like information 0n the connections to this—a circuit would 

be most useful. - N. S. York, 52 Pathfinder- 
Tedburn-Sl. Mary, Exeter. 
Dear Sir, - Can any of your readers supply 
me with any data on the RAF Transmitter 
Type 53, Ref. No. 10D/1310. Conversion 
data would be most gratefully received 
and all literature will be returned if required. 
A. E. Harvey, 593 Field End Road, South 
Ruislip, Middx. 
Dear Sir, -1 wonder if any of your readers 
can help me with modification data on the 
R1132A. - R. W. Hilton, 8 Hogshill Lane, 
Cobham, Surrey. 
Dear Sir, - Can any reader please supply 
on loan or sale a circuit diagram covering a 
Hallicrafters Receiver-Transmitter type RT73- 
UPN2, including service number of micro- 
phone/headset and waveband used. - +. W. 
Marsh, 16 Lugley Street, Newport, I.O.W. 
Dear Sir, - 1 would like to contact a reader 
who has a Mullard Master Test Board type 
7629 and who would be willing to give 
information on the setting up cards and 
adaptors issued for the above instrument. - 
K. Williams, 126 Admaston Road, A.F.IS. 
Dear Sir, - 1 wonder if any fellow reader of 
The Radio Constructor could possibly help 
me by supplying information or by lending 
or selling a circuit diagram of an Emmerson 
personal superhet. As the set is in a battered 
condition, the only information I can give 
as to type etc., is the valve line-up as follows: 
12A8GT, 12K7GT, 12SQ7GT, 50L6GT and 
35Z5GT. - C. A. Whiffling, "Killarney," 
Station Road, Cliffe, Rochester, Kent. 
Dear Sir, - Can anyone please supply me 
with the circuit diagram of the American 
Transceiver BC800A, AM No. SCR729F, 
or the frequency on which it operated. - 
James Jollie, 31 Hawthorn Street, Methel, 
Fife, Scotland. 
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Radio Miscellany 

A LETTER FROM MR. CHARLES BREWER OF 
Blackpool, accompanying a small 
panel of transfers, revived some half- 

forgotten memories of bygone days. We 
claimed nothing new, of course, for The 
Radio Constructor Panel-Sign transfers (ex- 
cept possibly their application to control 
panels and dials), although they are rather 
more brilliant and complete than any yet 
marketed. The transfer sheet sent along by 
Mr. Brewer measures 3i by 4i inches, and 
was presented free with copies of Wireless 
dated 25th September, 1926. 

In those good old days it was the custom 
to present free gifts when a new magazine 
made its bow, or wanted to boost its cir- 
culation. I can well recall little flat "wire- 
less" spanners, ohms law charts, blue-prints, 
data sheets and valve guides, etc., coming 
along this way. In fact, I still have a combined 
world clock and voltage dropping calculator 
given free by Popular Wireless. It is made of 
three-piece card which revolves on a hollow 
rivet, but unfortunately bears no date. It 
is, however, cheerfully " priced" at One 
Shilling—just to prevent any ungrateful 
reader from valuing it cheaply. As Popular 
Wireless cost only 3d. weekly, no one could 
have much to grumble at anyway. 

Happy Days 
Popular Wireless was early in the field, 

being born about the same time as daily 
broadcasting started. I cannot be sure from 
memory whether they beat Amateur Wireless 
by a few days, or vice versa. It was almost 
near enough to be a dead-heat. I can, 
however, clearly recall the latter coming 
out with a first issue minus a cover. Title 
and text started off on page one. 

These threepenny weeklies did not have 
the field to themselves for long. Of course, 
Wireless World, now in its forty-fourth year, 
was already well established. Incidentally, 
during its long career it has been priced at 
3d., 4d. and 6d. weekly, and its contents 
during the boom years were of rather more 
popular appeal than has been the case since 
the thirties. 

The other two were soon followed by 
Modern Wireless and Wireless Magazine, 
both shilling monthlies, and Wireless Con- 

structor, sixpence fortnightly, and others. In 
the mid-twenties the population was "wire- 
less" mad. We had wireless cigarette cards, 
and one series at least was devoted to com- 
ponents. The boom lasted over quite a few 
years but with the more complicated receiver 
and the mass produced set, it trailed away 
miserably in the early thirties. 

Young Readers, Ask Your Dad 
Mr. Brewer's transfers are quite a museum 

piece in their way, and I wonder how many 
more of them are still in existence. The old 
hands will instantly conjure up visions of 
ebonite panels and lacquered brass terminals 
when they hear of some of the names that 
appear on it. Neutrodyne Receiver, Reinartz 
Tuned Anode Receiver, and Filament, to 
say nothing of 2LO, 2ZT, 5/7", etc. It 
would be almost sacrilege to cut off any 
of these just to see how they work! 

The subject of transfers reminds me that 
when I called at our Editorial Office a short 
while back, I found the place full of sizzling 
gas-burners, boiling water and steam. 
Through the haze I could discern the Editor 
peering in a dark, bubbling liquid, apparently 
muttering mysterious incantations while he 
stirred it with a stick. My first impression 
was that an Evil Fairy had transformed the 
place into a Witch's Kitchen, or that the 
Staff were doing their first lesson from a 
correspondence course on Modern Sorcery. 

It turned out to be nothing as exciting as 
that. They were merely torturing some metal 
sheets on which R.C. Panel-Signs had been 
affixed (as supplied, without fixing varnish), 
to see just what the transfers would stand 
in the way of misuse before peeling. Having 
no intention of taking a Turkish bath fully 
dressed, even in the interests of Scientific 
Investigation, I hurriedly left before the 
temperature became unbearable. However, 
I did go back to examine the results after 
the panels had been thoroughly heated and 
then dropped into cold water. All the 
transfers suffered was a loss of gloss! 

That Vice Again 
Another interesting letter, from John. 

Gilbert of TV's Inventors' Club, gives further 
details of the contour accommodating vice 
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upon which I commented a couple of months 
hack. He says "—each jaw of the vice 
houses six hydraulically operated cylinders 
similar to those used in hydraulically opera- 
ted braking systems. The object to be gripped 
is placed between the jaws and an external 
hydraulic pump, lever operated, caused to 
expand the hydraulic cylinders. On each 
cylinder an identical pressure is exerted as 
all are in parallel. Thus any odd-shaped 
object can be held rigidly with even pressure 
at all twelve points." 

Both Mr. Gilbert and Geoffrey Boumph- 
rey are only too conscious of the drastic 
compression which they are compelled to 
apply to much of the material in their pro- 
gramme. Only a "Planner" obsessed with 
his time-tables could fail to see the absurdity 
of making those responsible for presenting 
such a programme squash it into short and 
infrequent sessions. 

This programme could well be classified 
as "educational." This reason alone ought 
to commend it to the BBC, particularly as 
we are primarily an industrial nation. Its 
wide appeal to the non-mechanically minded 
is undeniable. The man-in-the-street loves 
gadgets, even if he has no use for them. 
While the more serious ideas and tools may 
have a specialised appeal, most people do 
take an intelligent interest in them. It makes 
one wonder if the strange types who have 
the final allotment of programme times 
consider that anything which isn't arty- 
crafty can really be "educational." 

On several occasions this column has 
concerned itself with items from Inventors' 
Club. Apart from the pleasure this pro- 
gramme gives to so many, it has also been 
responsible for bringing some excellent ideas 
into broad daylight. Those concerned with 
presenting it must find it disheartening to 
have to cut good material down to a mini- 
mum in order to beat the clock. Yet, with 
the rarest exceptions, they have deserved 
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every praise for covering so much of the 
basic ideas by skilful "potting." One day 
when the BBC higher-ups are made to 
realise we want a lot more virility in our TV, 
we may be lucky enough to get a bit more of 
Inventors' Club and similar programmes. 

Incidentally, I am delighted to hear from 
Mr. Gilbert that this particular inventor has 
sold his idea at a handsome profit. It is 
certainly a well-deserved success, and there 
will surely be a wide interest if a home- 
workshop model of it is produced. 

Workmanship 
The contour-accommodating vice may not 

be cheap, as the demand may not be sufficient 
to warrant mass production. But good tools 
never are cheap, and although many amateurs 
gaily tackle quite ambitious work with little 
more than a penknife and a screwdriver, 
equally as many lean in the opposite direction. 
Like me, they find great pleasure and pride 
in the possession and use of good tools. 

In every shopping centre of any size one 
is sure to find a tool-shop, and invariably 
one sees a group of men studying the windows 
with the same lively interest that women 
find in a gown-shop. Amateurs generally 
spend quite a lot of money on tools, often 
a disproportionate amount to the work they 
can put them to. In my own workshop I 
have a number of tools which have never 
earned their keep, although I have never 
regretted the money spent on them. The 
pleasure of owning them is almost its own 
reward, and the day when they become vital 
for doing a job I shall feel that I have had 
more than my money's-worth. 

It used to be the custom in many trades 
for the apprentices to have to make their 
own tools, and perhaps there is no better 
way to learn not only to appreciate tools, but 
to use them correctly. For the hobbyist 
it is good policy to invest in quality tools. 
One is then not so likely to mis-use them 
oneself, but perhaps more important—- 
to keep them out of the reach of botchers. 
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PHASE SHIFTING 

FOR PUSH-PULL 

By A. G. EDWARDS 

THE advantages of push-pull output 
are fairly widely appreciated, but 
methods of obtaining the input to such 

a stage are not so. The object of this article 
is, then, to present in non-mathematical 
language various methods of obtaining two 
similar voltages in anti-phase with which to 
feed a push-pull stage. 

One of the most common and widely 
used methods of obtaining this input is 
by the use of a centre-tapped transformer. 
This method will be dealt with, therefore, 
very briefly, and a skeleton circuit is shown 
in Fig. 1. 

Audio-frequency current changes produce 
across the secondary of the transformer 
variations of voltage at audio frequency. 
If the electrical centre of the secondary 
winding is taken to chassis at point B, 
then clearly A must be at opposite potential 
with respect to point B than the voltage at 
C. As B is the centre-tap, then we have 
produced two voltages, equal and in anti- 
phase. 

The latter phrase, then, "equal and in 
antiphase," is the aim of the various forms 
of phase splitters or phase inverters. 

I propose to introduce the reader to 
three types, the first of which employs two 
phase-splitting valves. The circuit is given 
in Fig. 2, where input signals are developed 
across Ri from the preceding stage by the 
usual coupling methods. 

Valves VI and V2 are identical in type, 
two 6J5's being suggested, and they are 
provided with the same bias voltage, deve- 
loped across R2 and R; respectively. R3 
and Rg, the respective load resistors, should 
be equal, and it will be noted that R3 has a 
variable tapping point. 

We will now assume the signal across Ri 
is causing the grid of Vj to move less negative. 
Anode current in Vi increases, causing the 
lower end of R3 to move less positive, or 
looking at it from a signal point of view, 
i.e. the voltage change across R3, it is moving 
negative. Hence the grid of V3, which is 
connected to the lower end of R3 via C3, 
will be moving negative with respect to 

chassis by an amount determined by 
Vg x u.R/R — Ra, where Vg is the input 
signal, n the amplification factor of the 
valve, R the effective anode load and Ra 
the Plate resistance of the valve. 

Now the input to the second valve Vg2 
is taken from a tap on R3 which is moving 
less positive with respect to point A (which 
is virtually at chassis potential). Now if 
Vg2 is made equal to Vgi, then the input 
to Vj and V2 will be of the same amplitude 
but in opposite phase. When the signal 
causes Vi grid to go less negative, there- 
fore, the grid of V2 is going more negative 
by the same amount. V2 is operating under 
exactly the same conditions as Vj, hence 
if input voltage to each is the same then the 
voltage developed across each load resistor 
will be equal, but in anti-phase. The grid 
of V4, therefore, being connected to the 
lower end of Re via C5 will be moving 
positive with respect to chassis. Our aim, 
then, has been achieved by using two phase 
splitting valves — which also provide a 
measure of stage gain. 

The second circuit to be discussed employs 
a singly valve to achieve this result. The 
circuit is shown at Fig. 3. 

Use is made of the fact that when an 
unbypassed resistor is placed in the cathode 
lead, voltages are developed across it which 
are in antiphase to those developed across 
the anode load. Clearly as the current 
through these resistors is the same, i.e., 
anode current, then if R2 equals R3 the 
voltage developed across R2 will equal that 
across R3. Hence phase splitting will be 
achieved. 

However, voltages developed across R2 
at signal frequencies are in antiphase to 
those present across Ri and cathode follower 
principles must be applied. Because of this 
it is found that the voltage across R2 will be 
slightly less than that across Ri. Hence 
the voltage passed to each of the push-pull 
pair will be slightly less than the input to 
Vi, but we shall have achieved phase splitting 
employing only one valve. 
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The final circuit to be outlined in this 
article is a method of phase splitting employ- 
ing no extra valve, the antiphase output 
for the second push-pull valve being taken 
from the output of the first. The circuit 
is shown in Fig. 4. 

In studying this, it is well to bear in mind 
that, due to the low impedance path between 
HT+ and chassis, the former can be treated 
as chassis potential. 

Let us suppose that the signal developed 
across Ri is causing the grid of Vj to move 
positive (as no standing bias is shown); 
then VI anode current is rising. Now R2 
is placed in parallel with the half of the 

transformer primary associated with VI, 
hence with respect to HT+ (chassis) the 
anode end of R2 is moving less positive. 
Hence the grid of V2, being connected to 
point A via Cj, must be moving negative 
with respect to chassis. It only remains now 
to adjust the tapping point on R2 to enable 
the signal voltage developed between A and 
HT+ (i.e. Vg2) to equal Vgi. Again equal 
and antiphase voltages have been produced, 
this time without the use of an extra valve. 

It is hoped that this short article has proved 
of interest. If a more advanced approach is 
required, then the reader is advised to 
consult one of the well known publications 
on the subject. 

BOOK REVIEWS 

MULLARD 5-VALVE 10-WATT HIGH QUALITY 
AMPLIFIER CIRCUIT. Prepared by The 
Technical Service Department, Mallard Ltd., 
Century House, Shaftesbury A venue, London, W.C.2. 
86 pages. Price 2s. 6d. 

The circuit of this neatly-laid-out amplifier for home 
construction has aroused considerable interest recently. 
This booklet describes the design and construction in 
full detail, not the least of the interesting features being 
the publication of all the information required to make 
the output transformer at home. 

Designed for an audio output of 10W with 26db 
negative feedback, the amplifier consists of an EF86 
low-hum, low-microphony voltage amplifying pentode 
stage, ECC83 double triode phase inverter, and two 
EL84 output pentodes in push-pull. The full-wave 
rectifier can be a GZ30 to supply up to 125mA in order 
to provide current for feeder units, or an EZ80 where 
the HT current drain is not in excess of 90mA. A tone 
control circuit precedes the EF86 voltage amplifying 
stage. 

The output stage can be operated under "normal 
loading" or "low loading" conditions. With the latter 
arrangement, there is less distortion with speech and 
music inputs, and there is a considerable saving of HT 
current drawn by the output stage. The "normal 
loading" condition will not normally be used, since it is 
intended for correct operation for sine and square wave 
testing. 

Several graphs are included which show the effect of 
the bass and treble tone controls, distortion, and power 
out response against frequency. About half of the book 
is given over to very full data and curves for the valves 
used in the amplifier. Some brief notes are given on 
associated equipment such as pick-ups and turntables. 
Recording characteristics, equalizing networks, and the 
choice of a suitable speaker are also discussed in this 
section. 

OSRAM 912 HIGH QUALITY GRAMOPHONE 
AMPLIFIER. Published by The General Electric 
Co. Ltd., Magnet House, Kingsway, London, W.C.2. 
Price 3s. 6d. 

This 44-page handbook describes in full detail the 
design and construction of a high-quality amplifier 
having a maximum peak power output of 12 watts, and 
a frequency response that extends over 9 octaves. 

The requirements for high-fidelity reproduction are 
clearly expounded, and it is shown how the 912 ampli- fier design complies with them. The greater part of the 
book is devoted to stage-by-stage instructions on build- ing the amplifier, the unusual superimposed wiring 
diagrams making this part of the work particularly easy to follow. 

Working drawings are provided for the benefit of 
those who can fabricate their own chassis and speaker 
cabinet. These items, however, are available as com- 
mercially-made components, and at least three manufac- 
turers are in a position to supply complete kits of parts 
for the amplifier. Visitors to the National Radio 
Exhibition will doubtless have seen specimens of these, 
and taken the opportunity to appraise the quality of the 
reproduction the 912 amplifier can give. 

The circuit of the amplifier reveals a break-away from 
the traditional arrangement in two respects; ultra-linear 
operation of the push-pull output stage provides the 
relatively high gain of the pentode but preserves the 
lower distortion and output damping factor of the 
triode, while an unusual selective feed-back arrange- 
ment enables "presence" in the reproduction to be 
under control of the listener. 

It is to be expected that this well-produced booklet 
should make a profound appeal to the ever-widening 
circle of high-fidelity enthusiasts, and in doing so will 
bring within this orbit many who would not otherwise 
have attempted to build such equipment for themselves. 
Provided that only the specified components are used, 
success at the first attempt should follow naturally. It 
should, of course, be appreciated that the full capabili- 
ties of the amplifier depend upon using the G.E.C. 
metal cone speaker unit, around which it was designed. 
A GUIDE TO AMATEUR RADIO. 6th Edition. 

Edited by John Clarricoats, G6CL. Published by the 
Radio Society of Great Britain, New Raskin House, 
Little Russell Street, London, W.CA. Price 2s. 6d. 
(2s. 9d. by post). 

Previous editions of this present valuable contribution 
to the field of Amateur Radio have sold in many 
thousands, and the handbook now available maintains 
the same high standard. 

Compiled by a team of acknowledged experts in the 
field, this latest Guide packs into its 40 pages everything 
that is needed to introduce the newcomer to the interests 
available to him. Factual information in concise terms 
is the keynote of the book's composition. 

A chapter of "questions and answers," and two 
others on simple equipment, provide a good insight into 
how one can get started. There follow advice on learn- 
ing the Morse Code and operating procedure, while 
further chapters deal adequately with obtaining a trans- 
mitting licence and the Radio Amateur's Examination. 
The QSL Bureau conducted by the R.S.G.B. is fully 
described. 

Other useful data is found in the references to the 
Q-code, International Prefixes, Amateur Abbreviations, 
etc. With this handbook at his side, the new licensee 
should fall naturally into the class of "good operator"; 
without it he could all too easily degenerate into a "lid" 
or "clot." W. E. Thompson 
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THE DESIGN, CONSTRUCTION 

CALIBRATION and USE of 

SIGNAL GENERATORS 

Part 3 By R. J. STEPHENSON 

There is one point which may be 
helpful. Suppose a signal is tuned in on 
the receiver at 500 metres (600 kc/s), how 

are we to know the frequency at which the 
generator is oscillating ? We may be receiving 
a fundamental of 600 kc/s, or a second 
harmonic of 300 kc/s, or a third harmonic of 
200 kc/s, or even a tenth harmonic of 60 kc/s, 
etc. Leaving the signal generator set, tune in 
the next harmonic on the receiver and note 
the two frequencies. For example, suppose 
we are receiving a signal on 500 metres 
(600 kc/s), and we notice on tuning the 
receiver that the next response is on 430 
metres (700 kc/s). If we subtract the two 
frequencies (700-600 kc/s), it will give us the 
fundamental, in this case 100 kc/s. This 
method is, unfortunately, not accurate enough 
for calibration purposes, but it is accurate 
enough to positively identify a particular 
harmonic. However, when all the lower 
frequency ranges have been calibrated, graphs 
can be drawn for each range. 

We can now turn our attention to the SW 
bands covered by the receiver. Set the signal 
generator (modulated output) to the highest 
frequency which has been calibrated, say 
1.5 Mc/s, and connect the output to the aerial 
socket of the receiver. Switch the receiver to 
the SW band. Let us assume that the 
receiver tunes from 20 Mc/s to 6 Mc/s (15- 
50 metres). Tune around 7.5 Mc/s until the 
fifth harmonic of 1.5 Mc/s is received. Make 
sure that it is not the second channel which 
is being tuned. This will be 7.5 Mc/s minus 
twice 465 kc/s (assuming the IF is 465 kc/s), 
which is 6.57 Mc/s, and whilst the receiver 
dial may not be accurate, it should be 
possible to identify which is the true and 
which the spurious response. This problem 
may not happen if the receiver has an RF 
stage, or is a TRF design. If in any doubt, 
remember that of the two responses close 
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together it is the one which tunes to the higher 
receiver dial reading in terms of frequency 
(lower in terms of wavelength). Having 
positively identified the fifth harmonic, care- 
fully note the receiver dial reading. 

In the same way, identify the sixth har- 
monic (9 Mc/s), note the receiver dial reading, 
and so on with the seventh (10.5 Mc/s), the 
eighth (12 Mc/s), the ninth (13.5 Mc/s), the 
tenth (15 Mc/s), the eleventh (16.5 Mc/s), the 
twelfth (18 Mc/s), the thirteenth (19.5 Mc/s) 
and fourteenth (21 Mc/s) harmonics. Make 
a careful note of the dial reading and the 
frequency for each harmonic. Now re-set the 
receiver to the dial reading for 7.5 Mc/s, 
switch to the appropriate band on the signal 
generator and adjust the tuning (of the 
generator) to receive the fundamental of 
7.5 Mc/s. Make a note of the generator dial 
reading and frequency, and repeat for 9.0 
Mc/s, 10.5 Mc/s, etc. In this way some ten 
points on the generator dial can be calibrated 
between, say, 20 and 6 Mc/s. 

Now we can start all over again, but this 
time using an initial frequency of slightly 
lower value, say 1.4 Mc/s, and ten more points 
on the dial can be calibrated. This can be 
carried on until enough points have been 
calibrated to enable the graph to be plotted. 

We now come to the frequencies between 
the low end of the SW band and the high 
frequency end of the MW band, which the 
signal generator covers, but probably not the 
receiver. It has already been shown that by 
using the MW band of the receiver, lower 
frequency bands on the generator may be 
calibrated. In exactly the same way, once 
the SW band (20-6 Mc/s) has been calibrated, 
the 6-1.5 Mc/s range can be calibrated using 
the same technique. The only difference is in 
the frequencies employed. 

It is not possible to calibrate to a higher 
frequency than the highest frequency to which 
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the receiver will tune, but for these higher 
frequencies harmonics of the signal generator 
can be used. For instance, if a signal on 
30 Mc/s is required, set the generator to 
15 Mc/s and use the second harmonic, or to 
10 Mc/s and use the third harmonic. If 
needed, the d;al can be directly calibrated to 
save referring each time to a calibration 
chart, but, unless great care is taken, loss of 
accuracy will occur. The usual practice with 
commercial generators is to calibrate the dial 
directly, but calibration charts are provided 
when greater accuracy is required. 

Much could be written about the uses of a 
signal generator, and much more about the 
technique of using it, but there is space only 
for a few brief notes here. Neither are we 
concerned with a detailed analysis of probable 
faults and the effects they produce, but rather 
with the use of the signal generator in tracing 
faults, showing weakness in design and 
servicing. 

Let us take as an example a conventional 
receiver consisting of frequency changer, IF 
stage, detector and 1st AF, output stage and 
rectifier. The method will, of course, vary in 
detail with different receivers, but it will be 
the same in broad outline for all types of 
receiver. The usual precautions should be 
taken with AC/DC types to guard against 
electric shock. 

If a receiver has suddenly failed, it saves a 
great deal of time if the faulty stage can be 
quickly traced. If the fault is in the power 
supplies it can be quickly checked with a few 
measurements using a voltmeter and milliam- 
meter. To find which of the amplifying stages 
is at fault, feed an AF signal from the genera- 
tor into the grid of the output valve. If this 
stage is working properly a 400 c/s note will 
be heard in the speaker; if no note is heard, 
the output stage is obviously at fault. If the 
output stage is working, reduce the signal 
input until it is just audible and transfer the 
generator output lead to the grid of the 
penultimate stage (usually a DDT). The 
volume control of the receiver should be 
turned to maximum since (although the signal 
is fed into the receiver after the volume 
control) it shorts out the signal to a greater or 
lesser degree, if used as the grid leak, and will 
still act as a gain control. 

If this particular stage is working also, a 
signal will again be heard from the speaker, 
but it should be much louder than before. If 
there is no speaker response, then this stage 
is obviously at fault. 

If the receiver is working so far, the output 
of the signal generator should be set to 
"modulated RF" at 465 kc/s (or whatever the 
IF of the receiver happens to be) and should 
be connected to the control grid of the IF 
amplifier stage (the last one, if there are more 
than one such stages). If this stage is in 
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order, a signal will again be heard from the 
speaker. If no signal is heard, then the fault 
lies in the IF stage or in the detector. Simi- 
larly with any other IF stages. 

If the faulty stage has not yet been revealed, 
set the signal generator to some frequency 
covered by the tuning range of the receiver 
(still with modulated RF output), and set the 
receiver tuning to the same frequency. Con- 
nect the generator output to the signal grid 
of the frequency changer valve. If this stage 
is working, again a response will be heard 
from the speaker. A little searching may be 
necessary on the receiver tuning, since the 
alignment may have drifted. If a signal is 
heard, the fault must be in front of the 
frequency changer; in the aerial circuit, or an 
RF stage if this is fitted. 

It will be seen that with a signal generator 
the faulty stage can be isolated, with a little 
practice, within quite a short time. Once 
the faulty stage has been found, it can be 
checked in detail with a multi-range testmeter. 

This particular technique is usually known 
as "working backwards," since a start is made 
at the output end of the receiver. Another 
method is to feed a signal into the aerial end 
of the receiver and to trace it through to the 
speaker with a signal tracer. This latter 
system seems to be more popular in America 
than in this country. 

It sometimes happens that it is necessary to 
check that the AVC of a receiver is function- 
ing correctly. If the AVC is not working, it 
may show as distortion on strong signals due 
to overloading of the detector, or perhaps as 
fading on distant stations becoming more 
noticeable. 

To check that the AVC is working, a 
milliammeter should be connected in each of 
the anodes of the controlled valves, or a volt- 
meter across each of the cathode resistors (an 
increase of anode current will show as an 
increase of cathode voltage). Also, an output 
meter should be connected to the output stage. 
The output of the signal generator should be 
connected via the dummy aerial to the aerial 
socket of the receiver. The receiver tuning 
can be set to any frequency in the Medium or 
Long wavebands, and a modulated signal of 
the same frequency from the generator fed in. 
It is not advisable to use a short waveband 
since in some receivers the AVC is wholly or 
partially cut out on such bands. 

The attenuator of the signal generator 
should be turned to minimum and then 
gradually increased. The receiver volume 
control should be turned low enough to avoid 
any overloading of the output stage, but high 
enough to give, say, half a watt output at 
maximum. If the AVC is working correctly, 
the following will be noticed. As the signal 
generator output is increased, the output of 
the receiver increases proportionately (in 
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terms of voltage, or the output will increase 
as the square of the input voltage in terms of 
output power). At the same time, the 
milliammeter (or voltmeter) in the controlled 
stages will remain steady. As the signal 
generator output is further increased, there 
will be a point where further increasing gives 
only a very small increase in receiver output. 
At the same time, the milliammeter (or volt- 
meter) in the controlled stages will show a 
proportional decrease. This is the point 
where the input to the receiver is sufficient to 
overcome the delay voltage of the AVC. 

If the AVC is not working as it should, it 
will show at once with this test. 

It is alrfiost impossible to align a modern 
receiver without the use of a signal generator. 
True, some manufacturers supply components 
which are pre-aligned, but this does not help 
to align a receiver which has drifted through 
age, replacement of valve, or some other 
cause such as some handyman "spring- 
cleaning" the set and tightening all loose 
screws—including the trimmers! It is found 
that the following procedure is one which 
enables the receiver to be quickly aligned. 

{To be continued) 

CLUB NEWS 
Romford and District Amateur Radio Society. Hon. 

Sec., N. Miller, 18 Mascalls Gardens, Brentwood, 
Essex. 

The Society's winter programme includes film shows, 
lectures, discussions, "on the air" evenings with G4KF 
and the monthly "junk sales." 

The Society meets every Tuesday evening at 8.15 p.m. 
at RAFA House, 18 Carlton Road, Romford, and all 
visitors and new members will be warmly welcomed. 

Further information can be obtained from the Hon. 
Secretary, N. Miller, 18 Mascalls Gardens, Brentwood, 
Essex. 

Clifton Amateur Radio Society. The Annual General 
Meeting of the Society was held on Friday, 10th 
September and the following were re-elected for a 
further term of office: 

Chairman .. .. J. Lambert, G3FNZ 
Hon. Treasurer .. .. N. Moore 
Hon. Secretary .. . . C. Bullivant, G3D1C 
Committee members . . E Smith, D. Veasey 

On Friday, 24th September Mr. G. P. Thwaites of 
Standard Telephones and Cables Ltd. gave a very 
interesting talk on "Radio Receiving Valves and Their 
manufacture," whilst on the 3rd and 17th Construc- 
tional Evenings were held. 

The final D.F. Contest for 1954 was held at Green 
Street Green, Kent on Sunday 5th September and was 
won by E. Strong, assisted by D. Reed. However, the 
D.F. Shield for 1954 was won by C. Hatfull, G3HZ1, 
who put up the best performance in the three contests. 

The Club Championship Cup for 1953-54 has been 
won by N. Moore. 

Programme for November: 
5th Quiz. 

12th Constructional Evening. 
19th "Metropolitan Police Radio System" by 

W. H. Andrews, G2YG. 
26th Constructional Evening. 

Meetings are held at the clubrooms 225 New Cross 
Road, London, S.E. 14 every Friday at 7.30 p.m. Details 
of membership can be obtained upon application to the 
Secretary. 

Secretary, C. H. Bullivant, G3DIC, 25 St. Fillans 
Road, Catford, London, S.E.6. 

Portsmouth and District Radio Society. The club has 
been fortunate in securing new premises at the British 
Legion Club, Queen's Crescent, Southsea. Meetings are 
held regularly each Tuesday at 19.30 hours, the last 
Tuesday in each month being devoted to a business 
meeting. The club rooms are available to members every 
night until 22.00 hours or later. A morse class is held 
every Friday under the direction of G3JLO, and any 
new students would be welcomed. A junk sale is held 
monthly. 

New members are cordially invited to attend any 
Tuesday at 19.30, or to communicate with the Hon 
Secretary. 

November meetings; 9th, TV Lecture; 16th, Junk 
Sale; 23rd, Discussion on TVI. 

Hon. Secretary, L. B. Brooms, G8BU, 51 Locksway 
Road, Milton, Portsmouth. 

Tha Slade Radio Society. Headquarters: The Church 
House, High Street, Erdington, Birmingham 23. 

FUTURE PROGRAMME 
1954 

Nov. 12th "Television Aerials" by Mr. A. P. Hale of 
Belling & Lee Ltd. This lecture will cover 
the general field of aerial theoretical con- 
siderations, differences between bands 1 
and 3 feeder cable arrangements, posi- 
tioning of aerials, and abnormal propaga- 
tion effects. 

Nov. 26th Annual General Meeting. 
Dec. 10th "Television Transmission Systems" by B. V. 

Somes-Charlton of Pye Ltd. This will 
include a survey of camera photo electric 
tubes, and colour, underwater and indus- 
trial television cameras. A demonstration 
of the Pye miniature industrial TV camera 
will be given at the end of the talk. 

Dec. 24th No meeting. 
Full particulars of the Society and its activities may 

be obtained from the Hon. Secretary, Mr. C. N. Smart, 
110 Woolmore Road, Erdington, Birmingham 23. 
Visitors to the Society's meetings, which commence at 
7.45 p.m. prompt, are cordially welcome. 

The Society's clubroom at the Church House is now 
available, and is open every day of the week for the use 
of Members. Transmitting and receiving equipment is 
being installed, constructional facilities are available, 
and Morse and theory classes are being arranged. 

Torbay Amateur Radio Society. At the meeting held 
on Saturday, 18th September, 1954, G3AVF gave a very 
interesting talk on "Transistors," and brought along his 
TTX for demonstration. In conjunction with this talk 
G3GDW brought along a portable receiver, so that the 
Transistor could be heard working. 

A proposal has been made to hold a Dinner Party— 
at a date near Christmas—for Members and their ladies. 

Meetings are held on the 3rd Saturday each month, 
at 7.30 p.m. at the Y.M.C.A., Torquay. Visitors are 
always welcome. 

Norwood and District R.S.G.B. Group. During 
September members visited Tatsfield B.B.C. Receiving 
Station, and visits to other places of interest are to be 
arranged during the winter months. 

The next meeting of the Group will be held on 20th 
November at which there will be a lecture given by 
G6HD. The meeting will commence as usual at 7.30 
p.m. at Windermere House, Westow Street, Crystal 
Palace, and all local members and interested persons are 
invited to attend. 

South Manchester Radio Club. Further additions to 
our programme of lectures are as follows: 
Nov. 19th "Communication Receivers" by D. Atter, 

G3GRO. 
Dec. 3rd "Receivers"—this is a tape-recorded lecture 

by Hammans G2IG and is from the 
Recorded Lecture Library of the R.S.G.B. 

Hon. Secretary, M. Barnsley, G3HZM, 17 Cross 
Street, Bradford, Manchester 11. 
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PEAK MODULATION LIMITER 

By E. A. RULE G3FEW 

VARIOUS FORMS OF SPEECH LEVEL OR 
volume compression circuits have 
appeared in radio publications, but 

most have the complication of additional 
valves and/or circuits in either the modulator 
or the transmitter PA stage. Most of these 
systems add up to the same thing, namely 
that of providing a constant modulation 
level, usually to a hundred percent during 
normal speaking. The intensity level of a 
person speaking varies with the complex 
forms, sounds of words and accentuation, 
so that, with a speech amplifier system 
having anything like a reasonably level 
response, an exact and constant modulation 
level of one hundred percent is unobtainable. 
The average may be a hundred percent, but 
peaks may approach 150% or more, resulting 
in sideband splutter and other forms of 
interference. The following describes a 
system which has proved very effective, and 
which requires but little modification to 
any conventional type of speech amplifier 
and modulator. 

Simplicity 
Fig. 1 shows the extremely simple basic 

arrangement, which requires only a potentio- 
meter in the anode circuit of an intermediate 
amplifier stage preceding the final speech 
amplifier or the modulator valves proper. 

Control over the peaks of the speech is 
maintained by the variable resistor (Rl), 
which limits the anode voltage fluctuations 
irrespective of the amplitude of the signal 
at the grid. The diagram of Fig. 2 may 
explain this better. 

The sine wave 'A' represents the minimum 
amplitude required for a hundred percent 
modulation, and 'B' represents a higher 
level which would produce say just over a 
hundred percent, whereas 'C would result 
in, say, 150% or more. The effect of the 
control (Rl) is to limit 'B' and 'C to the 
same amplitude as 'A', due to the limiting 
action of the valve at a predetermined HT 
potential. 

As in any limiter circuit, the action of 
limiting will cause distortion, and thus an 
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increase in the harmonic content of the 
audio signal; this in itself may cause wide 
sidebands, and/or splatter. To avoid this, 
it is desirable to remove the harmonics with 
a filter, which should have a sharp cut-off 
above 2.5 kc/s. Such a filter is shown in 
Fig. 4, and should be placed in the grid 
circuit of the stage following the limiter. 

As already mentioned, control may be 
effected in an amplifier stage preceding the 
final speech amplifier, or modulator valve 
or valves proper. The stage containing the 
normal gain control may be before or after 
the limiter, preferably before. At least 
sufficient gain must be available after the 
limiter to drive the modulator stage for a 
hundred per cent modulation. 

It is realised, however, that individual 
choice of speech amplifier circuits is varied, 
and the block diagrams of Fig. 3 are rep- 
resentative of typical arrangements and may 
be of use in deciding where the limiter 
shall be placed. With an arrangement as 
in Fig. 3A, the control should take place 
in the triode stage, but here it may be 
necessary, if the amplifier is providing only 
just sufficient gain for full modulation, to 
include an additional amplifier stage. 

Another example of the position of the 
control is as the block diagram Fig. 3B, 
where the limiter may be placed at 'X', 
there being enough gain in the following 
amplifier to produce the desired effect of a 
hundred percent modulation irrespective 
of the speech level. 

Results 
The following is a resume of tests carried 

out by the writer. The speech amplifier 
consisting of a EF37A pre-amplifier, a 
6J7 intermediate amplifier, a 6SN7, one 
half of which is used as the limiter, and the 
other as the phase splitter. Following this a 
6SN7 final speech amplifier driving a pair of 
807's in push-pull. 

Tests carried out with local stations 
proved that a decided increase in audio 
level at the receiving end was obtainable 
without any increase in sideband splutter. 
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Comparison with a more complex system 
of volume compression showed no time lag 
as is usual with AVC systems, and proved 
equally effective as far as audio gain is 
concerned. It is realised that the system 
introduces a small percentage of distortion, 
but since this is probably less than that 
introduced by most speech clipping systems, 
it is hardly worth considering, and for all 
practical purposes may be ignored. If the 
system is used merely as a preventative for 
slight over modulation (assuming an average 
of a little lower than 100%) then distortion 
is negligible, and the filter may be left out 
of circuit. 

Setting Up 
If an oscilloscope is available, setting the 

limiter is a fairly easy matter. With the 
limiter control at zero (full HT) adjust the 

gain control for slight over-modulation 
with average speech, bringing up the limiter 
until the modulation does not exceed 100%, 
The gain control may then be advanced to 
increase the average depth of modulation. 
Too much will result in distortion. 

The system may be set up without an 
oscilloscope, but will require rather more 
care, and the help of a local station, or an 
over-modulation indicator. With the control 
at zero (full HT), adjust the gain until a 
report of indication of over-modulation is 
obtained. Adjust the limiter until signs of 
excessive modulation disappear. The gain 
may be increased consistent with good 
speech quality, checking with a local station 
for an increase in audio level. Slight further 
adjustments of the limiter may be necessary. 

The writer makes no claim to originality 
in this circuit, and suggests that the reader 
may like to develop or improve it for himself. 

Eighth Annual RSGB Amateur 

Radio Exhibition 

November 24th to 27th, 1954 

The Eight Annual Amateur Radio 
Exhibition organised by the Radio 
Society of Great Britain will be held 

as in former years at the Royal Hotel, 
Woburn Place, London, W.C.I, from 
Wednesday, November 24th to Saturday, 
November 27th, both dates inclusive. The 
Exhibition will be opened at 12 noon on the 
24th by Mr. H. Faulkner, c.m.g., b.sc(eng.)., 
m.i.e.e., f.i.r.e., Director of Telecommunica- 
tion, Engineering and Manufacturing Assoc- 
iation. Mr. Faulkner was, until recently, 
Deputy Engineer-in-Chief of the G.P.O. 

As in past years the Exhibidon will be 
supported by companies who specialise in 
the provision of valves, components, metal- 
work and publications for the radio amateur. 
In addition the Services will be represented. 

Members of the R.S.G.B. will exhibit a 
wide range of home constructed equipment 
of modern design including miniaturised, 
portable, and mobile transmitter-receivers 
for use in connection with the Radio Amateur 
Emergency Network. Amateur Television 
will be represented by the actual equipment 
used by Messrs. W. R. and J. Royle, G2WJ, 
for their historic 70 cm tests. Single side- 

band equipment will be featured, as will 
v.h.f. and u.h.f. receivers and transmitters. 

New editions of A Guide to Amateur 
Radio and the R.S.G.B. Amateur Radio Call 
Book will be on show on the R.S.G.B. 
stand together with examples of amateur 
built equipment which have been or are to 
be described in the Society's Journal. 

The following have reserved space at the 
Exhibition:—Air Ministry; Amos (Elec- 
tronics) Ltd.; Automatic Coil Winder and 
Electrical Equipment Co. Ltd.; Cosmocord 
Ltd.; English Electric Co. Ltd.; Enthoven 
Solders Ltd.; General Electric Co. Ltd.; 
lliffe and Sons Ltd.; Labgear (Cambridge) 
Ltd.; Magnetic Devices Ltd.; Minimitter 
Co.; Philpotts (Metalworks) Ltd.; Radio 
Society of Great Britain; Short Wave 
Magazine Ltd.; Standard Telephones and 
Cables Ltd.; Taylor Electrical Instruments 
Ltd.; War Office; Grundig (Great Britain) 
Ltd.; Pye Ltd. 

The Exhibition will open at 11 a.m. and 
close at 9 p.m. each day. Admission 1/-. 

The Manager of the Exhibition is Mr. P. A. 
Thorogood, 35 Gibbs Green, Edgware, 
Middx. 
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VALVES 
► Pointers for Designers 

AND CONSTRUCTORS 
NUMBER FO U RTEE N 

N709 OUTPUT PENTODE 

•< ULTRA-LINEAR" OPERATION 
The diagram illustrates the circuit of 
a simple and economical 14 watt high 
quality amplifier using two Osram N709 
output pentodes preceded by two Z729 
low noise pentodes. 
The distortion is extremely low, not 
greater than 0.1% at 11 watts and only 
0.5% at full output, for which an input 
of 150 mV r.m.s. is required. The out- 

put transformer should be of good quality, with a 
primary inductance of 80 H, and a leakage induct- 
ance not greater than 100 mH. The screen tapping 
points include 20% of the turns of each half 
primary, counting from the centre-tap. The anode^ 
to-anode load is 7 ka. 
With the moderate degree of overall feedback 
employed this circuit is both stable and trouble- 
free in 
operat ion. 

s« 

Further 
information 
can be 
obtained on 
application 
to the Osram 
Valve and 
Electronics 
Department. 

: j i- 

5 Kn ( 4 n. our put) 

THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON W.C2 
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G2ACC offers you ... 

0 Aerial Wire. I4swg hard drawn copper enamelled, 
cut to any length, 4d. per yard. 

^ Feeder Cable. Belling Lee: L336 Twin 80 ohm. 6d. 
yd.; L600 coaxial 70 ohm, 1/3 yd.; LI221 twin 
screened 70 ohm, 1/6 yd. Telcon: K25B twin 
ribbon 300 ohm, 9d. yd.; K35B twin circular low- 
loss 300 ohm, 1/6 yd. Samples free on request. 

M Coax Connectors. Belling Lee L734 plug, 1/3; 
L604 socket, 1/2; L6I6 Line Coupler 1/6. 

^ "Disc" Ceramic Capacitors. 500v d.c. (300v a.c.) 
wkg. Non-inductive for TV.I. suppression, etc., 
470pf, .001 mfd., .002 mfd, .003mfd., .005 mfd. 9d. 
each; .01 mfd. 350v wkg., I/3; .01 mfd. 2000v wkg., 
2/3. 

^ Constructional Manuals. Envelopes with manual 
and large scale plans: Viewmaster 7/6; Tele-King 
6/-; Sound Master 6/6; Viewmaster Big Picture 
Conversion 3/6. Osram 912 Amplifier Manual, 3/6. 

Catalogue No. 9. 56 page, illustrated catalogue 3d. post free. 
Minimum postage and packing on orders under £2 is 6d. 

Southern Radio 

and Electrical Supplies 
SORAD WORKS 

REDLYNCH SALISBURY 
Telephone DOWNTON 207 

Frequency 

Modulation Tuner 
described in the July and Sept. 1954 
issues. 

Jackson Bros, dial and condenser 
£15 3 

Completely drilled chassis 8 0 
All coils with S.M. Condensers 
and Cans £1 0 6 
Complete Set of Parts, including 
valves, pair of matched German- 
ium crystals and small items such 
as nuts and screws £7 2 6 
Complete Tuner, assembled and 
aligned £10 0 0 

G. BLUNDELL 
7 SUNNYSIDE HOUSE 

CHILDS'HILL LONDON NW2 

1 m 

The 
S.L.8 

Spin Wheel 
Drive 

Complete with 3- 
wave band glass 
scale 9"x -4^—27/6 

The S.L,8 Spin Wheel Drive gives easy 
control through a ratio 24; I. Fitted with 
constant velocity coupling, it eliminates 
strain on the Condenser, providing mechan- 
ical and electrical isolation from vibration 
and noise. 

S.L.5, similar, but fitted with reverse 
vernier drive, gives ratios of 18:1 search and 
50:1 reverse vernier. 26/6. 

Please write for our list of Condensers 
and Drives 

JACKSON BROS. 
(London) Ltd. 

K1NGSWAY . WADDON . SURREY 
Telephone CROYDON 2754-5 

Telegrams WALF1LCO, SOUPHONE, LONDON 

RADIO VIS ION 
4 PRAED STREET 

LONDON W2 
Telephone AMB 4670 

We have a very large selection of 
Valves and Spares at the Lowest 

Possible Prices 

We have a Large Selection of used but 
perfect C.R. Tubes. Every Tube carries 
a 6 week guarantee. Callers can see picture 

on premises. 
9" £400 

12" £6 0 0 
IS" £8 10 0 

Post, Packing and Insurance, 10/- 

URGENTLY WANTED 

COMMUNICATION RECEIVERS TEST 
EQUIPMENT. RADIOS—and TELE- 
VISION SETS, TAPE RECORDERS. 

Best Prices Given 
Phone or Call 
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RADIO &T.V OUTFITS 

LEARN THE PRACTICAL WAY I ^ 
Specially prepared sets of radio parts (which you 
receive upon enrolment) with which we teach you, 
in your own home, the working of fundamental 
electronic circuits and bring you easily to the point 
when you can construct and service radio sets. 
Whether you are a student for an examination ; 
starting a new hobby ; intent upon a career in 
industry; or running your own business — these 
Practical Courses are intended for YOU — and 
may be yours at Very Moderate Cost. 

EASY TERMS FROM £1 A MONTH 

post this eeupop tooat 
I To E M.I. INSTITUTES, Dept. I79X, 
( 43, Grove Park Road, Chiswick, London, W.4 
I SUBJECT(S)      

wm 
"wtobJ 

m m 

i/ii 

COURSES WITH PRACTICAL EQUIPMENT INCLUDE;- 
Radio (Elementary and Advanced), Television, 
Mechanics, ELctriciiy, Chemistry, Photography, 
Carpentry. Also Draughtsmanship, Commercial 
Art, Amateur S.W. Radio, Languages, Etc. 

E.M.I. INSTIIUTES 
The only Postal College which Is part of a world-wide Industrial Organisation 

IC36 

Aluminium 

Chassis 

16 S.W.G. Four Sides 18 S.W.G. Four Sides 
6" x 
7" X 
9" x 

10" x 
12" x 
12" x 
14" x 
16" x 

4" x 2" 
5" x 2" 
8" x 1\" 
8" x 2*" 
8" x 2^" 
9" x 2^" 

10" x 2^" 
10" x 3" 

4/- 4/6 
61- 
71- 7/6 
8/6 
9/6 
II/- 

6" x 
7" x 

10" x 
12" x 
14" x 

4" x 2" 
5" x 2" 
8" x 2*" 
9" x 2i 

10" x 2" 

3/- 
3/3 
5/- 
6/6 
71- 

16 S.W.G. 
Receiver Type 

10" x 6" x 2" 3/9 
12" x 7" x 2i" 5/- 
14" x 8" x 2i" 71- 

18 S.W.G. 
Receiver Type 

7" x 5" x 2" 2/6 
10" x 6" x 2" 3/- 
12" x 6" x 2" 3/6 

Please add postage. Keep this List for reference. 

ELMO PRODUCTS 
230A UTTING AVENUE, LIVERPOOL 4, 

Lanes. 

Have Your Copies Bound 

VOLUMES OF 

RADIO CONSTRUCTOR 
FULLY BOUND IN IMITATION LEATHER 
WITH GOLD LETTERING. 8s. 6d. 
POST FREE. PRICES FOR OTHER 

PUBLICATIONS ON APPLICATION 

If not required to be bound in 
remove covers before sending 

A. QUICK & CO LTD 

OXFORD HOUSE 

CLACT0N-0N-SEA • ESSEX 
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CHASSIS AND COVER. Steel chassis 1" x 10" 
front panel with handles 9" x 8", suitable for mounting 
new front panel as existing one is over-drilled. Cover 
8" x 7^" x I0J" deep. In very clean condition. Price 
3/-, post 2/1. 
SMALL D.C. MOTORS. Size 2^" long x 4" wide 
x 4" high, frey fitted -|V shaft, operates from 6-12 
volt, weight II oz. As new 15/6, post 1/3. 12-24 volt 
9/6. We have sold many of this 12 volt type to model 
boat builders for use in boats up to 3" 6" long. 
GYRO ANGLING UNITS. This unit contains a 
24 volt reversible motor worm and spur reduction gearing to a shaft dog which rotates approximately 
7 r.p.m., also fitted with pulsing device for operating 
electrically a repeater compass. This unit is suitable 
for rotating aerial arays, etc., since by using this unit 
in conjunction with the repeater compass, exact 
direction of the aerial can be ascertained by reading 
from the remote indicator. Price 20/-, post 2/-. 
PILOT'S REPEATER COMPASSES (suitable for 
working with above unit—Gyro Angling Unit). 
Pilots repeater compasses or observers repeater 
compasses, containing 24 volt repeater motor. Ref. 
number 6B/742. Brand new, price 12/6, post 1/6. 
UNISELECTORS. Siemens miniature 3 banks of 
10 contacts. 3 sets of wipers set at 120 degrees. Coil 
resistance 10 ohms. Stripped from new equipment. 
Price 27/6, post 1/6. 

ARTHUR T. SALLIS (RC) 
93 NORTH ROAD, BRIGHTON 

SUSSEX 
Telephone Brighton 25806 

Radio Reprint No. 1 

NOW AVAILABLE 

TVw " Inmrpensiv" 
CAR RADIO 

Receiver 

■ 

' ;i1 ' ~ ■' 
L_. _ 
1 I pATA FmUCATIOWt LIKIT«» 

PRICE 1 /6 POST 2d. 

DATA PUBLICATIONS 
57 MAIDA VALE W9 

LTD 

£5. TV Tubes, guaranteed for 
3 months 12 inch. 

CRM 121—A or B. other makes occasionally. Insured 
carriage 15/6. Picture shown to callers. 
SPECIAL OFFER of tubes with burns or cathode to 
heater shorts 30/- plus carriage. 
V.H.F.1124 RECEIVER 17/6. Complete with valves. 
30.5-40 Mc/s IF 7 Mc/s 6 channel switching. Covers 
T/V sound, fire, amateurs, etc. Convertible to 
mains. (A.C. or A.C./D.C.). Drawings free. 
Post 2/-. 
H.T. BATTERIES 1/9. Alldry min.; 40V + L.T. 4V. 
3/9. 60V+4V 3/9. 67^ V personal portable type 
3/9. 90V+4V 5/9 (long round type). 
Post on H.T. Batteries 1/9 each. 
L.T. BATTERIES. 4{V. New Ever Ready, ideal 
bell batteries, only 1/0. Post 6d. (List price 3/6). 
METERS 12/6. 100 micro amp. New and boxed. 
(Ex Oil temp.) 2" scale in l?" square mounting. 
Post I /6. 
CAR RADIO TRANSFORMERS. 5/9 6 volt, new. 
Post 119. 
REAR LIGHTS 1/9. Ideal side or tail lights. Infra- 
red glass, easily changed. Post 9d. 
SPOT LIGHTS, 8/6 Butler's new, but ex-W.D. 
7^" x 6-?" deep. Prefocus fitting. Post I/-. BULBS 
for above, 6 volt 30, 36 or 48 watt. 12 volt 36 or 
48 watt. 4/6 each. 
CRYSTALS. Germanium 1/9. Brand new by B.T.H* 
Long wire ends. Post 3d. 
METERS 8/9. 700 micro amp movement (ex-radiator 
2" scale in 21" square mounting. Post 1/6. 

DUKE & CO 
621 Romford Road, Manor Park, E.I2 
GRA 6677 {Half-Day Thurs.) 

If you appreciate 

HIGH FIDELITY 

We are stockists for all the com- 
ponents for the following high 
quality units. 
DENCO FM tuner unit. A 
tried and tested circuit which 
gives excellent results up to 
extreme fringe areas. Tunes the 
whole of the VHF band allocated 
so will be suitable for all parts of 
the country as the new stations 
come into operation. Start build- 

ing now. Total cost about £7. Chassis ready punched 
with all holes. Full constructional details and price list I /6 
MULLARD "5-10" amplifier. Full constructional 
details with wiring diagram, etc., and detailed price list. 

Price 2/6 post paid 
G.E.G. "Nine-one-two" amplifier. 9 octaves, 12 watts. 
Full stage by stage constructional details and detail price 
list. 

Price 3/6 post paid 

Home Radio of Mitcham 

187 LONDON ROAD • MITCHAM 
SURREY. MIT 3282 

Open until 6.30 p.m. every day inc. Sats. (Wed. I p.m.) 

250 

CONSTRUCTORS build these at low cost! 

PERSONAL mr 
PORTABLE " 
RADIO Post Free 
This little set was 
designed to give you a 
real personal portable 
radio that you can enjoy 
anywhere without dis- 
turbing others. Use it on camping trips, in bed, in 
your office, or just any- 
where. 

2 

ALL-WAVE RADIO 

30^- 
Ideal for the beginner or for those 
requiring a simple standby receiver. 

■ 

This I valve S.W. receiver can be built 
from our list of components for 30/-, 
including valve and I coil coverlig 20- 
40 metres. Provision is made to increase 
to 2 or 3 valves if required, and all com- 
ponents are colour-coded so that the 
beginner can build this set quite easily. 
Send 2/- for specification, wiring diagram 
layout and price list. 

POWER UNIT TYPE PUI 
I20v @ 020ma, 6*3v @ I'SA 

Replace those expensive batteries with 
one of these power units. Supplied in 
component form together with easy to 
follow constructional details. 

An ideal power supply for the All-Wave 
radio receiver. 

Send 2/- for layout, 
Wiring diagram and 
Components Price List. 

R.C.S. PRODUCTS (RADIO) LTD. 
II OLIVER ROAD (Mail order only) LONDON E.I7 

YOU CAN KECY ON ITS 
) Radio and TV Component Bargains 

VALVES 
6V6G 7/6, 6X5G 7/6, 6X5gt 7/6, 
6SN7 9/6, EM34 7/6, 6U5G 7/-, 
ECC40 9/-, EL42 8/-, ECC8I 9/6, 
6K7G 7/6, 6K7(mecal) 8/-, 
KT63 7/6, EF54 6/-. FF50 7/-, 
EL32 7/6, I2A6 7/-, I2SC7 6/6, 
6J7G 7/6, 76 6/6, I2J5 4/6, EB34 
3/6, EF36 6/6, 6B4 7/6, 6E8 7/-, 
6K8G 8/6, l2K8gt 8/6, IT4 7/6, 
ISS 7/6, IRS 8/6, 3A4 7/6, 
R3 9/-, 35Z4 7/6. 
TRANSFORMERS TV 
WBI07 Line 32/6, WBI06 Frame 
25/6, WB103 Heater 42/-, 
WBI03A Heater 52/6, Denco 
WA/LOTI Line 42/-, WA/FMAI 
Frame 21/-, WA/FBTI F/Block- 
ing 16/-, Allen LO308 Line 40/-, 
FO305 21/-, BT3I4 15/-. and 
Haynes (when available) Osram 
912 Amplifier Book 3/6, all parts 
stocked. 
VOLUME CONTROLS 
5K, I0K, 25K, 50K, I00K. 250K, 
500K, I mg, with Switch 4/-, 
Less S/W 2/6, DP Switch 5/6, 
Wirewound Preset from lOOfi to 
30K 3/2 each. Standard 3w 
Colvern 6/4. 

TRANSFORMERS 
Speaker Trans. Pentode O/P 4/6. 
Midget Mains 3/9, Battery Stand- 
ard 4/-, Super-Midget for P/Port- 
ables 5/-. Charging Transformers 
2v, 6v and I2v charging at 2a 
19/6, Iv, 2v, 4v, 6v, lOv, I5vt 20v, 30v, up to I5v at 4a 30v 
at 2a 22/6. Midget Mains Trans- 
former 60m/a 250-0-250v 6.3v 
at 3a, 5v 2a 21/6. Elstone SR/250 
or SR350 28/6. 
SOLDERING IRONS 
Tyana Pencil Bit 14/11, Adcola 
Pencil Bit 25/6, Detachable Bit 
33/6, Henley Small Pencil Bit 
19/8, Solon Standard Pencil 25/4, 
Oval Bit 23/8. 
LINEAR POTS 
i m Q, i m Q, I m £>, 2 m Q, 6/6. 
As above with Centre Tap 7/6. 
COILS 
Osmor Full Range 4/- each, 
Weymouth 'H' Type 3/9, 'K* 
Type 5/-, CS3W3 12/3 per pair, 
CT2W2 10/- per pair, Denco 
Maxi-Q Midget Chassis or Plug- 
in Type 3/11 each. Full Range of 
Osmor and Weymouth Coilpacks. 

IF TRANSFORMERS 
Denco IFTII 12/- pair, P4(Wey- 
mouth), 15'/- pair, Wearite M800 
21/- pair, 501/502 20/- pair. 
Q MAX CHASSIS 

PUNCHES 
r. r 12/4, r n/4, r, \y, 
jV 16/-, I" Square 24/-. (All inclusive of keys). 
RESISTORS 
iw ^w 4d., Iw 8d.. Midget Type 
'T* iw max 6d., Type 'R' I watt 
max 8d. Full Range. 2% High 
Stab. 1/6 each (Range 100 ohms 
to 2mg). Wirewound max 7 
watts 2/3, 10 watts 2/9 (33 ohms 
to I0K only). 
A BARGAIN 
New Tubular 8mfd 500v Wire- 
End Electroiytics l/l I each. 
2 for 3/6. 
Orders Despatched Promptly, 
C.O-D. by Return (over £1). 
Please add P/Pkg. fee up to £1-1 /- 
£2-1/6. Over £2 Free. 
Catalogue of Surplus Ready soon 
6d. each. Catalogue of New 
Proprietary Components (250 
Illustrations, 70 Pages) 3/- 
Returnable on Order over 30/- 

Next Door South Ealing Tube Station. 6 o'clock, I p.m. Wed. 
82 SOUTH EALING ROAD 
LONDON W5 Telephone EAL 5737 IUDI0 SERVICING CO 
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HENRY'S 

RADIO LIMITED 

CRYSTAL 
MICROPHONE 

INSERTS 
8/6 

POST FREE 
Ideal for tape recording 
and amplifiers. No 
matching transformer 
required. 

P.M. FEEDER 
UNIT 

Denco's last word in 
Audio. Complete kit £6 7 6 
Fully assembled and 
aligned at £8 10 0 
Alignment service 7/6 

PYE 45 Mc/s STRIP 
Type 3583 Units. Size 
15" X 8" X 2". Complete 
with 45 mc/s Rye Strip, 
12 valves I0EF50. EB34 
and EA50. Sound and 
vision can be incorpor- 
ated on this chassis 
with minimum space. 
New condition. Modi- 
fication data supplied. 
Price £5 carriage paid 
INDICATOR UNIT 
TYPE 182A. This unit 
contains VCR5I7C 
Cathode Ray 6" Tube 
complete with Mu- 
Metal Screen, 3 EF50, 
4 SP6I and I 5U4G 
valves. Offered Brand 
NEW (less relay) in 
original packing case 
at 67/6, plus 7/6 car- 
riage. Demonstration 
Model now on view, 
completely modified 
as per the article 
now being featured 
in this issue. All components for con- 
version can be 
supplied. 
Kit of modification 
parts and ** I82A" 
Unit £8 18 6 carriage paid 

CATHODE RAY 
TUBES 

VCR97 40/- cor. 2/- 
VCR5I7C 35/- cor. 2/- 
VCRI39A 35/- car. 2/- 
Guaranteed for TV 
3BPI 201-car. 21- 
T.C.C.—.1 5/7000 v. 
wkg. Type CP58QO. 
Bakelite Case, 7/6 each 

We have 20,000 
American & B.V.A* 

valves in stock 

I R5 
154 155 
IT4 
ICS 
3A4 
3V4 
3S4 
5Z3G 
5U4G 
5Z4G 
6A7G 
6AC7 
6A8G 
6AM6 
6B8 
6C5GT 
6C6 
6D6 
6F6G 
6G6G 
6H6GT 
6J5GT 
6J6 
6AK5 
6J7G 
6K7G 
6K8G 
6L6G 
6U5 
6U5G 
6N7GT 
6Q7GT 
6SJ7GT 
6X5G 
6SA7GT 8/6 
6SQ7GT 8/6 
6SG7 7/6 

7/6 
7/6 
7/6 
7/6 
8/- 
91- 7/6 
7/6 
8/6 
8/6 
8/6 
8/6 
6/6 
8/6 
91- 7/6 
5/- 6/6 
6/6 
8/6 
6/6 
5/- 
Sl- 
91- 
91- 6/6 
6/6 
91- 10/- 
7/6 
7/6 
7/6 
8/6 
8/6 
8/6 

6SK7GT 7/6 
6SL7GT 91- 
6SN7GT 91- 
6SC7 10/- 
6V6GT 7/6 
6AG7 12/6 
I2A6 7/6 
I2K7GT 8/6 
I2K8GT 8/6 
I2Q7GT 8/6 
I2SA7GT 

8/6 
I2SQ7GT 

8/6 
I2SJ7 8/6 
I2SK7 8/6 
I2SR7 7/6 
25Z6GT 8/6 
25Z5 8/6 
35Z4GT 8/6 
35Z5GT 8/6 
25A6 8/6 
35L6GT 8/6 
50L6GT 8/6 
42 
43 
75 
80 
866A 
TZ40 
931A 
EA50 

16 8/6 
8/6 
8/6 

15/- 37/6 
50/- 
2/- ECH35 12/- 

EF54 61- 
EB34 
EBC33 
EF36 
EF39 

3/6 
8/6 
6/6 
6/6 

ALL VALVES NEW 
AND GUARANTEED 

VRI05/30 
8/6 

VR150/30 
8/6 

CK5I0AX 
5/- 

Dl 21- 
AC6PEN 

6/6 
AC5/PEND 
D 12/6 
PEN25 6/6 
PEN46 7/6 
QP25 6/6 
SP6I 4/- 
SP4I 4/- 
HL23/DD 

6/6 

EY5I 12/- 
EK32 6/6 
EF9I 91- 
EL33 10/- 
EL32 7/6 
EF50 Red 
Syl. 10/- 
EF50 5/- SP2 8/6 
VP2 8/6 
TDD2A 8/6 
DK40 91- 
UL4I 91- 
UY41 91- 
4DI 41- 
8D2 41- 9D2 41- 
D4I 5/- KT2 5/- U52 8/6 
U19 10/- 
Y63 8/6 
MUI4 8/6 
PL8I II/- 
PL82 10/- 
PX25 12/6 
PY8I 10/- 
PY82 8/6 
KT33C 10/- 
KT66 12/6 
GU50 12/6 
XP2V 41- 
XH (1.5)4/- 
VUMI 41- VUI33 41- 
VUI20A 41- 
QP230 8/- 

VP23 
VP4I 
U22 
ATP4 
TP22 

6/6 
7/6 
8/6 
4/- 8/6 

TH233 10/- 
41MP 7/6 
42SPT 6/- 
2I5SG 41- 
MS/PEN 7/6 
MS/PENB 

7/6 
VT50I 7/6 
AC/PEN 

(7) 10/- PENDD 
4020 12/6 

FCI3C 10/- 
VP4(7) 8/6 
IDS 8/6 

MORSE PRACTICE 
BUZZER 

Complete with tapper 
and 4 volt buzzer on 
baseboard, 6/-, brand 
new. Post po/d 

CRYSTALS 
200 kc/s, 2-pin 

(U.S.A.) 
465 kc/s, 2-pin 

(U.S.A.) 
500 kc/s, 2-pin 

(British) 

SETS OF VALVES 
Ten EF50 (Ex-Set 

Brand New Units) 
5/- each 45/— 
6K8G, 6K7G, 6Q7G, 
5Z4G, 6V6G 37/6 
IRS. IS5, IT4, IS4 or 
(3S4 or 3V4) 27/6 
TP25, HL23/DD, VP23, 
PEN25 (or QP25) 25/- 
6K8G, 6K7G, 6Q7G, 
25A6G, 25Z5 or 
25Z6G 37/6 
I 2K8GT, 12K7GT, 
12Q7GT, 35Z4GT, 
35L6GT or 50L6GT 

37/6 
12SA7GT, I2SK7GT, 
I2SQ7GT, 35Z4GT, 
35L6GT or 50L6GT 37/6 
PX25's Matched Pairs 

pair 25/- 
TEN 6AM6 (EF9I)80/- 

VCR97 Brand New. 
Ideal for 'Scopes. Slight 
Cut-off 15/- P.P 21- 

R.F. UNITS 
RF24 20-30 mc/s 

15/- Post free 
RF25 40-50 mc/s 

19/6 Post free 
RF26 50-65 mc/s 

35/- Post free 
ALL BRAND NEW 

WITH VALVES 

Send postage for new '54 comprehensive 23-page catalogue 
Open Monday to Sat. 9 a.m. to 6 p.m. Thursday I p.m. 

5 Harrow Road, Paddington, W.2 
Telephone Paddington 1008/9, 0401 
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SMALL ADVERTISEMENTS 
Reader's small advertisements will be accepted 
at 2d per word, minimum charge 2/—. Trade 
advertisements will be accepted at Sd. per 
word, minimum charge 6/-. If a Box Number 
is required, an additional charge of 1/- will 
be made. Terms: Cash with order. All copy 
must be in hand by the \0th of the month 
for insertion in the following month's issue. 

PRIVATE 

NEW VALVES GUARANTEED 6U4GT, 20P1, 10/-. 
ECL80, EF80, PY81, PL81, EBF80, 8/6. 10F1, 
ECC81, PY82, 12K8. 12Q7, 7/6. 6AG5, 6U7, 
VR91, 6J5GT, 12SG7, 5/6. Also used but guaran- 
teed, Z77, U404, B36, 6A8, 41-. W. Fewell, 308 
Nisbet House, London, E.9. 

FOR SALE R1155 modified to cover 10m. band* 
TRF/Superhet, separate bass and treble controls' 
£8 including power unit. Also R107, £5 10s. 0d- 

or near offer. Brewer, 10 Lackford Road, Chipstead* 
Surrey. 

FOR SALE O-V-O and O-V-l battery SW receivers, 
handset and bandspread, cover all bands, ideal 
portable or standby. £2 and £3. SAE details. 
Box No. D138. 

FOR SALE Radiovision Hambander, £9 10s. 0d., 
good condition. R103A, £4 10s. 0d., mains model. 
Box No. D139. 

FOR SALE Super Power Packs £4, £3. AF Signal Generator £3 10s. Od. 3BP1, £1. yCR97, £1 10s. Od. 
Components, valves, SAE details. Sellwood, 15 
Park Road, Hoddesden, Herts. 

FOR SALE Table model 17 inch rectangular alumin- 
ised TV with combined 4 station radio, London 
frequency, AC only. All miniature valves. Super- 
het receiver. 16kV EHT. Full technical data. 
Owner builder has another 17 inch console and, 
as above is too large to hold as a second set, wishes 
either to sell at the ridiculously low figure of £25 
(tube price only) or will exchange modern com- 
mercial 9 inch table model. Purchaser collects 
Hatfield area. Box No. D136. 

HAM SURPLUS Triplett 666H Test Meter, £8 10s. Od. 
Speech Amplifier RCA MI 1120, £25. Garrard 
AC Gram unit Model VAD, in portable case, 
£8. Also mikes, valves, 1132 power pack, chrome 
and grey, £4. All above as new. Many other items, 
SAB for details. D. B. Carter, 14 Fletton Grove, 
Kings Heath, Birmingham 14. 

FOR SALE New power pack, RAF type 247. Output 
400-500 volts and 6.3 volts heater supply. Spare 
rectifier valve. £3 5s. Od. Nicholson, 68 Hotspur 
Road, Wallsend-on-Tyne. 

AMATEUR SELLING UP. Tape Recorder (Brand 
new), incorporating the famous Wearite 2A Deck, 
record and playback amplifier as per circuit. Wear- 
ite components as specified, built in meter, beautiful 
rexine covered box, built in speaker, crystal mike, 
£50 or offer. 12" Goodmans PM Speaker in magni- 
ficent corner reflex cabinet, £10. 15 watt Push-Pull 
amplifier, 6L6 X 2, 6SN7, 6J5, 6J5, and compre- 
hensive pre-amplifiers, tone control and equaliser 
using miniature valves, the lot, £12. R1155 receiver 
with power pack and output stage, excellent per- 
formance, £10. Brand new Garrard RC75A three- 
speed record changer with 2 Decca XMS Pick-up 
heads (78 and LP), £16. Over 150 records available. 
Also valves, components, surplus units, meters. 
Buyer collects. Apply, G. Ullman, Top Floor, 
92 Randolph Avenue, London, W.9. 
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HANNEY of BATH offers 
OSRAM 912 Erie resistor-pot, kit with ceramic tube 
resistors, very highly recommended. 29/6; Lab resistor 
kit, 32/4: T.C.C. condensers, 55/-. PARTRIDGE Com- 
ponents, with loose leadterminations, Mains trans.,44/-; 
Smoothing Choke, 29/6; Output trans.. 76/9. Price 
includes Partridge carriage/packing charge. Printed 
panel, 14/6. W.B. chassis, 34/9 (stocks of which should 
be available current with this advert). Send for complete 
list. 
FREQUENCY MODULATION. For Wrotham high 
fidelity Transmissions. DENCO technical bulletin 
giving circuit and point to point wiring diagram for 
building an F.M. Feeder unit, 1/9. We have all com- 
ponents available. Priced parts list on application. 
COILPACKS. DENCO, CP4/L and CP 4/M. 33/4; 
CP 3/370 pf. and CP 3/500 pf.., 42/8. OSMOR "Q" HO, 
48/-; LM, 40/-; Batt., 50/-; TRF, 40/-; HF stage for 
HO pack, 20/-. ETA 4-Station pack, 43/8. 
WIDE ANGLE COMPONENTS. ALLEN. Teleking 
Chassis, 50/-; Coilsets (TK & Super-Visor), 44/6; LO. 
308, 40/-; FO.305, 21/-; DC.300c., 39/6; FC.302, 31/-; 
GL.16 & 18, 7/6 each; SC.312, 21/-; AT.310, 30/-; 
OP.I17, 9/-; BT.314,15/-; DENCO Chassis Magnaview, 
37/6; Chassis, Super-Visor, 51/6; Coilsets, Magnaview, 
41/2; WA/DCA1, 43/-; WA/FCA1, 31/-; WA/LC1 and 
WC1, 7/6 each; WA/FMA1, 21/-; WA/LOT1, 42/r; 
WA/FBT1, 16/-. Send 6d. stamps for our General List 
of components for Viewmaster, Soundmaster, William- 
son Amplifier, Teleking, Magnaview (Brimar & English 
Electric large screen TV), Super-Visor, Mullard 
Universal, Close tolerance Silver Micas, etc., etc. 
Please add 1/- postage to orders under £2. 

L. F. HANNEY 
77 LOWER BRISTOL ROAD, BATH 

Telephone 3811 

TELETRON 
SUPER 

Inductor Coils 
Miniature dust core types 

Specified for the "RC" Mini-Preselector 
and Signal Generator. HFAI-3-4-5-7, 3/3 
each. HFA9, 4/6. RFC4, 2/6. "Sensitive TRF. 
Receiver" Type OCA and OCHF, 7/6 pair. 
Dual wave TRF matched pairs (as illustrated) 
7/-. The original selective Xtal Transformer 
coil Type HAX, 3/-. HAX.L (Iw), 3/6. 
Ferrite Rod Aerials MW, 8/9. Dual wave 12/9. 

E.C.O. coils, IFT's wavetraps, 

Stomp for complete list and circuits 

The Teletron Co. Ltd. 
266 Nightingale Road, London N9 

Telephone HOW 2527 
Trade enquiries to sole distributor, S. MOZER, 
95 KENDAL AVE., N.I8. Telephone Tot 7707 
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of £%deiu/ate 

RECEIVER UNIT TYPE 25 
Ref. I OP/I L Part of TRI196 Range 4.3-6.7 mcs. with valves 2/VR53 

(EF39), 2/VR56 (EF36), VR55 (EBC33), VR57 (EK32). 
2/I.F.T, 460 kc/s. etc., in metal case 8?" x 6^" x 6^". 
ASK FOR -jr/ POST 
B/H299 -53/" each PAID 

Conversion Data I /6 
RECEIVER UNIT R360I 

Ref. I0DB/6037 With valves: 2/VRI36 (EF54), VRI37 (EC52), 5/VR65 
(SP6I). 4/VR92 (EA50), VR9I (EF50), 6V6G. VU39A (R3), 
etc., I.F. 13 Mc/s. Dim: IS" x 9" X 8". Wgt. 38 lbs. 
ASK FOR -JO /z CARRIAGE 
B/H493 JV/O each PAID 

Circuit I /3 
POWER UNIT TYPE 266 

In Transit Case 
Input 80/ 1.5 K.cps. A.C. Output H.T. I20v. D.C. bias 3 
and 9V. L.T. 2v. Smoothed and stabilized. Complete 
with 5U4G valves, VCI 10 stabilizer, I2v IA metal 
rectifiers, etc., etc. In attractive metal case with handles. 
Dim: I T x 9*" x 7+". 
ASK FOR 11/A CARRIAGE 
B/E870 AL/O each pA/D 
PLEASE NOTE. Carriage and Postal Charges refer to the 
U.K. only. Overseas freight, etc., extra. 
Order direct from: Telephone SOUTH 2706/9 
€L YHKSD X U<: io"™. 

i BRIDGE STREET GLASGOW C.5 

In full swing i i i 
Those on the look-out for full 
value for their money are 
getting it at 

The COedk-aSunutd Shop 

52 TOTTENHAM COURT ROAD, W.I 
A few minutes from Lyons Corner House 

RECEIVER UNIT Ex 1143A 
Suitable for con- 
version to 2 
-netres or P.M. 
Wrotham trans- 
missions. 
Valve line-up: (4) EF50 
(I) EL32. (2) EF39 (I) 
EBC33 (I) EA50. Sup- 
plied with circuit 
diagrams. 
PRICE 9/- 
(less valves) Post Paid 

WE HOLD A LARGE AND VARIED STOCK OF 
SURPLUS RADIO COMPONENTS, ETC. 

It will pay you to pay us a visit 

PROOFS BROS. LTD. LANgham: 
52 TOTTENHAM COURT ROAD, W.I. 0141 
OPEN ALL DAY SATURDAY Shop hours 9 a.m.—6 p.m. 

rmlio 
products 
limit at 

418 BRIGHTON RD. SOUTH CROYDON, SURREY 
Dept. R.C.I8 Telephone CROydon 5148/9 

COILPACKS. A full range 
available for Superhet and T.R.F. 
Mains or Battery, Size only I}" 
x Sy" x 2?". Ideal for the reliable 
construction of new sets, also 
for conversion of the 21 RECEI- 
VER, TR 1196, TYPE 18. WAR- 
TIME UTILITY and others. 

SEPARATE COILS 4/- each 
A full range available for all popular 
wavebands and purposes. ■^-Only lin. high. -^rPacked in 
damp-proof containers. ★Vari- 
able iron-dust cores. ■^■Fitted 
tags for easy connection. ^fLow 
loss Polystyrene formers. 
.F.s Standard 465 k/c. Permeability-tuned with 

flying leads. Size 11" x 11" x 3^". For use with OSMOR 
coil packs and others, 14/6 pair. MIDGET I.F.s 465 
K/c. i" < *" x 21", 21/- pair. PREALIGNED 1/6 extra. 

U p- U" Send 5d. (stamps) for fully descrip- 
f £2 C t've 'iterature. including The really 

efficient 5 valve Superhet Circuit and practical Drawings. 6-valve ditto, 3-valve (plus recti- 
fier) T.P.F. circuit, Battery portable superhet circuit, 
Chassis Cutter, Coil & Coilpack leaflets and full radio & 
component lists and interesting Miniature circuits etc. 
\ Our Technical Dept. will be pleased to answer ( 
\ (by letter only) any enquiry relating to circuits ( 
) in which Osmor Coils or Coil Packs are used ( 

or are intended to be used. ( 

VALVES 
IA4 8/6 6BR7 
IA7G 12/6 6BS7 
184 8/- 6F6G iCSGT 11/6 
1E7 9/6 6G6G 

NEW TESTED AND 
GUARANTEED 

8/- 6X5GT 8/— EAC9I 6/- 
81- 7H7 8/6 EAF42 9/6 
81- I2AH7 7 6 EB9I 6/6 
8/6 I2AT6 8/6 EBC33 8/6 
8/6 I2AT7 8/6 ECL80 10/6 
4/9 I2AU7 8/6 EF22 7/6 IH5GT 10/6 6J5GT 5/6 I2AX7 6/9 EF37A 15/- 

1R5 7/6 6K7G 5/6 I2K8GT 8/6 EF36 7/6 
IS5 
IT4 
3V4 

7/6 6K8G 
7/6 6L6G 
7/6 6N7 
8/6 607GT 8/6 5763 
6/9 6SJ7 81- 807 
7/6 63K7 81- 954 
81- 6SL7GT 81- 1625 

5Y3GT 9/6 607G 
5Z4G ' ■   
6 AGS 
6 \M6 
6\T6 
63E6 
6BW6 
6B7G 
6B8 
6B8G 
6BA6 

81- I2K7GT 8/6 EF39 
9/6 25A6G 8/- EF9I 
6/9 57 7/6 EF92 
I/- 58 7/6 EL32 

7/6 EL9I 

7/6 
7/6 
8/6 
7/6 

10/6 
8/- 
8/6 

81- 6SN7GT 8/- 
81- 6SS7 
8/6 6U7G 
7/6 6V6G 
7/6 6U5G 
8/6 6X4 

9006 
6/9 AZ3I 
8/6 DAF9I 
7/6 DF9I 
7/6 DL94 

EA50 

8/6 EZ35 
2/6 EZ40 

10/6 KT33C 8/6 
5/6 KT66 12/6 

10/6 PL8I 
7/6 PL82 
7/6 PY82 
7/6 X65 
21- Y63 

10/6 
10/6 
10/6 
10/6 
7/6 Matched Pairs KT66, 25/-; 6V6G, 17/— per pair. 

6K8G, 6Q7G, 6V6G. 5Z4G, 6K7G, 34/6 per set 
IRS, IT4, IS5, 3V4, 27/6 per set. 

ELECTROLYTIC 
Tubular Type 

2/350v T.C.C., 1/3 
8/350v T.C.C., 1/6 
8/450v Micromite, 2/6 
8/450v B.E.C., 21- 
8 + 8/500v Dubilier, 4/6 
l6/275v T.C.C. 2/- 
l6/450v Micromite, 3/3 

CONDENSERS 
Can Type 

8/500v Dubilier, 1/9 
8 -f 8/450 B.E.C.; 4/- 
8 + 16/450 B.E.C., 5 - 
16 + 16/450 B.E.C., 5/6 
4 + 4 + 4/450v, 3/6 
8 -}- 4 + 4/450v., 4/3 
l6/275v T.C.C., 21- 

R. COOPER 
32 South End, Croydon, Surrey 

Telephone CROydon 9186 
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SMALL ADVERTISEMENTS 
continued from page 253] 
WANTED Signal Generator, 100 kc/s to 100 Mc/s. 

Low price essential. Box No. D137. 
EXCHANGE my RC70A Garrard Autochanger in 

immaculate condition and order for an R1I55 
receiver. All SAP answered. Lee, 29 The Circle, 
London, N.W.2. 

SELLING UP London TV and Radio enthusiast. 
Send SAE for lists. Box No. D140. 

TAPE DECK Truvox Mk. Ill, perfect condition, £18, 
demonstration arranged. Goodall, 5 Martyr Road, 
Guildford. 

MAGAZINES REQUIRED The Radio Constructor 
Vol. 1, Nos. 1-12, 1947. Vol 2, Nos. 1, 2, 3, 4, 6, 
7, 8, 9, 12, 1948. Vol. 3, Nos. 1, 3, 4, 5, 6, 8, 12, 
1949. Vol. 4, Nos. 4 (Nov. 1950). Short Wave 
News Vol. I, Nos. 3 and 7. Vol. 3, No. 12. Vol. 4, 
No. 4. Vol. 5, No. 9. Vol. 6, Nos. 1 and 2. Also 
a copy of Practical Television, Nov. 1952, 2/- offered. 
G. Allen, 107 Union Road, Brincliffe, Sheffield 11. 

TRADE 

MEDICAL BOOKS. In addition to radio publications, 
you can obtain from us the following popular 
works on health subjects. Smoking and Cancer, 2/-. 
A comprehensive discussion on this important 
subject. So You're Grown up Now, 1/-. Personal 
information for the Teen-ager. So You're Expecting 
a Baby, 9d. A most helpful book for the young 
Mother-to-be. Please add 2d. for postage. Data 
Publications, Ltd., 57 Maida Vale, London, W.9. 

SERVICE SHEETS. SAE enquiries. F.I.E.L.D. 
80 Oldfield Road, London, N.16. 

FOR F.M. TUNER UNIT (July issue), Wound Coil 
Sets, 15/-; Fully punched chassis, 8/6. C. O. Preston, 
Healey Lane, Batley, Yorks. 

RADIO MODEL CONTROL—Unlimited advice, 
Handbook 3/6. Carter, 101 High Street, Harlesden, 
London, N.W.10. 

A PRIVATE RECORDING for Christmas. Tape to 
disc, from 12/6. Queensway Recording Studios, 
123, Queensway, W.2. Telephone BAY 4992. 

BLUEPRINTS. High Gain 10 Metre Converter, 
with a de-luxe circuit comprising EF91 RF stage, 
ECC91 double triode mixer and oscillator, EF92 
IF amplifier, with stabilised voltage supply via a 
7475, 1/8 post free with full instructions, Data 
Publications, 57 Maida Vale, London, W.9. 

KENDALL AND MOUSLEY. Manufacturers of 
Laboratory Equipment, chassis and instrument cases, 
also suppliers of B.V.A. valves, Radio and TV 
components, 99 Dudley Port, Tipton, Staffs. 

COILS, COILS, COILS. We can supply coils for 
all frequencies, RF Chokes, Filters, etc. Coils 
wound to specification—send details for estimate. 
Send SAE for circuits and Data. The Teletron 
Co. 266 Nightingale Road, London, N.9. 

I.P.R.E. PUBLICATIONS, 5,500 Alignment Peaks for 
superhets, 5/9. Sample copy The Practical Radio 
Engineer, 2/-. Membership examination particulars, 
1/-. Syllabus of TV and Radio Courses free and post free. Secretary, I.P.R.E., 20 Fairfield Road, 
London, N.8. 

METALWORK. All types cabinets, chassis, racks' etc., to your own specification. Philpott's Metal- 
works, Ltd. (Dept. R.C.), Chapman Street, Lough- 
borough. 
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VALVES — over 3,000 in Stock 
6AM6, EF9I, EF92, 6AL5, EAC9I, IL4, 9006 S/- 
I2AT7, I2AX7, 6CH6, 6AK5, 6BW6, 6J6, 6F33 6BR7 
EC9I, EL9I, CV284, CV286. 85Ar, 85A2, 7/6 
I2AU7, 12EI, 6SN7, 6SL7, 6SJ7M, RIO, »/- 

A. A. W. SKILLMAN 
FRANCHISE STREET WEYMOUTH 

HEAR All Continents 
With H.A.C. Short-Wave Receivers 

One-Valve Kit 25/-. Two-Valve Kit 50/- 
All kits complete with all components, accessories and 
full instructions. Before ordering, call and inspect a 
demonstration receiver, or send stamped addressed 

envelope for descriptive catalogue H.A.C. SHORT-WAVE PRODUCTS (DEPT. R) 
II OLD BOND STREET, LONDON. W.I. 

D CD HIGH GAIN f\Cr COILS 
Dual Range Miniature Crystal 
Set Coil with Circuit. Type 
DRXI  2/6 
Dual Range Coil with Reaction 
with 2 mains and 2 battery 
Circuits. Type DRR2 4/- 
Matched Pair Dual Range 
T.R.F. Coils with Reaction; 
with battery and mains circuits. 
Type DRM3 ... Pair 8/- (Regd. Design) 

All Coils wound on Low-loss Formers 
Individually Tested and Guaranteed 

Post 3d. on ail Orders ^ Trade Supplied 
RADIO EXPERIMENTAL PRODUCTS LTD 
33 MUCH PARK STREET COVENTRY 

HIGH FIDELITY COMPONENTS 
always in stock for 

OSRAM 912 AMPLIFIER circuits and wiring diagrams 
3/6 MULLARD 5-10 AMPLIFIER circuits and wiring 

diagrams 2/6 DENCO FM TUNER UNIT circuits and wiring 
diagrams I /6 

Separate price lists available on request 

Components for all popular Constructor Designs in 
Stock. Please send for free copy of our .... 

NEW 48 PAGE CATALOGUE 

J. T. FILMER BEXLEY^ • ESKENT 
Telephone Bexleyheath 7267 

A D C O L A 
(Regd. Trade Mark) 

SOLDERING INSTRUMENTS 

Reg. Design No. 860302 (British, U.S. and Foreign 
Patents) 

Designed for wireless assembly and 
Maintenance 

Supplied for all volt ranges from 6/7v to 230/250v 
3/16' Dia. Bit Standard Model 25/6 

Sole Manufacturers ADC OLA PRODUCTS 
LTD. 

Sales Office and Works Cranmer Court, 
Clapham High St. London SW4 (MAC 4272) 
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