
PRACTICAL WIRELESS. OCTOBER 0,42 

F.M. RECOR REPRODUCTION 

racticaI 
Wireless 

Vol. 19. No. 448 NEW SERIES. OCTOBER, 1943 

Front and Rear 

View of a Three - 

valve Portable. 

Full Construc- 

tional Details are 

Given in this 

Issue 

keze,>. k .aw 
. f..` , . ... . . .. ...es.e.: 

4 



The D.C. AvoMinor 
Electrical Measuring Instrument 

A high-grade 13 -range D.C. 
meter providing direct readings 
of voltage, current and resist. 
ance. Supplied in case; with leads, 
test prods and crocodile clips. 

Universal AvoMinor 
Electrical Measuring Instrument 
A 22 -range A.C.ID.C. moving 
coil precision meter providing 
direct readings of A.C. voltage, 
D.C. voltage, current and 
resistance. Supplied with leads, 
test prods and crocodile clips. 

Some delay in delivery of Trade Orders is 

inevitable, but we shall continue to do our best 

to fulfil your requirements as promptly as 
possible. 

Sole Proprietors and Manufacturers :- 

PRECISION 
TESTING INSTRUMENTS 

" Avo " Instruments by their 
simplicity, extreme versatility 
and high accuracy, make pos- 
sible that economy of time 
which is the essential feature 
of profitable servicing and 
maintenance. 

Extensively used by radio 
manufacturers, service en- 
gineers and throughout in- 
dustry, they set a recognised 
standard of accuracy and fine 
workmanship by which other 
instruments are judged. 

AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO., LTD. 

Winder House, Douglas Street, London, S.W.I 'Phone : VICtoria 34044 

PREMIER RADIO 
NEW PREMIER S.W. COILS 

4- and 6 -pin types now have octal pin spacing and 
will fit International Octal valve -holders. 

4 -pin Type ¢pin Type 
Type Range Price Type Range Price 
04 9.15 m. ... 2/6 06 9.15 m. ... 2/6 
04A 12,26 m. ... 2/6 06A 12.26 m. ... 2ï 6 
04B 22.47 m. ... 2/6 06B 22.47 m. ... 26 
04C 41.94 m. ... 2/6 060 41.94 m. ... 2//6 

041) 76.170 m.... 2/6 06D 76.170 m, ... 236 

04E 150-350 in. ,.. 
04F 255-550 m...,, 3/- Chassis Mounting 
04G 490-1,000 m, 4/- 'Octal Holders 
041-11,000-2,000 m. 4/- 101d. each. 
New Premier 3 -Band S.W. Coil, 11-25, 25-38, 38-86 

m., 4'9. 
Rotary Wave Change to suit above, 1f6 - 

SHORT -WAVE CONDENSERS 

Trolitnl insulation. Certified 4nperior to ceramic. 
All brass construction. Easily ganged. 

15 m.mfd. ... 2/11 100 m.mfd. ... 3/11 
25 m.mfd. ... 3/3 160 m.mfd. ,.. 4/8 
40 m.mfd. ... 3.33 250 m.mfd. ... 5/8 

2 -gang .0005 m.f. Condensers, with trimmers, 5/6. 
Brass Shaft Couplers. lin. bore, 71d. each. 
Flexible Couplers. lin. bore, 12 each. 

MOVING -COIL SPEAKERS 

Rona 5in. P.M. Speaker, 3 ohms Voice Coil, 21/-. 
Rota &in. P.M. Speaker, 3 ohms Voice Coil, 25/, 
Rola Sin. P.M. Speaker. 3 ohms Voice Coil, 25/ - 

Above speakers are less output transformer. 

1.0. 
TRANSFORMERS 

Iron -cored 450.470 
Ws, plain sud vith 
flying lead, 5/6 each. 

BAKELITE 
DIELECTRIC 

REACTION 
CONDENSERS 

.0001 mi., 1/3, 

.0003 mi., 2/6.1 
0005 mt., 2/9 esch. 

.0003 inf., Differential, 
2111. 

H.F. CHOKES 
S.W. B.P. 10.100 m., 

le. 
Standard H.P., I/-. 

Binocular B.F., 1/6. 

VOLUME 
CONTROLS 

Carbon type, 00,000, 
30.000, } neg., I meg., 
and I meg., 3/9 each. 
Carbon type, 5,000, 
10,000 and meg., 

416 each. 
Wire wound type, 5,000 
and 10,000 ohms, 5/6 

METERS 

0-100 ma. Moving Iron, A.C. or D.C Bakelite Case. 
hush mounting, 2.9n. diameter, price 12/8 each. 

PREMIER 1 VALVE DE LUXE 

Battery Model S.W. Receiver, complete with 
2 -volt Valve, 4 Coils, Covering 12-170 metres. 
Built on steel chassis and Panel, 55/- including 
tax. 

Malus Resistances. 660 ohms .3A, tapped 380 -4-- 

180+60+60 ohms, 5/6. 1,000 ohms, .2A, tapped at 
900, 800, 700. 600, 500 ohms, 5/6. 4 watt all values, 
5d. each: 1 watt all values, 7d. each. 4 watt 
from 50 to 2,500 ohms, 1/- each. 8 watt from 
100 to 2,500 ohms, 1/6 each. 15 watt from 100 to 
10,000 ohms, 2/- each. 25 watt from 100 to 20,000 
ohms. 2;9 each. 

t SWITCHES - 

QdIB, panel mounting, split knob type 2 -point 
on/off, 2/- each. 

Double pole on/off. 3/6 each. 
Valve Screens, for International and U.S.A. types, 

1/2 each. 
Resin-eored Solder, 71d. per coil. 
Puslt-Back Connecting Wire, 21d. per yard. 
Systofiex. Sleeving, 2mm., 2/6 per doz. yards. 
Screened Braided Cable. Single. 1/3 pet* yard. 
7 -pin Ceramic Chassis Mtg. English Type Valves 

holders, 1/6 each. 
Amphenol Octal Chassis Mounting Valve 

holders. International type, L3 each. English 
type, 1/3 each. 

Send for details of nur Morse 
equipment. Microphones, Valves 
and other radio accessories 
available. All enquiries must Kt 
accomponien by a 2)d. stamp. 

ALL POST ORDERS TO: JUBILEE WORKS, 167, LOWER CLAPTON ROAD, 

LONDON, E.S. (Amherst 4723) 

CALLERS TO : Jubilee Works, or 169, Fleet Street, E.C.4. (Cenlral 2833) 
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Radio Research 
MR. GARRO-JONES, \LP., Parliamentary Secretary 

to the Ministry of Production, had some illuminat- 
ing things to say in his speech on Radio Research 

Production at the Radio Industries Club. He reminded 
his audience that research and production have their 
roots in university research, for modern science is the 
product of the wide curiosity which is the life breath 
of the university. He said that university research is 
carried to the point of application very frequently by 
individual enterprise, which may, as in the outstanding 
case of Marconi, lead to the foundation of an industry 
which then founds in turn its industrial research and 
development laboratories. Radio offers many examples 
of successful co-operation between the universities, the 
independent amateur and the industrial laboratory. 
The classic example is the valve. After Edison's_ 
fundamental contribution development of the valve 
went back to the university in the hands of Dr. Fleming, 
of London University, and emerged through industrial 
research by de Forest in America. 

The Ionosphere 
Research on the propagation of waves led to research 

on the ionosphere; research on the signal strengths 
required to communicate through naturally occurring 
noise led to research on atmospherics. The Marconi 
research staff carried out a world-wide research on 
these subjects, but the State had to provide facilities 
for an ever-expanding group of sub -divisions, long -wave 
short -distance propagation, short-wave long-distance 
propagation, direction finding and that great field of 
ionospheric structure which Appleton made so completely 
his own. 

In future there will come great 
contributions from the universities, 
from the laboratories of industry, 
and 'from amateur enterprise. But 
the very general common interest 
of all users in the results, the need 
for far-reaching experimental 
facilities, the need for close co- 
operation .among many workers, 
the wide geographical spread of the 
areas over which observations- and 
measurements have to be made, 
have made and still make, is 
essential for the State to give a 
helping hand. 

Radio Research Board 
In the decade 1925-35 the State 

contribution came through the 
Radio Research Board of the 
Department of Scientific and In- 
dustrial Research in full activity' 
on a programme of work which 
largely centred on the effects, cif 
atmospheric processes on radio. 
The Board and the National 
Physical Laboratory also did great 
things in an active programme of 
measurement and standards work. 
The constitution of the Board and 
its committees, and the conduct of 

Editorial and Advertisement Officer : 

"Practical Wireless," George Newnes, Ltd., 
Tower House. Southampton- Street, Strand, 

W.C.2. 'Phone : Temple Bar 4383. 
Telegrams : Newnes, Rand, London. 

Registered at the G.P.O. For transmission by 
Canadian Magazine Post. 

The Editor will be pleased to consider 
articles of a practical nature suitable for 
publication in. PRACTICAL WIRELESS: Seek 
articles should be written of one aide of the 
paper only, and should contain the name and 
address of the sender. Whilst the Editor does 
not hold himself responsible for manuscripts, 
every effort will be made to return them if a 
stamped and addressed envelope is enclosed. 
All correspondence intended for the Editor 
should he addressed : The Editor, PRACTICeh 
WIRELESS, George Netrneo, Ltd., Tower ,louse, 
Southampton Street. Strand, W.C.2. 

Owing to the rapid progress in the design of 
wireless apparatus and to our efforts to keep 
our readers to touch with. the latest develop 
ments, we give no warranty that apparatus 
described in our columns is not the subject 
of letters patent. 

Copyright in all drawings, photographs and 
articles published in PRACTICAL WIRRLRSS is 
specifically reserved throughout the countries 
signatory to the Berne Convention and the 
U.S.A Reproductions or imitations of any 
of their ore therefore expressly forbidden. 
PnacrwAL ii'IRE.LESS incorporates "Amateur 
Wireless." 

The fact that goods made of raw materials 
in short supply owing to war conditions are 
advertised in this paper should not be taken 
as an indication that they are necessarily 
available for export. 

11th YEAR 
OF ISSUE 

BY THE EDITOR 

its committees, and the conduct of parts of the work in 
university laboratories, maintained the essential linkage 
between radio research and the universities. But the 
System, richly productive as it was, became, as war 
approached, too limited in its scope. The imminence of 
war, and especially the emergence of radiolocation, led 
to a remarkable transformation in radio research 
activities. The radio laboratories of the defence services, 
under -staffed, under -equipped and under -financed, had 
done solid work, of a development rather than a research 
kind, on equipment which, like much of the military 
equipment here and in Germany, was doomed to be 
obsolete before the great clash came. Radiolocation, 
by far the most important national asset ever to emerge 
from the National Physical Laboratory, was a natural 
but not -inevitable synthesis of techniques successfully 
developed within the Radio Research Board's pro- 
gramme. It revivified the laboratories of the defence 
services. The wisdom of Sir Edward Appleton and of 
Sir Henry Tizard and his colleagues of the Tizard 
Committee, supported as they were by the Government 
and its highest advisers, not only contributed to save 
our country, but to the reshaping and enlargement of 
the radio industry, and we must not be ungrateful to 
them or to the industrial and other pioneers who did 
the foundation work before the war. 

The Younger Physicists 
To -day the radio laboratories which work for the 

three great Supply Ministries contain the cream of the 
country's younger physicists. The country is greatly 
in their debt, but the universities which have temporarily 

lost them will be direct bene- 
ficiaries in the end. For these 
researchers have learnt much that 
will profoundly affect, for the 
better, their outlook as university, 
teachers and workers after the 
war. They came to us as good 
physicists, they will leave us as 
better physicists, but also as good 
engineers, good organisers, great 
team leaders, and wise judges of 
policy. 

The fertility of invention, the 
ingenuity of application, . the 
apparently inexhaustible range of 
new tricks and new uses, the 
battle of wits with the man on 
the other side, which have 
characterised the growth of radio - 
location in the hands of these 
young physicist -engineers, and 
which is still at its height, was 
reached on the older and slower 
moving technique of radio com- 
munication. Now the modernisa- 
tion of this constantly changing 
art of communication is under way, 
and the effects on radio in the 
peace will be very great. Television 
has not by any means been 
allowed to remain where it was 
in 1939. 
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ROUND THE Jy Q OF WIRELESS 
Telecommunication Assgciation - 

Al'\y association, connected with the tele- 
communication industry, is one of the recent 

company registrations. The new company will be 
known as the Telecommunication Engineering and 
Manufacturing Association, and is registered as a 
company limited by guarantee. 

Objects of the Association 
THE objects of the T.E.M.A. are to promote, encourage 

and develop the telecommunication engineering 
and manufacturing industry in the United Kingdom, to 
co-operate with and make representations to Govern- 
ment Departments, to promote co-operation and 
collaboration between persons engaged in the industry 
concerning technical manufacturing and other problems, 
and to participate in research work. 

Electrical Ihdustries Red Cross Appeal 

. 

THE Electrical Development Association has just 
issued the 13th list of Covenants and Donations 

in connection with the above fund, which show that 
the gross annual amount received from covenants 
is A'ro,I3o Gs., and from. donations {6,218 9s. 3d. 
Funds for this deserving cause are still urgently needed. 

B.B.C. Broadcasts to Japan 
THE B.U.C. has begun a daily service Of broadcasts 

so that Japanese listeners may have the oppor- 
tunity of learning the real facts of each new phase of the 
war. 

A view of one of the production departments in a General Elect rie Factory in the United States, 
where " Radar " sets are built for the U.S. Naoy. 

The B.U.C. Japanese service is transmitted on a 
number of short wavelengths designed to cover not only 
Japan but all Eastern and South -Eastern Asia. The 
service is in Japanese on Sundays, Tuesdays, Thursdays 
and Fridays, and in English on Mondays, Wednesdays 
and Saturdays. 

One of the regular speakers will be Major C. John 
Mortis, formerly lecturer in English literature at Bunrika 
University, Tokyo. 

A Bouquet from India 

WE have received the following interesting letter from 
an old contributor, now in the overseas forces : 

" During the past eight months I have had to travel 
in South Africa and ,India, and I write this to let you 
know how agreeably impressed I was to find PRACTICAL 

WIRELEss on sale at most bookstalls in the big towns of 

both these countries. .I had no difficulty in obtaining 
a copy, which was seldom more than a month overdue. 
PRACTICAL WIRELESS certainly gets around the world ! 

" I would also add that the contents .of PRACTICAL 

WIRELESS are now sof a very high quality ; the journal 
has improved considerably ever the past 12 months, 
despite the increasing wartime difficulties. It might also) 

be Of interest to you to know that your ` Praetical 
Mechanics Handbook ' has been recommended as a text 
book for concerned R.E.M.E. personnel, by the Military 
College of Science' at Bury."-S. A. KNIGHT (Arm. 
S./Sgt. R.E.\LE,). 

The Proms : Giving Talent a Hearing 

ONE 
of 'the great services rendered by the Proms 

is that of giving composers a chance to have new 
works performed, and already this ,season there have 
been some striking examples of creative ability, parti- 
cularly on the part of British composers. 

The outstanding new work so far is undoubtedly Dr. 
Vaughan \\'illiam's Fifth Symphony. This has been 
hailed by critics and public as a great contribution to 
English music. Vaughan Williams, who is over ;o, 

shows a remarkable vitality 
of inspiration in this work. 
When listeners have an 
opportùnity of hearing it 
again on the air they will 
be able to probe further 
into its beauties and feli- 
cities. 

New Symphonies 
TWO other new sympho- 

nies (not yet broadcast) 
have been performed at 
the Albert Hall -a first 
symphony by Eugene 
Goossens and a first 
symphony by Lennox 
L'erkeleY. Sir Arnold Bas's 
Seventh Symphony, which 
was broadcast on July 
22nd, is another outstanding 
British symphonic creation. 
It is a notable fact that this 
country, so long belittled 
as to its musical achieve- 
ments by the- Continental 
nations, should to -day 
produce richer and more 
significant music than any 
of her country-and so much 
of it. That such a work as 
the Vaughan Win lanls 
symphony was produced. in 
the middle of a world war 

is in itself a testimony to the enduring things 
of the spirit for which the United Nations are fighting. 

Works by mm posers of the United Nations-American, 
Russian, French, Belgian, Polish, Czech-were heard 
during the Promenade Season. 

The Institution of Electrical Engineers 
THE scrutineers appointed at the section meeting held 

on May 5th, 5943i have reported the result of the 
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ballot to fill the vacancies which will occur on the section 
committee on September 3oth next, and the full commit- 
tee for next session will be as follows : Chairman, Mr. 
T. E. Goldup vice-chairman, Professor Willis Jackson, 
D.Sc., D.Phil. ; immediate past chairman, Mr. R. L. 
Smith -Rose, D.Sc., Ph.D. ; ordinary members of com- 
mittee, Mr. F. B. Best, M.Sc., B.Eng., Capt. C. -F. Booth, 
Mr. C. W. Cosgrove, B.Sc. (Eng.), Mr. W. T. Gibson, 
O.B.E., M.A., B.Sc., Mr. H. G. Hughes, M.Sc., Mr. H. L. 
Kirke, Mr. E. C. S. Megaw, M.B.E., B.Sc.(Eng.), Mr. O. S. 
Puckle, Mr. J. A. Smale, B.Sc., Mr. H. A. Thomas, 
D.Sc., Mr. T. Wadsworth, M.Sc., Mr. R. C. G. Williams, 
Ph.D., B.Sc.(Eng:). Together with the following 
ex -officio members : The president I.E.E., the chairman 
I.E.E. Papers Committee, representatives of the I.E.E. 
Council, the Admiralty, the Air Ministry and the Ministry 
of Aircraft Production, the Post Office and the War 
Office. 

Radiotocation Lead 
SIR JOHN ANDERSON stated at a recent press 

conference that success in the war against U-boats 
was very largely due to improved location methods. 
He also said that Britain was still ahead of the Germans 
in radiolocation, and had it not been for the development 
of that technique before the war, the German air attack 
on Britain might have had very different consequences. 

Flash Lâmp Bulbs Order 
HE Board of Trade, in con- 

sultation with the Central 
Price Regulation Committee, have 
made an Order amending the 
Flash Lamp Bulbs (Maximum 
Prices) Order (S.R. & 0.; /943 
No. 247) in the following ways : 

1. As the period in which 
wholesalers and retailers 
were allowed to clear any.- tt 

stocks of Far Eastern bulbs 
bought at a higher price 
has now elapsed, the 
provisions of the schedule 
in the original Order which 
fixed these prices are now 
deleted. 

2. The definition of flash lamp 
bulbs has been altered (a) to 
exclude bulbs used in miners' 
safety lamps and (b) to 
include only bulbs designed 
and manufactured for inter- 
mittent use. 

3. The maximum prices for 
tested bulbs have not been 
altered, but when untested 
bulbs are sold by one trader 
to another and any defective 
bulbs are returned within z8 
days from the date of 
consignment, the maximum 
price is to be reduced by an 
amount in proportion to the A sergeant of the R.C.O. number of defective bulbs. 

(4) When a retailer sells untested bulbs to the public, the same provision applies if . any defective bulbs are returned the day after the sale. 
(5) A defective bulb is defined as one which contains defects which can be discovered by any of the tests normally used in businesses handling bulbs. This Order, the Flash Lamp Bulbs (Maximum Prices) (No. 2) Order, 1943 (S.R. & O., 1943, No. x084), came into force on August 16th, 1943. Copies are available, price id., through any newsagent or bookseller or direct from H.M. Stationery Office, Kingsway, W.C.2. 

Radar in the Making IN a General Electric factory in New England, U.S.A., radar sets are in full production for the United States Navy. Radar is the American name for radio - 

location, the apparatus which sends out ultra -short 
waves that are reflected back to receivers for revealing 
the presence of hidden 'planes, ships, etc., and indicates 
their direction and speed of travel. The device works 
efficiently through fog, hail, snow, or the darkest night. 

B.B.C. Overseas Service 
WHEN the General Overseas Service of the B.B.C. 

was started in June of this year as an expansion 
of the work of the Overseas Service, it was hinted that 
further developments were still to come. An addition 
recently announced is the daily service to Japan (see 
paragraph on the previous page). 

The Overseas Services took more definite shape, so 
far as listeners were concerned, when the European 
Service became a separate organisation in September, 
1941. How vast has been the expansion of overseas 
broadcasting since the war is indicated by the number 
of languages used, which now totals 48 ; while in 
September, _/939, the B.B.C. was broadcasting in 16. 
Itinerary 

Home and Forces.-Home and Forces cover the 
British Isles. Languages : English, Welsh, Gaelic. 

European Service.-European Service covers Europe 
and Europeans in Africa and the East. 

S. instructing a class of trainees on the working of wireless transmitters. 

Languages (daily) : English, Albanian, Bulgarian, 
Czech, Danish, Dutch, Finnish, Flemish, French, 
German, Greek, Hungarian, Italian, Norwegian, Polish, 
Portuguese, Runianian, Serbo -Croat, Slovene, Spanish, 
Swedish. 

In addition, the European Service broadcasts four 
times a week in Luxembourg Patois, several times a 
month in Slovak in the Czechoslovak Service and 
once a week in Icelandic. 

Overseas Service.-Languages : English, Afrikaans, 
Arabic (including Moroccan Arabic), Bengali, Burmese, 
Chinese (Cantonese), Chinese (Kuoyu), French (for 
Canada), Greek (for Cyprus), Gujerati, Hindustani, 
Hokkien, Japanese, Malay, Maltese, Marathi, Persian, 
Portuguese (for. Latin -America), Sinhalese, Spanish 
(for Latin -America), Tamil. Thai. Turkish. 



444 PRACTICAL WIRELESS October, 1943 

The Stroboscope 
How to Make One, and Its Uses 

THE stroboscope is a most interesting instrument, 
possessing, apart from its utility, a source of 
what one might call " scientific amusement." 

The word is derived from two Greek words strobos a 
whirling, and shopco to view, and means " an instrument 
for noting velocity by the intermittent lighting of 
the rotating object." It consists in its simplest form of 
a (lise of paper with a number of light and dark segments 
arranged round the periphery, and it is fixed to some 
object which has to rotate at a definite speed. A source 
of intermittent lighting is arranged close to it, and 
the segments appear to remain stationary at the correct 
speed. 

The Gramophone Turntable 
\Vhether you use a clockwork motor or a simple 

electric motor, it is essential that it should be capable 
of rotating the turntable at the same speed as was used 
weten the subject of the disc was recorded. This is now, 
for the majority of records, 78 revolutions per minute 
(r.p.m.). Most clockwork motors have a small speed 
indicator which is screwed to the motor -board, and 
when purchasing a separate motor this is a loose fitting. 

-F- 

O 

N 
N 

-F 
Fig. 1.-Graphical representation of A.C. current. 

I t may, therefore, be screwed into any position, and 
the figure 8o on it may actually correspond with a 
speed of only 65 r.p.m. Soute hold that there is no heed 
to play a record at its actual recorded speed, as the 
relation between notes is the same at any speed. While 
this is true, the pitch is definitely altered with speed, 
as is only too apparent when a clockwork motor 
commences to run down. The gradual fall in tone to an 
indistinguishable noise, or the fall in pitch of a man's 
voice, is, no, doubt, well known. If, therefore, the 
record does not rotate at the same speed as was used 
for recording, the pitch of a person's voice, ór the correct 
musical key of the instrument will not be reproduced. 
When it is desired to accompany a gramophone singer 
on an instrument in- the home this is most essential. 
How can we get this accurate speed then ? This is 
where the stroboscope comes in, and the only essential 
is an alternating current supply. From articles which 
have already appeared in these pages, our readers 
know that A.C. (alternating eturrent) operates in a 

A 

C 

Fig. 2.-A simple .stroboscope disc which, with the text, will make 
the theory dear. 

Fig. 4.-The 
stroboscope and 

lamp fitted to a 
gramophone. 

definite wave -form, having the shape shown in Fig. r. 
This represents one cycle, - and the ordinary electric 
supply mains in our houses are rated at a certain 
frequency, which Means the number of complete cycles, 
or alternations, per second. 

The Formula 
From the sine curve of Fig: r, it is. clear that there 

are two opposite peaks in one cycle, and if an ordinary 
electric lamp is supplied from A.C., it will light at each 
peak, and 'as the current falls to zero in the centre it 
will go out once Per cycle. This may seem strange to 
many, but owing to what is known as " visual 
persistence," and the sluggishness of the ordinary lamp 
filament, the lamp appears to glow steadily the whole 
time. It will be shown later that this is not so, and. the 

Fig. 3.-A disc prepared for checking the speed of a gramophone 
turntable. 

lamp actually flickers. As the lamp is therefore fully 
illuminated twice per cycle, we can multiply the 
frequency of our supply (which means the number of 
cycles per second as stated above) by two, and this will 
give us the number of times the lamp will light in a 
second. Now look at. Fig. a. This shows a disc having 
eight equal segments marked on it, four black and four 
white. If this were fitted to a shaft and gently turned 
the segments would appear to go round in the same 
manner as the spokes of a wheel. If, however, when 
in the position shown in Fig. a the disc was covered 
from our sight for a fraction of a second, and the disc 
turned so that segment A occupied the position now 
occupied by segment B, and then we were perthitted 
to view the disc again, provided every segment 'was 
identical, we should not realise that there bad been 
any movement, and the same thing could be carried 
out right- round the disc. 
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This is how- the stroboscope works. The disc is 
rotated and the light which is operated from the A.C. 
supply is used to illuminate the disc. When the light is 
on, the disc can be seen, but when the light is out the 
disc makes a movement, and upon being illuminated. 
again the segments are once more visible. By suitably 
arranging the number of segments-according to the 
number of revolutions which have to be made in con- 
junction with the flickerings of the lamp-the disc will 
appear to remain stationary, due, as shown above, to 
the fact that one segment moves round to the position 
occupied by another segment during the time there is 
no illumination. The formula, therefore, becomes 
twice the frequency with which the lamp is illuminated, 
multiplied by 6o to convert it to minutes, and divided 
bye the number, or revolutions -per minute which are 
required. As the -6o of our numerator, and the doubling 
of the frequency will always apply ; it is simpler to take 
the frequency and multiply this by 120 (which is twice 
6o), and divide this by the revolutions required. In 
mathematical form this becomes F R 2O' where F is 

the frequency of the supply, and R the revolutions per 
minute. 

The Gramophone Stroboscope 
It was stated that the gramophone turntable must 

rotate at 78 r.p.m. The majority of electric, supply 

mains have a frequency of 5o cycles, and, therefore, 
the formula for this is 120 x 5Ò' which gives us approxi- 

mately 77. It is necessary, therefore, to arrange 77, 
segments of contrasting colour on our disc, and this is 
easily carried out with compasses and a protractor. 
It must be borne in mind that there must be 77 segments 
of each colour. Fig. 3. To illuminate this disc, one of the 
small gramophone 'lights may be used, such as that 
shown in Fig. 4, or some similar device, and 
if the lamp in it is operated from the heater winding 
of an A.C. set, it serves two purposes. It enables the 
needle to be placed on the first groove easily, and if the 
stroboscope is cut a -little larger than a standard 'record 
label, it may be placed over each record in order to 
ascertain that the record remains constant throughout 
the whole of its playing time. If an ordinary battery - 
operated receiver is in use, an ordinary table -lamp may 
be held close to the turntable for the purpose, ox the 
normal room lighting may be used if the segments 
on the disc are sufficiently well defined. If it is desired 
to get a very marked impression (due to rather poor 
eyesight o? other cause), a neon lamp should be employed. 
One of the well-known Osglim' or beehive night -lights 
will give a most definite impression owing to the fact that 
the neon answers so rapidly to the alternating current. 
The normal electric light will be found quite good 
enough, however, for ordinary purposes. 

Midget One-valver 
A Compact Portable Set, Capable of Receiving 

the Local Station 

TIIE receiver is very simple, and can easily be carried 
in a coat pocket, as its outside measurements are 
only Sin. x g in. x 21in. deep ; ' the case is 

constructed from ply e-bod, and may be varnished or 
covered with leatherette paper, as desired. 

The battery connections to the receiver are made. by 
means of a valveholder and an old valve -base, as shown 
in Figs. r and 2. It will be found that this is more 
convenient than having leads in the usual manner. 
The batteries-a 9 -volt G.B. battery for H.T., and a 
large r1 volt cell for L.T.-are carried in a separate case. 
Noon/off switch is fitted to the receiver, as the valve -base 

run 
yr 

Fig. I.-The cir nit and details of the battery connecting plug. 

carrying the battery connections can easily be inserted 
or withdrawn to switch the set on or off. 

The Coil 
The coil is wound on a cardboard tube approximately 

21in. in diameter and r'in, long. The grid winding 
consists of 5o turns of 26 S.W.G. D.C.C. wire ; the 
reaction winding is 5o' -turns of .36 S.W.G. enamelled 
wire wound tin. from the " earthy " end of the grid 
winding. It will be seen that the fop of the valve fits 
inside the coil. The valve used is of the L.F. pentode 
type, and will operate efficiently on the small voltages r'ed. An American Philco 2I01 was used in the original 

Aera, 

Ph 

J-/l-a LT« 
Z-7-- limns 
Ht *9N;lfs 

receiver ; the Cossor 220 HPT is an approximate 
English equivalent, and will be found satisfactory. 
Operation 

If the receiver does not oscillate When first tried, the 
connections to the reaction coil should be reversed. 
The little set will be found surprisingly sensitive, and 
a few yards of flex will provide sufficient signal pick-up 
when used as a' " throw -out " aerial. If louder signals 
are required, the H.T. voltage may be increased to about 
20; this was not found necessary in any of the localities 
where the receiver has been operated, but would give 
better reception when using the set in areas where 
conditions are poor. 

x}° Ph -- 

Aen.21 

Ph+ 
HTt9V 

2Mn. 

O 
Fig. 2.-The receiver assembled 

O O O 
and mired. ea f 

Valve holder 
clarity. bets shown in line O 
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An Untuned Signal Tracer 
A Unit Which Will Prove Most Valuable to the Co nstruclor and Serviceman 

rR the busy serviceman, a signal tracer is just ;the 
kind of instrument needed for quickly tracing 
obscure faults, such as hum, motor -boating, 

distortion, etc. The following is a description of a 
convenient type of signal tracer; being untuned it 
permits stage by stage, tests without twisting any dials, 
as in the more conventional kind of tracer. 

Circuit 
The circuit is not in any way elaborate. A Vari -mu 

pentode is used for the RF -IF stage. I used a KTW63, 
but as the circuit is not critical it would probably work 
as well with other types, although I have not tried it. 
Power or grid -leak detection could have been used, 
but as simplicity was the keynote, I decided to use a 
diode detector, as with its method of volume control it 
makes the simplest circuit, so a DL63 was used with 
the diodes strapped together. The output stage is a 
standard one, as is the power supply ; a KT63 is used 
for the ouput and a U5o for the rectifier. 

For the RF -IF stage, the signal is fed to the grid of 

the KTW63 via a .0000r mfd. mica condenser. This 
condenser is incorporated in the test -prod, and I used 
one tag of the condenser as the prod, but this is optional. 
Do not make the RF -IF lead any longer than aft., the 

. shorter the better. Low loss cable should be used for 
the lead, if it is possible to get in these days of shortage, 
though ordinary heavy covered cable could be employed. 
CO -AX is, of course, the best, and the lead should be 
soldered right into the circuit. 

The AF lead is also soldered right into the circuit, a 

.5 megohm resistor is at the prod end of thé lead and 
feeds through a .or mfd. condenser to one side of the .5 

megolim volume control. A .or mfd. condenser connects 
the diodes of the DL63 with the AF lead, the grid of the 
DL63 is fed via the .5 rnegohm volume control. 

A .ox mfd. condenser 
feeds the grid of the KT63. 
from the plate of the 
DL63, thence to- a loud- 
speaker, a permanent 
magnet in this case, 
though an energised could 
be used and so dispense 
with the choke in the 
power supply. A phone 
jack is incorporated in 
the plate circuit of the 
KT63 fed by a .25 mfd. 
condenser. 

The power supply is 
. a standard one, consisting 
of a 350-0-350 V. xoo:ma. 
5 v. 2 a. 6.3 v. 4 a. trans- 
former, a U5o rectifier, an 
L.F. choke and an 8 x 
8 mfd. condenser. The 
mains switch is on the 
volume control, all earths 
are to the chassis, to 
which a cable is soldered; 
this has an .alligator clip 
soldered to it for attach- 
ing to the chassis of the radio under test. 

Node of Operation 
A few words on how to operate the instrument would 

not be out of place. In servicing a radio that is " dead," 
connect the alligator clip to the chassis, and touch the 
AF lead to the plate of the output valve, meanwhile 
tuning the receiver for a signal. Proceed on through the 
stages, testing alternately the plate and the grids; 

Earth, Test Lead 

RF -/F Test Lead 

-0000/ -000/ mfd 
mfr/ 

Mica 

when you reach the detector stage change to the RF-; 
IF lead. This same procedure can be used for tracing; 
hum, distortion, or any other fault that the radio might' 
have wrong with it, and besides simply finding the fault, 
it can be traced right to its source, but when testing do. 
not confine yourself to merely testing the grid and plate 
electrodes, but also test the cathode, screen and 
suppressor grids. In the plate circuit of the KT63, a 
phone jack is connected ; this is very useful when testing 
on a small signal and also for obscure cases of hum, etc. 
Using the phones you can operate the set under test at 
full volume and still hear a signal from any one point 
in the receiver.-R.L.W. 

LIST OF COMPONENTS 

One .mains transformer, 350-0.350 v. 100 ma. 
6.3 v. 4 a. 

Otte L.F. choke. One chassis. 
One permanent magnet loudspeaker 
Thirteen condensers : One 8 X 8 mfd. 500 v.w. ; four 

.01 mfd. 350 v.w. ; two .1 mfd. 350 v.w. ; One .25 mfd. 
350 v.w. ; one .001 mfd. 350 v.w. ; one .0001 mfd. 
350 v.w. ; one .00001 mfd. mica ; two 50 mfd. 25 v.w. 

Eleven resistances : one .5 megohm volume control with 
ó.vitch ; one 60,000 ohm l -w. one 50,000 ohm 2-w. ; 

one .5 megohm .'.-w. ; one .25 megohm 1-w. ; one .1 

megohm i -w. ; one 50,000 ohm 1-w.: one 25,000 
ohm ?.-w. ; one 5,000 ohm i -w. ; one 400 ohm '.-w. ; 

one 300 ohm .'..w. 

CO -AX cable, sleeving, connecting wire, etc. 
Four valves : one KTW63 ; one DL63 ; one KT63 ; 

one U50. Four octal bases. 

A.F. Test Lead 

5mg 

mfd 

50+ 
mfd 

DL 63 

A 
00/ 

mfd. 

The complete circuit of the signal 
tracer. 

250 v - 
230v - 
200 

Mains input 

Switch on 
Volume -Control 

0.50 
+ 

.-. 63v Â" 

5 v. 2 a. 

L.F.C. 
80#8R ̀ .,- 

8mfd 8mfd. 

L. S. 
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F.M. Record Reproducing System 
Greater Frequency Response and Absence of Background Noise and Distortion are the 

Highlight; of this Method Which is Reviewed 

By D. A. ALDOUS 

DT -RING the past few years an investigation has 
been conducted at the laboratories of the R.C.A. 
Manufacturing Company, New Jersey, U.S.A., 

to determine the prospects of improving materially the 
overall performance of gramophone record reproducing 
systems. Part of the investigation was directed toward 
the possibility of reproducing frequencies up to ro,000 
or s 2,000 c/s from standard solid -stock records without 
introducing excessive surface noise. 

The two engineers chiefly 
responsible for this study, Mr. 
.G. L. Beers and Mr. C. M. 
Sinnett, have recently pub- 
lished, in the Proceedings of 
the Institute of Radio 
Engineers, the results of their 
work, in the course of which 
the possibilities of producing 
a frequency -modulated signal 
were investigated, as this type 
of play-back system appeared 
to show promise of satisfying 
certain requirements con- 
sidered' essential to a really 
high-grade record reproducing 
system. 

It was found that of the 
many factors that must be 
considered in the design of 
a pick-up to reproduée lateral - 
cut records, the following six 
determine the quality of 
reproduction which will be 
obtained and also have a, 
direct bearing on the life of 
the record and playing needle : 

(s) The vertical force required for satisfactory track- 
ing should be low enough to prevent undue record 

FM Rck-up 

Insulated Metal 
Plate 

Fig. 

t3SA7 
(Ose) 

Fig. 2.-The oscillator and C4 
frequency discriminator -recti- 
fier circuit used with the 

F.M. pick-up. 

Needle /steel Steel Wire 
attached 
to Ribbon 

I.-General construction 

wear and minimise record surface -noise. Tests reveal 
that for lacquer -coated discs, i.e direct play-back 
records, the vertical force should not exceed 20 
grams, and for shellac, i.e., solid -stock pressings, the 
maximum figure is 30 grams ; (2) The vertical and 
lateral mechanical impedances presented by the pick-up 
at the needle should be as low as possible, as' the work 
which is performed by the record is a function of these 
impedances. Low mechanical impedance is likewise 

desirable to minimise the 
Mounting Block mechanical noise or chatter 

radiated directly from the 
pick-up and record ; (3) It is 
desirable to keep the free re- 
sonance of the pick-up at as 
high a frequency as possible to 
minimise the effect of ticks 
and other record groove irre- 
gularities ; . (q) If distortion is 
to be minimised it is essential 
that the pick-up and associated 
circuits provide' a linear - 

relationship between audio 
voltage output and needle 
displacement, and the necessity 
for minimising distortion in- 
creases as the 
of a sound reproducing system 
is extended ; (g) A pick-up 
suitable for a high - fidelity 
system should provide a 
frequency response throughout 

O.00/5 the useful audio - frequency 
Ribbon range which is proportional; 

of an experimental F.M. pick-up. to either the amplitude or the 
velocity of the modulation in 

the ' record groove ; (6) The sensitivity of the 
pick-up should be such that the amplification 

ii C 
. 

(aR 
) 177r 

v 

Ce required between the pick-up 'and loudspeaker is not so 
great as to introduce serious microphonic problems. 

Pick-up Design 
A survey of the foregoing requirements led to a 

consideration of the possibility of producing a frequency: 
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modulated signal by means of a special pick-up. It was 
found that with a simple pick-up a frequency -modulated 
signal could be produced which had sufficient frequency 
deviation to provide a relatively high audio -frequency 
voltage output, when applied to a frequency discriminator 
and rectifier combination. The inductive or the capacitive 
reactance of a resonant circuit can be varied to produce 
a desired 'frequency shift, but from the standpoint of a 
gramophone pick-up the control of frequency through 
a variation in capacity seemed to offer the greater 
advantage. 

The general construction of an experimental FM 
pick-up is shown in outline in Fig. r. A metal frame 
or mounting block is provided as a support for an 
insulated plate, which is the high -potential side of the 
pick-up. To this mounting block is also attached a 
thin metal ribbon, fitted in a plane parallel to the 
insulated plate and spaced from it by a small air -gap, 
which is placed under tension to increase the natural 
respnance frequency of the system. The needle support- 
ing' wire is anchored to the mounting block at its upper 
end. It is attached to the ribbon at approximately the 
mid -point of its length and its free end is bent in a 
plane essentially parallel to the record groove. The 
sapphire used as a needle is attached to 
the end of the wire. The portion of the 
wire between the ribbon and the sapphire 
provides sufficient vertical compliance 
to minimise mechanical noise and to 
reduce pinch -effect distortion. - From Fig. 
r it is apparent that displacement of the 
needle laterally results in a change in O 4 
position of the ribbon with respect to 
the fixed plate and thus produces a 
change in capacity. The overall length 
of the mounting block, shown in the 
figure, is about o.5in., and the normal 
spacing between . the fixed plate and 

o.004in. 
Theory indicates that it is necessary 

in an FM pick-up that the change in 
capacity with needle displacement must 
'be such as to produce a linear relation- 
ship between frequency change and 
needle motion, or, in other words, the 
variable capacitor formed by the 
elements of the pick-up, should be of 
the straight-line frequency type. 

Circuit Considerations 
The major circuit considerations involved in the 

design of an FM record reproducing system may be 
stated to be : (i) The carrier frequency to be employed ; 

(2) A suitable oscillator circuit for use with the pick-up 
(3) The type of frequency discriminator -rectifier com- 
bination to use. An inquiry into the question of the 
operating frequency HI- use in an FM pick-up system 
led to the conclusion that carrier frequencies as low 
as those used in the intermediate -frequency amplifiers 
of radio receivers and as high as those employed for - 
FM broadcasting will give satisfactory results. If the 
FM pick-up system is to be used in combination with a 
radio receiver there may be some advantage in using 
a carrier frequency that permits the use of one or more 
of the I.F. amplifier circuits as a frequency -discriminating 
network for converting the frequency -modulated signal 
into amplitude modulation before +demodulation. 
However, if the FM pick-up system is designed as a 
separate unit it may be desirable to employ a frequency 
around 3o megacycles,.'sec. The signal level provided 
at the discriminator by the frequency -modulated 
oscillator can he made fairly high, so there is nò likelihood 
of diathermy machines or other electrical equipment 
causing interference with the FM pick-up system. 
(It might le mentioned here that such an FM record 
reproducing system would radiate, and so adequate 
screening would be required if its. possession and use in 
Gt. Britain Under wartime conditions was not to be 
regarded by the .P.O. as infringing the Defence 
Regulations.) 

+6 
-F 4 
4-2 

O 

m -2 

Z. -6 
y -8 

N /2 
4, /4 

-/6 
/8 

-20 
-22 

Fig. 2 shows the oscillator and frequency discriminator- 
rectifier (demodulator) circuits that have given good' 
results. The circuit problem of the oscillator is to' 
provide an arrangement which will have sufficient 
frequency stability from the standpoint of line -voltage) 
variations, temperature changes, etc., and at the same' 
time enable. the pick-up capacity variations to produce 
the desired -frequency change. From the point of view. 
of obtaining the maximum frequency change for a given 
capacity variation at the pick-up, it is desirable that the 
pick-up be connected directly across the Oscillator tuned! 
circuit. One way of accomplishing this is by mounting' 
the oscillator valve and associated circuit elements at7 
the pick -tip end of the carrying -arm. This arrangement 
has not been found to be particularly satisfactory, 
because the carrying -arm is made unduly large and the 
heat from the oscillator valve causes the end of the 
carrying -arm, which is handled by the operator, to 
become uncomfortably hot. The same result, however, 
can be attained by mounting the oscillator valve on the' 
main instrument chassis and connecting it to the 
pick-up through a resonant transmission line, which is; 
used as the oscillator tuned circuit. It has been found i 
that by connecting the pick-up previously discussed' 

". 

A 

R.21 
i 

30 /00 200 /000 
Frequency cls 

/0,000 

Fig. 3.-Frequency response curves of F.M. pick-up .4 Measured and B Calculated. 

through a relatively low -capacity line to a conventional 
oscillator circuit, as depicted in Fig. 2, a sufficient' 

frequency shift is obtained to give the required' audio -i 
frequency output. Id this case the transmission line 
is treated as a lumped capacity, and is included as ani 
integral part of the carrying -arm. 

Oscillator 
It will be noted that the oscillator valve employed isi 

of the 6SA7 type, which permits the use of electronic, 
coupling between the oscillator and discriminator, 
circuits. The oscillator frequencÿ,is adjustable by means, 
of an iron core associated with the inductance Li shown. 
in the schematic. A simple resonant circuit is utilised: 
as the means for converting the oscillator frequency, 
variations into changes in the amplitude of the signal; 
applied to the diode portion of the 6R7 valve. A' 
powdered -iron core associated with inductance L2 is 
used to tune this circuit so" that the mean oscillator 
frequency falls at approximately the 7o per cent.' 
response point on one side of the selectivity character 
istic. The rectification (demodulation) of the r.f. signal; 
by the diode develops an audio -frequency potential 
across the resistor R5, which is then amplified by the, 
triode section of the, 6R7. The output voltage`. 
that appears across resistor Rs in the anode 
circuit of the 6R7 is applied to a suitable a.f., 
amplifier and loudspeaker. An, experimental pick-up 
employed in the Fig. circuit has given an 
r.ms. potential of 6 to 8 volts across resistor Rs 
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when reproducing a 400 c s. record "cut at a groove 
amplitude of o.00nn. 

in the course of development of the FM pick-up 
system. the authors derived equations, given in detail 
and graphical form in the original contribution, for 
calculating the performance characteristics. These. 
characteristics are as follory : (a) Lateral mechanical 
impedance; (b) Lateral force acting upon needle; 
(c) Response characteristic of pick-up and carrying -arm; 
'(d) Tracking weight required to overcome vertical 
force clue to lateral velocity ; (e) Tracking weights and 
relative outputs to be obtained with different radius 
needles, and for purposes of comparison measurements 
were made on an experimental pink -up to ascertain the 
last three of these characteristics. 

It was found, inter aiia, that a needle tip radius of 
o.003in. was the best compromise from the standpoint 
of overall performance, that a tip radius of o.003 to 
0.004ín. required the letist tracking weight; and that a 
tip radius of o.003in. was again indicated to maintain 
high -frequency output with a given tracking weight. 
(The I.M. pick-up normally operates with a tracking 
weight of only 18 grams.) Fig 3. curve A, showy the 
overall response characteristic of the pick-up, carrying - 
arm, and discriminator as obtained from a frequency 

record haying a Goo cis crossover point between constant 
amplitude and constant velocity. The rounded portion 
of this curve at the cross -over frequency -is due to the 
limitations imposed by the electrical network used to 
provide the recording characteristic. For comparison 
the calculated response characteristic is included as 
curve B. 

It is stated that an experimental FM record reproducing 
system,_ of the type described, has been in rise for some 
time; and all tire evidence indicates that the system is 
practical and is not adversely affected by temperature 
changes, humidity or line voltage fluctuations. Front 
the user's viewpoint, this FM pick-up system makes it 
possible, when playing conventional solid -stock discs, 
to extend the frequency range of a record reproducing 
system to ro,00n or r 2,000 cis with marked freedom from 
surface noise, mechanical noise and distortion. A 
further reduction in surface noise can be obtained with 
ordinary records if they are cut with a high -frequency 
accentuation characteristic comparable with that used 
in making transcriptions. Test records of this type have 
been made and the surface noise obtained from these 
recordings with the new FM playback system was 
rediwed to the point where it was completely 
ruud jr-nu>nal>le. 

Permanent Magnets -VII 
By L. SANDERSON 

(Concluded from page 427, 

ANOTHER type of fluxmeter depends on the e.m.f. 
generated in a rotating coil driven by a small 
motor at known speed. This coil links thcb mag- 

netic flux to the circuit, and the apparatus has primarily 
been designed for testing magneto magnets. 

Another useful instrument is the magnetic potential 
meter, somewhat similar in principle to the voltmeter, 
and employed in order to determine differences of 
magnetic potential. The instrument comprises a thin 
ribbon or strip of flexible insulating non-magnetic 
material, of uniform cross section, with a uniform 
helix of wire wound upon it. The terminals of the 
wire are linked up with those of a Grassot fluxmeter 
pr a ballistic galvanometer. The potential difference 
of magnetic potential is obtained by reading the flux - 
meter and the value of an, where -a is the number of 
sq. ems. the helix is wound, and n the number of turns 
per cm, length. The results. obtained are not affected 
by the curvature of the strip, a point of particular 
usefulness in the type of measurement for which this 
instrument is designed. 

Magnetisation Curves 
In determining magnetisation curves for permanent 

magnets several methods are available, and the particular 
one used is largely governed by the form of the magnet or 
specimen. Broadly, these methods fall into two main 
groups, those designed for ring -shaped magnets and 
those for bar -shaped magnets. The ring method most 
commonly employed and probably the most advantageous 
is that known as the ballistic method. A ring of exactly 
khoun dimensions has an exciting coil uniformly wound 
over the whole of its surface, and a search coil. It is 
essential that the number of turns in both these coils 
should be exactly known. As a rule it is advisable to 

.wind the search coil as close to the ring surface as is 
feasible, and to divide it into four equi -spaced sections, 
each of which has about 20-3o turns. Fig. 7 shows 
'the arrangement of the test. The magnetising force is 

1.26 w1 given by the equation H-' I gauss. In this, 

wi is the number of turns in tho coil, l is the mean length 
in cut. of the magnetic circuit in the ring, i is the current 
amps. in the exciting coil. 

September isst,e.) 

It is necessary to ensure that the specimen shouldd_ be 
fully demagnetised as a preliminary to -the test readings. 
I'or every new value of H it is necessary to reverse the 
exciting current a few times.to make certain that the 
specimen has been brought into a cyclic magnetic state 

Ring Specimen 

Search Coil 

Exciting Coil 

D.0 Supply 

Fig. 7.-Circuit diagram of connections for the test to determine 
magnetisation curves. 

before the final test reacting is taken. A rather altered 
but substantially similar series of connections enables 
the hysteresis loop to be established. 
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Low Frequency Amplifier Design -1 
A Short Series 

THERE are many seekers of " quality " reproduction 
who fail tó study the simple type of amplifier 
fully before rushing to assemble an expensive. 

paraphrase or push-pull outfit. The latter types of 
amplifiers certainly have their merits, but are not 
always essential. Moreover, they are generally expensive 
and call for the use of components that are often difficult 
to obtain in present conditions. And any attempt at 
reducing the cost. may well result in the amplifier being 
less satisfactory than one of simpler and more conven- 
tional design. 

R.C.C. Advantages 
There is no doubt that the resistance -capacity - 

coupled amplifier is simple in construction, and very 
inexpensive. Perhaps it is partly because of this that 
it is often regarded as old-fashioned and not very 
effective.. Provided that the valves and components 
are chosen with care and understanding, this kind of 

amplifier can be very valuable. For example, by using 
modern high -mu valves with coupling components 
of correct values, the overall efficiency may well be little 
less than that to be obtained by using transformer 
coupling. In addition, it is easier to provide good 
reproduction with this type of amplifier than with 
any other. 

The values of components cannot be determined purely 
by rule -of -thumb, but it is possible to design a first- 
class unit by combining simple rules with a knowledge 
of the processes involved and of the probable effects of 
varying the circuit constants. This matter can perhaps 
best be explained by making reference to the very 
simplest type of R.C.C. amplifier, as represented by the 
circuit in Fig. r. Indirectly -heated valves are illustrated, 
but the general principles are precisely the same when 
using battery valves. 

Voltage Amplification 
The first valve is a voltage amplifier, the purpose . 

of which is to amplify the audio -frequency voltages 
applied between its grid and cathode before passing them 
along to V2. For the valve to give good quality 
amplification it must be equally effective over the full 
range of audio frequencies. Since the load in its anode 
circuit is purely resistive-and therefore offers the 
same impedance to currents of all frequencies-this 
would appear to be automatic. But that is not so, for 
in parallel with the resistor marked RL there is 
the anode -cathode impedance of the valve itself, the 
impedance of the grid condenser C.z in series with the 
grid leak marked Rg, and also the grid -cathode impedance 
of Vz. 

" Miller Effect " Capacity 
It is not always easy to understand that all these 

impedances are, in fact, in parallel, but it will be seen 
from Fig. 2 that they are. Even when this is understood 
it may be remarked that surely the grid -cathode capacity 
of Vz is so small that it cannot possibly have any effect 
at the low frequency on which the circuit operates. 
That is another fallacy. The ' ` real " capacity is certainly 
small, being in the region of 5 m.mfd. for an average 
mains triode. Due to an effect known as the " Miller 
Effect," however, the apparent or effective capacity is 
equal to the actual grid -cathode capacity, plus the 
grid -anode capacity multiplied by the amplification 
factor plus one. In simpler terms : 

C Cs+Ca(A+r). 
Where C is the total effective capacity, C5 is the 

capacity between grid' and cathode) Ca is the capacity 
between grid and anode, and A is the ämplifcation 
of the valve. The tern amplification just referred to 
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must not be confused with the amplification factor of 
the valve ; it is equal to the valve amplification factor 
(nm) multiplied by R/R+ Ra, where R is the anode load 
resistance and Ra is the anode impedance of the valve. 
Provided that the anode load resistance is correctly 
chosen, as will be explained later, the term A will be 
equal to about four -fifths of the valve amplification 
factor. 

An example will help to clarify the explanation. 
Suppose we consider a triode valve with an amplification 
factor of 50, and whose grid -cathode capacity is 5 m.mfd.,' 
and its anode -grid capacity. 6.5 m.mfd. Substituting 
in the formula given above we have : 

C=5.o+6.5 X 4r. 
This gives as answer 271.5 ni.mfd., or nearly .0003 mid. 
Andthe reactance of a capacity of .0003 mfd. at 5,00n 

J 

Rc2 T- 
Fig. 1.-A simple and typical R.C.C. voltage amplifier feeding 

into an output'valve. Component values are explained in the text. 

cycles is approximately roo,000 ohms. Such a figure is 
small by comparison with the value of the grid leak, 
with which it is in parallel. The effective reactance can 
be reduced, of course, by employing a valve of lower 
amplification factor, or with a lower inter -electrode 
capacity. 

Anode Load Resistance 
Having seen some of the relevant points we can turn 

again to Fig. r, and consider the values of the components 
and the relationships which should hold between the 
values. A start might well be made with the anode load 
resistor Rt. This should have a value not less than four 
times the anode impedance of Vr. Thus, if the anode 
impedance, sometimes called the internal resistance, 
of VI were 25,000 ohms, the anode load resistor should 
be rated at not less than roo,000 ohms. Such a value 
would naturally cut down the voltage actually applied 
to the anode for a given H.T. voltage, but within 
reasonable limits it is better to do this than to use a 
lower value of load. In practice, the voltage would not 
he cut down to the extent first anticipated, since reducèd 
anode voltage would cause a reduction in anode current ; 

a reduction in current through Rt would bring about a 
reduction in the voltage drop across it. 

To reduce the value of the load resistor would. result 
in a loss of amplification, which would be most marked 
on the lower audio frequencies. On the other hand, 
increasing the resistance would produce only a very 
slight increase in amplification, and there would' be a 
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tendency for higher audio frequencies to suffer. 
Additionally, a pronounced increase in resistance would 
reduce the " handling " capacity of the valve by cutting 
down the anode current. 

Bias Component Value's 
Now let us examine the cathode -biasing circuit, 

which consists of Rex and Cx. The optimum value of 
the bias resistor is generally given in the valve maker's 
instructions, and can be' calculated with accuracy only 
when all circuit details are known. A simple method of 
determination, which at least gives a sufficient degree 
of accuracy for most triodes of " average " type is to 

divide the anode load -resistance by the amplification 
factor of the valve. For example, a Valve with an internal 
resistance of 3,000 ohms and amplification factor of 12 
would require a bias resistance of I,000 ohms, assuming 
that the anode load .resistor had a value equal to four 

' times the internal resistance.- This is, in fact, the figure 
given by the makers of one valve having the 
characteristics quoted. 

In passing, it should be noted that this simple method 
of determination does' not hold for special high -mu 
triodes, and is quite useless where pentodes are 
concerned. It must therefore be used with discretion.' 

L_ 

V/ 

1 
T 

inks2 
«IA 1,110_mg, 

..M Wua ..+.. 
9 i 

ii*ii V2- 

-F R9 ;C9 
HT. 

Fig. 2 --This modified fo nl of Fig. I shows how many resistances 
and reactances are in parallel with one another. 

Bias By-pass Condenser - 

In general, the value of the condenser providing. an 
audio -frequency by-pass across the bias resistor should 
have as high a value as possible. If its reactance at 
audio -frequencies is to be extremely low, the capacity 
should be at least 8 mfd. ; 25..mfd. is better, having a 
reactance of only about 6.5 ohms at 1,00o cycles and less 
than 1.5 ohms at 5,000 cycles per second. Even this 
cupacity has a reactance of about 3oo ohms at 5o cycles 
per second. There is normally -a small voltage across the 
bias resistor, and therefore a condenser of sufficiently 
high capacity need have only small physical dimensions.. 

-- It is scareef5- possible to use too high a capacity 
unless there is a tendency toward hunt in the output 
reproduction. If hum is to be reduced (and low notes 
are similarly affected, unfortunately), it is worth while 
to tre a lower capacity in this position. The. use of too 
low a capacity or, in the extreme, the absence of this 
be -pass condenser, will result in a marked loss- of 
amplification. The reason for this is that negative 
feedback, or degeneration is produced. 

Negative Feedback. . 
This is because audio -frequency voltages are 

developed across the bias resistor. And these are in 
opposite phase to .those applied to the grid, which 
means that the effective A.P. voltage on the grid is 
reduced. To understand this explanation fully it is 
necessary to visualise exactly 'why t happens when, say; 
the grid is swung positive by th positive half -cycle. 
We know that an increase in posi 've potential on the 
grid causes a rise in anode current.. As anode current 

rises the current through the bias resistor does likewise; 
and when titis happens the voltage drop across the 
resistor, and hence the applied bias voltage, increases. 
This increase is in a negative direction, and therefore 
partially cancels out the original positive potential. 

When a bias condenser of low reactance is in parallel 
with the resistor it " smooths out " the audio -frequency 
fluctuations, although not affecting the D.C. voltage 
drop across the condenser. It is then the D.C. voltage 
only which is applied in the form of bias. 

Grid Condenser and Leak 
The values of the grid 'condenser C2 and the grid leak 

kg must be cónsidered together for, as we have sects, 
the two in series are in parallel With the anode load 
resistor and the internal resistance. of Vi, In effect, 
these two components act as a potentiometer feeding 
the grid of \'a, but if the reactance of C2 is very low 
in relation to Ilse resistance of Rg, the attenuation caused 
will be very small. This indicates that C2 must have a 
high value, but to prevent other " shunt " losses the 
resistance of the leak must then be high. In practice, 
it is nearly always found that optimum -results are to 
be obtained by making the 'value of the leak not less 
than four times that of the anode load resistance. At the 
same time, if the value is high in relation to the " Miller 
Effect " capacity between grid and cathode of V2, 
reproduction of the higher audio -frequencies will result. 
In general the lower litüit may be set at 15o,000 ohms, 
the upper limit being governed entirely by the anode 
load resistance of Vx. 

In some respects the choice of grid -condenser capacity 
is similar to the choice of capacity for grid -bias by -pass - 
For example, the higher the value; the lower the loss 
in amplification and the better the reproduction, 
especially of transients, But where istmi is in any way 
troublesome, it can be reduced by cutting down the 
capacity. A value of .x mfd. provides :I -good starting 
point, but if a little emphasis of high notes is considered 
desirable, :the value can be reduced tip to little as .005 
mfd. When the capacity is reduced it is a good plan to 
increase the resistance of the grid leek in order to retain 
a good balance in the two halves of the " potentiometer " 
already referred to. Thus, if the capacity were reduced 
to, say, .ox mfd., the grid leak resistance should be 
doubled. 

If -the general principles outlined in this article are 
clearly understood it will be easy to follow -the articles 
which are to follow, and which will deal with more 
advanced 'amplifier circuits. 

(To be con -tinned) 

-PRIZE PROBLEMS 
Problem No. 448. _ 

EpOBINSON'S receiver, which he had built from spare parts, gave very - 

A unsatisfactory reproduction, quality being inferior and volume 
very poor for a Detector and two L.F. type of receiver. Using a volt- 

- meter he tested H.T.. G.B. and L.T. batteries. L.T. was fully up to 
2 volts ; the Grid battery read 9 volts, and the H.T. also showed the 
toll voltage of 120 volts. The loudspeaker was a balanced armature 
type with a resistance of 2,000 ohms, joined direct in the anode cirduit 
of the output valve, the anode carrent of which is 18 miuiamps. What 

t was the cause of his trouble P 

Three books will tie awarded fer the first three correct .solution, 
i opened. Address your solutions if, The Editor. l'R.u'nes,, W,rr,,saas. 

George wes-nes, Ltd.. 'roller Hnusr, Sentit:,,,, ptou Street, Strand. 
London. W.11.2. Envelopes must he marked Problem No. 44v in the top 
deft -liard corner, and must be posted to reach this office not later than 
the first post on Thursday, September 1fth,tir 

Solution to Problem No, 447. 
When Thomas selected the enmtroueate ire, the jolt box, be did not take 

the precaution of testing' the condenser, and in i the e , gnestiou, he w 
unlucky as the eondenser had a short-circail which imposed a very heavy 
drain on the H.T. supply with a consequent serious reduction in voltage. 

The three following readers sueeeeefutly solved Problem No. 446, and hooka, 
have accordingly been forwarded to them. t A.C.I. McClapnm, R.A.F.. 
Shropshire; A. S. Ca;rtey, °46 Sunderland Road, South Shields; 
George Jackson, Is, Poplar Avenue Biackkall, W, Hartlepool, 
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YOUR SERVICE WORKSHOP -7 

1 Valve4es tin 
Final Constructional Details. By STANLEY BRASIER 

(Continued from page 421, September, 1943.) 

Operation 
ASSUMING now that the instrument is complete, sup- 

pose a "simple battery triode of the " H.L." type is 
to betested. The filaìnent adjustment tap is set to 

2 volts. 7ihen by referring to the list of B.V.A. standard 
valve connections in the Practical Wireless Service 
Manual, Radio Engineers' Vest Pocket Book, etc., it 
will be seen that pin No. z of a 4 -pin triode connects 
to anode, while pin No. z connects to grid. Incidentally; 
the valve data panels appearing in PRACTICAL WIRELESS. 
are extremely useful in this connection. To ensure 
therefore that the connections in the Valve Tester are 
correct to receive this valve, it is only necessary to 
set the discs on the electrode selector switch so that 
No. r'shows in the window of the anode switch and No. 2 
in the grid. Screen and cathode-which for this valve 
are not re uired-are set to o. Thus, the number 
shown on the switch panel is roto, which is the code 
number for any directly heated triode and is entered 
for future reference in the column provided on the valve 
sheet. S.z is set to " normal " and S.z to " M.A./ V." 
or " full emission," according to the test required. 
If the latter, then V.R.z, the anode control, is set 
about half -way round, and the grid bias potentiometer, 
V.R.3, to zero. After plugging in the valve the tester 
is switched on and the H.T. voltage may be adjusted 
to the desired amount by V.R./ and a voltmeter 
connected to H.T. negative and the anode (top cap) 
socket on the valve panel. The emission of the valve 
is then shown on the panel meter. (Figs. 5, 6 and 7.) 

Mutual Conductance 
Mutual conductänce tests are more or less standardised 

at zoo volt anode, zoo screen and grid volts o. If, 
therefore, this test is required, the switch Sz is turned 
to that position, the " set zero " control turned clock- 
wise. A milliammeter-preferably the lowest range 
suited to the valve's anode current-is joined to " Ex. 
meter " ; after switching on, high tension is adjusted to 
zoo volts and the current backed off -to zero by the 
control. Depression of the M.A./V. button will then 
cause the current to rise and the reading will be the 
mu/con. of the valve under test in milliamps per volt. 
Owing to the large range of anode currents met with in 
testing all types of valves it is not always possible- 
when the current is high-to bring the external meter 

¢A 

The completed 
LW( has a professional 

appearance. 

Unit 

needle right back to zero,.so in this case the " set zero 
control is turned back until the meter reads some 
definite figure, say 5 or zo milliamps. Any increase 
in the reading (by pressing the M.A./V. button) is 
then easily calculated, the figure still being M.A. per V. 

A 5 -pin' triode valve of the indirectly heated type, 
i.e., a mains valve, Would need a cathode connection 
and in this case it would be to pin No. 5, so that the 
code number would be 5,025, and if it were an L.F. 
type needing negative bias, this is applied by advancing 
the control V.14.3, which may, if desired, be calibrated. 
H.T. control of anode and screen cannot be calibrated 

owing to the varying 
currents and must 

SI 

S3 
/ DRESS \ 

O O 
MAIVOLT SOFT 

S4 

4YfNT af' SGaE O 

O OO N.T. 

JACK 2 O 

1 8 

NEON TEST 

2 5 

ANODE SCREEN GRID ICATHODEI 

(OEX.MEIEß© 

Inside edges of 
lanel chamfered 

Fig. S.-Lc-your of switch panel. Note chamfer on top and bottom edges. 

therefere be measured 
from their respective 
points on the valve 
panel. The grid bias 
control is inoperative 
in the M.A./V. test and 
the " set zero " inopera- 
tive in the full emission 
test. 

Multi -electrode Valves 
Multi -electrode 

valves are tested in two 
halves; for instance, 
take an indirectly 
heated 7 -pin heptode. 
The amplifier section 
could be checked first 
where the code number 
would be 9,306, 
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the top cap of the valve being joined to the grid 
socket on the valve panel, consequently the grid 
selector switch is set to o. The oscillator section 
of the valve may then be -tested merely by alter- 
ing the code number to 1,o26 and removing the 
top cap connection. It is convenient to enter the 
number on the data sheet as 3o 6; 6 for the 
complete valve. 

Diodes are tested for emission by applying about re 
volts to the anode and since this low voltage cannot 
be obtained from the anode " control, the screen 
supply is used, because here the voltage may be reduced 
to zero. It is of the utntott- importance, however, 
that the current drawn from this supply, under any 
circumstances, should not exceed three, or, at the very ro PR2 

Cham/orrd edge. (Snap') 

SOmA's 25mA's 
O 

-Ex.Merer. 

4 
Cs hode 

(sass« cnvrwcr) 

Neon Lamp > NT 
54 

C6 

for -one anode and 2,000 for the other. A. nominal load. 
of 25 milliamps is automatically applied and this current 
mai' be measured from jack r, while the valves D.C. 
voltage Output at -this current can be checked from. 
any heater socket on the valve panel and the high- 
tension negative socket, with, of course, a voltmeter. 
If the valve is indirectly heated its cathode is connected 
in circuit by setting the " cathode " selector switch -in the case of a 5 -pin base-to 5, making the number 
x or 2,005. - 

With Si. returned to " normal " the current measured 

ro f!RLisrmed 
ío UR4 

er 
UR_3 

TO R3 
(Chassis) 

`1T 7o R3s<i 
.aoeo of 

Rectifier 

(U/J 

(slider) 

screen 
MOVING COVIAC 

SLoaor for, a COd On a/ 
n 

ro UR4 7oVR4. valve holder. 

Fig. 6.-Rear of.switch pane!. Carp should be taken with wiring of rotary selector switch. 

70R7a8 

TO.fi98/O 

most, four milliamps. A diode passing x to 4 milliamps 
with ro volts on the anode may be considered quite 
efficient and this may be checked by connecting a 
milliammeter to jack 2, the code number for a 5 -pin 
mains double -diode being oxo5, and for the other diode, 
0205. 
Rectifiers 

Rectifiers are tested by putting Sr to " rec." and under 
these conditions an A.C. voltage of 25o is applied via 
the " anode' ' selector- switch. For a 4 -pin full -wave 
rectifier, therefore, the selector switch is set to r,000 

Ocrai holder screwed 
to side of cabinet. 

(see rexr) 

from. jack x is that of the cathode, which therefore shows 
the total current of any valve, anode plus screen, etc. 
Before any valve is plugged into the tester it is wise to 
test for internal electrode short-circuits. This may be 
doneby plugging a pair of test leads into the " Neon 
test " sockets. The lamp-which normally serves as a 
pilot-will then go out, but a dead short across the test 
leads will cause it to glow to full brilliance. Although 
no definite degree of insulation is given by the lamp, 
some idea of this may be gained by its brilliance or 
otherwise, particularly if it is compared with some 

Standard B.V.A. Valves 
TYPE. F BASE. CODE No. TYPE. BASE. CODE No. 

! 

.. TYPE. BASE. CODE No. 

Triode ... ... D.H. 4 1020 S.D. Tetrode ... LH. 7 D.D. Triode ... LH.' Oct. 
Triode ... ... I.H. 5 1025 Triode -pentode ... D.H. 9 Rectifier, Full -wave I.II. Oct. 
Triode ... ... I.H. 7 'Triode -pentode ... I.H. 9 -. Rectifier, Full -wave I.H. Oct. 

Tetrode... ... D.H. = 4 
Tl' 
0120 - 

TC 

Triode-hexode ... D.H. 7 - Rectifier, Full -wave I.H. Oct. 
Tetrode... ... I.H.. 5 0125 Triode-hexode ... LH. 7 
H. F. Pentode D.H. ' .7 Double -pentode ... D.H. 7 
H.F. Pentode... LH.-. 5 Double -pentode ... D.H. 9 SIDE CONTACTS. 
H.F. Pentode... I.H. 7 D.D.-11.F. Pentode I.H. '9 Triode .... ... ... P 
H.F. Pentode... LH. 7 

Tr' 
2706 D.D. Output Pentode I.H. 7 H.F. Pentode P Output Pentode D.H. 4 Rectitler. Half -wave D.H. 4 1000 Output Pentode ... P 

Output Pentode D.H. 
I 5 Rectifier, Half -wave I,11. 5 Octode ... ... ... P 
Ì 

Output Pentode I.H. , 5 
ST 

1025 Rectifier, Full -wave D.H. 4 1000/2000 Double -diode V Output Pentode I.H. ' 7 7326 Rectifier, Full -wave I.H. 4 Double -diode (alternative) V Heptode ,.. D.H.. 7 
Tc 

Rectifier, Full -wave I.H. 5 1005/2005. Rectifier, Half -wave ... P 
Heptode -... LH. 7 ' 7306/1026 Rectifier, Full -wave I.H. 7 - Rectifier, Volt. Doubling P 
Octode ... ... D.H. 7 
Octode ... I.H. '1 OCTAL BASES. AMERICAN U.X. 
Class B Output D.H. 7 Triode ... . I.H. Oct Triode . I.H. U.X.5 Double -diode D.H. ; 4 Triode ... I.H. Oct H.F. Pentode ... I.H. U.X.6 Double -diode I.H. 5 0105'0205 H.F. Pentode .. LH. Oct Output Pentode ... I.H. U.X.6 
D.D. Triode ... D.H. I 5 ' Output Pentode ... I.H. Oct Rectifier (Uni) ... LH. U.X.6 
D:D. Triode ... I.H. ! 7 

TC TC 

7106/7306. Heptode .. ... I.H. .. Oct - Frequency Changes I.H. U.X.7 
T.D. Triode ... LH. 9 Doable -diode i.H... ... Oct D.D. Triode ... I.H. U.X.6. 
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high value resistors of known value. It will be noticed 
that in the case of the 9 -pin holder a short flexible 
lead connected to pin No. 9 is brought through the 
valve panel and terminates in a plug. This is for 
connection to the anode, screen or grid sockets-it must 
be one or the other-and obviated the necessity of 

Fig. 7. --Layout of the control 
panel on the power unit. 

In testing certain types of octal base rectifiers it 
will be found that the heater is connected to pins different 
haut those provided in the valve tester (which is' 
standard for the rest of the range) and as there is no 
switching for heater pins, simple adapters may be used 
for the few types which necessitate them. Similarly,' 

it 

ANODE vars SCREEN VOLTS OFF 

n 

SET ZERO GRID VOLTS I I. f 

m 
providing a ninth contact on all sections of the selector 
switch just for this one valve. 

The valve tester must be switched off. before altering 
the selector switch 'and the normal/rectifier switch and 
also when not in use, otherwise there is a constant current 
drain on the grid bias batteries. The grid bias voltage 

for the full emission test may be increased to any amount 

/n Soh ted -- 
Socket 

Penel 

ToC6 

mgr% 
le NMI. 

To god 

S4. 
ToS2.; til Z =1 0 \ \N.` : 

Ti 
R Covnrersunk Penel ` bolts l 22,rr Ebonite 

Sneser's 

by coupling up 9 -volt units, and these are held on the 
back of the cabinet: 

A valve which is suspected of being " soft " may be 
tested by noting whether the anode current rises unduly 
when the button of S4 is pressed and is operative on 
M.A,1V. and full emission tests. If the valve is perfect 
in this respect the current should rise by only. a fraction, 
if at all. 

PVsTi BVttons 

Of the possibilities of valve trouble referred to in 
the last article, only one has not been provided for. 
This is loose electrodes, but since it would.. evidence 
itself in no 'uncertain manner in normal use in the 
receiver, by tapping, it is unnecessary to provide any 
arrangement for checking it in the valve tester. 

. (To be continued.) 

all Ma crla octals have a different heater CQnnec ion ; 

therefore, if it is desired to test these types frequently 
an additional octal bolder must be fitted, taking the 
heater supply to pins Nos. r and 8. 

The filament or heater of any valve can be tested for 
continuity by test leads plugged into the " Neon 
test " sockets. 

7o RSd 10 Spring &age 
Arms. 

S3 
ro R8. R 

ToS2. 
The neon switch and 
S3 end S4 described 
in the previous article. 

Unsuspected Faults 
A Service -man Tells of Two Unusual Faults He Encountered 

An Earth Lead Astray 

AREALLY 
mysterious incident occurred in a set that 

worked fairly well through the winter, but with the 
coming of lighter clays the volume fell off more rapidly 
than would have been expected. "There was apparently 
nothing wrong with the set .itself or with the batteries. 
The aerial seemed perfect, and it was therefore suggested 
that the earth was faulty. This consisted of a good 
copper plate, with the wire securely soldered to it. - The 
wire from the set disappeared in a hole in the floorboard 
behind the set, and passed through an " air brick " under 
the door into the garden, and so to the earth plate. 
There was a thick, insulated wire emerging from the 
ventilating brick and dipping underground among the 
flowers. A sharp upward tug convinced use that the 
soldered joint on the earth plate was intact. 

An attempt was then made to pull the wire gently 
away front the house. Ten feet of wire was pulled out ! 

On going back to the room where the set was installed, 
however, it was found that the earth wire was still in 
position. There was nothing for it but to take up a 

floorboard, and when this was clone the mystery was 
solved, for the wire connected to the earth terminal of 
the set just led into the empty space under the floor 
and no farther. It appeared that the aerial -and earth 

had been fitted while the house was being built. The 
earth plate, with wire already soldered to it, had been 
buried just oirtside the' wall and the wire fed through 
the air brick. It had not been possible to manipulate 
the wire through the' hole in the floor, so a stout wire 
had been pushed down the hole to " fish " for the earth 
wire, which bud eventually been hooked and pulled up 
through the hole. It will be clear that the hook would 
have brought up a loop of the earth wire, and the loop 
had been cut and the wrong end of it used for the earth 
connection, allowing what had been imagined to be the 
spare end (but really the end connected to the earth 
plate) to slip out of sight under the floor. 

A Lott -aerial Snag 
Here is a word of advice to those who intend to use 

loft aerials. Pay particular attention to their position 
with respect to any water pipes which may be installed 
in the loft. The efficiency of a well fitted loft aerial was 
reduced to a very low value because it was running 
immediately above a range of water pipes. The 
." effective " height of that aerial was certainly less than 
one metre, and the performance of .the set connected 
to it was very poor until the aerial was taken down and 
moved to another part of the loft where it was not 
shield -72d by well -earthed pipes. 
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The Manufacture and Testing of Valves -3 
Bulbs Creating the Vacuum . Types of Vacuum Pumps 

By LAURENCE ARTHUR 

(Continued from page 364, August issue) 

THE glass bulbs used for enclosing the electrode 
assembly are produced in very large numbers by 
automatic machines, which inject a definite 

amount of molten glass into an accurately made mould. 
They are not actually made in valve factories, but in 
separate works entirely devoted to glass -ware. Very 
many shapes and sizes are required for different types 
of valve, hut- those with a dome top are probably the 
most popular. The dome provides a secure holding 

for a suitably shaped mica bridge, 
which enables the upper part of 
the assembly to be held rigid. 
All bulbs, when received from the 
glass works, have a skirt or 
cullet which serves a useful pur- 
pose when the sealing -in process 
takes place. A representative 
shape is shown in Fig. 17. Before 
use, bulbs are checked for dimen- 
sions and examined for flaws. 
Then, they must be thoroughly 
cleaned internally, and one 
method of doing this is to swill 
them out with a dilute solution 
of hydrofluoric acid. But as this 
acid efts into glass, the bulbs 
are. held over powerful jets of 
water and finally dried in a gas - 
heated oven. 

Top Cap Connection 
Certain types of valve require 

an external top connection for - 

Peg. 17.-Outline of bulb, grid ' or anode, - and before the 
showing shirt. mounts arc inserted, the bulbs are 

top 'pipped. This is done on a 
rotating machine, which gradually heats the top of the 
bulb against the centre of which is held a short length 
of narrow glass tube. When the bulb and the tube are 
almost molten, a jet of hot air is forced through the 
tube, piercing the bulb, and the two run together. 

To prevent the walls of the bulb from becoming 
electrically charged when bombarded with high velocity 
electrons, some valves have an internal coating of 
graphite which is sprayed on with a compressed air 
spray gun. This coating is frequently trimmed off 
at the top or bottom of the bulb and small wedge- 
shaped " brushes " of thick felt or rubber, using alumina 
powder as an abrasive, are employed for the purpose. 
Graphited bulbs must be baked before use. 

Fig. 18.-The bo tom 
scaled -in mount. 

»L 
Boratect 
Copper Wi'e 

Seal between 
Flange and - 

Bulb 
of a Fig. 19. -Illustrating sealing -in 

the top cap wire. 

Sealing -in 
We now reach the stage when the assembled mount 

can be sealed into the bulb. The sealing -in machine 
consists of a series of rotating units, each moving round 
the circumference of the machine. The stem on the 
foot of the mount is' put into a hole.in the unit, and over 
the mount is placed the bulb, which is held at the 
correct height by a collar. This is important as the 
overall length of the finished valve has to be between 
certain limits. The mount and the bulb rotate while 
gas jets warm them up at appropriate places. As they 
move round the machine the glass becomes molten 
and the weight of the skirt, or cullet, draws the lower 
part of the bulb down ,until it is in intimate contact 
with the edge of the flange. When the flange and bulb 
run together, the cullet drops clear. Subsequent 
positions on the machine allow the ,sealed -in mount to 
cool down gradually, and when it is taken off it is once 
again carefully annealed. Fig. 18 shows the general 
outline of the bottom of a sealed -in mount. 

If the valve is one having an external top connection, 
the borated copper wire previously welded to the anode 
or grid is threaded through the thin glass tube, already 
fixed in the top of the bulb, before the sealing -in of the 
mount. The berated copper is then sealed in the glass 
tube by the application of a small gas jet. As the tube 
becomes molten it is pulled up to a point with tweezers 
and a vacuum tight joint with the wire is obtained. This 
operation, called top sealing, is shown in Fig. 19. 

Mercury 
XXX xxx 

Electric Heater 

To Pump 

To Valve 

Fig. 21.-A liquid air 
trap in vacuum flask. 

Fig. 20.-A simple 
type of mercury vapour 

diffusion pump. 

Connection 
to Valve 

A\\\\\\\ .. 

Water Cooling 
Systems 

To Single 
Stage Oil 

Purnp 
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Creating the Vacuum 
The valve is now ready for exhausting or evacuating 

and, although any valve in mass production is produced 
on rotary machines, it will be simpler to describe the 
process as if the valves were being handled singly. 
There are two main types of vacuum pumps in use 
to -day, one being the mercury vapour diffusion pump 
and the other the rotary oil pump. An illustration of a 
simple example of the former is shown in Fig. 20. 
Mercury is heated in a container by means of an electric 
heater, and the vapour is drawn down a wide glass tube 
by suction from a single -stage oil pump. As the vapour 
passes down the tube it draws with it air from the side 
arm which is connected to the valve being exhausted. 
It is essential to prevent the vapour entering the valve 
and a liquid air trap is used to condense it. Liquid air, 
is intensely cold lover than minus 183 deg. C.-and it 
rapidly boils tira y at normal temperatures. In 
appearance it reHoublcs water and it is stored in 

Scraping Vane 

Inlet 
Outlet 

Out/et 

Figs. 22 and 2L-(Left) The Gaede and ( ight) the 
rotary oil Pump. 

vacuum containers, which must have a narrow, 
unstoppered opening at the top. Liquid air traps are 
frequently made from vacuum flasks, the vacuum 
between the two glass walls retarding temperature gain. 
Fig. 21 shows a liquid air trap. 

Inlet 

Hyaac tope of 

Rotary Oil Pump 
the diffusion type of pump does not lend itself to 

rotary automatic machines, so, that the double -stage 
oil pump is now very extensively used. Fig. 22 shows 
the principle of the Gaede type. .Inside a cast-iron box 
filled with oil there is a thick rotating metal disc on a 
spindle which is eccentric relative to the inside of the 
box. The disc is driven by an external electric motor. 
Diametrically across the disc arc two spring -loaded 
scraping vanes, and at the top of the box arc two ports, 
one connected by glass tubing to the valve being pumped, 
and the other, leading out to the open air, being fitted 
with a non -return valve. As the disc rotates in the 
direction 'shown, air entering the inlet port is trapped 
by one of the scraping vanes and passed round the 
chamber, which it leaves at the outlet port. In the 
meantime the other vane has passed the inlet port and 
is pushing another lot of air round to the outlet. The 
top of the disc runs in close contact with the top of the 
chamber and, in practice, two of these discs are fitted 
on a common shaft, one unit acting as a backing pump 
to the other. 

Another type of rotary Oil pump, called the HYvac, 
is also very largely used : it is shown diagrammatically 
in Fig. 23. This pump, which is also completely filled 
with oil, has a thick, rotating metal disc mounted 
eccentrically on a 'motor -driven shaft in the centre of 
the chamber. The inlet and outlet ports are close 
together and between then. is a single scraping vane 
which passes through the outer casing and is held in 
position by a spring -loaded -arum. As the eccentric disc 
rotates in the direction shown, it revolves around the 
interior of the chamber. Air drawn in from the valve 
being pumped, is pushed round until it escapes at the 

outlet, the vane ensuring that the inlet and outlet ports 
are isolated. This pump, also, is made as a double unit, 
with two discs mounted qo deg. apart on a single 
common shaft. The outlet port is closed by means of a 
leather valve or a spring -loaded ball valve. To prevent 
oil vapour working back to the. valve being pumped a 
liquid air trap is inserted in the glass circuit from the 
pump. 

The pressure to which the majority of valves are 
evacuated is in the region of .000r millimetres of mercury. 
(Normal atmospheric. pressure is soin. or 760 millimetres.) 
Testing Vaccum 

It -is occasionally necessary to test the effectiveness 
of vacuum piïmps -and this is generally done with a 
McLeod gauge, a.simple type of which is shown in Fig. 
24. The gauge is connected by glass tubing to the 
valve being pumped and the exact pressure can be 
read on the calibrated scale when the compression 
of the air in the side tube is achieved by slowly raising 
the jar of 'mercury connected to the rubber tube. Owing 
to the presence of mercury in the circuit it is- necessary 
to condense the vapour by means of a liquid air trap. 

A valve is evacuated by having its stem joined to a 
length of glass tubing connected to the inlet of the 
rotary sril pump and starting the driving motor. The 
average time of pumping for the majority of valves is 
25 to 3o minutes, but quite a number of other things 
'mist also be done during that tinte. To obtain a lasting 
high vacuum in a glass bulb it is necessary during pmuping 
to bake the valve to the highest temperature it will 
stand without the walls collapsing. This is done in 
a gas- or electrically -heated oven and the temperature 
reached is 400 deg. C. After 15 minutes' baking the 
overt is raised and at this stage a check on the 
effectiveness of the pumping is made by the application 
to the outside of the valve of a lead from one side of 
a Testa high -frequency coil, the other side being earthed. 
if the H.F. discharge produces a purple glow inside the. 
valve, there is an air leak somewhere and it must be 
found and cured before any further puniping takes place. 
if there is no purple glow the next process is the heating 
of the metal parts of the valve to a dull red. colour by 
means of eddy currents. 

Eddy Current Heating 
Eddy currents are induced by bringing close to the 

side of the valve a small (3in. to 4ix.) water-cooled coil 
of copper tubing, which is fed with a powerful high - 
frequency current from a giant oscillator. The current 

)Continued on pane 459) 

-1 To Va/ve 

Fig. 25 (above). -A sealed -off 
stem. 

Fig. 24 (right).-Simple tyre 
of .McLeod gauge. 

Scale 
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The 
Nome of Condensers 

Useful Books 
CLASSIFIED RADIO RECEIVER DIAGRAMS 
By E. M. Squire. This work gives a diagrammatic survey of modern 
radio receivers, and provides the practical radio man, service 
engineer, dealer and amateur with a ready reference to a 

representative selection of the types of circuit likely to be met with 
in the majority of receivers. 10s. 6d. net. 

ACCUMULATOR CHARGING, 
MAINTENANCE AND REPAIR 
By W. S. Ibbetson, B.Sc., A.M.I.E.E., etc. This book contains 
descriptive matter on both lead acid and the alkaline types, their 
construction, maintenance and repair. The text includes the 
application of Ohms Law to the connection and control of charging 
from D.C. supplies. Brief descriptions of the types of apparatus 
available for conversion from A.C. are included in the text. 
Eighth Edition. 6s. net. 

ELEMENTARY HANDBOOK FOR 
WIRELESS OPERATORS 
By W. E. Crook. An up-to-date book presenting a general view 
of radio communication with an introduction to its technique. 
It gives all the information necessary for a complete understanding 
of the subject in a clear and easily understandable manner, with 
profuse diagrams. Second Edition. 4s. net. 

WIRELESS TERMS EXPLAINED 
By " Decibel." An invaluable guide to the technical terms used 
in books and articles on wireless and in manufacturers' catalogues. 
It' explains the meaning of every term in the fullest and clearest 
manner, with numerous illustrations, and gives additional 
information where this may prove useful. Second Edition. 3s. net. 
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When they 
have finished 
their vital 
war service 

- the dependable 
BATTERIES will again be 

available to all 
FOR RADIO, CARS, MOTOR CYCLES, 

COMMERCIAL VEHICLES, AIRCRAFT, Etc. 

Sales Concessionaires: 
HOLSUN BATTERIES LTD., 
137, Victoria St., London, S.W.! 
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txibc 
BATTERIES 

FOR 

RADIO 

are playing their 
part in the great 

national effort. 

They are as indis- 

pensable to the 

purposes of war 

as to those of 

peace 

THE CHLORIDE ELECTRICAL STORAGE CO. LTD. 
Grosvenor Gardens House, Grosvenor 

Gardens, London, S. W.' 

W.ít.8A/43. 

LET ME BE YOUR 
You need help, and fatherly advice 
like these. I am in the position 
you free. 
We teach nearly all the Trades 
and Professions by post in all 
parts of the world. Distance 
makes no' difference. 
The most progressive and most 
successful Correspondence College 
in the world. 

OUR FEES ARE STILL PRE-WAR 
If you know what you want to 
study, write for prospectus. If 
you are undecided, write for my 
fatherly advice. It is free. 

FATHER 
in difficult times 

t0' give that to 

ß; 
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.: :: :.. 
EARNING' POWER IS A SOUND INVESTMENT 
DO ANY OF THESE SUBJECTS INTEREST YOU ? 
Accountancy . Examina- Metallurgy 

l ions Mining. All subjects Advertising and Sales Mining. Electrical Engin - Management eering Agriculture Motor Engineering A.N.I. Fire E. Examina-' Motor Trade lions Municipal and County Applied Mechanics Engineers Army Certificates Naval Architecture Auctioneers and Estate Novel Writing Agents Pattern Making Aviation Engineering Play Writing Aviation Wireless Pollee, Special Course Banking Preceptors, College of Blue Prints Press Tool Work Boilers Production Engineering Book-keeping, Account- Pumps and Pumping ancy and Modern Busi- Machinery ness Methods Radio Communication B.Sc. (Eng.) Radio Service Engineering Building, Architecture and R.A.F. Special Courses Clerk of Works Road Making and Main - Builders' Quantities tenanee Cambridge Senior School Salesmanship, I.S.M.7. Certificate - Sanitation Civil Engineering School Attendance Officer Civil Service Secretarial Exams. All Commercial Subjects Sheet Metal Work Commercial Art Shipbuilding Common Prelim. E.J.E.B. Shorthand (Pitman's) Concrete and Structural Short -story Writing Engineering Short -Nave Radio Draughtsmanship. All Speaking in Public Branches Structural Engineering Engineering. All brandies, Surveying subjects and examina- Teachers of Handicrafts Mons Telephony and Telegraphy General Education Television G.P.O. Eng. Dept. Transport Inst. Exams. Heating and Ventilating Viewers, Gaugers, Inspee- Industiial Chemistry tors Institute of housing Weights and Measures Insurance Inspector Journalism Welding Languages Wireless Telegraphy and Mathematics Telephony Matriculation Works Managers II you do not see your own requirements above, write to us on any subject. Full particulars free. 

COUPON -CUT THIS OUT 
mmeldelmmumNmem-mwmmiäolownemormaimem.mm 4i101 To DEPT 104 THE BENNETT COLLEGE, 

LTD., SHEFFIELD. 
f 

Please send me (free of charge) 
Particulars of 

- (Cross out line Your private advice which does .about not apply.) 

' PLEASE WRITE IN BLOCK LETTERS 
Name 

Address 
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may vary from 6o to 120 amperes according to. the 
size of the valve being produced. The temperature of 
the metal at this stage reaches approximately 800 deg. 

C. ' The purpose of the baking of the glass bulb 
and the eddy current heating of the metal is to drive 

-out gases-from the former water vapour and carbon 
dioxide and from the latter mainly hydrogen and carbon 
monoxide. 

The filament or heater is now connected to a source 
of supply, generally at double the voltage at which the 
valve will eventually be rated. This drives off quantities 
of, gas from the coating, some of which settles on the 
cooler anode and grid so that the next stage is a further 
application- of the -eddy current heating, this time to a 
bright cherry red-approximately r,000 deg. C. The 
metal and the glass are now relatively free from 
gas and the interior of the bulb is roughly exhausted. 
Lettering " 

For the final cleaning up considerable reliance- is 
placed on the use of " getters " which produce the Well- 
known- silver or black Iocalised patches on most valves. 
Various materials are used for gettering, but the principal 

ones are magnesium libbon (not much used nowadays) ; 

powdered magnesium and barium compressed into a 
tablet ; barium powder inside a copper pellet ; and a 
mixture of powdered barium, magnesium and aluminium 
in a c,opper pellet. The tablet and .pellets are held in 
nickel getter cups or pans; covered with a thin disc of 
nickel or nickel gauze. The gettering material is volatilised 
by a third application of eddy current heat, the previous 
applications being accurately positioned to avoid 
flashing the getter. Magnesium produces a silver patch 
which remains permanent, but its cleaning -up properties 
are finished at the time of volatilising. Barium gives a 
black deposit of a spongy nature which will continue 
to absorb gases for some considerable time, but the size 
of the patch shrinks as this process goes on. 

The filament or heater is pow switched off and the 
stem of the valve can be sealed off. it is heated by 
means of a gas blow -pipe until it is molten, when the 
lower- part is pulled down with tweezers until the walls 
collapse in, securely enclosing the vacuum. Fig. 25 
shows an example. 

- (To be continued.) 

A Sim le Mixe r -oscillator 
A Useful Unit Which can be Constructed from Spare Parts. By L. C. 

SHORTLY after building the microphone which_ 
wasdescribed in the February issue of PRACTICAL 
WIRELESS, I obtained a gramophone pick-up. 

Having these two useful instruments to hand, I decided 
to build a mixer -oscillator of my own design; from 
components which will be found among the spare parts 
in most experimenters' dens. 

The mixer has four inputs, and is designed to-take the 
following : speech, output ' from short-wave receiver, 
gramophone pick-up and morse. After mixing to obtain 

The theoretical circuit of ,the 
mixer and 4.F. oscillator. It 
allows three inputs to be mixed, 
and the oscillator section will 
prove most useful to those 

learning the morse code. 

will operate. No. 3 controls voltage to microphone, 
and if this is turned down, the -microphone will not be 
on while using other channels. Finally, No. 4 is a 
rheostat which regulates filament voltage to valve in 
morse oscillator, and as it has a dead space at the end 
of the winding, it also acts as- a switch. .No switch is 
required in oscillator H.T. lead, as when key is 
released this breaks the circuit. The wiring should 
provide no difficulty if diagram is followed 
carefully. 
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the desired effect, they can be reproduced on broadcast 
receiver. With, one exception, you can use three channels 
at once ; the two-way switch selects pick-up or output 
from short-wave set, so only one of these circuits can 
be used at a time. The morse oscillator can be used 
alone for practice purposes, as two terminals are 
provided for monitoring 'phones. 

The whole unit is mounted on a chassis en. x Sin. x 
riin. The three transformers are mounted on the top, 
volume controls r and 2 and two-way switch are 
underneath, but controls 3 and 4 are on panel. Most 
of the wiring is under the chassis, thus making the 
assembly neat and tidy. The potentiometer No. r 
controls the pick-up, short-wave input and morse 
oscillator while No. 2 controls microphone. The 
latter must fully be turned up before control No. r 

LIST OF COMPONENTS 
One microphone transformer. B.T.H. ETT300. 
One transformer for isolating set. 3-1. 

t One morse oscillator 3-1 L.F. transformer. 
Radiogrand. 

One valve. Mullard P.M.IL.F. 
One chassis type four -pin valve holder. Ciix. 
One 50,000 r? potentiometer. 
One 10,000 S? potentiometer. 
One potentiometer below 10,000 Q. 
One filament rheostat, 10-30 O. 
One two-way toggle switch. 
Twelve sockets or terminals. 
One chassis, 9)ins. 'x Sins, x 1fins. 

Phones 

I 

Telsen 
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Practical Hints 
A Valve Converter Unit 

WHEN experimenting with battery 
receivers of the straight class, 

I often wanted,, to replace a triode 
demodulator by a S.G. type valve. 
This, of course, meant disconnecting 
soldered joints, and fixing anode 
leads, decoupling condensers, 'etc., 
so I devised the following unit 
whereby a change can be made i,n 
a few seconds. With this idea no 
new joints are necessary, and the 

reelSed 

THAT DODGE OF YOURS! 
Every Reader of "PRACTICAL WIRE- ! 

LESS " must have originated some little 
dodge which would interest other readers. 
Why not pass it on to us P We pay 21-10-0 
for the best hint submitted, and for every 
other item published on this page we will 
pay half -a -guinea. Tarn that idea of yours 
to account by sending it in to us addressed 
to the Editor, "PRACTICAL WIRELESS," 
George Newnes, Ltd., Tower Rouse, South- 
ampton Street, Strand, W.C.2. Pot your 
name 

that every notion sent in must be 
and address on every item. Please 

original. Mark envelopes,"Practical Hints." 
DO NOT enclose Queries with your hints. 

i 
SPECIAL NOTICE 

All hints must be accompanied by the 
coupon cut from page iii of cover. 

original circuit of 
the set is un- 
touched ; also, if 
the results are not 

Screened consistent with 
Anode the S.G. detector 
Lead being made per- 

manent, the triode 
can easily be re- 
placed. 

Thé' two main 
articles needed in 
the construction 
of the unit are an 
old triode valve 
base, and a chassis 
mounting valve 
holder to take 
the 4 -pin S.G. 
valve. The con- 
struction can be 
seen from the 

Chassis 

holde 
Valve 

Metal / 
Brackets 

/4 
Old Triode 

Base c 

w 
ín 

HT+7plr 
A simple valve converter unit. diagram. 

The following connections are first made with short 
lengths of wire from the old valve base to the holder: 

The grid of the base to the grid of the holder ; also 
both the positive L.T. filament legs are joined, as well 
as the negatives. 

A short length of flex is taken from the S.G. pin of 
the holder, for connection to the H.T. battery. A 
decoupling condenser (.or mfd.) is' also taken from this 
socket to the L.T.-leg for earthing purposes; the 
condenser being mounted on the outside of the base. 

Allowed to 
swivel 1 Chuck filed to 

take rubber wheel Rubber 
Wheel 

Needle 

One piece 
glass paper 

Two 

Pieces glass paper 

A novel device for sharpening fibre needles. 

The braided screened anode lead 
is taken from the anode pin oir the 
old base and through a hole cut in 
the side. The screening is earthed 
to the L.T.- pin. After the above 
connections have been made the 
holder is supported on top of the old 
base by means of two metal brackets 
(as shown), and the S.G. valve is 
placed in the holder and the anode 
lead connected. 

The unit is then ready for use, 
and a conversion is simply made as 
follows : 

The triode detector is removed. 
from set (current off) and the unit 
placed in the holder. The only con- 
nection remaining to be made is the 
S.G. voltage, which is done simply 

by plugging the lead into the H.T. battery at approx. 
ryo volts.-G. T. EDWARDS (Halifax). 

Improved Aerial Clip I HAVE recently been experimenting with . short-. 
wave aerials, and as this required frequent readjust- 

ments of the lead-in tap, soldering was not a practical 

Aerial 
Top 

Cur to receive Aerial 

Adapi'ng a fermin'al as an aerial clip. 

proposition. I therefore devised the clip, shown in the 
sketch, from a 'phone terminal of the usual type. A 
slot was cut in the side of the terminal and the clip was 
then slipped over the aerial and secured by the clamping 

screw. I secured the lead-in to the clip by the 
fixing nut, but this could be soldered if desired. 
With this clip the lead-in may be removed or 
replaced in a few seconds.-L. R. HOPKINS' 
(Loughborough). 

Fibre Needle Sharpener 
view of the high price of fibre needle IN 

sharpeners, I devised the following sharpener. 
The sketch is self-explanatory, the whole thing 
being made out of an archimedean drill. The 
drill is mounted, as shown, after fitting a rubber 
wheel from a child's toy, and gluing grade -O 
glasspaper on the base. 

When the device is in operation the handle on 
the drill stock is mooed sideways, and up and 
down the twisted stock at the same time. 

The needle moves over the glasspaper whilst 
rotating, ensuring unifonn sharpening. When 
complete, the sharpener costs under a quarter 
of the price of its commercial equivalent.-G. 
linos D (Minehead). 



October, 1943 PRACTICAL WIRELESS 461 

H 'UN WAVELEMG' 
By THERMION 

Statistic 
NEARLY nine out of every ten people in this country 

own wireless sets. The remainder, of course, 
merely open their windows l , 

Pre-war Position of Radio 
IN pre-war days the annual turnover of the British 

radio industry was about £25,000,000. About 
845 specialist firms were engaged, most of whom were , 

producers of radio broadcasting receivers-the output 
of which was about 1,250,000 sets a' year-and about 
80 per cent. of the industry was devoted to this class of 
work. The remaining 2ó per cent., mainly centred in a 
few firms, was devoted principally to the production of 
broadcasting transmitters, and communications equip- 
ment for marine use and for long-distance commercial 
radio services. In general, it can be said that nearly 
the whole of the effort was directed towards meeting 
civilian needs. There were some signs that the output 
of broadcasting receivers had approached, or had even 
passed, its peak (practically every home-actually. 
8,800,000-had a receiver and new models were therefore 
only required for replacements, or to provide additional 
refinements). A television service had been opened in 
London and there were signs of growing developments 
in this field; but the application of this service was still 
in its infancy. 

The ratio of skilled to unskilled labour in firms. 
producing radio broadcasting sets was of the order of 
1 to 3o, and the firms producing communications 
equipment was about r to 1o. Radio production wag 
almöst entirely in the hands of private enterprise and 
Government control was confined to such matters as 
the allocation of wavelengths - and the general rules 
governing the use of the ether. 

Libel Case Result I PUBLISH the following without comment : 

The appeal of the Daily Telegraph against the 
judgment in the libel action brought by Ben Lyon 
and his wife, Bebe Daniels, who were awarded 
damages £5 and costs, came. before the Appeal Court 
recently. It was heard by Lord Justices Scott, Goddard 
and MacKinnon. After hearing the arguments of counsel, 
their Lordships reserved judgment. 

Serjeant Sullivan, for 
, the appellants, stated that 

the libel appeared in h letter published in the Daily 
Telegraph, under the heading Flabby Amusement," 
which criticised the radio broadcast ` Hi -Gang," in 
which the plaintiffs take principal parts, 

The letter read : 

" Every Sunday evening at church time there is put 
on the air a costly production which is an insult to the 
British intelligence. The type of comment consists of 
a libellous exchange of abuse,. one comedian alludes to 
the other as a ' louse,' and his contribution is to say : 

' I'm laughing me blooming head off.' The woman 
artist sings a good song, but for the most part- she 

Our 1RoiC of Merit 
Reeders on Active Service-Thirty-fourth List 

G. Clouston (A.C.1, R.A.F.). 
J. Brown (R.N.). 
D. A. Udy (Sgn., R. Signals). 
E. S. Walton (A.C.1, R.A.F.). 
N. Bouchier (A.C.1, Flight Signals, R.A.F.). 
W. R. Wilshire (R.N.). 
E. Palmer (A.C.1, R.A.F.). 
B. E. Kirby (R.N.). 
A. W. Benson (Bdr., R.A.F.). 

indulges in vulgar wisecracks. We must be a nation of 
lunatics to permit such a waste of money for such a 
very sordid show." - 

The letter was signed : " A. Winslow, `. The Vicarage,' 
Wallington Road, Winchester." 

Lord Justice MacKinnon : " In my papers I'have four 
copies of what I presume is called script. Do you mean 
to tell me that the B.B.C. insults their public with that 
sort of stuff ? I have no wireless set." 

Serjeant Sullivan : " Your 'Lordship speaks on a 
privileged occasion." 

When counsel began to refer to the script, Lord 
Justice MacKinnon remarked " God forbid that we 
should have to read much of it. I have glanced at -it, 
and you can use any epithet about it that you wish." 

Serjeant Sullivan pointed out that at one stage 
Mr. Justice Hilbery said there was 'a mis -statement of 
fact, because the letter described the entertainment as 
costly - 

Lord Justice Goddard : " That is not a libellous 
statement." 

Mr. G. O. Slade, K.C., said that the letter was 
anonymous, and privilege was claimed against its. 
production. 

Lord justice Scott : " I suggest that if the comment 
is fair there is no defamation." 

Mr. Slade remarked that throughout the Daily 
Telegraph had behaved with perfect propriety. 

Lord Justice Scott : " You are bound to admit that 
the Daily Telegraph acted fairly in publishing this 
letter." 

Serjeant Sullivan ended submitting that there was 
not an atom of evidence of malice on the part of anybody, 
so that nobody went outside the limits of fair criticism 
so as to raise any presentiment for evidence of malice. 

Radio Rejects for A.T.C. Training 
SOUADRON-LEADER A. F, BULGIN has issued 

an appeal for old radio apparatus not wanted for 
salvage for the use of members of the A.T.C. Parts 
rejected by manufacturers are particularly welcome, 
He not only welcomes gifts of apparatus that the trade 
may care to make, but offers of assistance from retailers 
and others. Gifts may be sent to Squadron -Leader 
Bulgin at By -Pass Road, Barking. Those offering 
personal assistance should, of course, have a good . 

knowledge of radio. 

More B.B.C. "REFANEMENT" 
[Press Item.-Theme is no end to !ht stupidity of the B.B.C- 

It has now decided that the Christian name Of R -A -L -P -H is to 
be ,pronounced as R-A-I-F.I 

- The vulgar herd still calls it Ralph, 
Pronounced as if it rhymes with Balfe. 
The B.B.C. with culture nail, 
And more" refaned," insists on Rail. 
Oh ! how they work this " cuishaw " stunt, 
Which gives the low -brow such affront 

_And makes him constantly deride 
The way announcers put on side. 
The low -brow listener is no ass 
And simply loathes this " bettah class '1 
Pronunciation- they invent, - 

Knowing that's how his money's spent 
On " culshaw " which gives him affright, 
Instead of programmes which delight. 
This weird " New English " of their own 
Suggests they run a " Ladies' Home," . 
Where good sound English is well minced. 
But leaves some people unconvinced. 
So R -A -L -P -H it was and R -A -L -P -H shall be, 
Belying high -brow B.B.C. 

- 
- 

" TORCH." 
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Thisshows how neat and 
compact is the finished 

receiver. 

THE 
`Odd 

-Moment " Portable has been designed to 
meet the present need for a small set to take to 
camp or on holiday. The following points were 

considered in the design : (r) The components must be 
fairly easy to obtain, or home-made. (z) Easy 
construction and flexible design, i.e., capable of a 
certain aniount of alteration in small details without 
greatly affecting results. (3) Compactness and balance. 
A set that feed lopsided, as many portables do, is very 
unpleasant to carry about. (4) Expense. This should 
not greatly exceed £5 xos.,including everything. After 

Frame 
4eria/ L, 

The " Odd -mc 
Constructional Details of a 

By A. W. LII 

experimenting with various circuits, it was finaliÿ 
decided to use a straight T.R.F., and to cover only the 
waveband from zoo metres (1,50o kcs.) to 550 metres 
(5 f5 kcs.) as being sufficient for the purposes for which 
the set was intended. The high tension current is 
supplied from two 45 -volt units, and grid bias is provided 
for in the design; that for the output pentode from the 
high tension supply and that for the H.F.- pentode 
(z volts) by the order in which the low tension current 
is supplied to the valve filaments. This low tension is 
normally supplied by three unit cells, which will suffice 
to run the set for from seven to ten days on a light load, 
i.e., short intermittent periods of listening. Two 
terminals can be included on the side of the flow tension 
battery box, however, and when the set isrequired to 
be used for longer periods the internal batteries can be 
removed and wires connected from the terminals to 
three large cells of the bell type, which should last for 
some two months: heavy use, or to two z -volt 
accumulators in series. - Two small type accumulators 

Stars xé 

a 

Fig. 2.-The construction and winding diagram of the Drame aerial. 

"V Chassis 

II 
Rs 

T, ó 

Fig. 1.-Here is the theoretical circuit of the receiver. 

nrT should give 54 to 23 
days' heavy use. The« 
low tension consumption 
of the set is about .z 
amperes at 4 volts, and 
the high .tension current 
should approximate 6-1 
to 7 milliamperes at 90 
volts provided the low 
tension supply is con- 
nected the correct way 

Si 
round. 

The Circuit 
Referring to the 

circuit diagram, Fig. r, 
it- will be seen that the 
(R.F.) circuit consists of 
a frame aerial (Lr) tuned 
by VC' across the grid/ 
cathode of Vi. In the 
plate circuit of VI is a`" 

rtr- coil (Lz) tuned by VCr, 
and feeding Va, a leaky 
grid detector of standard 
type. R3 is the plate 

,eIMI,_AIMM_,,___,,...,,_-_,11IN _,,..,,_________,_IMM __,>__ 
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oad of V2, and the radio frequency component a 

ik 
this plate is fed through VC3 and L3 to obtain 
reaction, the amount of reaction being controlled. 
by VC3, while the low frequency component passes 
via C7 to an auto -transformer (tapped L.F. choke), 
by which it is stepped up and fed to the grid of 
V3. Grid bias for V3 is derived from the volts dropped 
across 125 in the high tension minus lead, the minus 
side of R5 being connected to the hwe end of the 
auto -transformer. C8 is to prevent the development of 
audio frequency voltages across R5. The output from 
V3 is supplied to a Sin. P.M. speaker, and the 
reproduction, while not as good as a 1aryr set, should 
be fully up to that of the average portable. The volume, 
on a strong signal, should be sufficient for a small 
room without use of reaction when the batteries are in 
ö sod order. 

c %i th regard to censtrpction, many of the component 
- parts can be -varied somewhat in value without greatly 

affecting results, and in view of present difficulties, 

R4 , 

R6 
HT -1-90V 

Fig. 7.- Plan view of underside of chassis, showing wiring. 

and also to enable constructors to use up any suitable 
components they May have in stock, the somewhat 
unusual course is being taken of stating against Qch 
component (see list) the tolerances, that is to say, the 
limits within which that particular component might 
be varied, but do not conclude that all can safely be 
varied to the extreme limits given. As far as possible 
adhere to the values first given, or to very approximate 
ones. 

The frame aerial, Fig. 2, is wound basket fashion on 
a piece of stout cardboard round the edge of which slots 
have been cut, one at each corner, three in each- longer 
side, two one end and one the other end (53 slots in all). 
Nineteen turns of enamelled or cotton -covered wire, 
26 gauge, should be wound in the slots, and the ends are 
taken to two bolts, centrally placed, which bolt the aerial 
to the back of the cabinet. On each bolt is fixed a 
soldering tag, to which is connected one end of the frame 
aerial. These tags are used for connecting the frame to ' 
the set by means of flexible wire, which should be long 

4 enough to allow the back of the cabinet and frame 
aerial to lie on the top of the set, out of the way, when . . 

changing batteries. 
The coil in the plate circuit of VI (L2) and .the 'Fig, 6.-The container for reaction coil (L3) are wound side by side on a piece of the three L.T. cells. dry wood, tin. diameter by sin. long (Fig. 3). To one 

end is screwed a round piece 'of paxolin or waxed 

card411.11.0eMblAM.1141MINFMN.11.00Imed41111.41....Mbembeelbeglil .. - 

Twisted Copper Wire 

Top of Baseboard for Soldering Tags 

L.2 

L,3 

Paxoltn or Cardboard 
Disc tocOa 

Fig. 3.-This is how the coils L2. and L3 are constructed. 

board, s;;in. diameter, in the edge of which four equally 
spaced holes have been drilled. Through each hole is 
passed a short piece of tinned copper wire, about 20 
gauge, doubled over and the ends twisted together to 
form soldering tags. For the coils use D.Ç.C. or D.S.C. 
wire of approximately 36 gauge; winding on ioo turns 
for L2 and 40 for L3. It may here be mentioned 
that C4 serves the. important purpose of " earthing " 
one end of- the coil in the plate circuit of VI (L2). It 
tntsst be in good order, otherwise. L2 will not tune 
properly, and the set will give practically no results. 

Chassis - 

The next part to construct is the chassis, which 
consists of a three-ply panel, to which is fixed a small 
baseboard of the sanie material, supported on two side 
pieces,.-rlin. deep, raising the baseboard that distance 
from the bottom of the set. The various dimensions can 
be gathered from Figs. 4 and 5. Cut all holes in panel and 
baseboard before assembling. The panel brackets 
should be made from small pieces of sheet metal --stout 
tin would serve if nothing else is available-in fact, 
if the side supports are of good hard wood, the brackets 
might be dispensed with altogether. A simple method of 
constructing the box (Fig. 6) for the three unit cells is as 



464 PRACTICAL WIRELESS October, 1943 

t ,I - 
-'--Ó .- 

I 
J 

l 

J 

1 

Fig. 5.-Details of Panel. 

follows : First make a shallow wooden box, the sides 

and ends of wood at least in. thick, and the bottom of 

three-ply, the inside measurements being 41/16in. long, 

24 -in. wide, and r'Yin. deep, and cut and fit in place the 

brass strips which connect the cells in series. The box 

completed, screw it to the baseboard in the correct 
position by two screws from underneath the chassis, 

into one end. Mark a plus sign on the strip at. the plus 

end of the box (the end connected in -the wiring to one 

side of the filaments of Vi and V2), 'as it is important 
that the low tension batteries should always be inserted 

or connected the right way round. The negative low 

tension wire runs front the strip at the other end of the 
box to one point of the three-point switch. A three- 

point switch is essential, because, with a two -point 

switch it would not be possible entirely to isolate the 

high-tension batteries from the electrolytic condensers. 

Those who wish also to use external batteries will mount 

\` s 

Frame Aerial 

e 
O 

O 

0 0 
0 0 

two terminals for these on the battery box, connected 
to the appropriate brass strips. Do not connect more 
than three Leclanche cells (4.2 volts) or two accumulators 
(4 volts) in series to the terminals. 

(To be continued) 

LIST OF COMPONENTS 
Three Milliard Valves: VI VP2B (equivalents. Ever 

Ready K50N) ; V2 PMIHL (equivalents, Ever Ready 
K30C, Cossor 210 HL, Marconi HL2, Mazda H 210) ; 

V3 PM22A, or can use KT2 Marconi or 220 H PT 
Cossor (if using either of these omit the 40 ohm 
resistor). 

f Six Resistances: RI Anode VI 2,800 ohms (2,000 to 
5,000 ohms); R2 Screen VI 20,000 ohms (15,000 to i 

30,000 ohms); R3 Anode V2 56,000 ohms (35,000 
to 65,000 ohms); R4 Gridleak V2 2 megohms (1 to 
3 megohms); R5 Grid bias V3 400 ohms (390 to 410 

ohms) ; R6 Filament bypass V3 40 ohms (40 ohms 
only). 

Condensers : CI, C2, solid dielectric tuning condensers, 
.0005 mfd. only; C3, solid dielectric differential type 

reaction condenser, .0003 mfd. only ; C4, C9, electro- 
lytic condensers 4 mfd. (2 mfd. to 8 mfd.) (at least 150 i 

volts working); C5, Screen VI, .01 mfd. (.005 to .1 

mfd.) C6, Grid V2, .0001 mfd. (.00005 to .0003 mfd.) 
C7, Grid V3 (Autofeed) .25 mfd. (.25 to 1 mfd.)) ; 

C8, Bypass grid bias resistor, .01 mfd.(.01 to .5 mfd.). 

Other Components : Three knobs, one 3 -point on -off i 

switch, two 5 -pin valveholders, one 7 -pin valveholder, 
screws, brass strip, bolts and nuts, wire, etc., one Sin. 

Permanent Magnet speaker, one Franklin intérvalve 
auto -transformer, three unit cells (Ever Ready U2, 
etc.), two 45 volt high tension units (Ever Ready Alldry 
No. 2, etc.). 

B Cabinet, chassis, frame aerial, and coils-home-made, 
see text. 

4.-Layout of com- 
ponents on back of Panel. 
and wiring connections. 
Note position of valve holder: 
and hou' the container for 
the L.T. batteries is located 

on chassis. 
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THE efficient maintenance and servicing of batteries, 
particularly those of the lead acid type, is essential 
for prolonging their useful life. Batteries should 

be charged at regular intervals, and where they are 
in normal use, the length of the period between each 
charge will depend upon their 'rate of discharge. All 
batteries should, however, be given a refresher charge 
at least once every three weeks, whether in use or not, 
to prevent sulphation of the plates. 

Testing Electrolyte 
é Acid Type) _ 

The two chief tests which 
should be periodically carried 
out are measuring the S.G. 
of the electrolyte iid- its 
height above the plates of 
the cell. For this purpose 
the syringe type of hydro- 
meter, as described last 
month, should be utilised. 
Some batteries incorporate 
in their manufacture a 
number of coloured _balls 
immersed in the liquid and 
enclosed in a small grid -like 
compartment. These balls 
float at different heights 
according to the specific. 
gravity of the liquid, and 
are an indication of the 
state of the cell., As the 
success of this method 
depends upon whether elec- 
trolyte of the correct S.G. 
has been used in the cell, its 

performance is not always reliable, and the hydrometer 
should in any case be used for checking. When receiving a 
battery for charge the S.G. of each cell should be measured, 
and should there be any appreciable variation obviously 
something is radically wrong with the cell where the 
deviation is shown. If a low reading, it is obvious that 
either the cell is shorted or the electrolyte has been 
sllilled,,and subsequently topped up with distilled water. 
An abnormally high reading will indicate that the cell 
has been topped up with acid upon evaporation of the 
water. Immediate action is advisable. 

Frequent tests of the electrolyte of alkaline batteries 
are not necessary.. About one .every two months will 
give the rate of dectease of the S.G. The rate of decrease 
should be constant over a period of 12 months. Should 
the minimum figure of 1.600 be reached before the x months is expired, or should a sudden drop be shown, 
the electrolyte should be changed and the cell inspected 
for faults. JIn normal circumstances there should be no 
sudden drop, and certainly no rise in the S.G. of alkaline 
electrolyte. Cases sometimes occur, however, where 
inexperienced staff at a service station have upset the 
alkaline batteries during charge, spilled the electrolyte 
and have topped them up with distilled water or with 
strong electrolyte. Where possible a charging log of all 
batteries received for' charge should be made, of which 
Table I is a typical example. From this the history 
of an accumulator may be compiled, and greatly assists 
in. diagnosing subsequent faults. 

Secondary Batteries 2 
Testing Electrolyte Capacity Quantity Efficiency 

By G. A. T. BURDETT 

(Continued from page 367, August issue 

dia 

lullxuruum 

Rubber 
LWasher 

Thread 

C/ass 
container 
with two 
tubes inside 

Level of 
Electrolyte 
must not 
rise above 
this slot 

to 

Entry 

Fig. 1 -Vent cap of the 
unspillable type. 

(Lead 

and Plates 

TABLE 1. 
Typical Entry in Battery Charging Log Book. 

No. and 

type 
Date 
ltee. 

Before 
Charge Date 

corm 
pleted 
charge 

End of 
Charge 

Remarks. 
Particulars 

of any 
faulty 
cells 

Spec. 
G. 

Volt- 
age 

Spec. 
G. 

Volt- 
age 

From 
Vehicle 

ABC 123 
12v' 

48 amp. EL 

Lead Acid 

1.7.13 1.170 10.2 3.7.43 1.275 15.0 
All cells 
service - 

able 

Measuring Level of Electrolyte 
The electrolyte should be periodically measured to 

ensure that it covers the plates, otherwise the plates will 
be damaged, and the efficiency and capacity of the cell 
decreases. Not only is that part of the plate exposed to 
the air damaged, but extra strain is placed on the 
immersed portion of the plates, which expedites their 
buckling and disintegration. Norm311y the electrolyte 
level should be 3hain. to ;}ìn. above the top of the -plates, 
although, with the larger I.T. type of battery, this 
level is sometimes increased provided it is clear of the 
ends of the vent stoppers. Great care must be taken of 
the height of the acid in batteries having unsnillable 
vent caps, of which Fig. r is a typical example. Should 
the level of the electrolyte be above the slots, siphoning 
of electrolyte will take place and probably will cause 
some damage. The level of the electrolyte' in glass and 

Level of \ --E/ectro/yre 
`-oo high 

22- Top of 
plate 

Fig. 2.-A glass tubecan be used-as shown here-to check level 
of electrolyte. 
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celluloid cells is easily checked, but with non -transparent 
containers it can only/be carried out effectively by 
inserting in the vent of the cell a glass tube having a 

bore of approximately - +in., see Fig."z(a). To measure 
the height push this firmly on to the plates, place the 
thumb over the top and withdraw the tube,' Fig. 2(b). 
The level of the electrolyte in the cell under test will 
correspond with the height of the electrolyte in the tube. 
The electrolyte will then return to the cell by releasing 
the thumb, and the next cell is tested in a similar 
manner. These glass tubes for testing the level of the 
electrolyte are contained in most hydrometer sets, or 
they may be purchased separately. they are flanged at 
the top to facilitate holding, while the lower end is 
graduated with one or more levels, enabling a very 
accurate measurement tb be obtained. 

Cell 
under test 

o -/o - 

Amp 

Uar Res. Load 

3. -Typical cell capacity 
teat circuit. 

Uar Res. Load 

Fig. 4. -The connections for 
the energy efficiency teat. 

Practical Tests of Batteries 
Capacity Test. -The initial capacity in amp -hours of 

a battery is usually stated on the label supplied by the 
manufacturers. The initial capacity of the cell depends 
upon the quality of the active material in the plates, 
and the number of plates. The theoretical capacity may 
be determined from the formula, but these figures will 
vary between different makes of battery. The capacity 
in amp -hours also varies according to the rate of 
discharge. For instance, a battery discharged over a 
period of 20 hours, termed the 20 -hour rate, will give a 
higher effective capacity than one discharged in two 
hours, while the intermittent capacity of the battery 
is a very high one. It is the former, viz., the actual 
capacity, and not the intermittent one, with which we 
are concerned here, as the higher figure applies only when 
the battery is used on work of an intermittent nature 
demanding a low rate of discharge, e.g., morse signalling, 
coil ignition, 'etc. This figure cannot be measured and 
is usually calculated from the actual capacity. The 
maker's figures apply only when the battery is in perfect 
condition and subsequent tests are necessary for 
determining the capacity at the time of the test. When 
carrying out this test, batteries should be charged and 
discharged a number of times at constant current, the 
rates of which should be as specified by the manufacturers. 
Such tests are usually made at the ro -hour rate. For 
example, we will take a standard 90 amp -hour (actual) 
two -volt coil. At the ro -hour rate the discharge current 
will be 9 amps. The cell should first be fully charged 
until it gases freely. The voltage should be taken just 
prior to removal from charge. A suitable resistance, 
viz., load, should then' be placed across the cells with an 
ammeter in series (see Fig. 3). Taking the average 
voltage of the cell at 2 vòlts, to obtain a discharge rate 
of 9 amps., applying Ohm's Law and ignoring the 
internal resistance of the battery; the resistance of the 
load will be 0.22 ohms. A variable resistance of 0.5 
ohms to zero is most suitable, so that at the commence- 
ment of the test the resistance may be set to give a 
discharge of exactly 9 amps. The time the test is started 
should then be regarded and subsequent half-hourly 
readings taken (see Table II). An efficient cell should 
give a -constant discharge of six hours (6o per cent. of 

the time) at a ro -hour discharge rate. In the example 
(viz., Table II) the average discharge throughout the 
test of 'ro hours is 8.24 amps. The capacity is therefore . 

8.24xro=82.4 amp -hours. This procedure should be 
repeated a number of times, when the voltage of the 
cell at the commencement and the end of the charge 
should carefully be noted. The final calculation should 
be taken from the figures where the Voltage was identical 
in the majority of cases ; this to avoid errors from tests 
made through the cell not being fully charged. 

Quantity 'Efficiency 
This is equivalent to the ratio of the output to the 

input, and in practice this efficiency should be as high 
as 95 per cent. In the above example the quantity 
efficiency is 

Amp -hours discharged 82.4 roo_ 
Amp -hours charged - x yo 

, 

9r.5 per cent. 

Energy Efficiency Test. 
This is taken in watt-hours, e.g., the ratio of the 

input in watts during the period of charge and the 
output in watts during the period of discharge, which 
is equal to 

Watt-hours discharged roo 
,< 

Watt-hours charged r 
In practice the value is approximately 75 per cent. 
The reason for this lower value compared with the 

-capacity figures is due to the waste of energy during 
the gassing period, which may be in the order of three 
hours. To carry out the test a discharged battery- is 
first put on charge, the charge being maintained until 
the cell gases freely, and there are no further rises in 
its voltage and in the S.G. of the electrolyte. The 
times of the commencement and of the completion of 
the charge are noted. The ammeter must be placed in 
the charging circuit to ensure that the charging rate 
is constant for the duration of the charge. Frequent 
readings of the potential difference (P.D.) of the cell 
are taken and are recorded and tabulated as in the 
table. For the discharged part of the test, a load is 
connected to the-- battery, preferably consisting of a 
variable resistance (see Fig. 4), in order that a constant 
discharge current may be maintained, otherwise the 
average current cannot be calculated as in the capacity 
test. For example,, the 20 anip-hour (actual) 2 -volt - 
cell is selected, and charged and discharged at the 
so -hour rate, viz., the 2 amps. Before putting on 
charge it is assumed to be fully discharged. After 
about. 13 hours all plates should be well gassing and 

TABLE II. 
Tabulated Readings for Capacity Test of 90 amp.'hr. 2.0 Volt 

Cell at 10 -hour Discharge Rate. 

Time of Reading Discharge Current 
(taupe.) 

Remarks . 

12.0 9.0 commencement of 
12.30 9.0 test 
1.0 9.0 
1.30 9.0 
2.0 9.0 
2.30 9.0 
3.0 9.0 
3.30 9.0 
4.0 9.0 
4.30 9.0 
5.0 9.0 
5.30 9.0 
6.0 9.0 
6.30 8.8 hate of discharge 
7.0 8.5 decreasing 
7.30 8.3 , 

8.0 8.0 
8.30 7.2 ,, ea 

9.0 6.5 11 

9.30 5.0 
10.0 4.5 

824 = V 
Average value of 

current 
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the P.D. and S.4. of the cell both constant. The 
amp -hours of charge is equivalent to 13x2=26 amp -- 
hours. Ten hours for the theoretic charge plus three 
hours for gassing. From the figures in Table III we get 
energy efficiency in watt-hours= 

Amp -hours of discharge Average volts on discharge 
Amp -hours on charge X Average volts on charge 

X zoo x 2:3 x rÌ0=78 per cent. 

Testing Condition of Plates 
For this purpose the cadmium test is applied. Both 

positive and negative plates may be tested, but for the 
ordinary type oT cell having small vents ,the test is 
restricted to one positive and one negative plate, so 
that the true condition of the co replete cell cannot be 
ascertained. The tester consists o a stick of cadmium 

(Fig. 5) connected 
to the negative and 
positive terminals 
of a moving -coil 
voltmeter, when 
testing a cell during 
charge or discharge 
respectively. The 
cadmium stick is 
then placed in the 
electrolyte in the 
centre of the cell 
between the. plates. 
The positive lead 
of the voltmeter is 
connected alter- 
nately to the ' positive and nega- 
tive terminals of the 
cell during a charge 
test. During the 
discharge test the 
negative lead from 
the voltmeter is 
dYternately co n- 
nected to the 
positive and the 
negative of the cell 
under test. 

Moving Coi/ 
Voltmeter O -3V 
Centra/ zero 
reading 

Connect 
alternaIdly 
to t e- 
terminals of 
cell 

2 -Volt cell 

5. -Cadmium t st charge. Reverse 
connection of cadmium stick for test 

on discharge. 

Results of Tests 
(a) Daring charge. 

-When fully 
charged, the 
cadmium to the 
positive of the cell 

' TABLE 111. 

Tabulated Readings for Energy Efficiency Test of 20 amp./hr. 
2 -volt Cell at 10 -hour Discharge Rate. 

During Charge .During Discharge 

Readings p.D. (E) headings P.m (E) Discharged Taken 
Hourly of Cell Taken 

Hourly of Cell Current (1) 

'flume - Time 
12.1) 1.85 1.0 2.0 2.0 

1.0 1.85 2.0 2.2 2.0 
,2.0 1.9 3.0 _ 2.2 2.0 

3A 1.05 4.0 .2 .2 2.0 
1.0 2.0 5.0 2.2 2.0 
5.0 2.0 6.0 2.1 2.0 ' 
0.0 2.1 7.0 2.0 1.9 
7.0 2.2 8.0 1.9 1.8 
8.0 2.3 ' 9.0 1.9 1.7 
9.0 2.4 10.0 1.8 1.2 

10.0 2.5 11.0 1.8 0.4 - 

11.0 2.6 
12.0 2.6 
1.0 2.0 

* Cell practically discharged -further discharge not advisable. 

should read 2.45 volts, while the cadmium to the negative 0.25 volts. The voltage of the cell is obtained in this case by adding the readings, -i.e., 2.45+0.25= 
2.701 volts. If the former reading is lower than 2.45 the positive plate is not fully charged, while if the latter reading is less than 0.25 volts or in the reverse direction the plate is not dilly charged. 

(b) During Discharge. -When fully discharged, the, cadmium to the negative plate should not give a deflection on the voltmeter of more than 0.2 volts, while for the cadmium to the positive of the cell, not less than 1.95 
volts, or the plates are practically exhausted. Both readings should be on4.he same side of the zero reading of the voltmeter. The voltage of such a cell is obtained by subtracting the negative reading from the positive 
reading. For example, if the positive and negative 
readings are 1.95 and 0.2 respectively, the cell voltage is 1.95-0.2=1.75 volts. 

(To le continued) 

Practical Pars 
Using Old Coils 

COILS designed over five years ago are seldom 
suitable for use in m dern receivers, except in the very simplest types of set. This is especially true of superhet coils. The old type coil was designed for use in conjunction with a separate oscillator valve and cannot be relied upon to work satisfactorily with a pentagrid or triode-hexode frequency changer. Even if the receiver is of the straight type having one or two H.F.. stages, the high efficicueY of modern 13,F, pentode valves would cause instability: With this type of valve very 

effective screening of the H.F. components is essential 
if optimum results are to be obtained. In the old type 
S.G. receivers the coils were often of the unsereened type, 
screening being effected by inserting a metal sheet 
between the aerial and H.F. coils. This method of 
screening is not always satisfactory with modern H.F. 
valves, therefore, unless the screening is made really 
effective, new coils of modern design should be incorporated. 

Extensión Speakers 
WE receive numerous inquiries from readers concerning 

the addition of extension speakers to mains - 
operated receivers. Many of these querists are under 
the impression that if the receiver is mains -operated the 
extension speaker should ,also be of the mains energised 
type. This is quite incorrect, however -a permanent 
magnet model is more suitable than the mains energised 
type for extension purposes. If an energised type is used. it must be separately energised from the mains, and 
if the mains are A.C., rectifying equipment must be 
added, of course. \Vhen a permanent magnet model is 
used it is- only necessary to ascertain that it has the 
correct impedance for snatching the receiver output 
valve. In some cases the extension sockets are joined 
to the speech coil on the set speaker, and therefore the extension speaker should be of the low impedance type -approximately 2 ohms. 

* * * * 

R :k :6 * 

Terminals 
ALL terminal shanks should be inspected to see whether 

they are perfectly secure in their component before bolting it down, otherwise, when tightening up the 
terminal head there will be the possibility of the shank rotating, with the result that an imperfect connection will be formed and, when a metal chassis is used, the shank being unscrewed sufficiently to cause it to touch the chassis and produce a short-circuit to earth. 

Remember that all terminals used for radio work have 
a right-hand thread, so see that the wire loop forming the connection is placed under the head in -the manner 
which will cause the head, on being screwed down, to 
close the loop and not open it and tend tp force the wire off the terminal collar. 



PRACTICAI. WIRELESS Octdber, 1943 

Mains Transformer Design 
An Interesting Paper DeaÍing with the Construction and Winding of Transformers 

By P. G. HEATH 

THE design of mains transformers of the type used for 
supplying power to commercial forms of radio 
receivers can be simply outlined by reference to a 

somewhat standard or average one operating from an 
A.C. mains supply of 230 volts, at a frequency of 50 c/s, 
with a H.T. secondary winding, for full -wave rectification, 
35o volts centre -tapped 35o volts and a current load 
not exceeding 8o milliamperes. For heating the rectifying 
filament of the valve the usual 5 -volt, 2 -ampere winding - 

is included ; and for the heaters of the operating valves 
a 6.3 -volt winding of 1.6 amperes is to be used. 

Output or Load Extent 
The initial consideration is the extent of the output 

load, a factor influencing the transformer size, for if 
voltage and amperage are high, the use of heavy gauge 
wire and the number of winding turns add to overall 
dimensions. Watts, as the product of volts and amperes, 
must be first derived for all windings, then an allowance 
made for efficiency, which, though often quoted as 8o 
per cent. for this type of transformer, is, for this form 
of design, best placed at 75 per cent., necessitating a 
25 per cent. compensation, a factor to be considered 
when selecting core sizes -and performance. The entire 
energy circulating (except that dissipated as resistance 
loss in the primary) must be transformed from primary 
winding electrical energy to magnetic core energy, and 
then reconverted to secondary electrical energy, so' that 
the amount of the core material utilised -must determine 
the amount of power the design can safely take. Hence 
under these conditions, and by the aid of the simplest 
of arithmetic, to connect the agencies, the wattage can 
be first derived from : 350V X 8omA --F 5V X 2A 
+ 6.3 V X r.6A = 28W + 1oW -I- ro.xW = 48.IW + 
25% (12.25W) = 6o.35W or 6o.5 watts for the purpose 
of computation.. 

Core Stampingg 
The output factor derived, it is to be regarded as a 

contributing one to size'and to the amount of wire used 
for the windings. Window -space area of the assembled 
laminations of suitable dimensions to contain the 
windings is conveniently found from published tables, 
extracts from one being appended; that of standard 
Malloy stampings, suitable for 5o -cycle electrical mains 

Output 
in 

Watts 

Stamp- 
ing 
No. 

Length 
Width 
(Core 

cross -sec. 
Area 

Stamp - 
ings 
(No. 

Window 
Area 

\Gaited (Stalloy) ins.) Pairs) )(Sq. ins.) 

10 100 0.5 5/S 0.3 85 0.54 
2(1 100 .8 5/8 0.5 57 0.54 
25 95 0.8 13/16 0.6 57 1.00 
50 4 13/16 15/16 1.0 67 2.00 
75 4 1.25 15/16 .1.2 89 2.00 

100 28 1.23 1.22 1.5 88 3.00 

Stamping No. 4, suitable for a 75 -watt output 
transformer, is thus selected, 89 pairs being required. 
Should the design wattage not be quoted in tables, use 
the next highest value listed. 

Turns -per -volt 
This factor, abbreviated to TPV, is dependent upon the 

magnetisation extent of the core material expressed in 
lines of force per square centimetre of cross-sectional 
core area. The flux density of Stalloy is fixed at ro,000 
lines per sq. cm. of core or at 65,000 lines per sq. in. 

From this, giving some precision to the statement, has 
been derived the following equation : 

Mains Volts -Cross-sec. area of core in sq. in. Turns 

X 
x0,000 x f (mains) 

3.5Xro& 
The cross-sectional area is then got from the table and, 
in this instance, seen to be r.2in. (column 5), permitting 
the resolving to show as : 

Mains Volts 1.2 X 10,000 X 50 r.z = 5.83 TPV or S.g F x 
Turns 3.5 x r,000,000 -7.o 

=6.9 TPV. 
The " -{- x " or extra TPV is added as a safety factor - 
this being customary. Progressing : the TPV must be 
now multiplied by the supply A.C. voltage in order to 
learn the number of primary turns required ; the design 
calling for 230 volts, it is obvious that 6.9 X 23o = 1,587 
primary turns. The current drawn as \V/E = 64.5/230 
= 0.28 amp., a factor determining what gauge of wire 
to use for the winding. 

Gauge Constants of Suitable Wire 
Copper wire of i sq. ìn. sec. arca is rated to carry 

with safety 1,200 amperes of current, enabling this 
figure, as a constant, to be divided into the 0.28 amp. 
for the purpose of finding the cross-sectional area of 
a suitable gauge of wire to use. This resolves as 0.28/1,290 
= 0.00023 sq. in. But again reference to a table is 
necessary, this time one of S.W.G. wires, excerpts 

-following : 

A good example of the conclue of e typical mains transformer. 
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No. 

llia. 

Sq. in. 

Sae. -area, 

sg. in. 

Wet. 

1,000 
.d.. 
in Ib.. 

Itesi tai e in 

Ohm, 
I 

Turn. Current 
1.200 
sq. in. 

Perini sumps. 

Per 
1.1100 

yd,: l'er Ih.j 

18 0.048 0.110181 20.93 43.747 0.634 19.8 2.'25 
26 0.018 0.0002545 2.943 94.35 :32.06 50.6 0.32 
34 0.0092 0.000066 0.77 361.00 471.0 98.0 0.1)8 

The nearest figures approaching the 0.00023 sq. in. 
arc seen in column 3 and opposite No. 26 S.AV.G., a 
gauge to be used without the risk' of overheating the 
winding, 

Length and Weight of Wire 
The length of wire required for the winding may be 

found front the expression : turn numbers multiplied 
by mean circumference, which for the No. 4 stampings 
(in square section equalling circumference) is 2 X 
(1.25 , 0.935) = 4.37in. The naaxinnun circumference 
equals 2 X (2.7 + 3) = 1r.4in. So that 4.37 -F 
11.4 2 = 7.9in. per turn, 1,587 of which are 
wanted. So that 1,587 x 7.9 gives the total length in 
inches which divided by 36 totals the length in yards, 
or (1,587 ,< 7.9)136 = log 3.20059 + 0.89763 - 1.5563o - log 2.54189, antilog = 348yds. of wire. Reference 
to the wire tables now permits the computing of the 
weight, this equalling (i48 x 2.843)/1,000 = log 
2.54158 ; 0.46879 = log 0.01037 =- antilog 1.02.111b. 
of wire. 

Resistance Considerations 
If the output voltage is to meet requirements a small 

percentage of turns must be added to the secondary 
windings so as to overcome the resistance. of the 
relatively small gauge wire used, this to compensate for 
the voltage drop. Again referring to the wire table, 
the resistance, R, can equal (348 x 94.J5);1,000 = log 
2.54158 -i- 1.97474 - 3.o = log 1.5,632 = antilog 
32.9 o11n15, and as the current is 0.28 amp, the voltage 
drop value' in the primary winding can be shown as 
equalling 0.28 x 32.9 = 9.2 volts. 

It is also necessary to understand that allowance has to 
be made to compensate for secondary winding resistance 
as well, the voltage drop being computed from the 
expression : Primary VD x Secondary voltage = Mains 
voltage. That is, the secondary VD is found and both 
values added for multiplication by the TPV ratio in 
order to learn what number of turns must be added to 
the secondary windings to compensate for the resistance 
present in the two windings. 

Secondary Characteristics 
As can be noted, the arithmetic for this _type of 

calculation is quite simple and made more so by recourse 
to logarithmic tables. Therefore the designs of the 
secondary and other windings can be; if the foregoing is 
studied, reviewed without comment : 

Number of H.T. secondary turns = 700V x- 6.9 
= 2,415 c.t. 2,415 plus compensating turns. 

The gauge of wire required = o.o8/1,200 = 0.000066 
sq. in. = No. 34 S.W.G. 

The length of wire = (4,830 x 7.9)/36 = log. 
3.68395 -4- 0.89763 - 1.55630 = log 3.02528 = antilog 

r,o6oyds. - 

T he resistance = (r,o6o x 361.7)/1,000 log 
3.02528 2.55834 - 3 = log 2.58362 = antilog =- 
383.36 ohms. 

The voltage drop in the secondary winding = 383.36 
x o.o8 = 30.67 volts.; that of the primary winding 
= (9.2 X 700)/230 = log 0.96379 -4 2.84510 - 2.36173 
= log 1.44716 = antilog = 28 volts. 3o.67V -{- 28V 

58.67 total voltage drop. 
Compensating turns = 58.67 x 6.9 = 405. Therefore 

the total H.T. secondary turns = 4,830 -}- 405 - 5,235 
or 2,617 c.t. 2,6,7. 

The Wire weight required is (1,060 >< 0.7686)/1,000 = 

log 3.02528 -1- 1.88570 - 3.0 = 1.91092 = antilog -- 0.84468 lb. 

Rectifier Winding 
Repeating the reasoning for the design of the rectifier heater winding : The number of turns = 5V x 6.9 -- 34.5 plus compensating turns. 
The gauge of wire required equals 2/1,200 = 0.0016 

sq. in. - No. 18 S\\'G. 
The length of faire = (34.5 >< 7.9)/36 == log 1.53782 ± 0.89763 - 1.55630 = log 0.879,5 = antilog 

7.57 yards. 
The resistance = (7.57 '.< 13.747)/1,000 = 0.8715 4- 1.13820 - 3.0 = 1.01735 = antilog = 0.128 ohms. 
The voltage drop is o.128 )< 2 - 0.256.volts. That 

of the primary is (9.2 x 5)/230 = 46/230 = 0.2 ; so that the total voltage drop is 0.256 + 0.2 = 0.456. 
Compensating turns = 0.456 X 6.9 = 3. Therefore, 

the total of the heater winding turns is 34.5 -4 3 = 37.5. The wire height required = (7.57 x 20.93)/1,00a = 
log 0.87915 -I- 1 .32079 - 3 = log 1.0994 = antilog = 
0.15845 lb. 

The Winding tor the Valve Heaters 
Computing for the heater winding to apply to the 

operational valves may be similarly undertaken as : 

The number of turns = 6.3 x 6.9 = 43.5 plus 
compensating turns. 

The gauge of 'vire required = .1.6/4200 = 0.0013 
sq. in. _- No. 13 S.W.G. 

The length of wire (43.5 x 7.9)/36 -- log 1.638.19 
-I- 0.89763 - 1.55630 = log 0.97982 = antilog =- 
9.55 yards. 

The resistance = (9.55 x 17.747)/1,000 = 0.97982 
-l- 1.13820 3.0 = log 1.11802 = antilog = 0.13 
ohms. 

The voltage drop is 0.13 'x 1.6 = 0.2. That of 
the primary - (9.2 x6, 3)/230 = 58/230 = 0.25 volts. 
Therefore, 0.2 ± 0.25 =- 0.45 volts total VD. 

Total turns -= 0.45 x 6.9 = 0.3 + 43.5. Weight = (9.55 x 20.93)/1,000 = log 0.979822 + 
1.32079 - 3.0 = log i.3oo61 = antilog = 0.19986 lb. 
of wire. 
Turns Per Layer and Spacing 

Considerations of spacing and turns per layer lend 
themselves to similar easy computing, figures relative 
to the design in hand being virtually self-explanatory. 

The space for the primary wilding equals the diameter 
of the No. 26 S.AV.G. = o, oiSin., so that the number of 
turns per layer will be 06/0.018 = 114 per layer. 
The number of layers will be thus 1,587/1,4 = 13.8 -4- 
0.002, the 0.002 being an allowance for insulation on 
the wire, the total equalling 13.802 layers. 

The space fo- the H.T. secondary equals the diameter 
of the No. 34 S.1J.G. = o.0092in. The number of turns 
per layer being 2.06/0.0092 = 223. The number of 
layers equal 5,235 -h 223 = log 3.7,892 -- 2.34830 =- 
1.37062 = antilog = 23.476 which with the insulation 
allowance of 0.002 approximates 23.5 layers. 

The rectifier heater winding space = í8S.\V.G. diameter 
= 0.048in. The turns per layer = 2.06/0.048 = 42, 
the number of layers being 37.5/42 = 0.89, which, 
with the insulation allowance is near enough to 1 layer 
of )\'ire. 

The receiver valve heaters winding 18 S.\V.G. 
diameter = 0.048in. The turns per layer = 2".06/0.048 
= 42, the number of layers being 46.5/422 = 7.1 layer, 
but as the diameter of the wire is larger two layers 
should he allowed for. 

The number of turns per layer as given, leaves a space 
of in. at either end, and allowances are made 
for width of coil former; insulation between windings, 
and for outside cover insulation. 

With transformers of this type the primary is usually 
ground first on the coil former, over which is placed an 
electrostatic screen to prevent capacitative coupling of 
the secondary with the electrical mains and thus lessen 
modulation hum. 
(By courtesy of The Institute of Practical Radio Engineers.) 

(To be continued) 
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Impressions on the Wax 
Review of the Latest 

H.M.V. 
THE second movement from Bach's Suite No. 3 in 

D Major is now generally known as " Air on the 
G String," but it is perhaps not so widely known 

that it was not Bach's idea that the air should be played 
on that string of a silo violin. The noted violinist and 
arranger Wilhelmj was responsible for the arrangement, 
which has become exceedingly popular, but Yehudi 
Menuhin, in his recording of " Air (from Suite No. 3 

in D Major), on H.M.V. DB6156, ignores the latter 
arrangement and keeps to Bach's original melodic line. 

On the other side of DB6156 Menuhin records 
" Præludium " (from Violin Sonata No. 6 in C Major, 
Bach), thus providing us with some of the finest Bach 
music, enhanced by the unblemished technique and 
playing of Yehudi Menuhin. 

On H.M.V. C3347 the Indianapolis Symphony 
Orchestra-conducted by Fabien Sevitzky-have 
recorded two outstanding performances of works by 
Glinka and Rimsky-Korsakov, namely, " Overtur 
Russian and Ludmila " and " Dubinushka." 

The " Spitfire Prelude " and the " Spitfire Fugue," 
in original form, formed part of the incidental music= 
composed by William Walton-for Leslie Howard's 
film " First of the Few." On H.M.V. G3359 the Hallé 
Orchestra-conducted by the composer himself-has 
made a. wonderful recording of these brilliantly 
orchestrated works. 

Gwen Catley, the charming possessor of a superb 
soprano voice, has recorded-with the Hallé Orchestra 
under the baton of Warwick Braithwaite -" What Folly " 
(Follie Follie) and Recit. ; .'Tis Wondrous" (E Strano) 
and Aria , " 

" 
Ah, Was It He ? " (Ah Fors E Lui), from 

" La Traviata." 
Two fine compositions by Johann Strauss, " Indigo 

March, Op. 349," and " March from ' The Gypsy 
Baron " haveg been recorded on H.M.V. B9335 by the 
Boston Prolhenade Orchestra, conducted by Arthur 
Fielder. 

Noel Coward has selected two numbers featured in 
the films " You Were Never Lovelier " and " Something 
to Shout About" for his recordings on H.M.V.B9337 
The songs are " I'm Old Fashioned " and " You'd Be So 
Nice To Come Home To," and he sings them in his own 
.inimitable' style. 

Reginald Foort has made a fine record of " Dreaming " 
and " Vision of Salome "-both waltzes of the good old 
style. These are melodious tunes and Reg makes the 
most of them on his Giant Moller Organ. The record 
is H.M.V. BDro5o ; make a note of it. 

Joe Loss and his Orchestra give us two good tunes on 
H.M.V. BD58o9. They are " I'm Thinking Tonight of 
My Blue Eyes " and " Silver Wings in the Moonlight " 
both . slow foxtrots. 

Glenn Miller and his Orchestra have selected " At 
Last " and " That Old Black Magic "-foxtrots-for 
their recording on H.M.V. BD5811, and a very fine 
recording they make. - 

Columbia 

I GNAZ LEUTGEB, the hornist of the Salzburg 
Orchestra, Was a great friend of Mozart ; between 

1782 and 1786 Mozart wrote four horn concertos for 
him, one in D and three in -E flat, and it is No. 4 in 
E Flat which Dennis Brain (Horn); with the Hallé 
Orchestra, has recorded for us on Columbia DX1123-24. 
This young artist of outstanding ability is the son of 
Aubrey Brain, the first horn in the S.B.C. Symphony 
Orchestra, and it is very evident that he has inherited 
his father's technique and skill. 

The Albert Sandler Trio. always provides good 
entertainment, and I. have every confidence in recom- 
mending their latest recording, which is outstanding in 
many respects. The record is Columbia DB2116, and 

Gramophone Records 
the composition is " The Vagabond King-Selection," 
two parts, which introduces " Valse Huguette "; "Song of 
the Vagabonds " ; " Some Day " and " Only a Rose." 

" Phyllis Has Such Charming' Graces " and " Is She 
Not Passing Fair ? " are the two' ballads recorded by 
David Lloyd, with Gerald Moore at the piano, on 
Columbia DB2117. David Lloyd has a tenor voice of 
exceptional quality, and he makes a perfect recording 
of two pleasing ballads. 

Victor Silvester and his Ballroom Orchestra give us 
-in Strict dance tempo-" Just A While," waltz, and 
" A Fool With a Dream," slow foxtrot, -on Columbia 
FB2948. Recommended for . dancing enthusiasts. 
" Hawaiian Love," linked with " Mui Waltz "-the 
latter an original Hawaiian air-are the names of the 
two numbers which Felix Mendelssohn and his Hawaiian 
Serenaders have recorded on Columbia FB2942. 

Turner Layton sings, in that pleasing easy manner, 
" Thé Old Curiosity Shop " and " I'd Like to Set You 
to Music," on Columbia FB2941. 

Carroll Gibbons and the Savoy Hotel Orpheans have 
made a fine record out of " Better Not Roll Those Blue 
Blue Eyes," foxtrot, and "Silver Wings in the Moonlight," 
alsb a foxtrot. The record is Columbia FB2945. 
Parlophone ' 

THE Organ, The Dance Band and Me are with us 
again on Parlophone F1984, on which they have 

recorded " Seven Days of Heaven "-a fine waltz-and, 
on the other side of the disc, " Four Buddies," which 
tempts one to foxtrot. Good tunes well presented. 

Geraldo and his Orchestra put up a good performance 
on Parlophone F1985 when they play " You'll Never 
Know," foxtrot, and " Don't' Get 'Around Much Any 
More," a 'slow foxtrot. 

For the super rhythm enthusiasts I recommend 
Parlophone R2879 On this record Harry Parry and his 
Radio Sextet have recorded " Body and Soul " and " St. 
Louis Blues." 

ra,rama am. .moomonueme amee,smerre 

LIBRARY OF STANDARD WORKS 
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The "Fluxite Quins" at Work 
"Now, don't lark about 1 " hollered EE. 
" This aerial's mixed up with the tree: 

There'll be work for FLUXITE 
When this wire is fixed right, 

But for goodness' sake-leggo of me 1" 

See that FLU XITE is always 
by yoy-in the house-garage - workshop - wherever 
speedy soldering is needed. 
Used for over 30 years in 
government works and by 
the leading engineers and 
manufacturers. Of all 
ironmongers --in tins, 

8d., 114 and 218. 

Ask to see the FLUXITE 
SMALL - SPACE SOLDER- 
ING SET-compact but sub- 
stantial-complete with full 

instructions, 716. 

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

FLUXITE-but IMPORTANT. 

The FLUXITE GUN 
puts FLUXITE 
where you want it 
by a simple pres- 
sure. Price 116, or 
filled, 216. 

ALL MECHANICS WILL 

FLUXITE 
IT SIMPLIFIES ALL SOLDERING 

Write for Book on the ART OF "SOFT " 
SOLDERING and for Leaflets on CASE- 
HARDENING STEEL and TEMPERING 
TOOLS with FLUXITE, also on "WIPED 

JOINTS." Price Id. each. 

FLUXITE LTD. (DEPT. W.P.) 
BERMONDSEY ST., S.E.I. 

COMMUNICATIONS DEPEND .. . 

BULGIN 
FOR JACKS 

ALARGE 
and comprehensive range of 

Jacks, stdndard to B.S.S. 666, fixing 
with single *" hole to panels 0.036-0.250" 
thick, - single-, double-, and triple -pole, 
with and without switching. Only 2e" rear 
depth, max. 'Panel -area ' taken -up 

_ 9/1i" x f" average. Best Bakelite insula- 
tion; nickel -silver leaves, silver switching 

contacts. 

- - ":.. 
ON SMALL 

PARTS... 

N countless instances 
quite intricate pieces 

of apparatus are wholly 
dependent on the proved 
reputation and reliability 
of their component 
parts. 

All products from the 
House of Bulgin are pre- 
eminent for superior de- 
sign and workmanship, and 
every article bearing our 
Trade Mark has to pass 

exacting and exhaustive 
tests during the course of 
its production. 

We ask the kind indul- 
gence of the public on 
delivery until peaceful 
conditions return. 

ALWAYS DEPEND O I!I 

A. F. BULGIN &CO., LTD., BYE -PASS RD., BARKING, ESSEX 
TEL. RIPPLEWAY 3474 (4 lines) 



474 PRACTICAL WIRELESS October, 1943 

FOR THE 

RADIO SERVICE 

MAN, DEALER 
AND OWNER 

The man who enrols for an I.C.S. Radio Course learns radio 
thoroughly, completely, practically. When he earns his 
diploma, he will KNOW radio. We are not content merely, 
to teach the principles of radio, we want to show our 
students how to apply that training in practical, every -day, 
radio service work. We train them to be successful! 

INTERNATIONAL CORRESPONDENCE SCHOOLS 

Dept. 94, International Buildings, 
Kingsway, London, W.C.2. 

Please explain fully about your instruction in the subject 
marked X. 

Complete Radio Engineering 
Radio Service Engineers 

Elementary Radio Television 
If you wish to pass a Radio examination, indicate it below. 

British Institute of Radio Engineers 
P.M.G. Certificate for Wireless Operators 

Provisional Certificate in Radio Telephony and 
Telegraphy for Aircraft 

City and Guilds Telecommunications 
Wireless Operator, R.A.F. 
Wireless Mechanic, R.A.F. 

Special terms for members of N.M. Forces. 

Name 

Address 

(Use penny stamp on unsealed envelope.) 

Age 

ics: 

WHAT 
Efttti DOES 

tOW R i 1N S 
Wt It UPON PEED 

OF OUTPUT? 

ÍÎIIiEE COBE 
SOLDER 

This and numerous other queries are 
answered in reference sheet 2 of 
"Technical Notes on Soldering," 
published by the manufacturers of 

Ersin Multicore-the A.I.D. approved 
;older wire with three cores of non- 
corrosive Ersin activated flux. 

Firms engaged on Government contracts 
are invited to write for a copy of this 
reference sheet and samples of Ersin 

Multicore Solder Wire. 

The Solder Wire with 3 cores of non -corrosive Ersin Flux 

MULTICORE SOLDERS LTD..BUSH HOUSE. LONDON. W.C.2.TEMyivB,r55ea)4 

YAXLEY TYPE WAVE- 
CHANGE SWITCHES 

I-ern',:IA,.111 with 
P,l 1 Kiel lo i I Ill.ltnl [Ion. 

bout]11 loon ll,I' 
Mai anon,\ III. 

5 U ip. . Jmindll / 
I I 

il way. Ii -bank 

MORSE KEYS 

ui - 
-. 

', - 
- ÿ 

-'I 

MILLIAMMETERS 
Ferranti mnv- 
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Radio Exrnthiation Papers -23 
Colour Codes, Units of Sound' Measurement, Cross Modulation, Static, Variation in Range of 
S.W. Transmissions and the Choice of Line -cord Resistance Form. the Subjects of this Month's 

Questions, to which Answers are Given -by THE EXPERIMENTERS 

1. Colour -coding 
THE object of colouf-coding is to simplify the 

indication and recognition of component values 
and connections. Although used with a. large 

number of components, the system is of chief value in 
connection with resistors and condensers whose physical 
dimensions in many cases make other means of marking 
virtually impossible. Colour - 
coding was first introduced 
by the Radio Manufac- 
turers' Association, and is 

.now universally employed. 
Colour -code charts are 

available, but with a little 
practise the code can easily 
be memorised if its general 
form is understood. The 
underlying principle is that 
colours are used to indicate 
the digits from q to 9, and 
also. a number of noughts 
from none to nine. The 
colours used are as follow 

Black = zero. 
Brown = I _ or a single 

nought (o). 
Red = 2 or two 

noughts (oo). 
Orange = 3 or three 

noughts (000). 
Yellow = 4 or four 

noughts (0,000). 
Green = 5 or five 

noughts (00,000). 
Blue = 6 or six 

noughts (000,000). 
Violet = 7 or seven 

noughts (0,000,000). 
Grey = 8 or eight noughts (00,000,000). 
White = 9 or nine noughts- (000,000,000). 

In the case of resistors, the three colours used are 
those of the body, tip and spot respectively (see Fig. s). 
The first two colours represent digits, while the third 
indicates the number of noughts following the digits. 
The answer is in ohms. Thus, the value of the resistance 
Mentioned in the question can be determined in the 
following manner : 

\Vith condensers, the. three colours are all in the form 
of spots, as shown in Fig. 2. The value is shown in 
nunfd. (millionths of a microfarad).. Taking as example 
the condenser referred to in the question, we can obtain 
the value as follows : 

r. 

2. 

3. 

4. 

5. 

6. 

QUESTIONS 

Briefly explain the R.11..l. colour -code system as 
applied to fixed resistors and fixed condensers. 
What would be the value of (a) a resistor having a 
brows. body, black tip and blue spot, and (b) a 
condenser with red, greenand orange 'spots, in, that 
order ?. 
Explain simply the difference in meaning between 
the decibel aid the phon. 
1Vha.t do you understand by the term - crost- 
ntodulution,'.' and how can this form of interference 
be prc.'uiled ? 
How can the effect of atmospherics be distinguished 
from so-called man-made static ? 
If you were using a -receiver covering the wavelength 
range of 53 to 5o metres, at what times of the day, ,or 
in n'hai other conditions, would you expect to obtain 
best recebtion on the different wavelength bands ? 
Calculate the resistance required iu,a line cord for 
use with a, three -valve -plus -rectifier 
receiver fitted with American .53A valves, the heaters 
of which are rated at 12, 12, 50 and 35 volts 
respectively. It may be assumed that the rectifier 
requires an input of 12o volts at 6o m3, and that 
the supply voltage is 230. 

Brown body = r 
Black' tip = o 
Blue spot = oco,000 

ro,000,000 ohms, or ro megohms, 

Bogy (Brown 

Spot(Blue) 

Tip (Black) 

Fig. I.-The method of colour -coding as applied to fixed resistors. 
The colours indicated aenote a co.'ae of 10 meg,lum, 

Red spot = 2 
Green spot = 5 
Orange spot=.odo 

25,000 nunfd., 
or .025 mfd. 

2. Sound Level and Amplifier 
Output 
Although both narnes- 

.decibel and phon-are often 
used to indicate the volume 
level of various sounds, 
their precise meanings 

are by no means identical. 
Whereas a phon is a unit of 
loudness, the decibel is not 
a unit at all except in so far 
as it is used to indicate the 
ratio between two power 
levels.' 

The loudness of a sound 
is determined by the effect 
of that sound on the human 
ear, at an average audio 
frequency. Thus, a sound 
which is just verging on 
audibility has a loudness of 
zero phons ; on the other 
hand, the loudness of the 
noise heard by a mechanic 
standing close to a running 
aeroplane engine is about 

r2o phons. The sound level in phons of any sound is 
measured in ternis of the pressure (in dynes per sq. cm.) 
produced on a surface such as a microphone diaphragm 
or the drum of the ear. The zero reference level is taken 
as .0002 dÿne/sq.cm., or ro -r6 wattsjsq.cm. In 
determining volume level in phons, comparison is made 
with a d,000 cycle note. 

As previously stated, the decibel (one -tenth of a bel) 
is used to show the ratio between two power levels 
such as, for example, the output and input of an amplifier. 
The human ear is by no means as sensitive to changes 
in volume level, if volume be interpreted in terms of 
power, as one may expect. -For example, if the output 
of an amplifier were reduced from 3 watts to 2 watts 
by means of a switch, the difference would scarcely be 
noticeable. Similarly, there would hardly be any 
perceptible difference if the output were increased from 

Black 
Red 

Fig, 2.-Colour-coding on a small fixed condenser. Its value is 
.0002 mfd. 
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3 to 4} watts. But if an output of e watt were increased 
to watt the change would be readily detected. 

It has been found that if a logarithmic scale of notation 
is employed, the increase or 'decrease in the number of 
decibels is proportional to the increase or, decrease in 
volume as detected by the ear. For example, an increase 
of 4 decibels has the same effect on the ear whether the 
increase represents a change from,. say, .3 to .75 watts, 
or from 3 to 7.5 watts. 

The number of decibels, up or down, can be found 
from the formula : 

\r2 Decibels = so log rÓ 
V11 

where W2 is the second power output and W1 is the first. 
Thus, if the output of an amplifier were increased from 
2 to 4 watts, we could say that the output had been 
raised by 3 db. If it -were reduced from 8 to 4 watts, the 
output would be 3 db. "down." Similarly, if an 
amplifier gave an output of 5 . watts when the input 

' was ,05. watt, the rise would be so db., or the output 
would be 20 db. " up " on the input. 
3. Cross -modulation, - 

Cross -modulation is a form of interference experienced 
when the modulation of a powerful nearby transmitter 

- is superimposed on the carrier wave of a weaker signal or, 
a nearby frequency to which the receiver is tuned. It 
is due to the fact that the powerful signals " spread " to 
à certain extent and, being of comparatively high 
voltage, cause the fast valve of the receiver to detect or 
rectify. 

This form of interference can occur in a ,receiver 
which is highly selective, in that there are several 
tuned circuits. But if there is only one of those tuned 
circuits between the aerial and the first valve there may 

Fig. 3.-This simplified diagram 
shows the method of wiring the 
heaters and line -cord resistance 
in a l'Pical three -valve -plus - 
rectifier receiver of the " midget" 

AC(DC type. 

ascertained that it does not arise within the receiver 
itself, due to 'a bad contact' or faulty component. This 
can normally be checked by the simple process of 
disconnecting the aerial ; if the noise continues at the 
same strength as before, a search for the cause should 
be made within the set. 
5. Short-wave Radiation 

The radiation of short-wave- signals is a complex 
subject, and the range of radiation is governed by 
numerous factors. Among these are the time of year, 
degree of ionisation of the upper reflecting layers in the 
atmosphere (this, in turn, is largely dependent upon 
conditions of daylight or darkness), the frequency in 
use, and various periodic changes extending over a 
number of years and connected with astronomical and 
meteorological phenomena. 

All this is getting rather away from the main point 
of the query, which is concerned simply with the question 
of frequency and hour of day. Since we have to formulate 
a general answer, it 'can be stated that wavelengths 
toward the bottom of the range mentioned can be 
received over the gr@atest distances when daylight 

.prevails at both the transmitting and receiving stations. 
During hours of darkness wavelengths toward the upper 
end of the range are more reliable for long-distance 
communication. Between the two, reliability for 
long-distance working can be graduated from the 
lower to the upper extreme, between broad daylight and 
darkness. 

The reason for the variations referred to is that these 
short waves are reflected from ionised layers in the upper 
atmosphere; the direct transmission by ground. wave 
is practically negligible. \Ve have, therefore, a " skip - 
distance " between the radiation leaving the transmitting 

2V V : .35V 

be a fairly high input from the local transmitter when the 
set is tuned to a frequency as much as 50 kcfs separated 
from it. Because of the process of rectification, the 
interference is passed on, without filtration, to subsequent 
tuning circuits and valve stages. 

The remedy consists either of applying variable -mu 
volume control (manual or A.V.C.) to the first valve, 
or of inserting a band-pass filter between the aerial 
and the first valve stage. The former will prevent the 
valve from acting as a detector, and the latter will 
obviate the transfer of the interfering signal. 

4. Static 
Both forms of static referred to in the question- 

atmospheric and man-made or artificial-result in 
interference. It is impossible to eliminate the former, 
but the latter can be prevented or cured if its source is 
determined. 

In general, both forms of interference are noticed in 
the form of " crackling " or " rustling " noises as a 
background to the sound- reprodpction. But whereas 
atmospherics are generally heard at varying intervals 
of time, man-made static normally occurs at more or 
less regular intervals. Atmospheric noises generally 
start .at fairly low intensity, build uur to a crescendo 
and then stop, the whole sequence occupying two or 

:,three seconds. The single disturbance is similar, in 
some respects, to the breaking of 'a wave on the shore. 

Man-made static, on the other hand, is observed 
either as a constant " crackling " noise, as a low-pitched 
unmusical noise, or as a series of crackles, depending 

:upon whether it is due to electrical sparking at the 
_brushes of a motor, for instance, an electric discharge 
through a neon tube, or the making and breaking of 
contacts in an electrical circuit. Before searching 
externally for the cause of trouble it should be 

8 02/A A Resistance Lead 

/ Ol5A 
o ' 

20V 
1 

/09V Plain flex qu s 

Lead 
aerial and returning to the earth's surface. The 
dimension of the skip -distance is dependent upon the 
angle at which the radiation leaves the transmitting 
aerial, and the height of the partjcular ionised layer 
which reflects it. 

6. Line -cord Resistance 
The valve heaters are wired in series, and therefore 

the voltage required to supply them is equal to the sum 
of the voltage ratings of the individual valves. This 
can be seen to be lop volts. Since the mains supply 
voltage is 23o, we therefore have to " drop " 121 volts. 
In the -case of the A.C. supply to the rectifier valve we 
require Ito volts, which means that only Ito volts 
have to be " dropped." 

To see exactly what factors have to be considered it 
will be best to look a t the simple -diagram shown in 
Fig. 3. It will be seen front this that one lead is of plain 
copper -wire flex, while the other is the usual spiral of 
resistance wire on an asbestos -cord core. The supply 
voltage to the set at the remote end of the line cord is 
109, so to obtain our Ito volts for the rectifier, à tapping 
must be taken. 

A slight complication arises now-. Whereas the total 
current to be passed by the resistance as far as the 
tapping point . is .21 amp. (.15 L.T. plus .o6 H.T.), whilst 
only .15 amp s is,passed by the remainder. Our little 
problem therefore resolves itself into two parts : to 
find the resistance of the portion of the line cord marked 
A in Fig. 3 ; and to find the resistance of the part 
marked B. The voltage to be dropped by A is Ito, 
and since the current -passed is .21 amp. the resistance 
required will be Ito divided by .21, or approximately 
524 ohms: The voltage to be lost across B is it,' and the 
current passed is .15' amp. ; the resistance must, therefore, 
be i1 divided by .15, or just over 73 ohms. 

230V 
2 50' 
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Elémentary Electricity and Radio -9 
The "Straight" Receiver Analysed 

By J. J. WILLIAMSON, 
(Continued from page 417, September issue.) 

A"STRAIGHT" receiver is one wherein all- R.F. 
(radio frequency) amplification is performed at 
signal frequency ; thus superheterodyne receivers, 

which have R.F. amplification at I.F. (intermediate 
frequeny), are not included., 
Tuning 

Tuning circuits enable one frequency or a band of 
frequencies to be selected whilst rejecting unwanted 
signals ; this property is known as " selectivity." 

An ordinary radio telephonic signal is composed of 

i 'Peaked" 
t i 

Fig. 38. The response curses 
of a " peaked.' and bandpass 

tuned circuit. 

across the load. A tuned circuit is normally used and 
greater selectivity thereby attained. 

The amount of R.F. amplification possible is limited 
by certain factors. As the number of R.F. amplifiers 
is increased, the prevention of feed-back and consequent 
oscillation becomes more difficult, because of the larger 
R.F. potentials developed and the additional stray 
capacities caused by the components involved. 

Couplings 
The feeding of the voltages (alternating) developed 

across the anode load to the grid and filament of the 
next valve is known, as coupling. A coupling should 
pass all frequencies within the working range of the. 
particular stage to which it is attached evenly, i.e., its 
opposition should remain constant over a given frequency 
range. 

Resistance -capacity Coupling (R.C.C.) 

Bandpass A pitre resistance has a constant opposition to all ' frequencies, and would therefore fulfil the given 
requirements. Unfortunately, it is impossible to make 
a pure resistance, its self -capacity being unavoidable. 
As stated in the paragraph dealing with R.F. amplifiers, 
the " shunting " effect of the resistor's self -capacity 
restricts the use of R.C. coupling in R.F. amplifiers, 
but when L.F. amplification is to be obtained, this 
" shunting " is less serious. R.C. coupling possesses 
the disadvantage 

Fig. 39:-Resistance-capacity coupling. 

several frequencies equally distributed above and below 
the carrier frequency, i.e., upper and lower sidebands. 

For the reception of continuous waves (C.W.) as used 
for morse signals, the tuned circuit may be made far 
more selective without causing a loss of intelligibility. 

Fig. 38 gives typical response curves for a " band- 
pass " (full line) and a " peaked " tuned circuit. 

As we must be able to " tune " the circuit, i.e., adjust 
it to different frequencies, its resonant frequency must 
be capable of variation ; . this is achieved by making 
either the inductance or capacity variable. Receivers 
usually employ a variable condenser and transmitters 
a variable inductance, with which to adjust the " tuning." 

Radio -frequency Amplification 
Certain points have to be taken into account when 

considering R.F. amplification. 
Using a resistance as an anode load is undesirable, 

owing to the "'shunting " or " short-circuiting " effect 
of the resistor's self -capacity at high frequencies, and 
the consequent falling -off of the R.F. voltage developed 

Fig. 40.--A choke -capacity system. 

Fig. 41.-Tuned-anode-capacity circuit. 
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circuit will cause a reduction of potential upon the 
anode of the valve. Fig. 39. 

Notice that C in Fig. 39 is necessary to prevent the 
application of the supply voltage (H.T.) to grid and 
filament of V2, but it is capable of passing on the 
alternating P.D's. _ 

The " grid -leak " Rs permits the charge that accumu- 
lates in C to leak away, otherwise the valve's operation 
would become intermittent. This is one source 
of "motor -boating" and other noises heard when 
the grid leak or bias circuit is broken. 

Choke -capacity Coupling (C.C.C.) 
The remarks applied to R.C.C. with respect. to 

self -capacity effects are also true for C.C. coup- r- 
Iiug. Also, the opposition of a choke increases 
with frequency, thus P.D's (R.F.) developed 
across the choke would -increase with frequency 
until the .choke's self -capacity became predom- 
inant, when they would decrease. Fig. 4o. 

The choke does not cause such a reduction in 
anode voltlige as in the case of R.C.C., as it can 
be made to have a high reactance with a low D.C. 
resistance.. An L.F. choke (iron -cored) is usually used 
in output stages where the anode voltage must be kept 
as high as.possible. 

Tuned -anode -capacity Coupling (T.A: C.C.) 
T.A.-C.C. is mainly used in R.F. amplifie 

added selectivity is desired. Fig. 41. 

1,%raps. 

O 0 O 
O O 

Grid 
Bias 

when 

o 

a 
Fig. 42.-A simple L.F. transformer coupling. 

Transformer Coupling 
Added magnification can be obtained by the use of 

a step-up transformer; unfortunately, distortion can be 
introduced. The remarks concerning self -capacity, etc., 
under C.C.C. also apply to the transformer. Fig. 42. 

Anode -bend Detection 
As the name implies the anode or lower bend of the 

triode's charactci1stic curve is used. Fig. 43 shows 
how the positive half -cycles cause a greater change of 
anode -current than the negative half -cycles, thus 
causing the mean value of the anode -current to vary. 
The necessary circuit is shown in Fig. 44. Notice the 
small battery A, which provides the necessary grid -bias 
voltage to permit the signal voltage applied to grid and 
filament to vary upon the "bend." 

The anode -bend detector is insensitive, but introduces 
little distortion. 

Cumulative Grid Detection 
The use of correct values for C and R in Fig. 45 will 

produce detection. 
The signal voltage applied to the grid and filament 

via C will cause grid -current to flow upon its positive 
half -cycles, charging up C in " pulses " at R.F. C will 
discharge via R (the grid-leak)-providing a complete 
circuit exists -causing a P.D. to be developed across 
the grid -leak ; this P.D. will be varying at L.F. because 
of the-"storing-np "-or " reservoir " effect of G and thus 
the anode current will fluctuate at L.F. as well as R.F., 
and detection takesplace. 

R.FRmplifier Cumulative Grid 
Detector 

Fig. 45. Fundamental arrangements for cumulative grid detection. 

A cumulative grid detector is very sensitive but, 
because of grid -current flow, introduces distortion. 
Reaction 

Reaction is the process whereby energy is fed back 
from anode to grid circuits in such a way that energy 
losses in those circuits are reduced, and the magnification 
obtained is greater (the effective resistance of the grid - 
circuits is reduced). 

Too much feed-back will cause oscillation, i.e., negative 
resistance exists. 

Fig. 46 is a typical reaction circuit ; R.F. potentials 
developed across R in the detector's anode circuit are 
fed via C1 Li to the detector's grid circuit (also anode 
circuit of V1) C1; being variable, permits control of the 
reaction. 
Low -frequency Amplification 

The purpose of an L. F. amplifier is to amplify all 
frequencies in the L.1'. range equally and without 
distortion. Fig. 47 shows a typical L.F. amplifier with 
transformer coupling. 

The type of coupling used, operating conditions of 
the valve, etc., are details that must be carefully selected 
if a L.F. amplifier is to give good quality amplification. 

Voltage and Power Amplification 
R.F. and L.F. amplifiers are 

designed to give a large signal 
voltage across their anode loads, 
i.e., they are voltage amplifiers 

(Continued on page 480) 
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Fig. 43.-Left : Grid volts' la curves 
of anode -bend detector. 

Fig. 44.-Above right : Basic circuit. 
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CONSTRUCTORS' KITS 
See August issue for illustration and 
details of Constructors' A.C. and 
Battery 3-v. Kits. Delivery approxi- 
mately one mo 
COILS. Aerial. and osc. iron core 
Superhet coil unit, 6 push buttons with 
3 position tone control, adjustable 
permeability tuning, complete with 
button. New. Colour coded circuits 
supplied, £1/10/-. 
Midget Aerial and. Ose. Superhet. 
465 k/cs. three wave -band coils. mounted 
on panel, new, 12/6 per pair.. Also 
Short -Wave Coils on Paxolin Formers 
16-50 metres approx., 1/6 each. Midget 
Medium Wave Oscillator only, 126 each. 
IF TRANSFORMERS. 450/470 k. es. 
iron core permeability tuned, centre 
tapped, first class component, new, 
12/8 per pair. 
MAINS VOLT DROPPING RESIS- 
TORS. .2 amp. 1,000 ohms on ceramic 
formers, 2 variable sliders, 6'-, .3 amp. 
750 ohms, 1 variable slider, 8/-. 
10 -WATT WIRE -WOUND RESIS- 
'T'ORS, 2,000, 500 and 150 ohm, 2/6 each. 
PADDERS. Twin ceramic .0003 mfd. 
(max.) and .0006 mfd. (max.), 1/6 each. 
CHASSIS. Undrilled steel, painted. 
new, 10_ x'8 x 2/in., 7/6 ; 8 x 6 x 2lin., 
4/6 each. Drilled for 3-v. 8 x 6 x 2'l in., 
518. 
WESTEC.-TORS. Type W6. 5.'. each. 
SWITCHES. New, Yaxley type midget. 
single bank, single pole, 4 -way, 2;9. 
each. Single bank, 3 -pole, 3 -way, 3 6 
each ; 3 -bank, 2 -pole, 4 -way screened. 
7/8 each 4 -pole, 3 -way, midget, 46 
each ; 2 -bank, 2 -pole, 3 -way. 5]- each PARALLEL FEED TRANS- 
FORMERS. Midget. Colour coded 
circuit, 6/-. H.F. Choke Aniplion. 
2/6 each. Short-wave double wire wound 
Filament Choke for electronic reaction 
coupling, 2/- each. 
VALVE HOLDERS,. 4-, 5-, 6-, 7 -pin 
Paxolin, 6d. International Octal, 
moulded bakelite, 9d. each. Short-wave 
Ceramic 5- and 7 -pin. 1,8 each. 
CONDENSERS. Tubular, .0005 mfd. 
to .005, 8d. each ; .02 to .1, each. 
Mica, .01, .001 mfd., 2,200 volt test, 
1/8. Silver mica, .00015, .0002, .0005, 
.00005 mfd., 9(1. each. 
VOLUME CONTROLS. i and i meg., 
with switch, 6/6 each. 25,000 and 50,000 
ohms, less switch, 4/- each. 
VARIABLE CONDENSERS. Single - 

0005 mfd., 2 -speed drive with pointer, 
knob and dial, no escutcheon required. 
Single hole fitting for portables, crystal 
sets. etc., 6.%-. .0003 mfd. reaction con- 
densers, 2/8 each. Short-wave Tuning 
Condensers, 30 mmfd., 2/8. 
SPEAKER OUTPUT TRANS- 
FORMER. Heavy duty Pentode, 
10/- each. 
PAXOLIN. Polished, Rat. strong, 
18 x 2) x 3 32nds approx., 118 each. 
Soldering Tags. 3d. dozen. Terminal 
Strips, from 3d. to 9d. Eyelets, 1:'2 
to 1/8 gross. Resistors, l -watt. 6d. ; 
1 -watt, 1- each, most values available. 
Spiro Clips, 2 a ld. Flexible Coupling 
Joints, large, 1'-. Dial Lamp Holders, 
8d. each. Al. A2, E Panels, 8d. Systo- 
flex, coloured. 4d. per yd. length. 
A good selection of shop-soiled and 
odd components available to callers 
only. Cheap. 
Licence to export to Northern Ireland 
and Irish Free State. 
Please add postage for enquiries 
and 4rail orders. C.O.D. orders 
accepted. 
Owing to present circumstances. prices 
are subject -to increase without notice. 

51-52 CHANCERY LANE. 
LONDON . W. C.2:Te/ephree sO(soen463' 

GALPI lN S 
ELECTRICAL STORES 

"FAIRVIEW," 
LONDON RD., WROTHAM, KEJ$T. 

TERMS CASH with ORDER. 
No C.O.D. 

Regret no - Orders can be accepted from Eire 
or Northern Ireland. 

ELECTRIC LIGHT CHECK METERS, 
well-known makers, first-class condition, 
electrically guaranteed, for A.C. mains 
200;250 volts 50 cy. 1 phase 5 amp. load, 
10,- each ; 10 amp. load 12,'6, carriage 1/-. 
HEAVY DUTY CABLE, V.I.R., and 
braided, in first-class condition, size 37/13, 
lengths 30 to 40 yards. Price by the length. 
5,7- per yard, carriage paid, or 'V- per yard 
for short lengths, carriage paid. 
1 K.W. ELECTRIC FIRE Element, size 
16in. x 13ín. x lin., for 220 v. mains A.C. 
or D.C.. as new, 6/- each post free. 
ROTARY CONVERTER, D.C. to D.C., 
input 48 volts ; output 2,500 volts at 1 kW., 
condition as new. Price £10, carriage 
paid. 

WATT %VIRE END Resistances, new and 
unused, assorted sizes (our assortment), 
5/6 per doz. ; post free. 
SOLID BRASS LAMPS (wing type) one - 
hole mounting, fitted double contact small 
B.C. holder and 12 -volt 16 watt bulb. 3/6 
each, post free, or 30/- per doz., carriage 
paid. 
TUNGSTEN CONTACTS, 3,isin. dia., a 
pair_ mounted on spring blades, also two 
high quality pure silver contacts 
dia.. also mounted on spring blades. fit for 
heavy duty, new and unused ; there is 
enough base to remove for other work. 
Price the set of four contacts. 51-; post free. 
220 VOLT DYNAMO 9 AMP. output by 
Lancaster Dynamo Co. shunt' wound, 
speed 1.500 R.P.M., condition as new. 'Price 
£10, carriage paid. 
KLAXON MOTORS, 220 v., D.C., 1/1.0 IT.P. 
shunt wound, ball -bearing, fitted reduction 
gear giving speed of 700 r.p.m. high-grade 
job, condition as new. Price 50/- each, 
carriage paid. 
KLAXON MOTORS, as above, with right 
angle drive, but need slight repair, mostly 
fields open circuit, not guaranteed. 
laminated fields, 20,- each, carriage paid. 
AUTO TRANSFORMER. Rating 2,000 
watts, tapped 0-110-200-220-240 volts, as 
new. Price £9, carriage paid. 
RESISTANCE MATS, size Bin. by 61n., 
set of four, 80-80-150 and 690 ohms, to carry 
1 to 1 amp. Price, set of four, 5/- post free. 
LARGE TRANSFORMER, input 230 v., 
50 cycle. Output, 2,000=0-2.000 volts at 
200 m/A., and 11 volt- L.T. winding. Price 
£3'15/0, carriage paid. 
MOVING COIL Ampmeter, 21ín, dia., 
panel mounting, reading 0-20 amps., F.S.D. 
15 m'A. Price 30/-, post free. 
C:ROMPTON DYNAMO, shunt wound, 
output 50/75 volts, 25 amp., 4 pole, speed 
1,750 r.p.m., massive construction, in perfect 
working order. Price £9, carriage ppid. 
MOTOR DRIVEN PUMP, 100 v. D.C. 
motor. "Keith Blackman," i H.P. ; lin. 
inlet and outlet, gear type pump, in perfect 
working order. Price £5, carriage paid. 
Ditto 220v. D.C. motor, lin. inlet and outlet. 
Price £710;0, carriage paid. 
MOVING COIL movements, needing slight 
repair, modern type, famous makers, 
deflection 5 to 10 ma. Price 15-, post free. 
RIGHT ANGLE DRIVE, mounted in gun- 
metal box, all ball bearing, /in. dia. shafts, 
as new. 121- each, carriage paid. 

RECORDING AMPMETER, in ironclad 
case, meter movement wants repair, no 
pen, clock perfect, range 0-3 amps. Price 
£7. carriage paid. 
200 AMP. KNIFE SWITCHES, S.P. D.T. 
in first-class condition, 151- each. 
DYNAMO maker C.A.V. output 20 volts, 
10 amps., speed 1,500 r.p.m., ball bearing, £5. 
ROTARY CONVERTER D.C. to D.C., 
input 11 volts, output 1,100 volts, 80 watts, 
will operate successfully on 6 volts input. 
Price 50/-. 
MASSIVE GUNMETAL WINCH, com- 
plete with long handle, for use with pin. 
diameter wire cable, weight 501bs., condition 
as new. Price £3, carriage paid. 

RELAYS 
TWO STEP RELAY LF/FS 

(Heavy Silver Contacts) 
First impulse 
" On." Second 
mpulse "Off." 

A.C. and D.C. 
ALSO AERIAL 
(RANGE - OVER 

RELAYS. 
Ask for leaflet 

88a/P.W. 

LONDEX LTD. 
Aneriey Works, 207, Aneriey Road, 
London, S.E.20. Phone : SYD 6258/9. 

Morse Code 
Training 

If you wish to become a proficient 
W/T Operator, or, if you are already 
an Operator and desire to increase 
your present sending and receiving 
speeds as well as to improve your 
technique, then apply for a copy of 
the Candler " Book of Facts." 
Numerous students trained by the 
Candler system are now WIT 
Operators in the ARMY, NAVY, 
AIR FORCE and MERCHANT 
SERVICE. Many others are on W/T 
work of national ' importance. 
Full details of the following Courses 
are given in the Candler " Book of 
Facts." 
The JUNIOR Scientific Code Course 
for beginners teaches all the necessary 
code fundamentals scientifically. 
The ADVANCED and High -Speed 
Telegraphing Course, for olerators 
who want to increase their w.p.m. 
speed and improve their technique. 
The TELEGRAPH Touch -Typewriting 
Course. For operators and general 
commercial uses. 
Fill in the Coupon and learn more 
about this highly efficient Candler 
method of Morse Code training in 
your own home. 
\Vhen you send for a copy of the 
Candler " Book of Facts " you will 
also receive in the form of " extracts 
from students' letters " convincing 
proof of the excellence of the Candler 
system of Morse Code training. 
'Code Con; ,es on Cush or Monthly 

Payment ternis. 

COUPON- " " - - " - - 
Please send me a Free Copi1 of Candler 

1 "Book of Facts." i 

INAME 
iADDRESS 

j 
I Post Coupon in Id. unsealed envelope to : - 

THE CANDLER SYSTEM CO. 
I(5L.O.) 121 Kingsway. London, W.C.2 

Candler System Co., Denver. Colorado, 
U.S.A. .(1043) 
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Fig. 46;-A typical form of reaction circuit. 

' in order that as large an alternating potential as possible 
is supplied to grid and filament of the next valve. 

In the case of the output valve, which has to supply 
power (P=IV) to a reproducer (speaker, 'phones, etc.), 

GB- GBt- 
Fit. 47.-A low Ireçuencu welter. 

HT+ 

of a receiver have to pass through the supply, thus, 
owing to the resistance of the supply, " rippling " 
voltages are produced across it, causing the supply 
voltage and the potential applied to the valves to 
fluctuate. This application of ' rippling " voltages: to 
the valves will result in spurious oscillation and general 
instability, therefore the resistance of the supply, to 
which they are due, must be avoided. 

The connection of a suitable condenser across the' 
supply will give the "ripples " an' easy path past the 
supply's resistance, thus preventing the production of 
alternating potentials across it. Various methods of 
preventing the " ripples " on the direct current (D.C.) 
from passing through the supply exist, as in Figs. 39, 40, 
42, 44, etc., where" by-passing or decoupling condensers 
and resistances are used. 

Biasing Methods 
Several methods of producing a grid biasing voltage 

exist, the, most commonly used will be treated : 

(r) Fig. 48 shows a typical battery biased circuit. 
(2) Fig. 49 gives a circuit using filament biasing. 

When using battery valves the insertion of a resistance 
in the- filament circuit will provide us with a biasing 
voltage. The resistance must be small, otherwise the 
current heating the filament will be reduced sufficiently 

to impair the valve's operation. 
Compared with the other methods 

about to be described, the filament 
biasing system is not widely used, 
but this does not mean that it is without 
application. In fact, in certain circuits, 
the system has much to recommend it. 
When considering biasing arrange- 
ments, which depend on the H.T. 
supply or current for the production 
of the required bias voltages, it must be 
remembered that the total voltage 
available from the H.T. source is 
effected to the extent of the bias 
voltages, or, in other words, the term 
" free bias " is not strictly correct, 
as one does not Obtain something 
for nothing. 

(3) H.T. (high tension) biasing. A 
resistance inserted in the main H.T. 
negative line will cause voltages to 

the H.T. supply. be developed which can be fed to 
grid and filament. Fig. so. 

(4) A condenser and grid -leak will produce biasing 
voltages as explained under cumulative grid detection. 

(To be continued.) 

Fig. 50.-Auto-bias from 

the circuit has to be arranged to handle large charges 
of current as well -as voltage. - 

Decoupling 
The " rippling " currents through the various valves 

LS 
o o 

HT 

GB -I- 

GB -4.5V 

GB.-t 5Vö 

Fig. 49.--Aboue : Filament biasing. 

Fig. 48. -- Left : 
,using battery 

A typical circuit 
bias supplies. 
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ea to /scuss /0/i 
The Editor does not necessarily agree with the opinions expressed by his correspondents. All letters must 

be accompanied by the name and address of the sender (not necessarily for publication). 

- Single -valve Regenerative Receiver 
response to several readers' empiries I 

N append the details of the coils for the U.S.W. 
one -valve receivef, which was described in the May 
'sane. The coils were home-made and also the- coil 
solder. The number of turns, diameter, etc., were as 

follow : 

Wavelength 
covered 
approx. 

B.W. gauge 
of wire 

No. of 
turns 

Winding 
length 

Diameter 
of coil 

12-21 metres 

18-30 metres 

30-50 metres 

18 enamelled 

18 enamelled 

30 enamelled 

9 

15 

40 

lin. 

1.5in. 

lin. 

1.25in. 

1.251n. 

;;in. 

The first two coils are self supporting, the last is close 
wound on a in. diameter former 

Wavelengths well below 12 'metres can be covered and, 
using an L.P.2 valve, super regeneration was obtained, 
using a two -turn tin. diameter coil. The coils are all 
centre -tapped, but for higher efficiency several tans 
should be made on_ each coil and the best chosen. 

The epi] base was made from -a thin bakelite strip, 
rein. by !yin., and two valve pins securely fixed lin. apart. 
This made an excellent coil mount, into which the 18 - 

gauge wire fitted tightly. The 30-5o metre coil was 
drilled through at each end and thick gauge wire inserted 
to _which the 3o s.w.g. wire was soldered. 

Since the constructional details were published L 

have incorporated a _S Q variable resistance as a -grid 
leak and it has improved the operation of the set 
considerably, eliminating all whistling due to incorrect 
values of grid lcak.--A. SCOTT (Manchester). 

Wireléss Receivers in Cars 

SIR,-On 
page 309 of the July PRACTICAL WIRELESS, 

you state that it is illegal to carry a wireless receiver 
in a car. This does not exactly reflect the position. 
The restriction concerned is Section 4 of an Order in 
Council under the Defence Regulations (Statutory 
Rules and Orders, r94o, No. 828). ' After prohibiting 
wireless apparatus installed in a road vehicle, this 
states : - 

" Any wireless receiving apparatus shall, notwith- 
standing that it is not fixed in position, be deemed for 
the purposes of this paragraph to he installed in a 
vehicle, if it is in the vehicle in circumstances in which 
it may he used or readily adapted for use." 

It follows fròm this that a wireless receiver can be 
carried in a car front one place to another provided it is 
not in hircumstances in which it can be used or readily 
adapted for use. In order to comply with the Order, 
it is sufficient if the wireless set is dismantled by the 
removal of vhlves or batteries." I quote from a letter 
from the Home Office to the National Caravan Council 
in 194r. The parts removed can be sent or taken 
separately and replaced when the receiver is removed 
front the car at the and of the journey.-F. E. EYRE 
(London, W.C.). 

[We repeat that it is illegal for anyone to carry a wireless 
set in a motor -car. Removal of the salves or batteries would 
not comply with -the Defence Regulation. The object of 
this particular Regulation is to avoid illegal transmissions 
and anyone who proposed to illegally transmit would merely 

secrete the batteries and talcs. The (to not, therefore, ucce bt 

the Jlnmo Office intcrprdntion of this Oder, -uor do use 

think that suagtistratcs would support it.-ED.] S.W. Broadcasts 

SIR,-The 
following list of S.W. broadcasts which are 

now available might be of interest to other S.W. 
listeners. The times are G.M.T. and my receiver is a 
battery det.-L.F. 

EAQ Aranjuez, Spain, 30.43 m., 6.15 p.m. PRL8 Rio 
de janiero, 25.6 m., 8.30-9.30 p.m., English hour. 
ZNR Aden, 24.76 m., 4 p.m. HCJB Quito, 24.08 in., 
7.30-8.3o p.m., English hour. XGOY Chungking, 
48.85 m., 3 p.m., CR713F L. Marques, 30.8 m., 5 p.m. 
FZI Brazzaville, 25.06 111., 7.45 p.m. TAP Ankara, 
31.7 m.,, 6.15 p.m., TGWA Guatemala, 19.76 In., 6.30 
p.m. VL.I3. Sydney,, Australia, 19.57 m., 10.30 a.m. 
Vatican, 17.19 m., 6.30 p.m., Tuesday. 

I have received the " Free Yugo -Slay Station," 
remarked on by a reader, the wavelength being approxi- 
mately 35.08 m. ; tintes announced, 2 p.m. Monday 
and Tuesday. " Allied Forces I-f.Q., North Africa," may 
occasionally be heard at 4 p.m. on approximately 24.9 tu. 
Also, LS4 Buenos Aires, 14 m., at 2.30 p.m. There are, 
in addition, a great number of U.S.A. broadcasts. 

I hope PRACTIdxL WIRELESS will continue to be as 
successful and interesting as it is at present, and that 
the time is not far distant when we shall be able to have 
a weekly edition again.-F. G. RATER (Longdon). 

"P.W." in the Forces 
SIR,-For some time before joining up I. was a regular 

reader of PRACTICAL WIRELESS, and derivedmuch 
useful knowledge from it. 

I now have it sent to me each month, and am thereby 
able to keep my theory, at any rate, in trim. " P.W." 
also lightens many browned -off hours. 

I write this as I would like you to know how much 
myself and other members of the Forces -appreciate 
" P.W."-JOHN ROMB413T (Putney). 

Station WDL 
SIR, -With reference to G. A. Lockie's query in a 

recent issue, station WDL is Boston, U.S.A. This 
station broadcasts news in English on 30.77 m. regularly 
at 1o.00 and 13.0o hours B.S.T. Volume is usually 
fair. 

I would like to get in touch with any other radio 
enthusiast in Scotland who is interested in S.W. experi- 
mental work.-T. PAGE (Edinburgh). 

Thè PRACTICAL WIRELESS 

ENCYCLOPAEDIA 
Ninth Edition 

By F. .1. CAMM (Editor of 
a Practica! Wireless") 

10/6 net 
Wireless Construction, Terms anti Definitions 
explained and illustrated in concise, clear language 

From all Booksellers, or by post 1 1 I- from George Newnes, 
Ltd., Tower House, Southampton St., Strand, London, W.C.2. 
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Replies to Queries 
Voltage Dropping 

"1 have a rectifying valve and mains transformer which give 
an output of 250 volts. I wish to know if I can, by means of 
resistances or any other methods, reduce both the voltage and 
the current, which is at present 60 milliamps, so that it could 
be used fat supplying power to a short wave set free from hum. 
A maximum output of 180 volts at 30 milliamps is required. 
Could you please tell me the value of the resistances or how to 
calculate them ? "-J. H. (Manchester). 
THE output from the rectifying valve, i.e., the D.C. voltage, 

can be reduced to any required value by means of series 
resistors. It is not possible for us to give you the values of these 
components, as they depend on the current flowing. You can, 
however, calculate them quite easily from the formula: 

Exl,000 
R- 

When E=voltage to be dropped, and 1=current flowing in 
the circuit in milliamps. 

A Resistor Problem 
" Two 10,000 ohm resistors, A and B. are rated at 5 and 10 

watts respectively, therefore B will have a larger current -carrying 
capacity than A. According to the formula : 

Voltage to he dropped x 1,000 
Resistance Current through resistor 

The resistance of the resistors depend on the voltage to be dropped 
or the current passing through them. Therefore, if A and B have 
different current -carrying capacities, how can they have the same 
resistance ? "-J. L. (Banstead). - 

THE wattage rating of a resistor does not affect its resistance 
value. It is solely a factor which limits the current which 

can be passed through the resistor without producing over -heating 
or any breakdown of the resistance element. 

The voltage drop produced across -a resistor depends upon the 
current actually flowing through it, and, of course, its resistance, 
and this value might be much less than the maximum current 
permissible according to its wattage rating. Two or more resistors 
can have identical resistance values, and yet be of totally different 
wattage ratings! 

Coil Data - 

"Please will you tell me the correct windings and number 
of coils to cover from 10 metres to 200 metres, on a two and'a half 
inch diameter former."-E. G. (Mottingham). 

WE 
cannot undertake to provide constructional details of 

coils to individual requirements ; therefore, we would 
recommend our book-" Wireless Coils, Chokes and Trans- 
formers," wherein will be found all the information you require. 
The price of the book is 6s. (6s. 6d. post paid): - 

A.C./D.C. Fault 
"I am writing to you for advice regarding an A.C./D.C. set 

which a friend of mine asked me to try and repair. The trouble is 
this. On switching the set on everything happens quite normally 
regarding lighting valves, dial lights, etc. When, however, it is 
warming up, a sound very much Like that of a motor bike is heard 
in the speaker. This sound grows in intensity until the set is 
properly warm, when it becomes- unbearable. The volume control 
does not affect it at all, neither does changing the wave.. band. 
The voltages seem to be quite normal. Could you advise me as 
to what procedure to take to find this fault."-H. C. H. (Swansea). 

WE would advise you to examine the smoothing condensers,. 
as it would. appear that one, or both, i ay be faulty. 

1.4, Volt Valves 
"'I am proposing to build a 1-v-1 battery set, using 1.4v -filament 

valves. It seems that the detector will have to be an H.F. pentode, 
as I cannot find any trace of a triode of the above type being made. 
Would you please let me know if this is correct and supply me 
with a suggested circuit for this stage unless, of course, you can !et 
me have a diagram for the whole receiver, for which I would be 
very much obliged."-M. A. T. (Salop). 
MO triodes are produced in the r.4 volt filament valves ; 
1\ therefore you will have- to utilise -a pentode in the detector 
stage. The main circuit connections are the same as for the 
triode, plus a lead to the screening -grid, which will enable it to 
obtain a low }LT. voltage in the region of 3o to 36 volts. 

H.F. Pen. and Bias - 
" I am still puzzled about the electrical arrangements for using 

an H.F. Pentode as a detector and also for use as a feed for 
pick-up. It is not the switching, but whether grid bias must. be 

RULES ' 

We wish to draw the reader's: attention to the fact that the Queries 
Service is intended only for the solution of problems or difficulties 
arising from the construction of receivers described in our pages, frein 
articles appearing in our pages, or on general wireless matters. We 
regret that we cannot, for obvious reasons :- 

(1) Supply circuit diagrams of complete multi -valve receivers. 
(2) Suggest alterations or modifications of receivers described in 

our contemporaries. 
(8) Suggest alterations or modifications to commercial receivers. 
(4j Answer queries over the telephone: 
(5) Grant interviews to querists. 

A stamped, addressed envelope must be enclosed for the reply. All 
sketches and drawings which are sent to us should- bear the name and 
address of the sender. 

Requests Jfor Blueprints must not be enclosed with queries, as they 
are dealt with by- a separate department. 

Send your queries to the Editor, PRACTICAL WIRELESS, George 
Newnes, Ltd.,, Tower House. Southampton Street, Strand, London, W.C.R 

The coupon on page lit of cover must be enclosed with every query, 

used (a) fog both pick-up use and H.F., as stated by the valve 
makers (Mullard SIs4), or (b) whether the grid bias is only actually " 

applied when switching to pick-up. As the valve rectifies ILE. 
currents as a detector, and then on pick-up has L.F. currents 
applied to it, it would, seem that the bias is not required for H.F." 
-E. H. (Blandford). 

lFis not usually necessary to apply bias to an H.F. Pen. or 

screen -grid valve when it is used in the detector position, 
provided leaky -grid rectification is being used. When, however, 
a pick-up is employed, it is possible that a low value of grid -bias 
would be beneficial, but this depends on the characteristics of 
the valve and, if any doubt exists, it is best to try one or two 
experiments with and without bias. Ít is usual to insert a 
bias resistance in the cathode lead in such instances, and return 
the earthy -end of the grid -leak to the cathode -end of the cathode 
bias resistor. The pick-up can then be connected between the 
grid and the common negative earth -line, and the valve'u-ill 
receive bias when the pick-up is in use, but not when it is acting 
as a detector. 
Converting a Meter 

" I would be obliged for your advice re converting -a D.Ç. 
meter to A.C. I have D.C. Avominor instrument which I should 
like to use for A.C. readings. Would it be safe to use a rectifier 
and if so what type would I have to get (if it is possible to get 
them)? I see in this month's ` Practical Wireless ' there is a firm 
advertising instrument rectifiers. Would these be any good?"-. 
H. B. C. (Watford). 
A METAL rectifier can be used with a D.C. moving -coil 
Li instrument to enable A.C. to be measured. The type of 
rectifier required depends on the maximum scale reading of. 
the meter as a milliammeter. More complete details of such 
arrangements can be obtained from Messrs. Westinghouse 
Brake & Signal Company, Ltd., Pew Hill House, Chippenham, 
Wilts. 

Condensers in Parallel 
"I' am building a mains unit for a friend which must have an 

8 mfd. paper type condenser. He is in possession of two 4 mfd. 
paper type condensers of the right voltage. Can I join these in 
parallel in the place of the 8 mfd., and will they serve the same 
purpose as that which is marked in the circuit as a reservoir 
condenser ? "-J. B. (Clapham). 

CONDENSERS connected in parallel are additive and, 
therefore, two 4 mfd. condensers in parallel will give a 

total capacity of 8 mfd. and your idea is, therefore, quite in 
order. 

Substituting a Valve 
" Could I use an output triode instead of the outpùt pentode in 

the `Short-wave A.C. Two-valver' in your issue dated January 
13th, 1440 ? If so, what would the Connections be? I am going 
to make this my first mains -operated set."-C. H. W. (Homey). 

ATRIODE would not give the same amplification as a pentode 
and thus you would not gain anything by substituting the 

valve. If, however, it is a case of economy and you wish to 
use the triode for the time being, then the screen voltage 
dropping resistance must be omitted, and the tone control 
resistance; condenser and switch would also not be needed. 
The bias resistance value would have tò be changed, no doubt 
to suit the new valve. 
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Classified Advertisements 
LITERATURE, MAPS, etc. 

RADIO SOCIETY OF GREAT BRITAIN 
invites all keen experimenters to apply 
for membership. Current issue " R.S.G.B. 
Bulletin " and details, l'-. below : 

AMATEUR RADIO HANDBOOK (300 

oper 
cover, 

Supplement 
cloth, Radio 

Handbook (140 paBs, paper 
cover. 2,9 ; cloth. 5,'-.-R.S.G.B., 28-30, 

. Little Russell Street, London, W.C.1. 
W EBDB'S Radio Map of the World. Locates 
any station heard. Size 40ín. by 30ín.. 418, 
post 6d. On linen, 10/6. post 6d.-Webb's 
Radio, 14, Soho Street, London, W.1. 
GERrard 2089. 

MORSE & S.W. EQUIPMENT 
FULL range of Transmitting Keys, prac- 
tice sets and other equipment for Morse' 
training.-Webb's Radio, 14, Soho Street, 
London, W.I. 'Phone ; GERrard 2089. 
" H.A.C." Short-wave Receivers. Famous 
for over ten years. Improved one -valve 
model now available. Complete kit of 
components, accessories, with full in- 
structions -only 16e., postage 6d. Easily 
assembled in one hour. S.A.E. for free 
catalogue. -A. L. Bacchus, 109, Hartington 
Road, London. S.W.8. 

RtCEIVERS & COMPONENTS 
ANIERIC.4N LEASE LEND VALVES. 
B.O.T. prices. For replacement - only. 
1A5GT, 1C5GT, 5Y3G, 5Z4GT. 35Z4GT, 
357,5GT, 11'-. I2F5GT, 12SF5GT, 6J5GT, 
12J5GT, 9 2. 6AIGT. 12A8GT, 12SA7GT 
6SA7GT, 14:-. 25A7GT, 15;3. 6F6GT. 
12J7GT. 12S.T7GT, 12SK7GT, 35L6GT, 6K7GT, 
BK7G.35, 1A7GT, 12;10. 12Q7GT, 12SQ7GT.45, 
11, 7. and many others, British and 
American. 
MA INS DROPPER RESISTORS. .2 amp. 
for Pye, Lfssen, E.R.. Halcyon, Cossor, 
.3 amp., for Vidor. Ferranti, Major Maestro, 
Double Decca, 7 6. Ferguson 801 and 802, 
8:6. Line cord replacement dropper, .3 amp.. 
750 ohms, variable tap. 5'6. Heavy duty 
dropper, on porcelain former, two variable 

taps, superior job. .2 amp., 950 ohms, .3 amp., 
800 ohms, 8/6 each. 
VALVEHOLDERS. Chassis mounting. 
Ceramic English 7 pin, 1/3. Amphenol 
International octal, 1/3 ; Mazda octal, 1/-. 
Paxolin English 7 pin, 9d. ; 5'pin heavy 
quality. U-. 
SWITCHES. Rotary wavechange switches, 
midget, 2 way, 2 pole (DPDT), 2 way. 1 pole 
(SPDT), 3/6. 
CONDENSERS. Mica wire ends, .01 mfd., 

00015. .0023 mfd., 6d.. 5/- doz. Tubular 
.1 mfd., .01 mfd., 9d., 8/- doz. Electrolytic 
(cardboard) 50+100 mfd., 10 v. wkg., 15 v. 
surge., 6. 
CONNECTING WIRE. Tinned copper, 
rubber covered, 18 ft. coil, 1/-. 
PAXOLIN panels, sockets marked A. E. 
Gramo, 6d: ; Ext. L.S., 4d. 
SCREENED VALVE CAPS. 8d. each. 
Speakers, volume controls, reeving, etc., 
etc. Black Instrument Pointer Knobs at 
13 each. Stamped envelope with all 
enquiries please. Postage on all orders. 
O. GIIEENLICK, 34, Bancroft Road, 
Cambridge Heath Road, London, E.l. 

(Stepney Green 1334.) 

SOUTHERN RADIO'S WIRELESS 
BARGAINS 

SCREWS and Nuts, assorted gross of each 
(2 gross in all), 10/-. 
SOLDERING Tags, including Spade Ends, 
6/- gross. 
PHILCO 3 -point Car Aerials, excellent for 
short-wave and home aerials, 7/6. 
LIMIT Tone Arms, universal fixing for all 
types of Sound Boxes and Pick-up Heads, 
10/-. 
ACE " P.O." Microphones, complete with 
transformer. Ready for use- with ' any 
receiver, 7,'-: ' 

METAL Panels,' undrilied, rigid, 18110. by 
81ín., 2/6. 
CIRCULAR Magnets, very powerful, Min. 
diameter, by tin, thick, 1/6 each, 15/- per doz. 
ERIE Resistances. Brand new, wire ends. 
All low value from .8 ohms upwards. A few 
higher value are included in each parce 
I. 1. 1 and 2 Watt. 100 resistances for 30; . 

MVLTICON Master Mica Condensers, 28 
capacities in one from .0001, etc., etc., 4 - 
each. 

(Continued in next column.) 

SPECIAL ASSORTED PARCEL FOR 
SERVICE MEN 

100 ERIE resistances (description above), 
24 assorted Tubular Condensers ; 6 Reac- 
tion Condensers, .0001 ; 12 lengths Insu- 
lated Sleeving ; 75ft. Push -back Connecting 
wire ; Soldering Tags, Screws, Wire, etc.. 
65/-. All brand new. 
CRYS'rALS (Dr. Cecil), 8d., with cats - 
whisker, 9d. ; complete crystal detectors. 
2/6 ; 75ft. wire for aerials, etc., 2/6 ; 25 yds. 
Push -back wire, 5/- ; Telsen Reaction 
Condensers, .0001, 1/9 each ; Telsen large 
disc drives, complete.with knob, etc. (boxed. 
type W 184, 2;6 each ; Insulated sleevint. 
assorted yard lengths. 3/6 doz.; single 
screened wire, doz. yards, 10/-. 
LOUD Speaker Units, unshrouded, Midget 
type, 4/-; Metal case condensers, .1+ .1-I- .1, 
2.6 : Many Bargains for Callers. 
SOUTHERN RADIO SUPPLY CO., 
46, Lisle St., London. W.C. Gerrard 8653. 

RELIANCE RADIO SERVICE. 
8, Kennington Park Road, S.E.11. 

'Phone : REL. 2331. 
ELECTROLYTIC CONDENSERS. T.C.C. 
and Hunts. etc.. Tubular wire -end: 25mfd.. 
25v. wkg., l'6 ; 50mfd., 12v. wkg., 1.3 
50mfd.. 25v. wkg.,-1f9 ; 4mfd., 350v. wkg.. 
7,3 ; 8mfd., 125v. wkg., 3/6 ; amid., 450v. 
wkg., 9.16. Block type, 2mfd., 200v. wkg.. 
3'- : 2mfd., 400v. wkg., 4;6. Also .0001mfd., 
.0002mfd., 0003mfd., 0005mfd.. 001mfd.: 
002mfd. .005mfd., .01mfd., all at 6d. each, 
5/6 doz.:.lmfd.,150v. wkg., ad. each, 7!8 doz. ; 

.25mfd., 1/- ; .5mt'd.. 405v. wkg.. 1/6. - 
ROLA-SPEAKERS. Permanent magnet, 
3 -ohm speech coil. 5in. 18/6. 6in. 196. 
22 6. All less transformers. 
LINE CORD. 2 -way, .15 -amp.. 70 ohms. 
per foot. 7.6 per yard. 
CONNECTING WIRE. Push back insula- 
tion with 22. gauge tinned copper core. 
2d. per yard ; any length cut. Also with 
8-strand'flex core at the same price. 
MULTICARE SOLDER. With Eosin flux 
core. 1:3 per }lb. Also resin core solder 
at 4.6 per 11b. reel. 
Regret no U.O.D.' Please itdd Postage. 

5..\.N, for Enquiries. 
R F.LL\NCI: RADIO SERVICE. 

8, Kt` aaMelon Parla Road, S.E.11. 

n 

L.P. 
PLOUGH Nee.<,t Rlv Stotian 

M 

5.R 
WATERLOO 

STATION 

ELECTRADIX RADIOS.. 
214 QUEENSTOWN ROAD, 
BATTERSEA. .: S.W:8. 

CLAPHA 
COMMON OUEERS ROAD (SRI 

TUBE STATION 0.,, 137 Pa,nq duc. 

THERE IS NOTHING BETTER THAN SEEING THE GOODS 
Whilst many readers of this journal have called, inspected and bought 
just the Radio, Electrical, Mechanical or Laboratory apparatus they 
desired, there must be hundreds of others who have not yet visited 
our New Showrooms. All are cordially invited. Come along. 

The time spent will be well worth while. 
ELECTRADIX RADIOS offers exceptional bargains in .-- 
Morse Keys, Buzzers, Recorders, Relays, Wavemeters, Headphones, House -phones, 
Handcoms, Rheostats, Condensers, Dials, Transformers, Magnets, Turntables, Plugs, 

Sockets, Rotaries, Chargers, Mirror Galvos, Wheatstone Bridges, Resistor Boxes, 
Meggers, Radiogoniometers, Dynamos, Motors, Generators, Pumps, Circuit Breakers, 
Switches, Meters, Indicators, Engines, Motor Pumps, Petrol Electric Plants, etc., etc. 

Telephone: MACaulay 2159 

Trained men 
get 

GOOD JOBS 
4 

4 

4 

4 

4 

4 

Now is the time to prepare 
yourself for the future. There will 
be splendid opportunities for 
technically trained men to secure 
well -paid employment, or start 
radio businesses of their own. 
Even if you know nothing about 
radio, we can train you. Our 
specialised method of Home -Study 
Tuition is a proved success. 
Hundreds or our students now 
doing important work owe their 
progress solely to our training. 
Post coupon now for free details 
of our Home -Study Courses in : 

Radio Reception, Transmission, 
Servicing, Television, Radio 
Calculations, Mathematics, 
(Elementary arid Advanced). 

T. & C. RADIO COLLEGE 
2, THE MALL, EALING, W.5 

(Post in unsealed envelope, id. stanip. 
Please send me free details of your 
Home -Study Mathematics and Radio 
Courses. 

NAME 

{ ADDRESS 

F44 



METERS 
Limited stocks available for 
OFFICIAL ORDERS ONLY of 
Multi -range meters, such as 
Taylor Model 90, AvoMeter 
Model 4Q, AvoMinor, Avo Test 

Bridge. 

For general sales we have a few 
single -range meters suitable for 
constructing test gear. AVAIL- 
ABLE RANGES 
Taylor 01500 Microamps ... Model 301 

0150. 425 
01750 , ,,. 400 
012 Milliamps 305 

and other higher readings up to I amp. 
Potentiometers (Wire Wound) 

30 ohms ... ... ... ... 416 
5 ,. 416 

400 ... .., .., ... 416 
I.F. Transformers, 465 kcls. 

Wearite I.F. Transformers ... ... 616 
Shaft Couplers. Solid Brass /in. 

Bore with grub screws 3d, 
Condensers. Aerovox -40 mfd. 200v. 

working, wet electrolytic can type... 416 
(Sorry, FW. 8 mfd. as previously advertised 

-ALL GONE) 
Valveholders. Baseboard short-wave 

skeleton, low -loss construction on 
pillars- 

British 4,5 and 7 pin ' all 
4and 5 pin Ceramic ,., 

, 7 pin Bakelite ... 
5 pin Eddystone DL9 
Acorn Ceramic ... ... 
Octal Paxolin 
Side Contact ... 

U.S.A. 4,5 and 7 pin Ceramic ... 
Octal Ceramic 

Ceramic Formers and Insulators. 
Heavy stand-off for rod aerial 

support, 2/in. high, metal clamp 
for /in. rod ... ... ... 

Heavy stand-off, 3fn. high.2in. base... 
Eddystone 1090 Former, Sin. by 2'.in. 
Eddystone 916 Beehive stand-off ... 
Eddystone 1019 Midget stand-off 
Coil Formers, I/i/16ín. long /in. dia., 

4 ribs, grooved 10 turns, winding 
length /in .... ... ... ... 

Coil Formers, 1 jin. long, in, dia., 
grooved 14 turns, winding length 

11- 
113 

119 

21- 
1 

11- 

21- 
216 

216 
116 
51- 
IrI 

6d. 

116 

2h 

Additional charge of II- for postage and 
packing on orders below 101-. 

WEBB'S RADIO, 14, Soho St., Oxford St., 
London, W.1. Telephone : Gerrard 2089 
We are available 9 a.m. till 6 p.m. for 
OFFICIAL business, but please note our 

SHOP HOURS-I0 a.m, to 4 p.m. 
(Saturdays, 10 a m. to 12 

noon.) 
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FRED'S RADIO CABIN, 

COMPARE OUR PRICES. 
MAINS DROPPERS. 0.2 amp., Pye, 3'6. PUSH BUTTON UNITS. 6 -way, 218, 
7 -way, 219, 8 -way, 3!-.: no knobs-a really 
fine job. 
CONDENSERS. " Plessey" 4 -gang 
screened 61in. x 31M., 416. 3 -gang, 61in. x 
31in., unscreened. 21. All brand new and 
include trimmers. 
" HENLEY " Electric Soldering Irons; 
new. Straight bit. 13 6 each. Pencil Bit, 
14'8 each. Resin -cored solder, 4'- lb. reel. 
T.C.C. TUBULARS, brand new, 25 mfd., 
25v., 113: 50 mid., 12v., 1(3. DUAL RANGE COIL, with variometer 
tuning, fully screened in copper. can, 2/3 
eadh No circuits. 
SPEAKER GRILLES, 7in. x 31in. Chro- 
mium -plated, cheap to clear, 1,6 each. 
SOLDER, 1lb. reels, fine all -tin instrument 
solder, 3/6 lb., or lib. reel, 1'-. WIRE, Silk -covered, 2 oz. reels, 38 or 40 
gauge, 1/3 reel. 
CRYSTAL DETECTOR, New type on 
ebonite base, 216 each. CRYSTAL and 
Catswhisker in metal box, 6d. each. 
METER Resistances, wire wound, 50-120, 
500, 1/- each. 
SLEEVING, 3(d. per yard length. 1 doz. 
lengths, 3,'-. Braided sleeving, 8d. per 
yard length, 7/- doz. lengths. >' 
T.C.C. Tuhulars, 0.1 mfd.. 7d. each, 6/8 
doz.,_ also .01 mid. at 6d. each. 6 - doz. 
GRID LEAKS, 1.5 meg.. 6d. 1.0 meg., 8d. EX 11.31.V. Variable Mica Condensers, 
0003 mfd., tin. spindle, new, 1!9 each. 
TUBULAR Wire -end Condensers, assorted 
values. new, 3/- doz. 
TELSEN Illuminated disc drives, useful 
for short waves, 216 complete. 
CLARION slow motion dial, illuminated' 
disc drives, useful for short waves, 2/8 
complete. 
EX-G.P.O. Telephone Plugs, 1(3. 2 PUSH- PULL SWITCHES, 6d. each. 
TELSEN L.F. intervalves coupling units 
1-1. 3!- each. 
FORMO .5 Screened Paper Tubular Con- 
densers, 119. 
SINGLE SCREEN CABLES. 100. per yd, DOUBLE SCREEN CABLES, L- Per yd. 
FORMO SINGLE GANG .0005 Condensers, 
complete with mystic dial, 5'6. 
TELSEN 2 -pole speaker units. 3./- each. 
GISAILAM PARISH .00015 and .0001 
differential re -action condensers. 1/9, 
AMPLION twin H.F. binocular chokes. 1/9. 
MAINS cable leads. 5ft., 1/- each. 
MILGATE geared dials, 1/6 each. 
Rubber connecting wire: 20ft., 1/8. 
ODD TWIN H.F. CHOKES, 1/6 each. 
EKCO .2 MAINS DROPPERS, S.H., 
218 each. 
Postage must be included. No. C.O.D. 
FRED'S RADIO CABIN FOR BAR- 
GAINS, 75, Newington Butts, S.E.11. 

Rodney 2180. 

MAKE your own Torch Battery Lighters 
(Table Model) for Cigarettes, Pipes, Gas 
Lighting. Kit of Parts, ready to assemble, 
with clear diagram and instructions -for 
easy home construction, 4'63., post and 
packing 6d. 3 Elements included. Well 
tested. Lasts 6-8 months. 'Very saleable.- 
W. Barham, ` Hilltop, Bradmore Green, 
Coulsdon, Surrey. 

AFTER THE WAR! 
The advance in Radio Technique after the war will offer unlimited opportuni- ties of high pay and secure posts for those Radio Engineers who have had the foresight to become technically quali- 
fied. How you can do this quickly and easily In your spare time is fully ex- plained' in our unique handbook. 
Full. details are given of A.M.I.E.E., A.M.Brit.I.R.E, City Or Guilds Exams. and particulars of up-to-date courses in Wireless Engineering; Radio Servicing, Short Was es, Television, Mathematics, etc., etc. 
We guarantee "NO PASS-NO FEE." 
Prepare for to -morrow's opportunities and post-war competition by sending for this very' informative 112 -page guide 
NOW-FREE and without obligation. BRITISH INSTITUTE OP ENGINEER-ING TECHNOLOGY 

(Dept. 242), 
-17, Stratford Place, London, W.1. 

PERMANENT Crystal Detectors. 
Tellurium-zincite combination. Complete 
on base. Guaranteed efficient. 2.6. Wireless 
crystal with silver cats -whisker, 60. B.A. 
thread screws and nuts, assorted, 2/6 gross. Ditto washers, 1/6 gross. Fibre washers, 
1;;6 gross, Assorted solder tags, 2'- gross. 
Single earphone, new, 750 ohms, originally 
made for Air Ministry, 5'6. Reconditioned 
headphones, complete, 4,000 ohms. 12.6. All postage extra-Post Radio Supplies. 
67, Kingscourt Road, London, S.W.16. 
REWINDS-Mains and Output Trans- 
formers, Field Coils, promptly executed. 
Valves-good selection all types. Brand 
New S.V.A. Send S.A.E. for list.-A,D.S. 
Co., 261-3-5. Lichfield Road, Aston, Bir- 
mingham 6. 
MORSE made easy using the " Autocode." 
Designed by Professional Telegraphist. 
You make it yourself from simple instruc- 
tions. Drawings and templates supplied. 
Send 3/- (to include postage, etc.) and 
receive the Autocode Manual.-Hardy 
BCM/HAFT, London, W.1. 
FOR SALE. Marconi " 704 " Television 
Set. Cost prior to war 45 guineas. Offers.- 
Write Box 101, " Practical Wireless," Tower 
House, Southampton Street. Strand. W.C.2. 
FOR SALE, 150 P.W.s. Offers.-Jones. 
17a, King Street, Ludlow, Salop. 

SITUATIONS VACANT 
" ENGINEEIIING/ OPPORTUNITIES " 
-FREE 112 -page guide to training for 
A.M.I.Mech.E., A.M.I.E.E., and all branches 
of Engineering and Building. Full of 
advice for expert or novice. Write for free 
copy, and make your peacetime future 
secure.-B.I.E.T. (Dept. 242B), 17, Stratford 
Place, London, W.I. 
MOBILE Cinema Operators, Men (Sub - 
Standard), Required immediately. Able 
drive car. Free training given where 
necessary. Knowledge of radio an 
advantage. Mobile Cinema Services, 
Surbiton.-Apply Box 100, " Practical 
Wireless," Tower House, Southampton 
Street, Strand, W.C.2. 

TUITION 
LEARN MORSE CODE the Candler way. 
See advertisement on page 479. 

" RADIOLOCATION."-Students of *both 
sexes trained for important war -time 
Radio Appointments. Also for peace -time 
careers in all branches of Radio and Tele- 
vision. Boarders accepted. Low inclusive 
fees. College in ideal peaceful surroundings. 
2d. stamp for Prospectus.-Wireless College, 
Colwyn Bay. 
THE Tuitionary Board of the Institute of 
Practical Radio . Engineers have available 
Home Study Courses covering elementary. 
theoretical, mathematical, practical and 
laboratory tuition in radio and television 
engineering ; the text is suitable coaching 
matter for I.P.R.E. Service entry and 
progressive exams. ; tuitionary fees --at 
pre-war rates-are moderate. The Syllabus 
of Instructional Text may be obtained, post 
free, from the Secretary, Bush House, 
Walton Avenue, Henley-on-Thames, Oxon. 

Whatever your age, you can now stuay 
for the all-important Matriculation 
Examination at home on " NO PASS- 
NO FEE " terms. 

" MATRIC " is the accepted pass- 
port to all careers, and opens up 
opportunities which would otherwise 
be completely closed to you. 

Ensure the success and security 
of you and yours through post-war 
difficulties by writing for our valuable 
" Guide to Matriculation " imme- 
diately-FREE. 

B. T. I. (Dept. 113), 
356, Oxford Street, London, W.I. 



Practical Wireless 
BLUEPRINT SERVICE 

PRACTICAL WIRELESS No of 
Blueprint, 

CRYSTAL SETS 
Blueprints, 6d. each.. 
1937 Crystal Receiver . .. - 
The " Junior, Crystal Set ._ 

STRAIGHT SETS.- Battery Operated. 
One -valve : Blueprints, ls. each. 
All -Wave Unipeu (Pentode) ... 
Beginners' One-valver . 

The " Pyramid " One-valver (HP 

Two -valve : Blueprint, ls. 
The Signet Two (D & 1 F) 
Three -valve Blueprints, 1s. each 
Selggcctone Battery Three (D, 2LP 

(Trans)) .. 

Summit Three (HF Pen, D. Pen) 
All Pentode Three (HF Pen, D 

(Pen), Pen) 
Hall Mark Cadet (D, LF, Pen (RC)) 
F. J. Camur's Silver Souvenir (HP 

Pen, D (Pen), Pen) (All -Wave 
Three) 

Cameo Midget Three (D, 2 LF 
(Trans)) 

1936 Sonotone Three -Four (HF 
Pen, 11F Pea, Westector, Pen) 

' Battery All -Wave Three (D, 2 LF 
(RC)) 

The Monitor fPen, D, Pen) 
The Tutor Three (HF. Peu, D, Pen) 
The Centlur Three (SG, D, P) ... 

The " Colt " AIlWave Three (D, 
2 LF (RC & Trans)) 

The " Rapide " Straight 3 (D, 
2 LIS' (RC & Trans)) 

P. J. Camai s Oracle All -Wave 
Three (HF, Det, Pen) :. 

1938 " Triband " All -Wave Three 
(HF Pen, D, Pen) .. ... 

The "Hurricane" All -Wave Three 
(SG, D (Pen), Pen) 

P. J. Canine " Push -Button " 
Three (HP Pen, D (Pen), Tet) 

Feue.valve : Blueprints, Is. each 
Beta Universal Four (SG, D, LF, 

ChB) 
Nucleon Cluse B Four (SG, D 

(SG), LP, Cl. B) 
Fury Four Super (SG, 80,D; Pen) 
Battery Hall -Mark 4 (HF Pen, 

D, Push -P TI) .. ' Acme " All -Wave 4 (HF Pen, D 
(Pen),LF, Cl. B) 

The " Admiral " Four (HF Pen, 
IIF Pen, D, Pen (RC)) .. 

Means Operated 
Two -valve : Blueprints, Is. each. 
A.C. Twin (D (Pen), Pen) 

Seleetone A.C. Radiogram Two 
(D, Pow) 

Three -valve : Blueprints, is. each. 
Double -Diode -Triode Three (HF 

Pen, DDT, Pen) .. ... 
D.O. Ace (SG, D, Pen) .. .. 
A.O. Three (SG, D. Pen) .. .. 
AO. Leader (HF Pee, D, Pow) .. 
D.O. Premier (HF Pen, D, Pen).. 
Unique (HF Pen, D (Pen), Pen),. 

F. J.1Eanim'e A.C. All -Wave Silver 
Souvenir Three (HF Peu, D, Pen) 

" AB -Wave, " A.C. Three (D, 9 
LP (RC)) 

A.O. 1936 Sonotoue (HF Pen, HF 
Pen, Weatector, Pen) 

Maine Record All -Wave 3 (HF 
Pen, D, Pen) 

Four -valve : Blueprints, is. each. 
A.C. Fury Four (SO, SG, D, Pen) 
AC Fury Four Super (SG, SG, 

r D, Pen) 
A.C. Hall -Mark (HF Pen, D, 

PushPull) 
Universal Hall -Mark (HF Pen, D, 

Push -Pull) .. .. . 

SUPERHETS. 
Battery data : 'Blueprints, la. each. 
FS Superhet (Three -valve) 
F. J. Carom's 2 -valve Superhet .. 
Mains Sets : Plneprints, is. each. 
A.C.£w Superhet (Three -valve) .. 
D.C. £3 Superhet (Three -valve) .. 

PW71 
PW94 

PW76 

PW10 
PW3'i 

P W39 
PW48 

PW49 

PW51 

PW53 

PW35 
PW61 
PW62 
PW64 

PW 72 
PW82 

PW78 

PW84 

PW89 

PW92 

PW17 

1'W34B 
PW340 

PW46 

PW83 

PW90 

PWIs, 

PW19 

PW2i' 
PW23 
PW29 

PW35C 
PW35B 
PW:l6A 

P95505, 

PW44 

PW56 

PW70 

PW20 

PW34D 

PW45 

PW47` 

PW40 
PW52 

PW43 
PW42 

PW31A 
PW85 

F. J. Camel's A.C. Superhet 4 . - PW59 
F. J. r mrn'e Universal £4 Super- 

PW60 
" Qualitone" Universal Four .. - PW73! 

-Four-valve : Double -sided Blueprint, le. 64. 
Push Button 4, Battery Model .. 
Push Button 4, A.C. Mains Model 

SHORT-WAVE SETS. Battery Operated. 
One -valve : Blueprint, ls. 
Simple S.W. one-valver .. ._ - P9588' 
Two -valve : Blueprints, is, each. 

PW93! Midget Short-wave Two (D, Pen) - PW38A 
The " Fleet " Short-wave Two 

(D (11F Pen), Pen) - PW81! 
Three -valve : Blueprints, is. each. 
Experimenter's Short-wave Three 

(SG, D, Pow) - 
The Prefect 3 (D, 2 LP (1tO and 

Trace)) 
The Band -Spread S.W. Three 

(HP Pen, D (Pen), Pen) 
PORTABLES 

Three -valve : Blueprints, ls. each. 
P. J. Carom's ELF Three -valve 

Portable (HF Pen, D, Pen) - PW65 
Pareo Flyweight Midget Portable 

(SG, D, Pen) . ... - PW775 
Fonr.vahe : Blueprint, le: 
" Imp " Portable 4 (D, LP LF 

(Pen)) _. .. ., - PW88° 

MISCELLANEOUS 
Blueprint, la. 
8. W. Converter -Adapter (1 valve). - PW48A 

PW95! 

PW30A 

PW63! 

PW68! 

AMATEUR WIRELESS AND WIRELESS. 
MAGAZINE 

CRYSTAL SETS. 
Blueprints, 6d. each. 
Four -station Crystal Set .. 
1934 Crystal Set . 
130 -mile Crystal Set .. 

- AW427 - AW444 - AW430 

STRAIGHT SETS. Battery Operated. 
One -valve : Blueprint, le. 
H.B.C. Special One-valver - .95387 
Two -valve : Blueprints, is. each. 
Melody Ranger Two (D, Trans).. 
Pull -volume Two (SG det. Pen)., - 
A Modern Two-valver - 
Three -valve : Blueprints, Is. earh. 
£5 3e. S.G. 3 (SG, D, Trans) - 
Lucerne Reimer (SG, D, Tre).. - 
£5 35. Three De Luxe Version 

(SG, D, Trans) .. 
Transportable Three (SG, D, Pen) 
Simple -Tune Three (SG, D, Pen) - 
Economy Pentode Three (SG, TO, 

Pen) -W312.137" 
W.M." (1934 StandardW312.137 Three 
(SG, D, l'en)) 

£3 3e. Three (SG, D. Trane) 
1933 £6 6s. Battery Three (SG, 

PTP Three (Pee, D, Pen) .., 
Certainty Three (8G, D, Pen) .. 
Minitube Three (SG, D, Trans) 
All -wave Winning Three (SG, D, 

Four -valve : Blueprints, is. Set each. 
65e. Four (SG, D, RC. Trans) - 
Self-contained Four (SG, D, LF, 

CI. B) 
Lucerne Straight Four (SG, B. 

LF, Trans) 
£5 5s. Battery Pour (HP, D, 2LF) 
The H.R. Four (SG, SG, D, Pen) 
The Auto Straight Four (HF, Pen, 

HF, Pen, DDT, Pen) . 

Five -valve : Blueprints, is. 6d. each. 
Super -quality Five (2 11F, D, RO, 

Trans) .. - 
Clam B Quadradyne (2 SG, D, IS+ 

Clava B) - 
New Clare B Five (2 SG, D, LP 

Class B) ,. .. .. - 

AW388 
AW392 
WM409' 

AW41.3! 
AW4'l'2 

AW435 
WM271 
WM327 

WM351 
WM394 

WM371 
WM389 
WM393 
WM396, 

WM400 

AW370 

WM331 

WM381 
WM384 

Wa1404' 

WM320 

9511344 

WM340 

Maine. Operated. 
Two -valve : Blueprints, le. each. 
Coneoelectrie Two (D, Pen) A.C. - AW403 
Economy A.C. Two (1), Trans) A.O. - 951286 
Three -valve : Blueprints, la. each. 
Herne Lover's New All -Electric 

Three (.SG, D, Trans) A.C. .. AW383 
Mantovani A.C. Three (H.F. Pen, 

D, Pen) .. .. - 9511374 
£15 13e. 1936 A.C. Radiogram 

(HP, D, Pen) .. .. - WM401 
Four -valve : Blueprints, is. 6d. each. 
All Metal Four (2 SG, D, Pen) - W1.1329 
Harris' Jubilee Radiogram (HF, - 95331386 Pen D. Ide, P) .. .. .. 

SPECIAL NOTICE 
THESE blueprints are drawn full 

size. The issues containing 
descriptions of these sets are now out 
of print, but an asterisk beside the 
blueprint number denotes that con- 
structional details are available, free 
with the blueprint. 

The index letters which precede the 
Blueprint Number_ indicates the per 
iodical in which' the description appears : 

Thus P.W. refers to PRACTICAL 
WIRELESS. A.W. to Amateur Wireless, 
W.M. to Wireless Mayaalne. 

Send (preferably) a postal order to 
cover the cost of the Blueprint 
(stamps over 6d. unacceptable) to 
PRACTICAL WIRELESS Blueprint 
Dept., . George Newnes, Ltd., Tower 
House, Southampton .Street, Strand, 
W.c.2. 

SUPERHETS 
Battery Sets : Blueprints, is. (34. each, 
'Varsity Four - WM395 
The Request All -Waver .. .. - WM407 

Mains Sete : Blueprints, Lo. each. 
Heptode Super Three A.C. .. - \VM399 

PORTABLES 
Four -valve : Blueprints, is. 6d. each. 
Holiday Portable. (SG, D, LP, ' 

Class B) - AW393 
Family Portable (HP, D, RC, 

Trans) 
Tyera Portable (SG, D, 2 Trans) - WM367 

AW 447 

SHORT-WAVE SETS, Battery Operated 
One -valve : Blueprints, le. each. 
S.W. One-valver for America .. - AIS -129 
Roma Short -Waver ,-. - AW 432 

Two -valve : Blueprints, ls. each, 
Ultra -short Battery Two (SG, det - W111.eI° 
Home -vade Coil Two (D, Pen) .. - AW440 

Three -valve : Blueprlrte, la, each. 
Experimenter's 5 -metre Set (D, 

Trans, Super -regen) - AW438 
The Carrier Short -waver (SG, - 9511330 

Four -valve Blueprints, 
A.W. Short-wave World-beater 

(11F, Pen, D, RC, Trans) - AW436 
Standard Four-valver Short -waver 

(SG, D, LP, P) .. .. ,. - WM383 
Superhet : Blueprint, ls. 6d. 
Simplified Short-wave Super - W14397' 

Maine Operated 
Two -valve : Blueprints, Is. each. 
Twd-valve Maine Short -waver (D, 

Pen) A.C. .. .. .. - AW453' 

Three -valve : Blueprints, Is. 
Em)grator (SG, D, Pen) AO. - WM332 

Four -valve : Blueprints, Is. 6d. 
Standard Four -valve A.C. Short - 

waver (SG, D, RC, Trans) .. - WM391 

MISCELLANEOUS 
S.W. One -valve Converter (Price 

6d:) 
Enthusiast's Power Amplifier (1(6) 
Listener's 5 -watt A.C. Amplifier 

(1/6) 
Radio Unit (2v.) -for WM192 (1)-). 
Harris Eleetrogram battery am- 

plifer (1/-) 
De Luxe Concert A.C. ElemWo 

gram (1/-) 
New Style Short-wave Adapter 

(1/-) 
Short-wave Adapter (1/') 
B.L.D.L.C. Short-wave Converter 

(1/-)- 
Wìleon Tone Master (1/-) 
The W.M. A.C. Short-wave Con- 

verter (1/-) ... ,. 

- AW329 - WM387 

- WM392 - WM398 

W'11399 

W11403 

- WM388 - AW456 

- W11405' - WM406 

- WM408 

cnCCs,. 

FREE BUR AU COUPON 
This coupon is available until October I 
Ilth, 1943, and must accompany all 

e Queries and Hin:s. 

I 
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AMBITIOUS ENGINEERS 
HAVE YOU HAD YOUR COPY OF "ENGINEERING OPPORTUNITIES"? 

Whatever your age or experience-whether you are one of the " old school " or a newcomer 
to Engineering anxious to hold your position in the more difficult days of peace-you must 
read this highly informative guide to the best paid Engineering posts. 

The Handbook contains among other intensely interesting matter, particulars of B.Sc., 
A.M.I.Mech.E., A.M.I.E.E., A.M.I.A.E., A.M.I.P.E., A.M,Brit.I.R.E., 

CITY & GUILDS, CIVIL SERVICE, and other intportant Engineering Examinations, 
outlines courses in all branches- of CIVIL, MECHANICAL, ELECTRICAL, 
AUTOMOBILE, RADIO, TELEVISION, AERONAUTICAL and PRODUCTION 
ENGINEERING, GOVERNMENT EMPLOYMENT, BUILDING (the great after -war 
career), R.A.F. MATHEMATICS, MATRICULATION, etc., and explains the unique 
advantages of our Employment Department. 

WE DEFINITELY GUARANTEE ' NO PASS - NO FEE 
If you are earning less than £10 a week you cannot afford to miss reading " ENGINEERING 

OPPORTUNITIES " ; it tells you everything you want to know to make your future secure 
and describes many chances you are now missing. In your own interest we advise you to 

write for your copy of this enlightening guide to well -paid posts NOW-FREE and without 
obligation. - 

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 
409, SHAKESPEARE HOUSE, 17, 18 & 19, STRATFORD PLACE, LONDON, W.I. 

THE B.LE.T. IS THE LEADING INSTITUTE OF ITS KIND IN THE WORLD 

RANGE UNIVERSAL TAYLORMETER" 74 
Combining a very wide range of measurements 
with high sensitivity and accuracy. 

Self-contained A.C. and D.C. Volt ranges available 

up to 5,000 volts. 

A.C. and D.C. Current ranges from 50 pA to 10 

Amperes full scale. 

Resistance measurements from 0.1 ohms to 50 

Megohms with internal batteries. 

Capacity and Inductance measurements can be 

made with special adaptor. 

Some delay in delivery is unavoidable, but every 
effort is being made to meet Trade requirements. 

Nett Price 

MODEL 83e (4,000 ohms per volt A.C. and D.0..) 15 gns. 
MODEL 83e ,(20,000 ohms per volt A.C. and D.C.) 19 gns. 

Write Gr cornplore ,yep ifcunon r,, - - 

TAYLORR ELECTRICAL INSTRUMENTS LIMITED 
MONTROSE AVENUE SLOUGH, BUCKS SLOUGH 21381 (4 finest 
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