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The D.C. AveyMii er 
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. 

-PRECISI©'N 
TESTING INSTRUMENTS 

" Avo ". Instruments . bye 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. 

Sole Proprietors and Manufacturers :- 
AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO., LTD. 

'Phone : Victoria 3404-7 Winder House, Douglas Street, London, S.W.I 

PREMIER RADIO 
4 -pin Type 

Type Range Price 
04 9-15 m. ... 216 
09A 12-26m. ... 2/6 
04B 22-47 m. ... 2/6 
04C 41-94 m. ... 2/6 
04D 76-170m. ... 2/6 
04E 150 -350m....3/ - 
04F 255-550m. ... 3t- Chassis Mounting 
09G 490-1,000m... 4/- . Octal Molders 
0411 - 1,000-2,000 m... 4/- 101d. each. 
New Premier 3 -Band S.W. Coil, 11-25, 25-38 3- 

86 in., 4/9. 
Rotary Wave Change to suit above. 1/6. 

NEW PREMIER S.W. COILS 
4- and 0 -pin types now have octal pin spacing und 
will fit International Octal valve -holders. 

6 -phi Type 
Type Range Price 
06 9-15 m. ... 2/6 
06A 12-26 m. ... 2/6 
06B 22-47 m. ... 2/6 
06C 41-94 m. ... 216 
06D 76-170 m. ... 2/6 

SHORT-WAVE CONDENSERS 
Troll tul insulation. Certified superior to ceramic. 

All -brass construction. Easily ganged, 
15 m.mfd. ... 2/4 100 m.mfd. .,. 3/- 
25 m.mtd. ... 2/8 160 m.mfd. ... 3/7 
90m.mfd. 2/6 250 m.mfd. 4/ - 

Premier 2 -gang, S.W. Condenser. 2 x .00015 mfd. with 
integral slow-motion, complete with pointer, knob 
and scale. 10/6. 

Brass Shaft Couplers, lin. bore, 71d. each. 
Flexible Couplers. }in, bore, 11d, each. 

MOVING COIL SPEAKERS 
Celestion 8 -in. P.M. Speaker, 25!-. 
Plessey Bin. 2,000 ohms Field Speaker, 25/, 

Above Speakers are complete with output trans- 
formers. 
Bola Sin. P.M. Speaker, 3 ohms Voice Coil, 21/-. 
It 014 61in. P.M. Speaker, 3 ohms Voice Coil, 25/-. 
ltot.T81n: P.M. -Speaker, 3 'ohms Voice Coil, 25/-. 

PREMIER 
REPLACEMENT 

VALVES 
4 -volt A.C. types, 
5 -pin. ACHL, 5/6 

each 

BAKELITE DIELEC- 
TRIC REACTION 

CONDENSERS 
.0003 mt., 2/6 
.0005 mi., 2/9 each. 

.0002 nil. Differential, 
2/11. 

H.F. CHOKES 
S.W. H.F.Choke 
10-100 m., 101d. 

Standard H.F. Chose, 
1/-. 

Binocular 11,F. Choke, 
1/8 

"LEARNING MORSE 9" 
Then purchase one of the 
new practice Oscillators. 

Supplied complete 
with valve ou A7/L` 

Steel chassis Li V 
Practice Key, 0/3.; TX 

Key, 5/9. 
Super Model, on Wooden 

Base, 11/8, 
Brown's Headphones, 

19/8 pair, 
3 Henry Chokes, 10/-, 

Good Quality Buzzer, 3/ - 

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. 

ELECTROLYTIC CONDENSERS 
Tubular wire end type, 25 mf. 25.- 1/6 each ; C.0 

mt. 12v., 1/6 each ; 50 mf. 50v., 3/- each. 

PREMIER MICROPHONES 
Transverse Current Mike. High-gaade large 

output unit. Response 45-7.500 cycles. Low 
hiss lever, 23/-. 

Premier Super -Moving Coil Mike. Permanent 
Magnet model requiring no energising. Sensi- 
tivity 56db, Impedance 15 ohms. Excellent 
reproduction of speech and music, £515,-. 

Microphone Transformers. 10/6 each. 
Chromium Collapsible Type Microphone stand, 

52/6. 
Mains Resistances. 660 ohms .3A. tapped 360 + 

180+60+60 ohms., 5/6. 1,000 ohms, .2A, tapped at 
900, 800, 700, 600, 500 ohms, 4/6. 1 ohm ± 1 per 
cent.. suitable for Bridges, 5/- each. 

Valve Screens, for International and U.S.A. types, 
142 each. 

Push -Back Connecting Wire, 2d. per yard. 
Resin -cored Solder, 71 d. per coil. 
Systotlex Sleeving, 2mm., 2/6 per doz. yards. 
Waterproof Covered Cable. 3 -way, 1/3 per yard ; 

5 -way, 1/6 per yard. 
Screened Braided Cable. Single, 1/3 per yard ; 

twin, 1/6 per yard ; maximum lengths, 6 yards 
approx. 

7 -pin Ceramic Chassis Mtg. English type Valve 
holders, 1/6 each. 

ALL ENQUIRIES MUST 
BE ACCOMPANIED BY 

A 2_d. STAMP. 

ALL POST ORDERS TO: JUBILEE WORKS, 167, LOWER CLAPTON ROAD, 
LONDON, E.5. (Amherst 4723) 

CALLERS TO : Jubilee Works, or 169, Fleet Street, E.C.4. Central 253:">). 
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BY THE EDITOR - 

The B.O.T. on the Battery Shortage 
DURING February the Board of Trade held a press 

conference at which Mr. Hugh Dalton gave reasons 
why there has been a battery shortage. He also 

explained the steps he had taken to increase the supply. 
It will be remembered that magistrates had refused to 
fine cyclists charged with riding without a light. It 
seems a pity that holding these views magistrates did 
not advise the police to refrain from bringing cases and 
thus avoid wasting the time of the Court and; more 
important, the time of munition workers. The police 
could not have been unaware of the battery shortage, 
and many may think that they Should have winked their 
eye at this minor technical offende. 

,Mr. -Hugh Dalton explained that he had not been 
goaded into action by the protest of magistrates, febr he 
was aware of the shortage long before magistrates had 
their attention drawn to it 'by large numbers of un- 
necessary prosecutions. He said that the troops had 
to be equipped at very short notice with large numbers 
of radio batteries which were to some extent built up 
of parts of the type used in cycle lamp batteries. Demands 
to -day have grown to a formidable degree for our fighting 
services, and our industrial army use large numbers of 
battèries of all kind, and the demands were unavoidable. 
There were two other types -of demand which could be 
avoided. One was the hoarding of batteries, and the 
other was the excessive use of torches ; they should 
only be flashed on occasionally. 

No. 8 Batteries 
REGARDING the famous No. 8, ii the most uneconomical size 
We would add that there are far 
too many types of flash lamps, and 
Mr. Dalton could quite usefully 
make an order limiting the num- 
ber of types and specifying the 
minimum size. As with the 
design of certain battery radio 
receivers the " designers " of torches 
first produce some natty gewgaw 
masquerading as a torch, and then 
expect the battery manufacturers 
.to provide some microscopical cell 
for it, which under continuous dis- 
charge would be completely ex- 
hausted in about a couple of 
minutes. A torch is an item of 
utility ; it should not be designed 
as an ornament to fit the inner 
recess of sonic lady's handbag, or 
(most overworked of all ternis) the 
waistcoat pocket. If the No. 8 size 
is uneconomical, it should be 
abolished, and especially during the 
war when materials are short. If 
Mr. Dalton can spend time specify- 
ing the requirements of utility 
lighters, he can also spend a little 
time specifying the minimum re- 
quirements of torches. He did 
express the hope that the public 
would gradually change over to a 
less extravagant size of torch. 

he said that this is 
to make and use. 

The steps taken to overcome the.present shortage were 
initiated some time ago. A specialised industry could 
not increase its output overnight. Improvement had 
to be slow, but it had come. As a result the manufacture 
of batteries for civilian use in January this year exceeded 
December by a considerable amount. This was equal 
to the best production month of the war. In January 
1943, the number of cycle batteries made was 1,900,500, 
an increase of -23 per cent. over November, 1942, and 24 
per cent. over December. The next few weeks should 
see more batteries in the shops, although he stressed the 
necessity tor the utmost economy in their use.. Not 
every part. of the country would quickly get increased 
supplies and no part would get more than' its strict 
needs. 

Regarding quality, he said that not all wartime 
materials were as good as they were before the war. 
As a result the average life of a battery was shorter than 
it used to be-a view with which operators of wireless 

' sets will concur. It was even difficult for the manufac- 
turer to avoid turning out an occasional dud, but reput- 
able firms would replace defective batteries if the fault 
was one of manufacture. 

While Mr. Dalton was considering the shortage of torch 
batteries, we think that_ he could have made some 
statement of the shortage of batteries for wireless re- 
ceivers. While a wireless receiver cannot claim priority 
over torches and cycle lamps, it cannot be considered as 
a luxury. There is an acute shortage of certain types, 
and such as are available have a poor shelf -life and a 
poor active life. 

Editorial and Advertisement Officie 
"Practical Wireless," George Newnes, Ltd.. 
Tower Rouse, Southampton Street, Strand, 

W.C.2. 'Phone : Temple liar 4353. 
Telegrams : Newnes, Rand, London. 

Registered at the G.P.O. for transmission by 
Canadian lflagaeine Post. 

The Editor udll be pleased to consider 
articles of a practical nature suitable for 
publication in PRACTICAL Wsnonvas. Sues 
articles should be written on 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 ruade to return them if a 
stamped and addressed envelope is enclosed. 
Ail correspondence intended for the Editor 
should be addressed.: The Editor, PRACTICAL 
Wsanasss, George. Names, Ltd., Tower blouse, 
Southampton Street, Strand, NJ:C.2. 

Owing to the rapid progress in the design of 
wireless apparatus and to our efforts to keep 
our readers in touch with the latest develop- 
ments, we give no warranty that apparatus 
described in our .00tuonns is not the subject 
of tr tiers patent. ' 

Copyright in all drawings, photographs and 
articles published ere I"RACTICAL Wna;ucas is 
specifically reserved throughout the ro,totries 
signatory to the Berne Convention and the 
U.S.A. Reproductions or imitations of any 
of these are therefore expressly forbidden. 
PRACTICAL. WIRELESS incorporates " Aviateur 
Wireless., 

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

i'eïevision in the 
to the war -time 

developments of television 
mentioned recently, it could also 
be used to aid in the landing of air- 
craft at night or during fog. Tele- 
vision can also be used for the 
transmission of typewritten or 
printed matter, including maps and 
diagrams. But the snag has been 
the very limited range. of the tele- 
vision signal-at most 30 miles 
under good conditions, due to the 
fact that, unlike radio signals, tele- 
vision signals travel in a straight 
+in -and do not follow the earth's 
curvature. The president of the 
Radio Corporation of America, 
David Sarnoff, announced to the 
Press that the problem of trans- 
mittine, television over considerable 
distances has been solved by the 
construction of relay stations 3o 
miles apart. We have Mt. J. L. 
Baird's recent developments in 
colour, and stereoscopic television. 

After the war television will 
be with us on the same scale as 
radio telephony is now. We can 
compare television with the talkies, 
and the ordinary broadcast to the 
silent pictures. 
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ROUND THE 
Sewing by Radio 

R 
AFTER the war, wireless waves will be used to sew, 

gum things together, and for many other purposes, 
,says Mr. David Sarnoff, President of the American Radio 
Corporation. In fact, thermal radio is likely to be used 
for heating, drying, annealing, welding and riveting. 

Fined for Listening to the B.B.C. 
IT is reported that 'two persons in Vichy France have 

been fined £5o for listening to the B.B.C. broadcasts. 

C.B.C. Chief Resigns 
MR. GLADSTONE MURRAY has resigned his 

position as Director -General of Broadcasting in 
the Canadian Broadcasting Corporation. He 
intends to enter the public relations field in 
connection with war industry and post-war 
reconstruction. Mr. Murray was general 
manager of the C.B.C. from 1936 to last 
August, when he was appointed Director - 
General of Broadcasting. He was with the 
B.B.C. from 1924 to x935, first as Director 
of Public Relations, and later as Assistant 
Controller. 

Wireless for the Blind Fund 
WELL over £13,000 has been received in 

response to the Christmas broadcast 
appeal for the British " Wireless for the 
Blind " Fund. Most of the 23,000 gifts 
were accompanied by sympathetic messages. 
Over xoo civilians in this country are known 
by the National Institute for the Blind to 
have lost their sight through enemy action. 
These are in addition to the blinded 
members of the fighting forces and civil 
defefice services. 

Italy Bans Radio Sets 
ACCORDING to Vichy radio Italy has 

banned the manufacture of new 
radio sets for the duration. 

FM ,in Canada 
THE first frequency -modulation trans - 
1 milting , system to be used by 'a 

transport concern. in Canada will be used 
by the Toronto Transportation Commission. 
Traffic supervisors' cars will be equipped 
with two-way FM apparatus. 

New Radiophoto Service 
IT is reported from the United States that 

a new radiophoto service between 
Stockholm and New , York was recently 
inaugurated by R.C.A. Communications in 
co-operation with the Swedish Telegraph Administration 

Royal Signals O.C.T.U. 
THE Royal Corps of Signals have their own O.C.T.U., 

where cadets who have passed the War Office 
Selecti*.i Course are training under war conditions to 
fit them as leaders. Basic training, technical training 
and battle training are carried out in courses lasting 
some 22 weeks. 

In the basic training, man management, administra- 
tion, infantry battle drill, weapon training, and convoy 
moves at night are some of the items. 

In the technical training much time is devoted to 
wireless theory. Days and nights are spent in practice 
with vehicles equipped with most modern sets and 
maintaining communications. 

OF WIRELESS 
Training Norwegian Radio Operators 

THE Norwegian Government have taken over several 
large houses, formerly the pre -evacuation hostels 

of London children, and transformed them into business- 
like workshops fitted with ships' engines and radio 
equipment. Here young Norwegian seamen who have 
arrived in this country are trained as radio -telegraphists 
and engineers. The training courses last from three to 
eight months. (See illustration on this page.) 

R.A.F. Rebuilds Airmen 
AIR crews grounded as the result of crashes or enemy 

action are helped by the R.A.F. to keep their 
hands in until such time as they are quite fit again for 
normal air duty; At an airmen's convalescent depot of 

Norwegian trainees experimenting with a Marconi transmitter at one of the 
Training Schools in London. 

Technical Training Command young pilots, wireless 
operators, navigators, bomb-airners and air gunners go 
through routine courses of games, exercises, massage 
and dancing. They also have a Link trainer, a bomber 
cockpit and fuselage, and other devices designed to 
keep them in trim. 

Grounded pilots take a short daily refresher course on 
the Link trainer for night -flying. Wireless operators, 
bomb-aimers and the other members of a bomber's 
crew- pay constant visits to the " grounded " bomber 
cockpit and fuselage. These visits help, too, to keep 
their minds active. 

This is a most important side of the work of this. 
rehabilitation, centre. It is vital to keep the mind as 
healthy as the body, and the centre's motto is " Mens 
Membra -Medical "-" The mind heals the bodÿ." . 
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Let the People Speak 
THIS new series is jointly presented by the B.B.C. and 

the Columbia Broadcasting System of America. It has been devised to 
give listeners on the one 
side of the Atlantic close- 
up glimpses of " the people 
at home " on the -other 
side-the people on routine 
war work for whom few 
medals are struck, but 
who are as vital to the 
progress of the war as are 
those in the fighting forces. 

l'n alternate weeks, Bri- 
tons in all walks of life and 
from different parts of the 
country will come 'to 
the microphone to give 
America a picture of their 
daily life in wartime and 
of their hopes and aims. 
In the intermediate weeks 
correspondingprogrammes, 
originating in America, 
will project the U.S.A. for 
Britain. 

Many of the problems 
which confront people 
to -day are common to 
both countries, and it is 
hoped that these pro- 
grammes will prove helpful 
in the solution of those 
problems and will make 
for yet better under- 
standing between the 
English-speaking nations. 

D. G. Bridson will be 
the General Editor of the 
B.B.C. series and Norman 

Corwin-already known to listeners over here for his series " An American in England "-will direct the C.B.S. series. 

B.B.C. Recording Department 
THE Recorded Programmes Department of the 

B.B.C. has three main tasks. One is a question of time, one of place, one of history. The first job is to record things which happen when listeners are asleep 
or at work, and play them back when listeners are awake or at leisure. The second job is to go out in the recording cars, which are now as familiar a sight 
to the front-line troops in Africa as to the factories and villages of these islands, and bring back to the studio voices and sounds which lie beyond the reach 
of the studio microphone. The third job is tó preserve 
for posterity some of the voices and sounds which 
characterise the times. 

Requests 

April, 1943 PRACTICAL WIRELESS 179 

Tail Piece 
RECENTLY the popular Chessington Circus paid a visit to London and gave shows in the very heart of the West End. The nightly passage of the elephants to and from the circus has brought into existence a somewhat unexpected new London by-law, Le., that elephants must be illuminated in built-up areas. En- 

- counters with unilluminated elephants in the black-out were apparently beginning to leave their mark on the nerves of blitz -hardened citizens. 
The B.B.Ç. paid a visit to the circus in order to include a broadcast from the performance in " Radio Newsreel " for the overseas service. At the first try -out all was going merrily until suddenly the recording apparatus went dead. Investigation showed that one of the elephants was chewing the cable that connected the " mike " with the recording car. It is suggested that he was trying to supply current for his tail lamp. 

B.B.C. Engineers in the Forces 

IT is not generally realised how serious a staff problem 
the B.B.C. Engineering Division has had to face in 

REQUESTS 
for recordings reach the central bookings the past three years of war. l room, by day and by night, at the rate. of 2,00n Of the 417'B.B.C. engineers now in the fighting services, and more a week. It may be that one is for a complete 90 are in the Navy, i5o in the Army, 174 in the R.A.F., transcription of a speech 'by President Roosevelt. That and three in the Royal Marines. Those in the Navy will set many kinds of machines in motion. Post Office include a Commander. Of the 56 officers in the Army, transatlantic 'circuits have to be booked. -Operators all I2 Bold Field rank. A number of B.B.C. engineers along the lines of commenication from the White House helped to form the R.E.M.E. In the R.A.F., B.B.C. to B.B.C. premises in -London must be warned. Then the engineers include a Group Captain, and of qq who are .records are made, and a script prepared from them. commissioned, 37 hold the rank of Flight -Lieutenant A report is made to News Editors in the different services and above. In the Royal Marines they are represented, on quality and audibility. Extracts are marked for among others, by a Brigadier. insertion in the bulletins. The "editing" of the records Of the total engineering staff released by the Cor- is an expert job. not unlike reading .a book aloud and poration for His Majesty's Forces, four are known to having to skip whole pages at a time without losing the have received awards, ro have been killed on active meaning or the continuity. The records are laid out service, and six are prisoners of war. in a row on turn -tables alf revolving at the same speed. 

The pick-up above each record is so suspended that 
the needle will drop on any previously selected point-even between two words following close on 
each other. 

The illustration on the left shows Miss Doris Evans, 20 years ago, when she was one of the first women 
assistants imthe original radio department of General Electric s research laboratory. The 'illustration on 
the right shows her to -day (now Mrs. Ausmus) with the ultra -modern scientific equipment with which she works at the G,E. lab. Mrs. Ausmus retired to become a housewife shortly after the photo stt left 
was made, Her husband, Col. -Delbert Ausmus, was reported missing at Corregidor and Mrs. Ausmus 

came back to put her experience to work for the war effort. 
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Two -wave -band Receivers 
The Long -waves Offer Little Interest These Days, so Here are Some Suggestions for 

Receivers Covering the Medium- and Short-wave Bands 

By W. NIMMONS 

THE conventional two wave -band receiver,.embodying 
the medium and long wavelengths, has reached a 
high point of perfection, at least, so far as the 

simple three -valve battery set is conceined. Many 
constructors would like to add a short-wave range, but 
when the attempt is made fhe construction of the set 
becomes much more complicated. Not only are special 
switches required for wave changing, but it is difficult 
to secure short wiring on the short wave side. At present, 
the commercial rotary switches for such purposes are 
unobtainable, and if the attempt is made to use ordinary 
push-pull switches the panel becomes bristling with 
knobs. 

short-wave coils. That is, if the minimum coverage of 
the short-wave coil is 20 metres, all the medium -wave 
stations will be displaced by this amount on thel tuning 
condenser. This is not so serious as it sounds ; it simply 
means that one or two stations will be löst at the 
extreme bottom end of the medium ränge, and that 
stations like Athlone at the upper end will appear at 
a lower setting. 

The wave -change switch Sr is au ordinary 2 -point 
push-pull switch, while switches Sa an S3 can be a 
3 -point switch of the same pattern. It will be seen that 
there are two aerial connections, one being the primary 
of the H.F. transformer (aerial coil) op the medium 

waves, and the other going H7./ 
H7.2 

ff) L.T. f 
Fig. l.- A normal T.R.F. three -valuer converted for M. and S.W.s. 
The S.W. coils are connected in series with those used for the M.W.r. 

A way out of the difficulty is to employ two wave- 
bands only, namely, medium and short. The long -waves 
are of little interest at the present time, but the 
medium, and particularly the short wavelengths, are of 
great interest. By this means 
the construction of a (nearly) 
all -wave receiver becomes 
greatly simplified, and the 
scheme has the added advan- 
tage that ordinary push-pull 
switches may be used which 
can doubtless be obtained from 
the spares box. 

To build a receiver of this 
description we need two 
medium -wave coils and two 
short-wave coils ; 'the medium - 
wave coils can be the medium - 
wave portion of a dual range 
tuner. 

The easiest way to build 
such a set is to connect the 
medium- and short-wave coils 
in series, as shown in Fig. r. 
When receiving the medium 
waves this means that the 
wavelength of the medium - 
wave coils are raised by an 
amount proportional to the 

via a small variable con- 
denser to the top of the 
short-wave ,o0ìl. The value 
of this condenser should not 
be more. than 50 mnifds. 
maximum. It will also be 
noticed that there is a short- 
wave H.F. choke in series 
with the medium -wave choke 
in the anode leads of the 
H.F. and detector valves, 
the short-wave choke being 
nearer the anöde. The short- 
wave chokes are not neces- 
sary if the other chokes have 
an all -wave coverage, say 
10-2,000 mettes. It would, 
however, be as well to incor- 
porate a short-wave choke 
in the H.F. stage, as few 
chokes are efficient at their 
extreme wavelength ranges. 
Screening 
. It will, probably, be neces- 
sary to fix up some sort of 
screen around the H.F. coils 

to .prevent the H.F. valve from " spilling over " at 
minimum settings of the stagegain potentiometer, because 
it must be remembered that- although the medium -wave 
coils will, no doubt, be screened if they are commercial 

OG10/5 _ k. 
f COI/AM 

Fig Fig 2.- The . H.F. mid detector portion of a simile circuit, but in this 
arrangement the S. W, coils are connected in parallel with the M.W. sections. 
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product§, the short-wave coils will not. For this 
reason they -should be -placed as far apart as possible. 
and a screen interposed between them. 

Every endeavour should be made to secure short 
wiring in the H.F. stage. This should not prove too 
difficult if the.H,F.'tuning condenser: is placed at one 
end of the panel and the other tuning condenser at the 
opposite end. The lead marked with an X in Fig. r can 
be screened if it is unduly long. Two separate tuning 
condensers are used, each of .0005 mid. capacity, because it is doubtful if ganging would hold in a simple circuit 
of this type on both wavebands. 

Coils in Parallel 
Instead of arranging the medium- and short-wave 

coils in series they can be made to operate in parallel. 
By this method, when the switches are open the medium - 
wave coils function normally, and when the switches are 
closed the inductances of the coils are reduced to the 
short-wave range, the medium 
having little if -any effect. This 
scheme is shown in Fig. 2. 

Of course, the ideal arrange. 
ment for a wave -change switch 
is to provide for a complete 
change -over, as shown in Fig. 3. 
If such switches can be had then . L/ L2 
they should, of course, be used ; 
but very often the constructor 
has to make use of the material 
on hand, and the ordinary 2- and 
3 -point wavechange switches 
indicated can be found in most 
spares boxes. 

One advantage of the parallel 
method of connecting the coils 
is that switches can be dispensed 
with altogether ;" by simply 
withdrawing the short-wave 
coils from their holders the set 
is immediately converted to 
work on the' medium waves, 
short waves being obtained by 
replacing them. This is useful 
for the constructor who doesn't 
mind coil changing. 

Without H.F. Stage 
If no H.F. stage is required on the short waves (and it must be realised that very little amplification is obtainable) then the method of getting down to the short waves becomes even simpler. We can have the ordinary H.F. stage on the medium wave, and incor- porate a short-wave coil before the detector in 'the manner described in Fig.' r. If this has a separate aerial winding, the connection to which goes to a top terminal, then all we have to do to " get under " is (after shorting 

the medium -wave coil by means of a switch) to transfer the aerial to the top terminal of the short-wave coil. 

o 

L5 

saL 

This will ponvert the set for reception on the short 
waves, and in order to save:the current of the H.F. valve 
it may be withdrawn from its holder or else a switch 
inserted in the filament lead , to this valve so that it 
may be cut out. Another method, if the short-wave 
coil has not a separate aerial winding, is to connect the 
aerial to the anode lead of the H.F. valve. You may or 
may not get oscillation from the detector valve when 
this is done ; it depends upon the capacity of the 
coupling condenser from the H.F. valve anode to the 
succeeding tuned circuit, and unless this is very small 
the aerial will damp the coil. One way out of the diffi- 
culty is to make the coupling condenser a semi -variable 
one; so that its capacity may be reduced when changing 
over to the short-wave band. 

For those who have the necessary switches, the circuit 
shown in Fig. 4 should be of interest. This is a two - 
waveband receiver. of rather unusual design, the 
wave -bands covered . being medium and short. 

o 

L8 

0/ 

H. T+ 

TO SPEAKER 
OR Atm/T/ONAL 
LE STAGE 

L.T.- 
o o --a-. 

SZ 

TOY.C. 

VR/ 

TOH.T. 

S3 

L.r.+ 

Fig. 4.-1f suitable switches are available, this circuit has certain 
advantages which make it worthy of trial. 

Ll and L2 are the aerial and grid coils of the H.F. stage 
on the medium -wave range, while . L3 and L4 are the 
coils on the short-wave range. .The H.F. coupling is tuned anode on the medium waves, as will be obvious 
from L5 and L5 when the switch is in the medium -wave 
position. On short waves, however, the coil L7 is parallel - 
fed, the medium -wave coil acting as an H.F. choke ; 
coil L5 is the reaction winding coupled 'to L7 . This 

circuit gives good results on 
both medium -wave and short- 
wave ranges. The rest of the 
circuit is quite straightforward, 

and the detector valve can be coupled to the output by either " straight " or paral- 
lel -fed transformer coupling ; or what is 
perhaps better in view of the weakness of 
some of the short-wave signals, a resistance - capacity coupled stage of amplification 
followed by a transformer coupled stage to the output valve. Volume pn all signals can be cut down by .means of the potentiometer 
VRr. 

TOL.FCOUPLING 

Fig. 3. An improved circuit, in which a 
complete change -over is obtained bu means 

of double -throw switches. 

NEWNES TELEVISION MANUAL 
6/-, or 6/6 by post 

Funs GEORGE NEWNES, Ltd. (Book Dept.), Tower House, Southampton Street, Strand, 
London, W.C.2. 



182 PRACTICAL WIRELESS April, 1943 

Directive Aerial Systems 
Polar Diagrams. Simple Arrays. Parasitic Reflection and the Effect of the Earth's Surface 

By S. A. KNIGHT 

REFERRING to the article on Transmission Lines, 
in. last month's issue, consider an open -circuited 
line where the distribution of current and voltage 

standing waves are as shown in Fig. I. Due to the fact 
that the current at any point along the line is anti -phase 
in the two wires, the magnetic field at a point a short 
distance outside the region occupied by the line will be 
extremely feeble. This means that very little energy 
is radiated from the line in the form of electro-magnetic 
waves. 

But now suppose that a length of 2,/4 (quarter wave- 
length) of each wire is bent at right -angles to the normal 
direction of the transmission line. The diagram of 
Fig. I then becomes as shown in Fig. a. It is now clear 
that the currents in the 1/4 vertical portions will be 
in' phase, and therefore the field at external points will 
be large. This results in the production of electro- 
magnetic waves which are radiated into space. 

Net 
Fig. 1.-Distribution of voltage and current waves on an open 

circuited line. 

These waves radiate energy which comes from the 
transmission line, and the arrangement for radiating 
such waves is known as an aerial. The case which has 
jest been taken is known as a Half Wave Dipole. 

Radiation. Resistance 
The aerial takes energy from the line and radiates 

it as we have seen, therefore the aerial produces a 
termination to the line which is a pure resistance. It 
can be shown that this Radiation Resistance, as it is 
called, is independent of the wavelength, and for a 
half wave dipole is approximately 8o ohm'i. 

Polar Diagrams 
Before proceeding with actual aerial arrays it is 

desirable that something be said on the subject of polar 
diagrams as concerned with aerial systems. This is, a 
graphical representation of the manner in which the 
radiating or receiving properties of any aerial varies 
with direction, and may be regarded as a field strength 

contour, although it is not essential that any actùal 
measurements of field strength be taken. It is sufficient 
to plot against direction anything proportional to field 
strength. Thus such a diagram is purely an indication 
of the relative strength of radiation in the various 
directions. 

The vertica. dipole, example a, considered to be far 
removed from earth, and having perfect symmetry for 
its radiative properties in a horizontal plane, has a 
horizontal polar diagram which is circular, the centre of 
the circle being atthe aerial itself (Fig. 3). 

This circle may be -drawn to any radius, since all,it 
tells us is that the radiation is equal in all directions. 

Now take example z, a horizontal dipole, and consider 
moving in a circle at a fairly large distance from the 
aerial. If we have some device for comparing field 
strengths, then, as an example, suppose that at a point A 
in Fig. 4 we obtained a reading of zo units. A distance 

Fig. 3.-Circular polar die 
gram of a vertical dipole 

far removed from earth. 
Fig. 4. Production of the potin 
diagram of the horizontal dipole, 

showing the "figure of eight." 

OA/ can then be marked off on the diagram equal in 
length to zo units, depending on the particular scale 
chosen. Now consider moving to point B and again 
taking a reading ; this time it may have fallen from 
zq to 16 units, therefore a length OBI equal to this new 
strength may be marked off along the appropriate line. 
Similarly, by moving around the circle further points 
may be plotted, CI, Di, etc., until finally the polar 
diagram is completed as shown in the figure. 

In this case the resultant polar diagram is known as 
a "figure of eight." 

Fig. 2 (left). --Formation of 
the half wave dipole. 

Fig. 5 (right). -Depicting the 
difference between chopping and 

splitting planes. 
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Three-dimensional Considerations The three-dimensional polar diagram for the vertical 
A/2 dipole is composed of a circular horizontal diagram and a vestical figure of eight. This combination might prove difficult to imagine in .a three-dimensional sense, but can be roughly likened in some ways to an inflated car tube where the wheel and hub " space " is closed in to a point. 

In the case of the horizontal A/2 dipole, the vertical polar diagram is a circle while the horizontal is a figure of eight. Thus it is a replica of the diagram for the vertical dipole, but rotated through go deg. 
P 

d. Cask) 

0 
B - tY . 

These three-dimensional polar diagrams have been built up of the circle and the figure of eight. It will be convenient at this stage to differentiate between circular polar diagrams and those giving figure of eight polar diagrams. 
(i) The Chopping Plane. This is a plane perpendicu- lar to any plane in which the dipole lies. 
(ii) The Splitting Plane. This is a plane in which the dipole lies (Fig. 5). 

It should be particularly noticed that the results so far described are obtained for an aerial well removed from .other conductors and from the earth. The effect of the latter will be dealt with later on. 

0 

Simple Arrays. 
An aerial array consists of two or more radiators so spaced and phased that their resultant polar diagrams give some desired directive effect. They are generally of two main types, the End Fire and the Broadside array. The End Fire array gives directivity in the line of array, the members not being excited in phase. In the Broadside array directivity is obtained.perpendicular to the line of array, the members in this case being excited in phase. 

Two Member Broadside Array 
This consists of two ),12 vertical dipoles spaced distance d apart and excited in phase. Consider Fig. 6, letting point P be so far away from the aerial system 

00° 

Fig. 8. Horizontal polar diagram of the broadside array, 
that directivity has been achieved. 

showing 

8 cos (90 cos 0) 0 cos (90 cos 0) 
0 0 120 0.707 
30 0.225 135 0.433 
45 0.433 150 0.225 
60 0.707 180 0 

90 1.00 -1 - 

that the directions of radiation from A to P and from B to P- are parallel. - The radiation from A will be seen to have travelled a distance d -cos 0 farther than that from B, so that at any instant the wave at P due to A started off at an earlier instant than the wave at P'due to B. 
This time difference is given by d cos 0/v, where y is the velocity of propagation. But v=0/4f. 
Therefore, the time difference=d cos 0/A% It is more convenient to express the time difference as a phase difference 0 by using the relation that : 

m=2af.t. 

X 

Hb 

H 

/ / Fig. 6(left).-Excita- 
fion of a two -member 

/ broadside array, used 
to calculate the read- / 

tant polar diagram. 

Fig. 7.-Vector repre- 
sentation of the array 

of Fig. 6. 

xxxxxxxxxxxx 
(a) lb) 

Figs. 9a and b.-Depicting how a 
reflector can make the array of 

Fig. 6 unidirectional. 

Therefore, the phase difference in radians _ g rc f (d cos, O/Af) 
=2 a .d cos O/A in radians. 

The resultant field at P will have two components, one due to A and one due to B. The field due to A leads the field due to B by an angle 0. (Fig. 7.) 
Since the distances PA and PB are almost equal, the magnitudes of He and Hb will be the same. The length Ox equals Hb cos 0/2. 

But H=2 Ox=2 Hb, cos 40/2. 
H=2 Hb cos (ad cos O/A). 

Since we do not actually require to know the measure of H, it is sufficient to know how H varies as the quantities d, O and A vary. Thus, we can write that : H varies as cos (a d cos O/A) _ radians. If now we require O to be measured in degrees we must have rc in degrees as well, 
i.e., H varies as cos (r8od cos O/A) with 0 in degrees. As an example, Jet the spacing between two such dipoles be 8/2, then : 

H varies as cos (go cos 0) Then plotting a table, as in Fig. 8, for values of between o and r8o deg. a polar diagram can be drawn, as shown. If we compare this horizontal polar diagram with that for a single vertical dipole (a circle) we see that directivity in the horizontal plane has been achieved. The directivity is perpendicular to the line of array, and can be considerably improved by increasing 
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0 cos (45 cos B 
+45) 

0 0 

30 

45 

60 

90 

120 

135 

150 

0.105 

0.233 

0.375 

0.707 

0.925 

180 

0.974 

0.998 

1.000 

Fig. 10.-Polar diagram (spacing ).,t4) of 
the end fire aerial array. 

the number oft the members. This arrangement is bi- 
directional, as drawn in Fig. ga. but it can be made 
unidirectional by the addition of reflectors behind the 
dipole, which have the effect of producing one lobe 
only. (Fig. gb.) 

. case, and the polar diagram might b t cxpected to be 
cardoidal. 

Consequently, B has the effect of causing radiation 
directed from A towards B to be re -radiated in the 
direction B towards A and reinforce the original radia- 
tion. Aerial B is called a Reflector. 

The spacing is not in general exactly X/4. Considerably 
better results can be obtained if the reflector is cut 
longer than the excited aerial, i.e., is made inductive. 
The optimum length is related to the spacing. 

It is found that if a conductor of length less than 
42 is placed in front of the original aerial at a distance 
of approximately )J4 from it, directivity is further 
increased. This is called a Director, the exact length of 
the spacing being adjusted by trial. and error. 

The object of these arrays is to obtain a large front -to - 
back ratio. 

Very narrow beams can be produced by using both 
directors and reflectors in a system known as a Yogi 
array. 

End Fire Arrays 
Consider the two vertical dipoles of the last paragraph, 

spaced distance d apart, but energised go that the phase 
of A lags that of B by an angle e. 

This time Ha leads Hb by an angle 0+e, so in this 
case 

H varies as cos (0+y) _ 2 
=cos (r8od cos 0/a{vv/2). 

Taking an example as before, let the spacing be 44 
and the angle a be 90 deg., the resulting table and 
the diagram being depleted in Fig. so. 

Thus, directivity is obtained 
in the direction of the line of the 
array and of lagging phase. 

This type of polar diagram is 4 obtained with end fire arrays, 
when d is made the same fraction 
of ), as a is made of 36o deg. 
The directivity can be increased 

as before by increasing the num- 
ber of members, each one lagging on its neighbour by 
90 deg. The necessity for exciting the individual dipoles 
with phase differences introduces practical difficulties as 
regards feeding devices, e.g., the lengths of the feeders 
are critical. 

Fig. /1.-Two half wave 
dipoles spaced ),14 apa t. 

Parasitic Reflection 
If two half wave dipoles spaced X14 apart are excited 

in quadrature the cardoidal polar diagram of Fig. -ro 
results. It is possible to obtain the same directive 
effects without exciting one of the members. In Fig. rr 
let A be directly energised, and B not so. Then the field 
at B, due to A, will lag by 90 deg. the field at A. 
The aerial B will be energised by this field, and by Lenz's 
Law will radiate so as to oppose the inducing field, that 
is, the field at A due to ./3 will lead the field at B due to A 
by 18o deg. Thus, we have, in effect, excited aerial B 
so as to lead aerial .4 by go deg. 

Hence we have a condition similar to the previous 

Fig. 12.-Vertical 
P.D. of a horizontal 
.112 dipole in the re- 

gion of the earth. 

& sin. 0 180 sin 0 sin 180 sin O 

0 0 0 I 0 

30 .0.5 90 1.0 

45 0.7 130 0.76 

'60 

70 

0.8.7 156 0.41 

.0.94 163 0.19 

80 

90 

0.98 177 0.05 

1.00 180 . 0 

The Effect of the Earth's ,Surface 
Ideally the ground acts as a perfect conductor and 

behaves as a perfect electrical mirror. The radiation 
from an aerial to a distant point will consist of (i) a 

B Fig. 14.-Actual image and 
reference aerials used in 
the determination of eleva- 

tion calculations. 
Fig. 13.-A basic figure for the construction of 

conical polar diagrams. A, 
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C 

Ar 

qr 

A 

Fig. 15.-Vector conditions of the 
aerial system ispiited in Fig. 14. 

Bi C 

direct, and (ii) a reflected component. The reflected ray may be considered as emanating from a point as far below the surface of the ground as the aerial is_ above the surface of the ground. The resultant radiation reaching a distant point can be calculated by assuming the presence of an image dipole as far below the earth's surface as the aerial is above. 
With a vertical aerial the image aerial must be excited in phase. For a horizontal aerial the image aerial must be considered as being in antiphase. 

Horizontal A/2 Dipoles in the'Region of the Earth Consider first the vertical polar diagram chopping the dipole. If the dipole is at a height h above ground, the image dipole can be assumed to be excited in antiphase at a distance h below the ground. The required polar diagram can be obtained by using the formula for the End Fire array using two vertical dipoles, taking it that 2h=d and angle w=r8o deg. We have : H cos(180. alt cos 0/7,-{-90°) Normally angle of elevation is measured from the horizontal, but in this equation 0 is measured from the line of array. Therefore, if the angle of elevation is of we. have the relation : , 

0=6t +90°. 
Therefore substituting this value we have : 

(180. alt. cos(01 +90°) H ,,cos +90°). 
d 

Fig. 16.-Vertical polar 
diagrams for aerials of 
heights X and 3X12 above 
ground, superimposed and 
cut by a downcoming signal. 

AI 

Ar 

The expression (el -I-90°) cos 01. 
(36oh. sin eí+90°) 

H x cog 
a 

Returning to specific values for d 
assume that the dipole is at a distance 
2./z above the ground, when h=a/2. 

H sc cos (18o sin 0 -I -9o°). 
or H a: sin 18o sin 0. 

where 0 is written for the angle of 
elevation (Fig. rz). 

Conical polar Diagrams 
Imagine a receiver able to move in 

a horizontal circle above the ground, 
i.e., at a fixed angle from the origin- 
ating point at which is situated a 
transmitter having a 42 aerial above the ground. 

The receiver moves along the rim 
of a vertical cone of which the aeriâl 
is the apex (Fig. 13). 

Consider the case when o is 3o deg., then when broadside on a maximum 
signal will be received, for this is the best angle for reception. But in the end -on position not only will the signal be much weaker, but its maxi- mum does not occur at 3o deg. It signal strengths ,are compared and their results set down, a polar diagram of a special kind (called a conical polar diagram) can be constructed. 

Fig. 17.-Theo- 
retical diagram 
of the goniometer, 
showing the two 
stator and the 
search (rotor) 

coils. 

Determination of Elevation 
The basic facts determining the measure of the angle of elevation of a downcoming signal are as follow : (i) The directional properties of an aerial system remain the same whether the system is used for trans- mission or reception. 
(ii) If a system is made up of a number of horizontal X/2 dipoles placed vertically above one another, a single downcoming signal will energise them so that they are in phase or antiphase. 
(iii) Considering two such aerials arranged as in the second case, placed at different heights, a downcoming signal will energise them differently in accordance with their respective polar diagrams, and the ratio of the amplitudes of the standing waves set up on them by the signal will be characteristic of the angle of the down - coming signal. 

Consider the second case (Fig. r4) where A and B are two horizontal a/2 dipoles placed one above the other. Bothwill be energised by a direct ray and partly by an indirect one. In order best to study the conditions present at A and B respectively and vectorally, a reference dipole C will be employed which is on the surface of the earth. In this condition C can only be energised by the direct ray. 
Refer to the diagrams of Fig. 15. Let the voltage induced in the reference dipole C be represented by a vector C. Then a direct ray energises B ahead of C -->B. The indirect ray, first neglecting the reversal of phase on reflection, energises B, lagging on C by ,the same amount Br. Since there is a reversal of phase 
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of 180 deg. vector Bi must be reversed to give Br. The 
'resultant excitation of B is thus the vector sum of B 
and Br, this leading vector C by 90 deg. 

A similar vector diagram can be drawn for dipole A, 
but increasing the angle between vectors A and. C and 
A r and C. Again the resultant excitation leads the 
vector C by 90 deg., so that dipoles A and B are excited in 
phase. 

112 ' 

cx 
Resultant - field 

Fig. 18.-Fields produced in the goniometer stator 
coils and the resultant picked up by the rotor. 

Now, if the height of A is raised until the vector A 
leads C by an angle greater than 270 deg, the resultant 
excitation of A lags C by 90 deg. and is therefore antiphase 
to B. 

If, now, the heights of A and B were further increased; 
they would always be energised in phase or anti -phase. 

In Fig. 16, vertical chopping polar diagrams for 
horizontal d/2 dipoles are superimposed one on the 

Ht 

other, one at a height of X above ground, and one of 
height 3 )./2 above ground. 

Now -consider any downcoming -signal :. the upper 
aerial will be energised to an extent indicated by OA 
while the lower aerial will be energised by an amount 
indicated by OB. The ratio of OA to OB will be charac- 
teristic to the angle of the downcoming signal. Some 
ambiguity is possible, and must, of course, be taken into 
consideration when choosing the height of the members 
above ground. 

A -method must -be employed for comparing the ratio 
OA : OB, and the device used to achieve this end is an 
instrument known as the goniometer. - 

This device consists essentially of two coils, the one 
connected to the upper dipole and the other to the lower. 
These coils are arranged to be perpendicular to each 
other, and therefore when a current flows in them they 
will produce magnetic fields which are at right -angles. 
(Fig. r7.) 

Let it be supposed that the upper aerial produces a 
field H1 and the lower aerial a field H2, horizontal and 
vertical respectively. - - 

These two fields will be- proportional to OA and OB 
respectively, and hence there will be a resultant field of 
a magnitude depending on H1 and H2 at an angle a to 
H1 where a is giyen by : 

Tan a= H2,11-11 

But since -1/2/1-/L is equal to OB to 0A, we have : 

Tan a= OB OA. 
If, now, a third coil, called a search coil, is introduced, 

it will have a maximum pick-up when its turns are 
perpendicular to the direction of the resultant field. 
Such a device enables the determination of the angle o 
to be made by a rotation of the search coil until maximum 
pick-up is obtained. Thus it is possible to calculate the 
ratio of OA to OB and consequently the angle of eleva- 
tion of the downcoming signal. (Fig. 18.) 

Tan a= sin 36o° sin 0 

sin 34o, sin e 

Hence a, the goniometer reading, is simply related to 0,' 
the angle of elevation. 

ITEMS OF INTEREST 
Fixed Capacitors 

ANEW British Standard Specification has recently 
been published for Fixed Capacitors (B.S. 1082). 

This specification is based on technical infor- 
mation supplied by the British Electrical and 
Allied Research Association, which organisa- 
tion has carried out considerable experi- 
mental work with a view of revising and 
extending the scope of the 1926 edition of 
B.S. 275. 

The latter specification was limited in scope 
to the small capacitors used at that time in 
radio receivers, but the considerable extension 
of radio broadcasting in recent years, and the 
parallel developments of other activities 
involving the use of fixed (i.e., non -variable) 
capacitors, clearly necessitated the drafting 
of a more comprehensive specification. As 
will be seen in clause 2 of the present specifi- 
cation it covers all fixed capacitors for general 
purposes whatever the nature of the elec- 
trodes and insulant. It is not, however, 
intended to apply to capacitors for specialised 
application. - 

Copies of this new British Standard may be 
obtained from the British Standards Institu- 
tion, 28, Victoria Street, Westminster, S.W.i, 
price as. (2s. 3d., post free). 

Electrolytic Condensers 
DEPLIING to a question in the House of 
AN, Commons recently, Mr. Hugh Dalton, 
President of the Board of Trade, stated that 
the shortage of electrolytic condensers was 

due to the ever increasing demands of the fighting ser- 
vices for radio equipment of all kinds, but- steps had 
been taken to increase production of these components. 
He also stated that if arrangements already made were 
duly carried out, by the end of March gaps should 
be filled in the 1942 maintenance programme. 

Officer cadets at the Royal Signals O.C.T.U. receiving instruction in the use of 
receiver -transmitters. 
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Tho Valve as a Voltage Amplifier 
Showing the Derivation of the Voltage Amplification Factor in, from First Principles 

By C. 
WHEN a small alternating voltage Vg is applied to the grid of a three electrode valve, the grid voltage of which is adjusted so that it operates on the straight part of its characteristic curve; the effect on the anode current is the saute as would be produced by an alternating emf µVg in the anode circuit, µ being the amplification factor of the valve. 

We can, therefore, look -upon the anode circuit as being equivalent to a simple A.C. circuit, the D.C. components only serving to put the valve in its correct operating condition. 
Fig. e (al which shows how the anode circuit of a valve with no external load resistance can be represented by the equivalent circuit of Fig. r (b), which is a closed 

1 

. a ó 
Fi: i (a).-A triode without . load realstance , (b) Its equivalent elee- trikal circuit. 

A.C.'circuit, consisting of a source of alternating voltage 0719 with internal resistance ra, which is the A.C. impedance of the valve. The alternating current I round the equivalent circu it, is given by µVgjra amperes (Ohms I aw). This expression ignores the D.C. com- ponents. 
The triode valve is normally employed to act as an amplifier, detector, or to operate a speaker. To effect any one of these it is necessary. that -the alternating voltage applied across the grid must cause a correspond- ing change of voltage across' some part of the anode circuit. 

. 
In Tip. 1 (a) or (b), although there is an alternating current present in the external circuit, there is no alternating potential. It is, therefore, necessary to connect resistance R in series with the' anode circuit as in Fig. 2 .(a). 
The alternating current la now flowing will be : 

µVg - 

ra+-R 
The voltage thus developed across R will be 

Vx=laR=ra+-R 
Thus. a change of grid voltage will cause the anode current to-ehange, thereby causing the voltage drop across R to alter, with consequent change in anode potential. 'A change in grid voltage to a -more positive value will cause the anode current to increase, and, at the same time, increasing the voltage drop across R. which in turn will reduce the anode potential of the valve. 

Voltage Amplification 
As the amplification factor of a valve is given by 

Changeiri anode potential 
Change in grid potential the voltage amplification obtained by a given valve and anode resistance can be calculated. Referring to the 

HEYS - 

equivalent circuit, Fig. 2 (b). Where Vg is the alter- nating voltage applied to the grid of the valve an equiva- lent voltage µVg is brought into being in the anode cir- cuit. This, in turn, produces an alternating current component which sets up an alternating voltage com- ponent across the load resistance 'R given previously. µVgR as V8= -µVgR 

therefore Vg=µ X 
V 

The ratio ÿgbeing the actual voltage amplification m 

obtainable with given valve constants and anode resistance- 
therefore, m= ra+R Voltage Amplification Factor 

(V.A.F.) 
example 

An amplifying valve has an A.C. resistance ra of 50,000 ohms, and an amplification factor of 5o. Find the amplification obtainable, if the anode circuit has a resistance of (a) 20,000 ohms, (b) roo,000 ohms. pR 5o X 20,000 (a) m- ra+R 70,000 
µR 5o roo,000 (b) in- ra+R - 150,000 =33.3 

From these two results it is seen that the greater the anode resistance R the higher will be the voltage ampli- fication factor. Continuing along this trend of thought. if R is made infinitely high, i.e., Io,000,000 ohms, 
5o x 10,000,000 500,000,000 V.A.F.- 

10,050,000 -- 10,050,000 =49/5 
,`VR -4 VR 

a 
Fig. 2 (a).-The valve circuit with external anode load, and (b) ire electrical representation. 

which for all practical purposes Is equal to the ampli- fication factor of the valve. This is only a theoretical maximum, for under those conditions there would be no D.C. component voltage at the anode of the valve, and the valve -would cease to function ; for this reason it is not practicable to make R more than two or three times the resistance of the valve. 
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Elementary E1ectrcityand -Radio--3 
Accumulators and -Charging Boards. "Charge and "Discharge Rates. 

By J. J. WILLIAMSON 
;Continued from page 145, March.iseue) 

The. Lead -acid Accumulator 
THE lead -acid accumulator, as. its name implies, 

depends upon lead compounds and dilute 
sulphuric acid for its. action. :The. composition of 

the plates depends upon the state of charge, and, quoted 
briefly, is : 

When fully charged. 
Positive plate.-Lead peroxide .(PbU2). 
Negative plate.-Spongy lead (Pb). 

When .discharged. ' 

Both positive and negative plates -undergo reactions, 

Fig I.- A 
hydrometer and 

float. 
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which first create lead oxide (PbO) and then convert 
it to lead -sulphate (PbSO4). 
The formation of lead .sulphate in the ,cell can be 

highly injurious if the crystalline form occurs, causing 
a serious, fault known as sulphation. This factor sets 
a ;practical limit to the discharge voltage of the cell, 
which .must never be allowed to fall below- c.8 volts. 
The E.M.F. of the cell is 2.2 volts. 

. The_,Signs oLthe. Charged. State 
Certain signs indicate .,when, the cell becomes fully 

charged. 
.(c) The electrolyte should be gassing strongly. 

:.(2) The. voltage bf the cell should: be. atleast_ 2.1 
--volts .when removed from the, uharg;ne broard...and 
,placed.on,normal:load (adefinite current.l1owing_from 
the cell). 

(3) The. specific gravity of. the electrolyte should be 
at the value stated.by;the manufacturers, at 6o.deg. F., 
measured with' 'the- hydrometer. 

(4) The colour of the plates : positive, healthy 
chocolate brown ; :.negative, a Metallic .slate:.. cy. 
These .signs'of charge should. _remain. constant;:for at 

least one hour before .the cell _ is .removed from the 
charging board. 

Capacity 
The capacity of a cell, or the current it will give 

Faults and Remedies 

for a..definite time, is measured in_artzpere-hours (A.H.) 
and is. a very variable factor, depending upon the value 
óf the current taken, efficiency of the dell, surface area 

.of the plates, temperature,. acid strength, etc. - Thus the 
manufacturers state the. ideal conditions for their cells 

..and .quote a cell's capacity with relation to a definite 
;discharge current or rate, i.e., So A.H. at the co -hour 
rate. 

.Discharge and. Charge. Rates 
The discharge or discharge rate --refers to the rate at 

which current is passing through the accumulator ; thus 
" an 8o A.H. accumulator at the co -hour rate " implies 
that -if -the cell was coo per cent. efficient it would 
maintain a current of 8 amperes. for co hours. 

Rated current=capacity Rate 
A word of warning here 1 Note. that, owing to the tact 

that capacity depends to a certain extent upon the 
discharge current, we .cannot say that an So A.H. 
accumulator would give co amperes for eight hours, or 
8o amperes for one hour,. etc., because the accumulator 
would no longer have its rated capacity of 8o A.H. at 
the co -hour . rate. The capacity .Of an .- accumulator 
decreases.as -the rate of :discharge increases. 

The normal charging current or "` on .load " current 
is always.obtained -in the manner -shown. 

Thet.Bfficiency in Terms of the..DQanufacturer's .Rating 
The percentage efficiency, of an accumulator can be 

stated as : 

True capacity 
X 1oo %. efficiency Rated capacity r - 

'The true capacity Of a cell can be found by:discharging 
æ`hilly. charged cell at the normal rate until its. voltage 
reaches 1.8 volts, the time -fer this to occur being -noted. 
The current must be kept constant during the .test. 

Examjhle : '.An 8o A.H. (rated at 'the., co -hour rate) 
accumulator took- six hours'to'discharge at the,normal 

:rate. "What is its percentage efficiency ? 

,The, nnrmal..discha ne, current -7 9 =e .amperes. 
True capacity=A.H.=8 x 6=48 ampere -hours. 

Percentage efficiency -box 
coo 

(a) (b) 
Fig. 2.-Two types of plate formation : (a) Four.' or " pasted," 

and (b) Planté or "formed." 
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or : ,thg cell should have fully discharged in ro hours, but took six hours. Thus : 

Percentage efficiency=---X-°°=600/o 

Specific Gravity, and the Hydrometer 
The specific gravity of a liquid is a measure of its 

density with respect to distilled water, and is measured by the depth that a float sinks in it ; the float and its 
glass container being called a hydrometer. 

A typical float is shown in Fig. r, together with its 
glass container fitted with a' rubber bulb and nozzle. 

Certain precautions are necessary when using a 
hydrometer. (i) The temperature should be 6o deg. F. ; 
(2) the float must have free movement ; (3) care must 
be taken to ensure that gas bubbles do not support the float; (4) never take a reading immediately after " topping up." 
Temperature Correction for Specific Gravity For every ai deg. F. rise of temperature, a fall of o.00r S.G. should be allowed. 

Example.-The temperature of some acid was 8o deg. F. ; the hydrometer gave its specific gravity as r.240. What would be the specific gravity at 6o deg. F. ? 
Change in temperature=8o-6o deg. F.=2o deg, F. 

20 =8 thus o.008 'S.G. must be added to 2.240 2.5 

(density increases upon, cooling). 
Therefore, Specific Gravity at 6o deg. F.=2.248. 

General Constructional Details 
The Planté or " Formed" Plates.-The Planté type plate (Fig. 2) consists of solid blocks of lead which have been formed or converted to lead peroxide or spongy lead by means of many cycles of charge and discharge. Because of these cycles the plates are expensive to manufacture, and due to their solid nature they are very heavy. 
Planté plates can withstand heavy currents and rough usage without undue damage, and are used where weight is of no concern, or as positive plates for car batteries, etc. 
The Faurd or " Pasted " Plates.-To achieve a fairly light and cheap plate, grids of lead -antimony alloy are made: the grids being so arranged that they tend to retain the active material which is pressed into them in paste form. 
Although Fauré plates, Fig. 2 (a), are much lighter and cheaper than the Planté type, they are not so capable of withstanding heavy currents and harsh treatment, due to the " shedding " or falling out of the active material trom the grids. The positive plate is 

Terminals 

Positive Plates 
Fig. 3.-The fundamental assembly features of a lead -acid type 

accumulator. 

Negative Plates Rack 

usually the most affected by " shedding," because of 
the changes in volume that occur in the active material, 
during charge and discharge; 

Method of Arranging Plates in the Cell.-All negatives 
are connected to one bus -bar, and all positives to another ; 
a terminal post attached to each bar carries the external 
connection. The two sets of plates are interleaved and separated from each other by porous insulating separa- tors (Fig. 3). The whole assembly of the plates rests upon 
two ridges on the bottom of the container, thereby 
preventing the short-circuiting of the bottom of the plates against the conducting sludge that accumulates. 

The vents are fitted with stoppers that allow the free 
passage of gases, and, in the case of a portable cell, they 
are of similar construction to the unspillabie. inkwell, 
permitting the cell to be placed in any position without 
acid loss. 

Faults5-Their Causes, Symptoms and Remedies 
Sulphation-Causes.-Due to persistent under- 

charging,; too high a specific gravity : too high a 
Source of Source of 
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Fig. 4.- (a) The simplest type of charging board circuit, and (b) a 
'tandard arrangement. 

charging temperature, i.e., too deg. F. maximum permissible , impurities in the distilled water or plates, 
allowing the cell's voltage to fall to 1.8 v. or less., etc. 

Symptoms,-Overheating and buckling of the plates can occur ; the P.D. of the cell is low on load ; the P.D. of the cell is higher than usual on the charging board ; the specific gravity does not rise on charge. 
Remedy.-There is no remedy for bad sulphation, but if the cell is not badly affected it can be improved by the following procedure: 
(i) Replace the electrolyte with fresh at the specific gravity of the old, and place the cell On a slow charge (reduced rate). 
(2) If the specific gravity begins to rise the sulphation is clearing. Continue to charge until the specific gravity rises no further and the cell gasses freely.. 
(3) Replace the acid with fresh at the same specific gravity. Continue the charge until the cell once again gasses freely and the specific gravity ceases to rise. 
(4) Continue this process. until the cell shows the normal conditions of charge. 
Hydration-Cause.-Permitting damp air to get to the plates. Symptoms and Remedy-the same as for sulphation. 

Separators Shedding of Active Material.-Causes.-Bad 
treatment, excessive vibration ; too high a charge or discharge rate causing heavy gassing, etc. ; sulphation or hydration. Slight shedding of active material is quite normal. 

Symptoms.-The cell requires more charging, and discharges in less time owing to loss of active material and the consequently lower capacity. Short-circuiting of plates. 
Remedy.-Very little can be done, beyond treating the 
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cell gently, giving it reduced charges and washing out 
the sediment with distilled water to prevent short- 
circuiting of the plates. 

Internal Open or Short-circuiting-Causes.-Sludge 
touching the bottom of the plates, pieces of active 
material between the plates, buckling of the plates, etc., 
will cause short circuits to occur ; while open or partial 
open -circuiting can arise through breakage or cracking 
of connecting bars or terminal posts. 

Symptoms.-An open -circuit will cause no E.M.F. to 
appear across the cell's terminals. 

A partial open -circuit will give a very low P.D. 
on load and a high P.D. on charge. 

A short circuit will cause a low P.D. on load and 
charge, and the cell will discharge rapidly whether in 
use or not. 

Remedy.-Little can be done without extracting 
the plates, etc., except in the case of a short;circuit 
being caused by sludge or pieces of active material ; 
then the cell can be thoroughly cleansed with distilled 
water. 

Charging Boards 
Fig. 4 (a) represents the simplest possible type of 

charging board, the essential factors being (r) a source 
of direct current (free electron movement must be in 
one general direction) ; (2) a limiting resistance, which, 
in this case, is a lamp, and (3) the positive of the supply 
must be connected to the positive of the accumulator; 
similarly, negative to negative. 

Obviously, for different capacity accumulators 
different sizes of lamps are required, making such a 
changing board awkward to use and limited in its 
application. Thus, a heavy duty variable resistance 
or rheostat usually replaces the lamps. 

To avoid calculation to find the current flowing, 
direct readings are obtainable by the insertion of an 
ammeter into the circuit. 

Fuses and switches in each lead (positive and negative), 
together with a cut-out, completes the " better -class " 
type of charging board ; all instruments being con- 
nected in series. See Fig 4 (b). 

The Use of a Cut-out 
A cut-out is a reverse current switch, i.e., it makes 

or breaks the circuit in accordance with the direction 
of the current. It is necessary, in .the event of the 
failure of the dynamos supplying the charging board. 

If the supply voltage failed, the voltage of the accu- 
mulators would be able to force a. heavy discharge 
current around the circuit, if complete, thus discharging 
them. 

The Nickel -iron (NiFe) or Edison Accumulator 
The components are : (i) Positive plates, consisting 

of alternate layers of nickel hydroxide and nickel flakes 
in a number of perforated nickel -steel tubes; (2) nega- 
tive plates, comprising powdered iron oxide in perforated 
steel containers ; (3) the electrolyte of a ar per cent. 
solution of potassium hydroxide (caustic potash) to 
which a littlé lithium hydrate is added ; and, (4) a 
case of stainless 'steel, thus forming a very strong 
assembly. 

The NiFe cell is charged in the same way as the lead - 
acid cell, but much higher charge and discharge rates 
are permissible. 

The E.M.F. of the cell is 1.33-1.35 volts, and the 
minimum permissible voltage, r.1 volts. 

Although the efficiency is lower than the lead -acid 
accumulator, the NiFe cell has the advantage of being 
capable of withstanding very hard usage, both mechan- 
ical and electrical. 
General Examples 

(r) A 2 volt 4o ampere hour accumulator of the lead - 
acid type, rated at the xo hour rate, takes 4§ hours to 
discharge to 1.8 volts at its normal discharge rate. 

What is its percentage efficiency ? 
(a) While mixing acid, the hydrometer gave a reading 

of 1.14o, and the thermometer 85 deg. F. 
What would be the specific gravity at 6o deg. F. ? 
(3) Four cells gave the following voltage readings 

at the times indicated. State the apparent condition 
of each cell. 

Cell 11 2 3 4 

Off the charging board 0 1.9 1.1 0.5 

On the charging board, at be- 
ginning of charge 5 2.0 2.1 0.6 

On the charging board at the 
- end of charging time 5 2.7 2.3 0.7 

Answers to General Examples Article Two 
(i) 1.5 ohms. (a) .0651 watts (approximately). 

, (To be coat'naed.) 

Books Received 
FIRST . COURSE IN WIRELESS. By " Decibel." 
Published by Sir Isaac Pitman and Sons, Ltd. 220 
pages. Price 5s. net. 

THIS book, which is a reprint of a series of articles 
which originally appeared in World -Radio forms 

an excellent introduction to more advanced textbooks 
on wireless. There are numerous illustrations. 

TEACH YOURSELF RADIO COMMUNICATION. By 
Eric Reid. Published by English Universities .Press, 
Ltd. 174 pages. Price 2s. 6d. net. 

SPECIALLY 
written for beginners, this handy book 

covers the more elementary principles of the 
subject, from the theory of a current of ;electricity to 
the transmission and reception of high -frequency 
currents used in broadcasting. A slight knowledge of 
mathematics is necessary in order to understand the 
subject fully, butcomplicated formulae have been avoided. 
The book is well illustrated with diagrams. 

AIRCRAFT RADIO. By D. Hay Surgeoner, A.F.R.Ae.S. 
Published by Sir Isaac Pitman and Sons, Ltd. 154 
pages. Price 15s. net. . 

DURING recent years the development of radio for 
communications, and as an aid to navigation, has 

proceeded hand in hand with the expansion of the air 
lines, and radio at the present time is looked upon as a 

means of achieving regular and smooth services, irrespec- 
tive of weather conditions. In this second edition of the book, which has been completely revised, the author deals with the practical side of the subject as applied to the service of aviation, and of the various methods of application. The latest types of D.F., 
Communications, and Beam Approach Equipment are included, and in addition there is a chapter on Airport and Airway Lighting. 

HIGH FREQUENCY THERMIONIC TUBES. By 
A. F.: Harvey, B.Sc., D.Phil., A.M.I.E.E. Published by Chapman and Hall. 235 pages. Price 18s. net. 
DEVELOPMENTS in the extensive and 'increasing 

use of very high frequency energy huas brought about amazing changes in valves, component and circuit technique, and a realisation that the performance of such items and apparatus at the higher frequencies must be known with accuracy. In this direction, Dr. Harvey 
has already performed most valuable work, and .the major portion of his book is due to the results of his experimental work carried out in the Engineering Laboratory of Oxford University, and later in the Cavendish Laboratory of Cambridge University. 

The six chapters cover General Properties of Ther- mionic Tubes ; - Influence of Frequency Operation; Retarding Field Generators ; The Magnetron-Part 1 ; The Magnetron-Part 2, and finally, Miscellaneous 
Tulles and Circuits at . Very High Frequencies. 

1 
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Radio Examination Papers- 17 . 

More 'Test -yourself" Questions, with Suitable Answers by THE EXPERIMENTERS 

1. Limitations of H.F. Amplification 
THEORETICALLY, it would be possible to obtain an unlimited amount of H.F. amplification, but in practice there are many difficulties. Perhaps the most obvious is that if the gain were extended above a certain limit the amplification given to all forms of background noise, mush an very weak signals would be so great that this '` interference " would tend to ruin the required signal. Another form of noise which becomes increasingly 

troublesome as the degree 
of amplification is increased 
is that due to electronic 
emission by the valve's 
cathode. This may pass 
quite unnoticed until the 
amplification reaches 
several thousands of times, 
but there is, .nevertheless, 
this limiting factor. 

Another limitation is 
one which varies to a 
certain extent with the 
frequency at which ampli- 
fication takes plate. This 
is due to the inherent 
capacity between different 
parts of the circuit. If 
there is any appreciable 
capacity between input 
and output circuits, or 
between grid and anode circuits of individual 
valves, instability is bound 
to occur unless the ratio 
of output to input 

transformer is connected in the anode circuit of the detector, and that the secondary of this transformer feeds into the grid circuit of the pentode. There is a small fixed condenser across the secondary winding to by-pass H.F. which circulates in the grid circuit of the double - purpose amplifier. 
A loudspeaker is connected in the anode circuit of the pentode, and this also has a by-pass condenser. If we trace the path of a signal through the receiver, 

we see that it is first 
applied to the grid -tuning 

QUESTIONS 
i. What factors tend to impose a limit on the amount of gain that can be obtained with any. H.F. amplifier? 2. Draw a diagram of a reflex circuit : briefly outline its action. 
3. What are the essential differences bhtween a " Marconi " and a " Hertz " aerial ? 4. Following are set out the principal characteristics of two triode valves. From the' data given, for what purposes would you expect the valves to be most suitable ? 

Max. 
Anode 

I 
Bias 

Ampli- 
fication Mutual Optimum Valve Volts (Volts) Factor Conductance Load 

A 250 - 4 40 3.5 mA/volt 50,000 ohms B 300 - 40 5 6.0 mAfvolt i 4,000 ohms 
5. Explain the principle and point out the advantages of dust -iron -core coils. 
6. If a rotary converser gave an output of 25o volts, roo tuA, what would be the approximate input current if the machine were designed for operation from a 6 -volt accumulator ? 

voltage is low. And since 
capacitive reactance increases with increase in frequency, it will be seen that this limitation is more marked on short waves. 

This demonstrates one advantage of the superhet, in which amplification takes place at a frequency lower than that of the signal being received. It also explains why H.F. amplificatioh on short waves is normally very small ; if attempts were made to increase the am,lifica- tion the H.F. valves would probably fall into a state of self -oscillation. - 

From what has been stated above, it 
will be seen -that the limitation of H.F. gain applies in one form or another 
whether the H.F. amplifier consists of a 
small number of valves operating at u, high efficiency, or a greater number % 
where each is operated at a lower o 
pitch of efficiency. In practice, a 
compromise has to be made so that each 
valve operates fairly efficiently without 
any danger of its falling into oscillation. 

2. Reflet Circuits 
On the right is a circuit diagram for a two -valve reflex receiver. The object in using a reflex arrangement is that 

one valve shall do the work of two. In the circuit in question, the H.F. pentode acts as both an H.F. and an L.F. 
amplifier, while the triode is a normal j f p 1) f leaky -grid detector. _LL It may be seen that the primary Circuit of a two -valve reflex receiver in which the H.F. pentode serves winding of an ordinary step-up L.F. : as both H.F. and L.F. amplifier. 

circuit of the first valve 
and then passed od the 
valve, where it is amplified 
at high -frequency. The 
signal is then fed to the 
detector in the usual manner and. is de- 
modulated; that is, the 
L.F. is separated from the 
H.F., the latter being by- 
passed to earth. If a pair 
of telephones was con- 
nected in place of the 
transformer primary the 
two -valve receiver would 
be of conventional type. 

But by passing the L.F. 
or audio -frequency back 
to the first valve, we get 
further amplification-this 
time at low -frequency. 
With a circuit of this kind 
it is very important that a 
good H.F. choke be used 
in the detector anode circuit, and that all H.F. should be prevented from passing back into the amplifier. Even then we do not -obtain quite the same results as from a three -valve receiver, because we have to employ a valve' which will operate reasonably well at both high and low frequency. In other words, a- slight sacrifice in efficiency has to be made. In spite of. this, however, the arrangement can normally be expected to give better reception than is possible from a two -valve receiver. especially. if quality 

O0/ 
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of reproduction is not regarded as being of great importance. 
3. " Marconi " and " Hertz " Aerials 

A Marconi aerial is not made to any particular length, and is tuned by means of a coil -condenser circuit con- nected in series with it. The Hertz aerial, on the other hand, is cut to a définite length, generally equal to one- half the wavelength at which it is to be used. Most aerials used for reception are 9f the Marconi type, but a Hertz aerial is often used for short-wave reception on a particular frequency band. The precise length is not usually very critical, but for most satisfac- tory results it should be within about 5 per cent. of one-half wavelength. The so-called dipole or doublet is a form of Hertz aerial that is most commonly employed for reception. , 
The Hertz aerial can be shown to have a higher effi- ciency than the Marconi, but only when used on frequencies very near to that for which it is cut. It is impracticable on all except short waves, because it would be much too long on, say, the broadcast band. 'For example, a half -wave Hertz aerial for 40o metres would be 200 metres, or more" than 600ft. in length ! 

4. Valve .Characteristics 
It is at once evident from the data given that the first valve (A) is of the H.F. or general-purpose type. This is indicated by the low negative_ grid -bias voltage and the high amplification factor. The comparatively low mutual conductance provides further evidence that the valve could not provide. any appreciable amount of power in its anode circuit. 
It is equally clear from the operating grid voltage that the valve could not handle other than a small input voltage ; if serious distortion is to be avoided the A.C. voltage applied to the grid must not have a peak value higher than the negative bras voltage.. In practice, it is wise to keep fairly well below this figure. Valve B has entirely different characteristics, and the low amplification factor combined with the moderately high mutual conductance point to its suitability as a power output valve. The high standing bias voltage also indicates that it should be capable of dealing with a big grid input. The optimum load is low, and power-as opposed to voltage-can the better be dcveh operi in its anode circuit. 
If full details of the valves were available it would undoubtedly be seen that the one we have decided to describe as a power valve would have a very much higher anode current than the general-purpose valve, which is ideal as a voltage amplifier. This is shown by the high amplification factor. The general-purpose valve would probably also prove very suitable as' a detector. 
Both valves would be expected to have been designed for use in mains -operated receivers. One obvious clue to this is the rated maximum anode voltages. Another, as applied to the power valve, is the high bias voltage 

and low optimum load, which normally point to high anode current. In the case of the G.P. valve, the mutual conductance is higher than would be expected for a battery valve of any type requiring only 4 volts negative' bias with an anode voltage of 250. 

5. Iron -core Coils 
Dust -iron -core -coils are fitted with a còre consisting of very fine particles of ferrous metal moulded into solid form with a plastic type of insulating material. Due to the form of construction, each iron particle is insulated from every other particle. Becau a of this, there are no appreciable hystereses or " iron ' losses. The use of the special iron core gives a very much higher inductance for any given number of turns. In consequence, a coil of this kind can be much smaller than an ordinary air -core tuning coil. And due to the fewer turns of wire, copper losses are reduced. It is true that, to some extent, the seduced copper losses are offset by the losses in the core. 
A smaller coil has an advantage quite apart from its use in midget receivers ; its field is more confined and there is thus less danger of inter -action with other components. 
Another advantage of the iron -core coil is that it can be " matched " with other coils very easily by moving the core slightly further into or out of the winding. In other words, the feature of variable permeability is employed as a means of 'trimming. This is a convenience in multi -valve receivers, and for pre-set tuners, such as I.F. coils. 

6. Rotary Converter Consumption 
Before we can estimate the input current consumption of the converter we must determine its output wattage. This is found. by multiplying together the output voltage and output current in amps. Since zoo mA is one -tenth of an amp., it can be seen that the output wattage is 25. If the machine were -zoo per cent. efficient, the input wattage would be the same at the output. But there is, of necessity, some loss. This is partly electrical, due to the resistance of the windings, and partly mechanical, due to, the inertia of the armature and the friction of the beärings. It is generally reasonable to assume the overall efficiency to be in the region of 66 per cent. From this we can see that the input wattage will be about one and a half times the output wattage ; the figure is therefore 37.5 watts. Since we know that power in watts is the product of voltage and current, the latter can be found by dividing 37.5 by 6. The answer is 6.25 amps. It would therefore be reasonable to expect an L.T. consumption of about this figure. A current very much heavier than this would be passed when the machine was first switched on, since it is then necessary to overcome the inertia of the stationary armature. After a second or two the current would settle down to its steady. value. 

When a Compass Misbehaves 
THE compass in a bomber pilot's cockpit sometimes 

leads to a detailed investigation. When adjustments are made-" swinging the compass " it is called- 
mysterious deviations may be noticed,. and the cause must be tracked down. The aircraft is turned slowly 
round to the magnetic north, and the compass checked. 
If the needle, or pointer, refuses to stay where it should 
an inquiry of experts is opened. 

The story is told on one bomber station of a navigation 
officer, who, having cross-examined every witness 
about possibly h}dden pieces of metal, and crawled 
about the aircraft on hazels and knees remarked : 
" Well, all I can think of is that it's caused by the 
magnetic personality of the pilot." 

The explanation is usually much simpler than that. 
A knife may be found tucked down the flying boot of 
one of the men standing near. A metal stud which had 
become lodged in the heel of a pilot's boot has been 

}known to affect the compass. Hours of investigation 

into the strange behaviour of a compass in a Halifax 
ended when the pilot discovered that a circle of wire, used as stiffening in the inside of his hat, was the cause 
of the trouble. When lie went near the compass he got a bad reading, until in desperation he flung off his hat, and then found that the compass's sensitiveness was no longer offended. 

Lightning encountered during flight, a danger to any compass, may magnetise the aircrâft. The compass must 
be " swung " every month as an aircraft, at it's dispersal 
point, gradually becomes magnetised. 

NEWNES SHORT-WAVE MANUAL 
6/-, or 6/6 by post from 

George Newnes, Ltd., Tower House, Southampton St., 
London, W.C.2. 
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LONDON CENTRAL RADIO TWIN ON-OFF SWITCHES POSTAL BARGAINS 

AMERICAN Octal base valve -holders, Mazda type, brand new, 6d. each. FLEXIBLE DRIVES for remote control. Approx. 2ft. long. 4/- each. 
ELECTRO-MAGNETIC COUNTERS. Re- sistance 500 ohms. 1-1999, size 41in. x 11in. x l in., 5/6. 
VARIABLE CONDENSERS. 2 and 3- gang. Die cast frames in first-class condition, 6/9 and 7/3 each. 
TRIMMERS. Twin trimmers on ceramic base, new, to clear, Gd. each, 5/- doz. TELEVISION diode valves. Unused Mallard EA50, 69 mm. i 12 mm. overall, 6.3 v. heater at .15 amp., 10/6 each. COIL FORMERS. Cardboard andPaxolin. Assorted sizes, 2/9 doz. 
PUSH -BACI( Wire Flex, ideal for wiring receivers, etc., 1/6 8 -yard coil. VOLUME 0ON7ROLS. Wire wound, 1 ohm, 3/6 each. Carbon type, 100,000 ohms, 250,000 ohms. 500,000 ohms, 1 megohm, 4/6 each. 
VALVEHOLDERS. Chassis mounting, 7 -pin. 6d. each ; 5/6 doz. 
PHILIPS Mica -dielectric .0003 mfd. Reaction condensers, 2/- each. 
SISTOFLEX. 3 mio., 4 mm., 5 mm., 3d. each per yd. length, 2/6 doz. yards. 8 mm., 5d. yd. length, 4/6 doz. yds.: 16 mm., 7d. yd. length, 6/6 doz. yds. PAXOLIN PANELS. Thin panels. 5/6 doz. T.C.C. Tubular Electrolytic, 2 mfd 50 v. working, 2/6 each. 8.1 50 mfd. +50 mfd. +2 mfd. Block electrolytics, 4/6 each. EX -TELEVISION manufacturer. Heavy duty mains transformer. Input 240 v. A.C. tappings at 5,000 v, 5-8 milliamps., and for supplying filament of Mallard HVR 2 (6.3 v. at .65 amps.). Shrouded in metal box, 10/6 each, carriage forward. VARIABLE RESISTANCES. Well -made resistances with wiping contact. Will carry about 10 watts. Brand new, iìrt quality. Price 6/6 each. 

PHILIPS DIAL LAMPS. 240 v., 15 watts. Miniature screw cap. 1/6. 
SPEECH COIL RIBBON WIRE. Enam- 
elled copper. Gauge approx. 20 thou. by 
5) thou. Per 1 lb. reel, 3/-. 
SINGLE R.A.F. EARPHONES, resistance 
750 ohms. D.C. approx., 4/- each ; ex - 
Govt, low -resistance single earphones, 2/6 
each ; microphone buttons, well-known make, 2/- each. 
DECORATIVE CABINET GRILLES, 4 -bar, 
141in. x I5in. wide. Solid brass chrome - 
plated, 2/6 each. Heavier quality, 3/6. 
Also Rectangular Speaker Grilles, 75m. x 
51in., 1/6. 
PHILIPS Wire -wound Potentiometers, 450 
and 10,000 ohms, 6/6. 
PHILIPS Carbon Potentiometers, 700000 
ohms, less switch, 3/6. 100,000 ohms 
with 2 -pale M. & B. switch, 4/6. 
PHILIPS Wet Electrolytic condensers, 
can type, 50 mfd., 310 v. working, 9/6. 
CONDENSERS, with bakelite insulated 
terminals, 2.5+2.5+1 mfd., 250 v. working, 
6/6. 2 mfd., 400 v. working, 7/6. 4 mfd. 
250 v. working, 9/6. 
PHILCO Bleeder Resistances, in metal 
cans, 100, 150, 250 ohms, all 10 watts, 
2/6 each. 
CHASSIS, drilled for 9 valves, etc., 1S$ x 
9/f x 2in., 3/6. 115 x 95 x 2}in., 3/6. 
11/, x 7 x 2}ín., 3/6. 
PUSH-BUTTON mechanism only unit, with 6 buttons, 4/6 each. 

FOR POSTAL BARGAINS THE FOLLOWING POSTAGE MUST BE 
INCLUDED. 

ORDERS UP TO 2/6, 3d. Postage. TO 7/6, 6d. Postage. ABOVE'7/6, 9d. Postage. 

As illustrated. Carries 
1.5 amp. at 250v. Well 
and strongly made, 
with excellent 
snap action. 

A 
16 

Price ,i 
Post, etc., 3d. extra. 

YAXLEY TYPE WAVE - 
CHANGE SWITCHES 

4 -way, ^o -bank, with 
shielded oscillator section 

Length from stop 
plate approx. Sin., ,rte spindle 

2in... j 56 
5 -way, 6 -bank with 3 screened sections, 

adaptable to many uses. 
Length from stop plate approx. 61in., spindle 2in. 

Post, etc., 9d. each. s/s 

YAXLEY PATTERN 
SWITCHES 

5 -way, single -bank, with 'on -off mains, carrying i amp. at 259v., 2in. spindle with knob 5/S 
3 -way single -bank, lin. spindle with knob - 2f9 

Post, etc., 6d. extra- 

Oak Switches, 21in. spindle, comp. with knob. 4 -way, 
2 -bank with 
connecting 
block. 4/6 

4 -way, 2 - 
bank 3/9 

Post, etc., 6d. extra. 

ON-OFF TOGGLE 
SWITCH ES 

Finest quality. Turn 
spindle. Postage, etc., 3d. ex. 216 

movement. 1)in. 

TUNING CONDENSERS 

12/6 
Post. & 
packing, 

3d.extra. 

:i -gang, 0.0005 
anfd., without 
trimmers, de- 
signed f o r 
motor drive. 
With large 
diameter driv- 
ing disc and 
reduction 
gear, adapt- 
able for slow 
motion man- 
ual drive. 

ACLARKE'S 
T LA 

A.C. to D.C. CONVERTORS 
Type R.M. 80/150 5 Gns. 

See March issue for full details. 
SUPREMUS 

H.T. BATTERY ELIMINATORS 
Type E251%. 70/ - 

See March issue for full details. 

SPEAKERS 
ROLA Sin.. P.M., 
less trans- 

22 6 former 
Post. and pkg. /6 

extra. 
CELESTION Sin. 
P.M. Pentode 
Output. New 25/.,,6 
Post, etc., on above, 

2/- extra. 
PHILCO12in. Dou- 
ble Cone 4,000 ohms 
Held, 5 ohms 
Speech -coil 5 GfS. 
Carr. 3/-, plus 5/- for packing case 

{returnable). 

PINUPS 3 -FANG CONCENTRIC 
SPIRAL VANE CONDENSER 

.0005 mid., without trimmers. As used 
in Philips well-known Push 
Button receivers. Plus postage IM and packing, 911. Price // 1I 

EX -GOVT. JACKS 
wo.v.,.. ageerí11 

These Jacks bave powerful phosphor - 
bronze springs ensuring a perfect contact. 
Overall length, including tin, threaded 
shank, 3) -in. Supplied with nut for 
panel mounting. Postage, etc., 3/S 3d. extra. Each Il 

OAK 
VIBRATOR 

UNITS - Synchronous - 
These well-known 
Units are fitted 
with 6 -pin Ameri- 
can. bases. Input 
6 vo 5/6 
Postage and pack- 

ing, 8d. extra. 

ONDON CENT DA 
RrA D I O STORES 

23, LISLE STREET, GER. 2969 LONDON, W.C.2 
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YES! BE PREPARED 
Times are difficult, but that 
is no reason why you should 
not be looking confidently 
forward to the future. Your 
future will be what you make 
it. Use your spare time to 
increase your earning power, 
then war or no war your 
future 

t 

fr: 
will 

be secure. 

EARNING POWER IS A SOUND INVESTMENT 

DO ANY OF THESE SUBJECTS INTEREST YOU ? 
Accountancy. Examina- Metallurgy tions Mining. All subjects Advertising and Sales Mining. Electrical Engin - Management eering Agriculture , Motor Engineering A.M.I. Fire E. Examina- Motor Trade tions Municipal and . County Applied Mechanics Engineers Army Certificates Naval Architecture Auctioneers and Estate Novel Writing Agents Pattern Making Aviation Engineering Play Writing Aviation Wireless Police, Special Course Banking Preceptors, College of Blue Prints Press Tool Work Boilers Production Engineering Book-keeping, Account- Pumps and Pumping ancy andi Modern Bust- 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 tenante Cambridge Senior School Salesmanship, I.S.M.A. Certificate Sanitation Chit Engineering ,School Attendance Officer ('ivil 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-wave Radio Draughtsmanship. All Speaking in Public Branches. Structural Engineering Engineering. All branches, Surveying subjects and examina- Teachers of Handicrafts Lions Telephony and Telegraphy General Education Television G.P.O. Eng. Dept. Transport Inst. Exams. Heating and Ventilating Viewers, Gaugers, Inspec Industrial Chemistry tors Institute of Housing Weights and Measures Insurance Inspector Journalism Welding Languages Wireless Telegraphy and Mathematics Telephony Matriculation Works Managers 

If You do not see your ownwrite to Rs on any subject. Full particulars free. 

IF YOU ATTEND TO THIS NOW IT MAY MAKE A 
WONDERFUL DIFFERENCE TO YOUR FUTURE 

COUPON 4. 
CUT THIS OUT 

. 
,L. DEPT 104,THE BENNETT COLLEGE,' LTD., SHEFFIELD. 

Please send me (free of charge) 
Particulars of ..................... ,. (Cross out line 
Your private advice which does 
about ........... ..... . ................ J not apply.) 

PLRASE WRITE IN BLOCK LETTERS 
Name............ ... .. .. 
Address 

oooO`\\\°:\\\\`.,. .\\O\\O..\\\-\\,:\\..\\ _ . \ \ :\ :' 

UNIVERSA.L TAYLORMETER 
MODEL 90-38 ranges. 
Sensitivity 1,000 ohms per 'volt A.C. and D.C. 
Fitted with Taylor Olin. square -type Moving 
Coil Meter. 

Size Bin. x Sin. x 3lin. Weight 4i lbs. 

Nett Price : £11 its. Od. 
Delay in delivery is unavoidable, but every effort is being made to meet Trade re- 
guirements. 

Write for complete details to : 

TAYLOR ELECTRICAL INSTRUMENTS, LTD., 
MONTROSE AVENUE, SLOUGH, BUCKS. 

Slough 21381'(4 lines) 

Greenwood 
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YUU'A 
By THERMION 

" A Rag, a Bone and a Hank of Hair " 
I TILTED at the B.B.C. last month for broadcasting utter nonsense concerning someone in the Forces 
whom, they claimed, had built a wireless transmitter out of some old tins, pieces of string and some bamboo. 
Surely the B.B.C., the very centre of wireless technique, 
should know better than to broadcast such piffle. Had it been broadcast in a humorous vein we need not have 
taken it too seriously. One of my readers, F. M. S. of 
Watford .(although he does not say so); evidently wishes to support the statement, for he sends me a quotation from a house journal, in which the following :appears : 

" By arrangement with the Wellington Journal and 
Shrewsbury News, we are able to publish a photograph and details of an ingenious wireless set made by Mr. 
A. G. Meredith, A.M.I.R.E., manager of the Newport branch of Messrs. E. W. Jones & Co., constructed 
especially to demonstrate the efficiency of Exide and Drydex batteries. 

The three valves and the transformer are the only standard components used, otherwise the set is con- structed as follows : 

" Tuning condenser made of two fruit tins ; aerial and 
reaction coils wound nn whiskey bottle (empty, .but 
complete with candle) ; grid condenser made with four razor blades and a clothes peg; anode resistance, cigarettes with graphite rubbed on one side ; coupling 
condenser made from a cocoa tin with tinfoil wrapped on the outside ; mid leak made from a small piece of wood, 
blackened on one side with a lead pencil ; reaction 
condenser made from two lids of floor polish tins ; one 
old margarine box. 

" Tuning is controlled by lowering the one fruit tin 
inside the other, and the volume is increased by swinging the two lids closer together. 

" The set works splendidly, and although it is only tuned to the National Programme, it can pick up other 
stations." 

This is by no means a collateral case. Mr. Meredith 
uses three valves and a transformer,eand the rest of the 
improvised components employ methods well known to 
our readers. However, I shall be glad to receive details 
of any quaint but practicable sets which have been 
built by readers. 

An Announcer Joins Up 
I AM sorry that Alvar Lidell's voice will not be heard 
1 from the B.B.C., reading the News Bulletins, until 
the war is over. I used to get a kick when I heard that 

Our lRoYr of Merit 
Readers on Active Service-Twenty-ninth List. 
N. E. Hawly (Lieut., R.A.). 
D. Korne (Gnr., R.A.). 
E. L. Young (Sgn., Signals). 
S. C. Negus (Pte., S.P.T.C.). 
E. C. Lyndon (Spr., R.E.). 
R. B. Harper (Pte., Dorsetshire Regt.). 
A. G. Smallpiece (A.C.1, R.A.F.). 
R. F. Pashley (L.A.C., R.A.F.). 
E. W. Mitchell (L/Cpl., R.A.F.). 
J. Mader (Cpl., R.A.F.). 
I. Winetanley (Spr., R.E.). 

J. Rigby (Der., R.A.S.C.). 

ET V 

" this is the 9 o'clock news, and this is Al Varleydâle reading it." Had I not seen his name in print, that is how I should spell it. Personally, I am of the opinion that announcers should not state their names. This practice was introduced at the time when Chamberlain had put the whole country under the invasion anws- thetic, and he thought it would be wise to let. the British public get accustomed to the announcers' voices. Does the statement of the name make it easier to remember a man's voice ? Surely you get used to the voice, and if you are accustomed to a particular voice, of what value is the name ? In any case the wily German would have been equal to picking a voice similar to the one to which we have grown accustomed. He could take recordings of 'British broadcasts for practice purposes. T -have never thought, however, that invasion was ever con- templated ; I have said so in print many times, and events to date have proved me right ! 
Now that the emergency has passed, can we not revert to the old practice ? We must get used to the new announcer's voice. If so much importance was attached to our getting used to the voice of Ai Varleydale, his was a most important task, especially if an invasion does take place. That being so, why has he been released for the Services ? 
And what about the new joke-Raif Lynn ? I always thought his name was Ralph Lynn. 

" Bush -magic " 
[Recently the B.B.C. put over the air astorvof same Servicemen who found themselves lost in the bush far from their unit, and one of them, who had been a radio operator, made a transmitting set out of some bits of bamboo, same cocoa tins and pieces of string by means of which a rescue party saved the lives of the lost detachment. 
Interviewed on behalf of the British Technical Radio Press, the hero of this story made the following statement :j ' 

" How did I win my V.C., sir, 
This one, with the double bar of gold? 

Only one of its kind, sir- , At least, so I've been told. 

" Read all about it in London Gazette, - 

Anyone who desires, 
How I saved the lives of my comrades 

Of the good old ' Jungle Triers.' 

" We were lost in the Burmese jungle, 
And tigers had killed quite a few ; 

When we went to the river for water 
The crocodiles bit us in two ! 

"And then I'd my inspiration 
In a rush of brains to my head, 

And :I rigged up this here transmitting set About what so much has been said. 

" Only some cocoa tins I had, 
Some string and some bits of bamboo ; But I puts them together the right way round, And our,,,message for help got through ! 

" I was asked by the B.B.C. next thing 
To let the whole world hear, 

And now, as I've given all details, 
My invention should bequite clear' 

" And the Ring, as he pins any V.C. on, 
Says ' My_lad, it's been splendidly won ! 

'Cos you've been and done something for radio That Marconi could never have done ! ' " 
" TORCH." 
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Facts About Fixed Condensers 
Why They " Block" D.C. and Do Not Interrupt the Flow of A.C. . Charging and 

Discharging . Use in Time -base and Neon -oscillator Circuits 

II is generally taken, for granted that an electric 
current will not flow round a circuit in which is 
included a condenser. This is not strictly true, 

although it is a fact that a steady current will not flow, 
because of the insulation provided by the condenser 
dielectric. On the other hand, when the circuit is first 
" made", a current does flow for a short time-usually 
only for a small fraction of a second. This current is 
used in giving the condenser a charge. 

The charging of a condenser consists essentially of 

Fig. 1.-Circuit showing the charging and discharging 
of a fixed condenser. 

setting up a strain in the dielectric ; if the condenser 
terminals are later connected together the strain will be 
relieved, and a current will flow through the wire used 
to bridge the terminals. This can be shown by means of 
a circuit similar to that shown irk Fig. r, where it will be 
seen there is a battery, a fixed condenser, a centre -zero 
galvanometer or milliameter, and two switches, marked 
Sr and S2. 

Condenser Charge and Discharge 
Assuming that switch Sz is " open " when Sr is 

" closed " the meter will show a deflection, say, to the 
left. This indicates the flow of current " into " the 
condenser ; the direction of flow is indicated by means 
of the full -line arrows. Unless the condenser were of 
very large capacity, the meter needle would do no more 
than give a " kick," since the condenser would be 
charged very rapidly. Once it has been charged the 
current flow ceases immediately. 

Now, suppose Sr were " opened " and then Sz 
" closed," the meter needle would " kick "'in the 
opposite direction-to the right-and there would be a 
sudden flow of current in the direction indicated by the 
broken -line arrows. After a very short interval of time 
the meter needle would return to zero, showing that 
current flow had ceased, and that the condenser had been 
discharged. This process could be repeated indefinitely, 
causing current to flow backward and forward through 
the condenser circuit. 

Time Constant 
In passing, it should be mentioned that the time 

taken for the condenser to charge and discharge is 
governed by the Capacity of the condenser and the 
resistance of the circuit. Thus, if the capaéity were 
increased, a greater time wield elapse before the. 
condenser were fully charged, and if the resistance of the 
circuit were increased the condenser would be charged 

more slowly. With a çircuit such as that shown in 
Fig. 2, it can be shown that the time required to charge 
the condenser is equal to the product of the condenser 
capacity in farads and the resistance of the series 
resistor in ohms. In other words, t=CR. 

Actually, this statement is not entirely complete, 
and the answer (in seconds) gives the time taken to 
charge' the condenser to about two-thirds of its final 
voltage-which would be that of the supply. It is not 
difficult to understand that it would take an infinite 
time to raise the condenser voltage to the supply voltage 
if the matter is analysed in this way : When charging 
commences the voltage on the condenser is zero, and, 
therefore, .there is no opposition to the flow of current 
" into " it. As charging continues the condenser acquires 
a voltage which tends to oppose the charging voltage. 
When this happens the charging current is automatically 
reduced and charging is slowed down. This continues 
until the condenser voltage approaches closer and closer 
to the charging or supply voltage. 

Reactance to A.C. 
So far we have considered only the effect on a condenser 

of direct current. The position is somewhat different 
when alternating current is used. During one half -cycle 
one condenser plate is charged positively and the other 
is given a.negative potential. At the next half -cycle the 
polarity of the supply is reversed, and so the condenser 
discharges, and is then charged to opposite polarity. 
The consequence of this is that a current flows backward 
and forward round the circuit, just as it would if the 
condenser were replaced by a resistor (see Fig. 3). 

T r 
Fig. 2.-ln a circuit such 
as this the time taken for 
the condenser C to charge 
is proportional to the 
product of the capacity 
and the series resistance. 

Fig. 3.-When A.C. is 
applied to a fixed condenser 
current flows backward and 
forward round the circuit, a 

indicated by arrows. 

Additionally, the condenser has practically the same 
effect as a resistor, although the resistive effect is 
described as reactance. Reactance is measured in ohms, 
as is resistance, and varies inversely with frequency 
and with capacity. 

For example, if a .os mfd. condenser had a reactance 
of 16,000 ohms at r,000 cycles per second, its reactance 
at 2,000 cycles would be 8,000 ohms. Similarly, if the capacity were doubled, to .oz mfd. the reactance at r,000 
cycles would be 8,000 ohms. The reactance of a condenser 
can readily be found from the simple formula : Xe 
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(capacitive reactance) = 2itf C 
where Xc is in ohms, 

m equals 3.14; I is in cycles per second and C is the 
capacity in farads. 

By-pass Condensers 
This explains to a large extent how a by-pass condenser 

behaves in a radio circuit. If, in a decoupling circuit, 
we use a 2 mfd. by-pass condenser along with a 25,000 
ohm series resistor the condenser offers a reactance of. 

only about 8o ohms at r,000 cycles per second. This 
compares with the 25,000 ohms of the resistor, so it is 

obvious that any stray " audio frequencies would 
flow through the condenser to earth rather than through 
the much higher resistance of the resistor. 

A Neon Oscillator 
A very interesting use of a condenser is in a form 

of oscillator circuit in which a valve is unnecessary. This 
is illustrated in Fig. 4, where it will 'be seen that there 
is a condenser in series with a variable resistor and a 

source of D.C. In parallel with the condenser "there 

is a neon tube. It is common knowledge that a neon 

tube will not " strike " (that is commence to pass any 
current) until there is a certain critical voltage between 
its two plates. 

Now let us see what happens in Fig. 4. First the 
condenser starts to charge through the resistor. After 
it has acquired a voltage equal to that at which the 
neon will strike, it suddenly discharges through the 

neon. The neon ceases to glow immediately the con- 

denser is discharged, and the condenser once again 
starts to charge up. Again it will discharge when its 
voltage reaches the " striking " voltage of the neon tube. 
This process will continue indefinitely as long as the 
power supply is available. As mentioned before, the 
rate of charge of the condenser can be controlled by means 
of the variable resistor, and -so the frequency of the 
oscillation can be regulated. 

The oscillation produced is not a smooth sine wave of 

the kind usually associated with an oscillating valve, 

but is of " saw -tooth " form tlue to the fact that the 
condenser is charged comparaLively slowly through the 
resistor, and then discharges almost instantly through 

HT.+ 

HT- 

Fig. 5.-A time -base circuit, where the frequency of the "saw - 

tooth" was a is governed by the condenser CI and the resistor RI. 

the neon. The frequency can be determined from the 
formula previously given for the time required to charge 
a' condenser through a resistor ; that is, t = CR. To 

take an example, suppose the condenser had a capacity 
of .or mfd. and the resistor a value of 250,000 ohms, 
the time taken for charging would be t (secs.) 

.01 x which works out at 1/400 of a second. 

This means that the frequency of the saw -tooth oscil- 
lation would be 400 per second. 

For this circuit to operate satisfactorily it would 
be necessary for the voltage of the D.C. supply to be at 
least 50 ,per -cent. higher than the striking voltage of the 
neon lamp. In practice, it avould be made as much 
higher as convenient., and the frequency would be 
regulated by means of the variable resistor. 

Capacity Comparisons 
It is possible to use a circuit of this kind for estimating 

the capacity of condensers. To do this, however, the 
charging must be slowed down so that the flashes of the 
neon are slow enough to be -counted and timed, using a 

stop -watch. It will be seen that the capacity would 

Fig. 4.-A neon oscillator. The neon "'strikes" when the voltage 
on C reaches the" striking " voltage of the neon. The frequency of the 
"striking" may be governed by adjustment of the variable resistor 

marked R. 

then be indicated by the number of flashes per second 
compared with the number when using a condenser of 
known capacity. The circuit could also be used to 
modulate an H.F. oscillator, 'by connecting the two sides 
of the -neon to the grid and cathode of the H.F. oscillator 
through low -capacity condensers. The latter would 
affect the previously estimated frequency, since they 
would be in series with each other, the series pair being 
in parallel with the main condenser. The effect of the 
condensers could easily be compensated for by adjust- 
ment of the charging resistance. It will be clear that 
an audio oscillator of this type would not give a very 
good note, because of the saw -tooth waveform ; there 
would be various harmonics. This would not be a 
serious disadvantage in practice, since it is only the 
stability of the high -frequency . oscillation which is of 
real importance. 

A Time -base Circuit 
A more practical and efficient form of time base, for 

use with a cathode-ray oscilloscope may take the general 
form of the circuit given 'in Fig. 5. When this is first 
switched on the condenser marked CI is in a discharged 
state, and therefore commences to charge. This will 
be equivalent to connecting together the anode and 
cathode of the first valve, marked VI, with the result 
that the valve will be inoperative, since the grid will be 
negative in respect of the cathode. 

Once the condenser Cr has become fully charged 
the anode voltage on Vi starts to rise. The valve re- 
mains inoperative, however, until the anode voltage 
attains the same value as the grid voltage. It then 
suddenly starts to pass anode current, and condenser 
Cr is discharged. At the same time, a voltage pulse 
is applied to the grid of V2 through the grid condenser 
Ca. The cycle of operations is then repeated. 

As with the circuit previously considered, the fre- 
quency of oscillation is governed primarily by the 
capacity of Cr and the value of RI. 

EVERYMAO'S WIRELESS 000K 
By F. J. C A M M 

NEW EDITION. 
6/- or 6/6 by post from George Newnes., Ltd. (Book 
Dept.), Tower House, Southampton Street, Strand, 

London, W.C.2. 
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! 
THE normal complement of service men is so depleted, 

! j owing to the requirements of the Forces, that it is 
opportune for radio amateurs to endeavour to 

fill their places. By so doing, they will be alleviating the 
acute servicing problem, as well as helping the community 
in general, and, incidentally, the war effort. 

True, this is not the best time to start, but the 
difficulties are only superficial, and when faced squarely 
do not present real problems. The natural ability of the 
amateur to improvise stands him in good stead, for the 
job that might be turned down by the professional may 
be welcomed by the amateur, inasmuch as the former 
cannot spare the time (perhaps altering circuit arrange- 
ments, etc.), whereas the latter, since his time is usually 

17%ndow 

Small Bench 
for Cod - 
Winding etc 

Charging 
Bench. - 

le1,111.» 

Your ServicE 
The First of a Series of Articles on the Lay 

By S. BR, 

in it-and a room that is inclined to be damp should be 
avoided. 

Since the amount of work carried out will not be 
comparable with that of a commercial workshop, the 

room may be comparatively small (with the 
amateur it usually has to be), and one 
measuring even loft. x 7ft. 6in. could, accom- 
modate all the gear necessary. The plan view 
and drawing of the writer's room, Figs. x 
and 2 (and cover), show what can be done 
with the space available. The bench should 
receive a good deal of thought, for upon 
this will depend one's cemfort or discomfort 
during working hours. An obvious position 

e for it is in front of a window (running along 
its length), but it is often convenient to fix a 
shelf above the bench-for the various test 
instruments-which would block out the 
light rather effectively. The arrangement 
shown in Fig. 2 is, however, very practical, 
as it makes the most of the light under such 
conditions. Since the amateur must carry out 
most of his work in the evening, this question 
of daylight is not so important as it may at 
first appear. 

The Bench 
What is more important is the height of 

the bench ; an hour or so working at one that 
is too high or too low will soon show how 
uncomfortable it is. Due consideration 

should, therefore, be given to this point, even if it 
means trying it out for a day or so while temporarily 
supported. Its ultimate support must be sturdy, for there 

Shelf over Bench 

Alain Bench 

Stoo/ 

Chair 

14'nting and 
Drawing Table 

Junk'Box 11 

Door 

jr- Shelf _ l Cabinet Rack Shelf 

fo, 

Stock Cupboard 

Fig. 1.-Plan of the -layout of the room used and arranged by t he writer. 
Full use is made of all available space without overcrowding. 

less valuable, is in his glory adapting a certain component 
for the job. - 

One must, of course, possess the necessary knowledge for 
the work, but it is probable that the majority of regular 
PRACTICAL WIRELESS readers have reached the required 
standard. The constructor who has spent years in 
designing, building and experimenting with radio 
apparatus has served an extremely good apprenticeship 
to radio servicing, and, with the necessary instruments, 
he should be in a position to tackle any faulty receiver 
that confronts him. Moreover, he will increase ,his 
knowledge very considerably, as opportunity will be 
readily at hand to study varied commercial methods. 

The way one sets about servicing is just as important 
as the ability ,to carry it' out. A radio receiver can be 
serviced on the kitchen table with little more than a 
screwdriver and a pair of pliers, but one would obviously 
not get very far under those conditions. A small, suitably 
equipped workshop is essential, as it enables one to carry 
out work methodically, quickly and efficiently. Further 
advantages are that one is left in comparative quiet, and 
a job can remain on the bench at any stage with the 
assurance that it will not be tampered with. 

Size of Room 
The choice of a suitable room is a matter that only 

the would-be service man can decide, but if any choice 
is available it is preferable to have one in the house. An 
outside sectional building or garage might offer advan- 
tages in some ways, but these are usually offset by the 
difficulties encountered in heating, lighting, etc. Also 
the noise one might have to make-possibly at night- 
would no doubt give rise_ to some complaint from 
neighbours. A room in the house is much more satis- 
factory, if only from the point of keeping the temperature 
round about normal, as this is an important point, 
having regard to the instruments that will eventually be 
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small battery charging system in order that a fully 

WO /r ks / . O 
charged accumulator is 

being 
always at hand. It also putsb 

battery 
,) 

in the position of able to loan out a battery 
ono 

occasionally-a service that is much appreciated. 
The charging bench tray be quite small, but it is advisable 
to cover it with sheet zinc or even tin. This will prevent 
damage in the event of acid accidentally being spilt. 
The output of the charger may be quite modest, and,an 
instrument giving from 2 to 12 volts at 1 amp. is shown 
in the illustration of Fig. 3. Regular readers will probably 

is nothing more annoying than to find the bench sagging remember that this charger was described in PRACTICAL 
or rocking under a weighty receiver. A framework of WIRELESS for September, 1942. It is necessary to point 
3in. x 3in., or Sin. x tin. wood should provide ample out that the usual precautions must be taken where acid 
rigidity, and the top may consist of floor -boarding or fumes prevail, especially in a small room, and, for this. 

! any suitable lengths about gin., but 
preferably ;in. to 1in., in thickness. In .--T" 
this respect, perhaps the local salvage 
dump may come in useful, although new 
wood is obtainable up to a certain 
quantity. The bench shoùld be as long - ! 
as possible, and not less than 2ft. 

is fitted in front of the window ilbes\ .ai 
This is useful for coil winding-mains 
transformers, etc.-which, these days. 

i 

out and Equipment of a Radio Workshop 

ASIER 

It will be seen from Fig. 1 that a small 

is most important, and should not be 
beyond the scope of the service man. I 
Nothing elaborate is necessary in the 
way of a coil winder, and much good `i! 
work may be accomplished on a simple 
home-made winder similar to that shown 
in the illustration of Fig. 5. An ordinary .y*M 
geared hand -drill provides the driving 

5. 
power, and an adapted cyclometer makes 
an extremely good revolution counter, ' st ï 
giving direct reading of number of turns. 
The machine must be screwed or clamped 
to the bench to .,,ensure rigidity. A.C. operated charging 
Underneath is a shelf ifor storing wire, plant having a variable output.' 

formers, transformer laminations, etc. reason, it may be convenient to arrahge for charging i 
Battery Charger during the period when the room is vacated. 

Not all the receivers one has to service .are of the A small desk or table which one can use for drawing i 
mains variety, so that it is essential to maintain a - and writing is an essential item in the service 'workshop. - The space underneath may be built into a cupboard to 

_---_ 
------------_<---"'"---:-- 

Q 

provide neat storage for literature, correspondence, 

IIIIIIII books, ere. 
i 

Component Storing q 

-_ , I 1111' The problem of storing components, loudspeakers and 
r Rack - 

,/,/ valves is best solved by making use of a tall cupboard, i 
7 if available. The cheap type of " wardrobe " sold in !, 

bare white wood is ideal when fitted with extra shelves 
as it can accommodate a lot of gear. The top can also 
be utilised to good advantage for chassis and cabinets, 
which are not wanted for immediate use. Dealing now 
with the question of electric supply points, it is advan- 
tageous to have several of these located at convenient 
places so that there is always a connecting point available 
for extra apparatus. Three or four just under the front 
edge of the bench is a good place for some of them, both - 

2 -pin and bayonet sockets being used to accommodate 
either type of plug. A selection of electrical adapters of 
ail 'types will also come in very handy. The circuit on 
which the permanent sockets are wired should be fused 
separately from the lighting circuit, if it is from the 
same source. Fig. 4 explains the system and will 

! 
obviate the possibility of being left in the dark in the 
event of an accidental short on the " power " circuit. 
Where one has power- mains proper in the house, it is i 
obviously cheaper, to use it for all apparatus except 

I 

lighting, which is, of course, illegal. 

Lighting 
The lighting system in the workshop should also be i 

arranged with due regard to its ultimate effect. Apart ! 
from the main light, a movable lamp arranged to travel !i 

showing stack cupboard, desk, cabinet rack and charging plant, the length of the bench, at a convenient height above 
L.«L. 

IIIIi(III>IIII 
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it, is quite simple to arrange, and an adjustable standard 
lamp for the bench requires but little ingenuity to make. 
This latter is particularly useful for getting light just 
in the right place on an awkward job. To minimise 
the possibility of hum pickup, all wires, and particularly 
those running under, or near, the main bench, should be 
of the lead -covered variety, the outer casing being 
'securely earthed at as many points as possible. 

A good, reliable, permanent earth will also be required 
for normal working. This,. if the room is upstairs, 
might, present some difficulty and it may be more 
advantageous to rely on a nearby main water -pipe than 
to use a ground earth necessitating an extremely long 
lead. In deciding upon the type of aerial one will use, 
it is wise to remember the conditions under which the 
average domestic receiver is used. These conditions, 
sad to say, are not always very efficient, therefore it is 

2 -Pin Sockets 

LeedCovering 
s Earthed 

Fuse Box 

Junction 
Box 

Mains 

Fig. 4.-The circuits for the wooly Points and lighting. Note the 
Position of the fuses. 

unwise tò test a service receiver on a super aerial, as 
one would receive a wrong impression of the set's 
capabilities 'under its own true working conditions. A 
good plan, therefore, and one that is adopted in the 
writer's workshop, is to have two aerials. One, .a quite 
inefficient indoor affair, arranged round three sides of 
the room, and another, fairly efficient-but still not 
ido per cent.-fixed in the loft. This is most convenient 
with an upstairs room as the lead-in can be brought 
through a small hole in the ceiling just where it is 
needed. Thus, with these two aerials a receiver can be 
tested under adverse as well as favourable conditions. 
The two wires, together with the earth wire, may be 
brought to a neat terminating connection in the form of a 
three-point wall socket, thereby doing away with 
dangling wires, which, at the best of times, are annoying. 
In this respect also it is advisable to keep the main 
bench-or at least the greater part of it-clear of 
apparatus. There is always a tempta- 
tion to place a thin, in a vacant 
space, and once there other things 
follow until there is just about a 
square Toot of room in which to work. 
This does not make for orderly working, 
and one should avoid it if at 
all possible. For this reason the 
shelf-mentioned earlieris most 
convenient for accommodating 
all the test gear. It looks 
neat, keeps the apparatus at a 
reasonable distance (a condition which 
is nearly always advisable) and does Ej 

leave the bench clear for working. The 
shelf should be of a...le thickness, 
well supported, and .xed at such 
a height that the various instruments 
are approximately at eye -level when 
the operator is standing. This will 
automatically give sufficient' clearance 
so that it does not obstruct one 
when working on the back part of the 
bench. 

A tool drawer is useful under the bench, just where 
one works, and a good idea also is to keep those that are 
invariably used in a shallow box. This may be kept 
handy on 'the bench, so that any particular tool can he 
selected quickly while working ron an intricate job. 
All these little dodges may 'seem to be unimportant to 
some readers, but it is the culmination of attention to 
small points that counts in executing a job in an orderly 
and expedite manner. Take resistors, for example. 
If they are all jumbled up in one box it may take almost 
as long to find the required value and type as it does 
to put the receiver in working order again. All this 
sort of thing may be avoided by arranging .these small 
components in boxes with the appropriate values plainly 
marked on the outside. A nest of drawers, built in the 
space between the bench and shelf-see cover- 
is a very convenient method of doing this. The drawers 
are about 3in. wide by rin. deep, going back the width 
of the shelf, which is about gin. They are sub -divided 
into six sections, so that one drawer will accommodate 
36 resistances or small tubular condensers, i.e., six various 
values of six each. By this method, one knows when the 
stock of any particular value is getting low. Possibly 
some effort may be required to make these various 
fitments, but it is well worth it, if only for the sake of 
workshop tidiness Even a nest of match -boxes glued 
together can be extremely useful- for small nuts and 
bolts, screws etc. But to return to tools. 

^0018 
The service man will naturally collect the usual 

assortment of pliers, screwdrivers, soldering -irons, etc.. 
in various patterns and sizes, but other more or less 
unusual ones that make working easier must not be 
forgotten. A set of taps and dies, say, z B.A. to 8 B.A. 
are invaluable. These may be purchased separately and 
a set of them gradually built up. B.A. spanners in the 
above sizes are indispensable for tightening nuts in 
otherwise inaccessible places, and a good set of files 
of different cuts and shapes is really necessary. ' Drills, 
too, will be required in sizes from 1/64in, to tin, in the 
twist drill pattern and din. to about zi}in. in the wood 
drill type, these latter also being useful in metal work. 
In this connection a hacksaw, fretsaw, a pair of metal 
snips and an adjustable metal cutter are also desirable. 
A small brass -backed handsaw for cutting ebonite or 
wood and one or two chisels would not be ont of place 
for small cabinet repairs, etc. This list of some of the 
tools required sounds pretty formidable, but all practical 
men will already possess a fair selection so that not all 
of them will have to be acquired. One tool, by the way, 
which has not been mentioned above, and which is 
indispensable to servicing, is the trimming tool. This 
can be merely a bakelite screwdriver, sometimes provided 
with a short metal tip for extra' strength, or a home- 
made one could be produced quite easily. 

Fig. 5.-A simple and efficient coil winder. 
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It will be seen on the cover that it is convenient to 
have some apparatus on the bench, despite earlier coin- 
ments, For instance, the gramophone turntable-so 
useful in testing-is situated at the extreme left-hand 
end. It is so arranged that it takes up little bench 
room; in fact, none while the gramophone is not in use, 
as to this end it is sunk below the bench, therefore, 
when not in use, a flush -fitting cover slides over it and the 
space becomes available if needed. An electric gramo- 
phone motor is not easy to obtain these days and for 
the purposes for which, in this case, a motor is required, 
one of the double spring type would serve. The main 
qualities of a good motor are ample power (to carry 
heavily recorded passages on records) and constancy of 
speed. Both these qualities should be available in a good 
spring motor, while the inconvenience of winding 
should not make itself felt to any large extent, 
since the ,pick-up is required only for short 
periods of testing. A further refinement in the 
method of construction shown is the space 
,under the motor casing for a few special test 
records. On the bench at the rear of the gramo- 
phone assembly is the workshop receiver, of which 
more will be told in a later article. It is coupled 
via an output unit to the baffle speaker above. 
Towards the other end or the bench it is con- 
venient to fix a small vice-one with 2iin. to 
Sin. jaws is suitable-for light metal work, etc. 
while nearer the middle a shallow metal tray, 
measuring about Fain. by 7in,, to take the 
soldering iron, solder and flux, will be found 
handy for keeping the bench clean. The corn- Fig. 
plete tray may also be transferred to any part 
of the bench, or in fact, the room, if a point is available. 
Test Equipment 

We come one to the servicing instruments, which, at 
this stage will be discussed only briefly, for it is hoped 
to describe all of them in detail during the course of 
this series. They occupy the major portion of the shelf 
over the bench, and from left to right consist, apart 
from the output unit, of the beat -frequency Oscillator, 
the service oscillator, the valve voltmeter and output 
meter, while the valve tester is situated on- the ;coil 
winding bench. The most convenient position for the 
universal test meter is at the back of the Wain bench 
where one works, but it is in connection with this in= 

Fig. 6.-A portable multi - 
range test meter is essential. 

strument that a difficulty may exist since meters- 
particularly low reading milliammeters-are not a bit 
easy to obtain. However, it is doubtful whether anyone 
would contemplate setting up a service workshop with- 
out any gear at all, and since this is one of the first 
instruments that the amateur strives to possess, it may 
be that the difficulty is non-existent. - Also, it is some- 
times possible to obtain test meters, such as the Avo- 
minor-" or similar instrument, through the medium of 
private advertisements for second-hand radio goods, 
while the more ambitious constructor could, with the 
aid of information given in past issues of PRACTICAL 
WIRELESS or the "Practical Wireless Service Manual,".. 
contemplate making one himself. For the reasons 
given above, it is not proposed to describe the universal 
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7.-A suggested layout for the pages in the record or reference book. 

test meter-much information has been given in these 
pages, already-but it would be perhaps just as well to 
run over some of its desirable features. The instru- 
ment should preferably be of the portable or semi- 
portable type, so that it can be taken out " on the job " 
if the necessity arises. That shown in the illustration of 
Fig. ` 6 exemplifies a 130111e -constructed model that is 
completely portable, yet is handy for the bench. Useful 
ranges are r, 5, 25, roo, 250, Soo and x,000 in volts 
and milliamps, while for A.C. volts full-scale readings 
of 5, 25, 25o and r,000 will prove to be necessary. 
A.C. current is not so important, but if incorporated, 
will find many useful applications, especially in universal 
receivers. Resistance measurements must be provided 
for, 0-50,000 ohms being typical, and multiples of this 
reading are invariably obtained by means of an addi- 
tional battery. Low resistance measurements, say 
o-roo ohms, are not as a rule accurate on the above 
reading, so that an external unit is sometimes employed 
for the purpose in conjunction with one of the meter 
ranges. 

The service man should, in his own interests, keep a 
record of all work done -not only for reference, for 
upon analysing the various entries much available 
information may be revealed. A suggestion for ruling 
up a suitable book is shown in Fig. 7. 

It is appreciated that the reader will have to select 
his room and its fitments according to his assets in this 
direction, but the foregoing may help to arrange his 
(usually small) service workshop on methodical lines, 
which, after all, is the secret of success in any work. 

(To be continued.) 
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Permanent Magnets-iI 
Wheatstone's Work Influence of Carbon . Magnetic Technique and Materials 

By L. SANDERSON 

(Continued from page 162, March issue.) 

BETWEEN 1855 and í86o, considerable interest was 
taken in industrial tests of the magneto -electric 
machines derived from the Clarke machines, with 

the object of making use.of a dynamic source of electricity 
to replace acid cells, then the sole ones used (notably 
in electrotyping workshops). This led, particularly in 
England, to a search for perfect artificial permanent 
magnets. At this period a machine could be seen installed 
in the Invalides Gas Works, designed by an English 
physicist named Sheppard, -other models of which were 
already functioning in England. It was made up of 48 

fixed magnets in horseshoe form, distributed in series 
of three round the circumference, and in front of these 

Cobalt steel magnet for Cavendish' Laboratory (magnet only), the 

largest permanent magnet in the world, made'bu Edgar Allen (9 Co., Ltd. 

rotated five wheels, each provided with 16 induction 
bobbins. 

For a number of years, inventors endeavoured to 
reinforce the action by a sort of cascade effect, employ- 
ing, as in the Wilde machine, for example, or in that of 
Siemens, the induction of the magnets, thus giving 
to the permanent magnets a force 50-100 times greater 
than they appeared to possess in their original state. 

Wheatstone's Work 
At the Universal Exhibition in 1867, the machine 

of the 'English physicist, Wheatstone, first revealed the 
special feature in which permanent magnets were 
eliminated in the production of current by induotion, 
and only the .permanent residual magnetism of the iron 
or steel employed. Permanent magnets were then 
investigated from the viewpoint of their constitution, 
properties, and most favourable arrangement. These 
researches were fairly widely spaced, and relatively 
little known until 188o -189o. 

In 1847, Joule, working on bars as well as wire of soft 
iron and steel, stretched .or not stretched, observed 
changes of length and volume produced at the time of 
magnetisation. Twenty years later, an officer of the 
French Navy, named Trève, was led to study the change 
of molecular conditions produced in a steel bar subjected 
to magnetic action. He noted the difference in the 
number of vibrations on two scales in unison, one of 
them afterwards being magnetised. 

The erst indication of heat treatment is found in a 
note communicated in 1860 to the Academy of Sciences 
by AI. Cailletet, engineer of the metallurgical workshops 
of Chatillon-sur-Seine, indicating that he had found a 

means of preparing iron free from permanent magnetism 
(which was being much sought after then), either for the 
electric telegraph or for certain parts of magneto -electric 
machines and finally for all pieces subjected to suc- 
cessive magnetisations in the reverse direction. " It 
suffices," M. Cailletet remarked, " to expose ,sheets of 
commercial iron for some time to the high temperature 
of the welding furnaces in order to obtain this. The 
high temperature- makes them take a crystalline struc- 
ture." 

In 1869, the industrial manufacture of permanent 
magnets was set up in the metallurgical works of Ailevard 
in Dauphiny, where there are iron mines, blast furnaces, 
and forges whose exploitation dates from the thirteenth 
century. 
Jamin Studies Magnets 

About 1873 the work of the physicist,, Jamin, at the 
Sorbonne, enabled marked progress to be made with 
permanent magnets. On the one hand he studied their 
carrying power and the relative distribution of the 
magnetism between the surface and the depth !penetra- 
tion) of a bar, and on the other a modification of the 
magnetic power of the steel on hardening or annealing. 
Jamin studied the saturation of the magnets and, above 
all, the method of diminishing their weight while increas- 
ing 'their carrying power by the use of laminated plates 
superimposed on one another. He observed, in fact, 
that carrying power increases with the thickness, but 
less rapidly than the thickness, so that it reaches a point 
where it remains stationary, but the carrying power 
increases with the number of layers of which a bundle 
of given thickness is composed. Jamin showed also, in 
1873, at .the Academy of Sciences, who were greatly 
impressed, magnets built up of superimposed plates that 
carried 20 times their own weight. 

These studies of Jamin enabled Gramme, from 1873 
onwards a constructor of magneto -electric machines for 
producing continuous current, greatly to perfect the 

Another view of the same 
magnet showing laminated 

construction. 
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output of his machines by using Jamin's laminated 
magnets. The progress thus realised was appreciable, 
but has now. only a retrospective interest. 
Influence of Carbon Content 

Examining magnet steel, its hardening treatment, 
and its annealing, Jamin, in contradistinction to the 
first opinion he put forward, came to believe that steels 
of high carbon content should be chosen: He recognised 
that there is a maximum polarity after hardening that 
diminishes on heating, to disappear at red heat. For 
steels increasingly rich in carbon, the magnetic property 
diminishes increasingly on hardening. On the other 
hand, annealing under fixed conditions improves a 
defective magnet. 

In 1875 permanent magnets began to be important 
enough to justify setting up in Paris a factory specialising 
in their production : Ets. Giffey, Pretre et Cie., which 
was still in operation in 5939 after more than 60 years 
of existence. In the same year, M. Trève made known 
the result of his work on the influence of the different 
hardening treatments on'magnetic steels in collaboration 
with M. Durassier, Chief of the Creusot Chemical Works. 

After hardening, carried out in cold water at so deg. 
C., in boiling -water at roo deg. C. and in oil at 10 deg. C., 
on bars heated between 767-800 deg. 
C., the conclusion was in favour of 
hardening in cold water, but with this 
indication, that : " the coercive force 
increases very little in steels above 
0.5-0.55 per cent. carbon." In 1879 
M. Trève, then a ship's captain, 
observed the action of shock on 
magnets. " It suffices," he notes, " to 
strike some blows on the end of a 
magnetised bar, even with a non- 
magnetic substance, to demagnetise 
that bar:" He insists, moreover, on 
the great disproportion between the 
force necessary to magnetise . a bar, 
and that sufficing to demagnetise it. 
Alloy Magnets 

From 1880 onwards, Carre, showing 
how to obtain good magnets in cast 
iron, advocated introducing alloying 
elements, such as nickel, copper, and 
tin. Soft cast iron, slightly carburised, 
was cast in the crucible and run into 
.dry moulds. The quality of the 
magnet improved if 5o-15 per cent. 
of steel turnings was added to the 
cast iron, according to its carburisation. Equally 
good results were obtained by adding to cast iron, 
moderately carburised and cast in the crucible, r.o-1.5 
per cent. nickel, and 0.25-0.3 per cent. copper. The alloy 
of copper and tin with cast iron facilitates hardening 
at a higher temperature-cherry red. 

In 1885 Barns and Strouhal published, in the United 
States, the result of their work on the causes of the 
demagnetisation of magnets, and in particular showed 
the necessity, for magnetic stability, of a prolonged 
annealing of the steels at a temperature by no means 
high. 

Curie Enters the Field 
In 1895, Pierre Curie, already known, for remarkable 

work in his laboratory in the School of Physics and 
Chemistry of the City of Paris, published in the " Annals 
of Chemistry and Physics " a.detailed study, " Magnetic 
Properties of Bodies," in which he examined successively 
the diamagnetic, the slightly magnetic, and the ferro- 
magnetic bodies. On this occasion he specially studied 
the magnetic change points of iron and steels for which 
the name " Curie .points " has, in France at all events, 
become classic. 

In 5896, Du Bois and E. Taylor -Jones showed in the 
" Electrotechnische Zeitschrift " the use of a partial 
demagnetisation after magnetisation. 
Madame Curie's Researches 

In 1897, Madame Curie, already known for original 

research into radio -activity, and later to become famous 
for her discovery of radium, was, before the insulation 
of this sensational new body, interested in magnetism in her husband's laboratory after their marriage in 1895. 
On Deceinber rzth, 1897, an interesting study on " The Magnetic Properties of Hardened Steels " was presented by Madame Sklodowska-Curie to the Alloys Commission 
of the Society for the Encouragement of National Industry. 

" This work," she explained, " has been done with a view to studying the influence of the chemical composi- tion of steels on their magnetic properties, anti on the manner in which these properties are modified by harden- 
ing conditions. Steels suitable for good permanent 
magnets have been more completely studied. Finally, I have studied the effect of a slight annealing on the same steels, and the influence of shock and time on their magnetisation." 

Madame Curie went on to add that this study had been carried out with the help and on the advice of 
M. Le Chatelier, and on samples of carbon steel, tungsten 
steel, and molybdenum steel, provided by different French steel works, among which were those of Allevard' and of Unieux. 

The massive magnet 
in its final Stage of 

completion. 

Magnetic Technique 
After having described the intensity of permanent 

magnetism of a bar as compared with that of a ring, she 
accurately specified the essential facts of a magnetic 
technique in terms still- applicable to the progress since 
realised. " The magnetic qualities of a magnet steel are 
characterised by the intensity of the remanent magnetism 
in the closed magnetic circuit and the coercive field. The coercive field is the uniform exterior demagnetised 
field in which the steel, magnetised to saturation, must 
be placed in order that the intensity ..of magnetisation 
should become nil. On the size of this field depend the stability of the magnetism and the possibility of 
magnetising; short bats. 

Examining finally the constancy of magnetism of the bars, Madame Curie observed : " Different causes may vary the state of magnetisation of a magnet, and in 
particular (a) shocks, shakes, jolts, and vibration ; 
(b) variations of the surrounding temperature ; (c) 
magnetic fields coming' from neighbouring magnets of currents ; (d) time, the magnet being spontaneously 
modified as a function of time." 

She concluded that two operations contributed to render the magnet constant-annealing at a low tem- 
perature, and partial demagnetisation after saturation. 

We may now turn to the modern materials used in 
the making of permanent magnets. Before we outline 
these, some notes on the principles and requirements 
of a good magnet are necessary. 
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It is well known that every molecule of iron is magnetic, 
but polarity, i.e., the direction of magnetic attraction, 
is not discernible in a bar of steel or iron, owing to the 
fact that the molecules themselves have no specific 
alignment. Consequently, small internal local magnetic 
circuits are formed, maintaining the magnetic effects 
within the bar. If, however, a magnetising force is 
applied by passing a magnet over the bar, or, to a more 
marked degree, by placing it in a magnetic field, the 
molecules are polarised, i.e., all their north poles are 
made to point in one direction, and polarity at once 
becomes evident at the ends of the bar. 

Several theories have been advanced to explain this 
interesting and important phenomenon, and possibly 
it is necessary to go beyond the molecule to the electrons 
in the atom for a true solution. t 
Two Classes of Magnetic Materials 

Magnetic materials can be divided into two classes : 

(r) those magnetically soft ; {æ') those magnetically hard. 
Magnetically soft materials are closely associated with 
high permeability magnetic materials, such as are 
employed in powerful electrò-magnets, used for lifting 
purposes and in the pole pieces of dynamos. The high 
permeability material is extremely soft, and when 

placed in a magnetic field, conducts lines of force readily, 
or, in other words, is permeated by these lines to a 
much higher degree than magnetically hard material 
such as the alloy steels used for the manufacture of 
permanent magnets. (The harder the material, the 
lower becomes its permeability.) 

However, immediately the magnetising force is 
removed, magnetically soft material has not the ability 
to retain the induced magnetism, and it is the fact that 
magnetically soft material has the ability to assume 
high permeability that makes it specially suitable for 
electro-magnets. 

Relative Permeabilities 
To show the relative permeability of steels with 

varying degrees of hardness, the following figures are 
given, and prove that soft materials are magnetised_ with 
greater facility than hard materials. 

Carbon percentage. 
o.r 
0.3 
0.8 
1.64 

p max. 
273 
194 
zoo 

(To be continued.) 
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Uses for the 
Two Interesting Circuits 

THE principal use for the magic eye hitherto has 
been as a tuning indicator for broadcast receivers. 
Its advantages as a null indicator in bridge 

measurements are well known, and it has been used as a 
valve voltmeter of the slide -back type. It can also be 
used as an indicator of resonance across a tuned circuit. 
The application of this latter use can be made to the 
substitution method of measurement, as in this case 
the actual voltage across the resonant circul± need not 

,be known. 

Capacity Check 
Variable negative bias is applied to the grid of the 

triode portion of the valve by means of a rheostat in 

o 

i 

Magic Eye 
for Experimental Work 

circuit L and C. If an unknown condenser, having a 
value within the range of C, be connected with terminals 
Cx, it would disturb the resonant circuit L and C. By 
reducing C the resonant condition would be restored ; 

and the change of capacity of C would be eq)ial to the 
unknown condenser, the magic eye giving the indication 
of resonance. Co and Lo must have the same tuning 
range as L and Co and Co can be an ordinary 
goo mmfd. timing condenser. 

As an Oscillator 
In Fig. z you will see a circuit for the magic eye used 

as an _oscillator. This particular arrangement is the 
equivalent of the multi -vibrator or relaxation oscillator 

Fig. 1 (above).-The capacity -checking circuit. 
Fi,. 2 (right).-A suitable oscillator arrangement. 

the cathode lead. This rheostat need not be by-passed 
by the usual condenser at medium and low frequencies 
as there is a certain amount of regeneration, thus 
contributing to the sensitivity of the indicator. The 
amplifier section is a triode employed as an anode bend 
detector. This makes the magic eye work backwards, 
i.e., you tune ,to maximum shadow or to the closing 
instead of the opening of the eye. 

In Fig. r is shown the circuit for a simple condenser 
test by the substitution method. C, which is a standard 
variable calibrated capacity having a linear capacity 
law, is first tuned to maximum capacity, then tuning 
the oscillator by Co to the same frequency as the resonant 

í000n 

11311, 

As the magic eye consists of two triodes, of which 
the output of one triode section is directly coupled 
internally to the input of the other, it is only necessary 
to insert a resistive load R in the target lead, and couple 
via condenser C to the 'control grid on the input circuit 
of the first triode section to produce the equivalent 
condition of the multi -vibrator. The frequency can be 
adjusted by the cathode bias variable resistance, and if 
the frequency of the oscillator be low enough it can be 
counted by the visual indication of the fluctuating 
opening and closing of the magic eye. A large range of 
frequencies can be covered by various values of 
R and C. 
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The "Fluxite Quins " at work. 

What's this, a n.w kind of dance 
Or has 01 got ants in his Pants?" 

" A short circuit f " yelled EE, 
"Give the FLUXITE to me, 

We can't leave this wiring to chance." 

See that FLUXITE is always 
by you-in the house-garage- 
workshop - wherever speedy 
soldering is needed. Used for 
30 years in government works 
and by leading engineers and 
manufacturers. Of Ironmongers 

-in tins, 8d., 114 and 218. 

Ask to see the FLUXITE 
SMALL -SPACE SOLDERING 
SET-compact but substantial 
-complete with full instruc- 
tions, 716. Write for Book 
on the art of " soft " soldering 
and for Leaflet on CASE- 
HARDENING STEEL and 
TEMPERING TOOLS with 

FLUXITE. Price Id. each. 

I To CYCLISTS, Your wheels will NOT I 

keep round and true unless the spokes I 
are tied with fine wire at the crossings 

I and SOLDERED. This makes a much 
I stronger wheel. It's simple-with 
1 FLUXITE-but IMPORTANT. 

THE FLUXITE GUN puts 
FLUXITE where you want it 
by a simple pressure. Price 

116, or filled, 216. 

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

FLUXITE 
SIMPLIFIES ALL SOLDERING 
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COMMUNICATIONS DEPEND... 

BULGIN 
FOR JACKS 
ALARGE and comprehensive range of 

jacks, standard to B.S.S. 666, fixing 
with single e" hole to panels 0.036-0.250" 
thick, single-, double-, and triple -pole, 
with and without switching. Only 21" rear 
depth, max. 'Panel -area' taken -up 
=9I1s" X }" average. Best Bakelite insula- 
tion, nickel -silver leaves, silver switching 

contacts. 

ON SMALL 
PARTS... 

IN 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 ON 

BULGIN 
REGISTERED. TRADE MARK 

A. F. BULGIN & CO.,LTD.,BYE-PASS RD.,BARKING, ESSEX 
TEL. RIPPLEWAY 3474 (4 lines). 
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:;ÿn''3....,.. 

The Dawn of 
better days 

WHATEVER new worlds may 

be planned, Radio will be 

more popular and more progres- 

sive than ever when the last gun 

has fired and the last bomb has 

dropped. 

We can confidently, promise to 
resume our service to the trade 

with efficiency at least equal to 
pre-war days and with more 
zealous optimism. 

TRADE main( 

The 

Home of Condensers 
Established 1901 

Advt. of A. H. HUNT, Ltd., London, S.W.18 

TOR THE 

RADIO SERVICE MAN, 
DEALER AND OWNER 
The man who enrolls for an I. C. S. Radio 
Course learns radio thoroughly, com- 
pletely, practically. When he earns his 
diploma, he will KNOW radio. We are 
not content merely to teach the prin- 
ciples 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, 
Kingoway, 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 H.M. Forces 

Name Age 

Address 

(Use penny stamp or. unsealed envelope.) 

RELAYS 
TWO STEP RELAY LF/FS 

(Heavy Silver Contacts) 
First impulse " On." 

Second impulse " Off." 
A.C. and D.C. 

ALSO AERIAL 
Ch ANGE -OVER RELAYS 

Ask for leaflet 
88s/P.W. 

LONDEX 
LTD. 

Anerley Works, 207, Anerley Road. 
London, S.E.20. Phone : SYD 6258/9. 
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Practical Hints 
Novel Coil Tester 

HAVE evolved a simple but 
effective device for testing coils 

in a receiver. It consists of a per- 
manent mineral crystal detector and 
a pair of.headphones. The crystal 
detector is wired in series with the 
phones (as shown in sketch), and the 
tags of the phones are connected to 
the grid and earth contacts of the coil. 

The coil under test is used in a 
crystal set circuit, and any faults are 
soon discovered. 

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

LESS " mast have originated some little i dodge which would interest other readers. 
Why not pass it on to us 7 We pay £1-10-o 
for the best hint submitted, and for every 

! other item published on this page we will 
pay halt -a -guinea. Turn that idea of yours 
to account by sending it in to us addressed e 
to the Editor, "PRACTICAL WIRELESS," ' George Newnes, Ltd., Tower Rouse, South- 
ampton Street, Strand, W.C.2. Put your 

11 

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

'original. 
Mark envelopes;" Practical Hints." 

DO NOT enclose Queries with your hints. 

1 SPECIAL NOTICE 1 

All hints must be accompanied by the 
-` coupon cut from page ih of cover. 

A handy coil 
tester utilising 
headphones and a 
crystal detector. 

To coil , 
contacts 

In this way a fault in the H.F. part of the receiver 
may be isolated. The crystal detector is easily attached 
to the headband by adhesive tape, care being taken to 
insulate it if the headband is bare metal. It is often 
convenient to replace telephone tags by crocodile clips, 
as indicated in the sketch.-A. EARLAND (Fulham). 
Obtaining a Bakelite Finish 

HERE is a hint for obtaining a bakelite finish on a plain 
wooden panel or cabinet. Two sticks of different 

shades of sealing wax are obtained, and each is broken 
up into small pieces and placed in a separate jar or 
bottle containing methylated spirit. The wax will be 
found to have dissolved in a few hours. 

The darker of the two liquids should be painted 
on the cabinet lightly with a very soft brush, two or 
three coats being necessary, giving each a reasonable 

Methylated 
Spirit 

Coloured 
Solutions 

Sealing wax 
Method of obtaining a bakelite 'finish on wooden !panels by the use of 

sealing wax and methylated spirit. 

f 

time to dry. A small sponge should 
then be very sparingly coated with 
the other colour. It is best to 
paint the substance on the sponge 
with a brush. 

The sponge is then pressed on 
the cabinet. On removing it the 
surface beneath will be found to have 
a perfect mottled appearance. Con- 
tinue this process over the whole 
surface of the cabinet. If a brilliant 
finish is desired, the cabinet should 
be given a thin coat of varnish. If 
the correct shades of sealing wax 
are used, very attractive. results can 
be obtained.-JOHN R. ALLCOCK 
(Widnes). 

An aperiodic Coupling Unit 
WHILE experimenting recently with different aerial 

couplings in 'a short-wave T.R.F. receiver, 3 
decided to make the following unit, to plug in the usual 
coil -holder when aperiodic coupling was required. 
The diagram of the unit is self-explanatory, but the 
theoretical circuit is not orthodox. It will be seen that 
the tuning condenser is connected directly across the 
grid coil, but the moving vanes are not earthed. Hence, 

Screening CbA 

"OA 
Cannecrims AprCar7 Holder r -t 

;Grid l' 

00/5 
mid. 

H.F0 
'000/ rote/ 

sea Bolts 
tapped in ebonite 

F 

bonite base 

'Valve pins 

A compact plus -in aperiodic coupling unit. 

when the unit is plugged in, the condenser is out of 
circuit, but when a 4 -pin coil (with its-" filament " pins 
joined) is plugged in, the tuning is carried out in the 
usual way. If wanted, the choke can be replaced 
by a resistance, although if tins is done, it is better to 
leave the screen on, as this forms a useful " handle." 
If the R.F. and detector condensers are not gauged, the 
K.F. 'condenser can be set at minimum capacity, and 
left in circuit for both couplings, thereby simplifying 
both coil and unit.-D. B. TAYLOR (Hale). 

MASTERING MORSE 
By the Editor of PRACTICAL WIRELESS 

3rd EDITION 

This handbook, written with special regard for service 
requirements, will enable even the beginner rapidly 
to become proficient in sending and receiving 

1 Of all Booksellers, or by post 112 front GEORGE 1 I NEIVNES, Ltd. (Book Dept.), Tower Rouse, 1I 
net Soulhantpton Street, London. IV.C.2. net 
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G.E.G. Set in Desert Battle Front 
THE accompanying illustrations are' of a G.E.C. 

" Overseas 6 " receiver and its original packing. 
Looking at these pictures few would believe that the 
receiver, protected only by, the light wooden case and 
carton, had spent many rigorous months on the battle 
fronts of the Middle East. Through all the hazards of 
modern warfare it accompanied its owner -a senior 
officer of a signals unit-providing news and other 
welcome (mostly short wave) programmes. 

Apart from occasionally being cleared of fine sand 
which penetrated to almost every part of the cabinet and 
chassis, no " running repairs " were made or were even 
necessary. .Perhaps tue most amazing escape was when 

the officer's car, then being driven over the desert, 
struck a landmine. By some stroke of good fortune 
both he and his companion were almost unscathed. The 
receiver 'in its packing case was thrown well clear 
of the debris. " That surely is the end of a faithful 
friend," ruminated the senior, but, to his astonishment, 
when later it was switched on the set worked perfectly. 

This is only one of the " hair-raising " experiences 
through which both the officer and the set passed, but 
it was by no mere chance that that G.E.C. set has 
proved so reliable and robust, or that the carton in 
which it was packed afforded such excellent 
protection. 

Two views td the G.E.C. "Overseas Six" which safety withstood the rgoars of many months on the battle front of the Middle East. 

GG MEN BEHIND VICTORY 99 

INCIDENTS in the lives of inventors and scientists 
who are constantly experimenting to give Britain 

better means of waging and maintaining war are being 
described in this new Thursday evening series, which 
began on February 4th. Stories will range from the 
exciting adventures of Sir Robert Watson-Watt, who 
was attacked by bedouins while carrying out research 
work in the desert, to the experience of Dr. Franklin 
Kidd, who recently lived for a week entirely on dehy- 
drated foods. 

The first programme was about the late R. J. Mitchell, 
designer of the Spitfire. His widow and Sir Robert 
McLean-another man behind victory "-were heard 
during the broadcast. 

The dehydration experiment which was described in 
the second broadcast started with a conference held at 
Cambridge in 1939, when leading scientists met to find 
a means of simplifying the transport of food. From 
that meeting meat dehydration evolved, and the new 
means of drying foods while still preserving their 
calorific value. The way in which the perfecting of such 
processes has enabled men in British submarines and 
at isolated outposts to receive foods they could not 
otherwise have enjoyed was dramatised. 

Other programmes will unfold the story behind one 
of Britain's lifelines of the air-the merchant air fleet- 
and some of the exploits of our test pilots. 

Radiolocation will be one of the most interesting of the 
subjects dealt with. The pioneer of radiolocation, Sir 
Robert Watson-Watt, met Dr. Bruening and Dr. Goebbels 
in Germany in 1932 and 1933. As early as that he realised 
that war was all but inevitable. In consequence he came 

back to Britain and speeded up research which has sii,ce 
been of inestimable value in the locating of hostile air- 
craft as they approach these shores. 

,--PRIZE PROBLEMS'----: 
Problem No. 442. 

L* ]WKINS became interested in short-wave reception, and as he had 
AY sufficient spare parts to make a simple one -valve superhet converter, 
he decided to do so and use it in conjunction with hi s three -valve 
medium- and long -wave set. The converter worked quite well as regards 
pulling in the statism, but Hawkins was puzzled to find that each trans- t 
mission could be tuned -in at two settings of the dial. He tried everything 
he knew to eliminate this, but in the end had to give it up. Was there 
something wrong with the converter ; and if so, what was the cure 1 

Three books will be awarded for the fleet three correct solutions t 
opened. Entries must be addressed to The Editor, Pxeovrcer. Wenstasa, 
George Newnes, Ltd., Tower House, Southampton Street, Strand, 
London, W.C.2. Envelopes must be marked Problem No. 442 in the top i 
left-hand corner, and must be posted to reach this office not' later than 
the first post on Monday, March 15th, 1948. 

Solution to Problem No. 441 
Boyce's tests had proved that the I.F. transformer was satisfactory in a 

D.O. electrical sense, therefore, as it would not pass any signals, Boyce deduced 
that something must be wrong in an A.C. and/or mechanical sense. After 
removing the component, he stripped off Ito metal can, end found that the 
lower winding had become loose and had fallen away from the other section 
thus reducing the coupling between the two windings to a negligible quantity. 

The three following readers succeastully solved Problem No. 440, and books 
have accordingly been forwarded to them ' I790076 A. C. Buchan ; D. Beckham, 
Bridge St. Farm, Long Helloed, Sudbury; C. M. Jonee, 28, Palace Boad, 
Upper Norwood, S.E.19. 
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A Refresher bourse in 
Mathematics 

By F. J. CAMM 
(Continued from page 569, March issue.) 

The Infinitesimal Calculus . Differentiation 

TECHNICAL students who, in . the course of their 
mathematical studies, have macle some acquaint- 
ance with the calculus and find it a little puzzling 

at first, are often disposed to ask, " \Vhat is the use of, 
it ? " This question is not easy to answer in a few words; 
but it may clear the ground to say. at the outset that in 
very few calculations in engineering design is it- neces- 
sary to .use. the "- infinitesimal calculus "-to give it its 
full name. On the other hand, a working knowledge of 
the calculus may occasionally save time in calculation. 
The position is something the same as if a child .-were to. ask what is the use of the multiplication tables. 
It might, be said in_rgply that the multiplication tables 
are not essential (because what they do can also be done 
by somewhat laborious adding), but: they are extremely 
useful in saving time. 

"Generally speaking, use of the calculus in mathematical 
work is advantageous, not because it .gives a result 
that cannot be got in any other way, but because it 
gives the 'result with less labour (and often with higher 
accuracy) than is possible by More elementary methods. 
The designer need rarely be beaten because he knows 
no calculus, but -he can sometimes do things: more quickly 
if, he can use it. Here again it; may ..be interjected that 
a theoretical. knowledge .of the calculus is not quite the 
same thing as ability to use it advantageously in prac- 
tical calculations. 

The subject .of the .infinitesimal calculus is divisible 
into two main subjects, " differential calculus." and 
" Integral. calculus,". are related to each other in 
much. the same way..as are multiplication, and :division 
in arithmetic. At may be noted that the word " calcuhis " 
literally:;implies: nothing more than a system of cal- 
culation, but its present-day use implies " calculus of 
infinitesimals," and the meaning of that is " mathe- 
matical relations between infinitely small quantities." 
It is here, right .at the very beginning of thesubject;.that 
students' doubts may arise because they realise -that 
infinitely . small - quantities have no essential place in 
practical engineering. The objection is not a serious 
one, however. It: has a parallel in the.subject of mech- 
anics, where attention- is often devoted to. movements 
of " particles connected .by' ". weightless inextensible 
strings " and sliding over " perfectly smooth surfaces." 
In each case these unpractical subjects are selected 
for discussion so that the studentmay concentrate at 
first on fundamentals; leaving the entanglements of 
practical -details to be overcome later. 
Scope of. the -Differential Calculus 

.The _calculus. is..used.in._dealing with ,quantities- that 
change or that. may be changed. In engineering practice 
there are many quantities that change continuously ; 

..for.,example,, the,,pressure of.ihe..gas in the. cylinder of 
an internalcombustion, engine. An engineering design 
everything is likely to change because the basic pro- 
cedure is very often " cut and try." Certain dimensions 

,are -.assumed (i.e.,,guessed),. the. main elements of the 
design are,rbased on them, - arid the --result reviewed. 

' If it is not satisfactory in sdme respect changes are made 
in one or more of the.assumed quantities and the results 
of such èhanges are investigated. ' It is necessary to 
answer the ,question, If -we change A by so mush; -how 
much will 'B and C be altered'? If there- are' known 

mathematical relations between A, B and C the differen- 
tial calculus will answer this question more quickly 
than will the obvious way of going through all the 
original calculations again on the basis of the new 
value of A. In brief; the change produced in B by a cer- 
tain change in .4 is equal to that change multiplied by the 
" differential coefficient of B with -respect to A." This . 

quantity with the long name, " differential coefficient 
of B with respect to A," is denoted in mathematical 
shorthand by d8, and an essential. part of ..the subject 
Of the differential calculus is concerned with the rules 
for determining the differential coefficients of mathe- 
matical functions of a quantity. 

Function 
The word " function " used in the last sentence has 

a special and clearly definable. meaning. If the value of 
a quantity B can be expressed mathematically in terms 
of a Auantity -A-that:-is to say, if we have a mathe- 
5patical expression whose value is always equal to that 
of B when the appropriate value of A is inserted in it 

- then'B is said to be a 'function of -A." ; It is equally 
true to say that A is a function of B. 

Rate of Change 
When the value of A is changed, the value of B will 

(nearly always)-ehange,. and the change in B divided 
by the change in A is the " rate of change of B with 
respect to A," and it is the differential coefficient of B 
with respect to A. By -mathematical-convention, dB 
means (not in this case d.times'B) " change in B, and 
clA is -the corresponding change in A. 

Now, strictly speaking, rate -of change is the same 
thing as " ratio of changes " only when those changes 
are very small ones, arid in fact, unless we specify that 
the change shall be infinitely small, the ratio of them 
-has no definite value. 

For example, let a quantity,y,-be_conneoted.with a 
quantity z by the relation Y=5x . Suppose. that. in the 
first instance x=2, then y is equal, to 20. 

Now considér.what happens when x undergoes certain 
typical changes as worked out below in tabular form. 

Original x= 2. Original 34-=2o. 

Change .Chauge Change in y 
,in x . New.x . Neif-y in y Change in s 

1 
0.5 

0.1 a 
0.01 

3 
2.5 
2.25 
2.1 

.1'2.01 

45 
31.25 
25.313 
2'2:05 

.-D12005 

"25 
11.25 
5.313 
2.05 
0.2005 

25 
22.5 
21.25 
20.5 
20.05 

Here.are five- Changes in x. ranging from ',down to 
0.05. It will be noticed that the value of the ratio 
(change in y) (change ún x), is not constant, but varies 
with the amount of the change. As the change in x 
diminishes towards zero, the change in the ratio also 
'diminishes, mot -towards -zero but (apparently)- towards 
the value 20. Actually it can be proved mathematically 
that the ratio does. become 20 when the change in x is 
infinitely - small. It -is ,necessary to use -some . such ex- 



y=u+v+w . . .etc. 

+...etc. 
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pression as this last one and not to say " zero," because 
otherwise it could be objected that if the change is zero 
there is no change at all, and discussion of ratios of 
changes becomes meaningless. 

So the differential coefficient properly so called is the 
ratio of the changes when they are infinitely small. A 
good deal of the usefulness of differential calculus in 
practical mathematics is, however, dependent on the 
fact that the ratio of the changes is nearly equal to the 
differential coefficient even when the changes are not 
infinitely small. For example, the table shows that 
when x changes by o.r, y changes by as much as 2.05 

' which is certainly not infinitely small, but the ratio of 
the changes is 20.5, which is nearly equal to the differential 
coefficient, 20. 

Determination of Differential Coefficient 
The numerical example discussed above shows how 

'the value of the differential coefficient can be determined 
(very nearly) in any particular instance by purely 
arithmetical work. Can it be determined for any given 
mathematical function by a straightforward mathe- 
matical process ? The answer is " Yes," the process is 
called " differentiation," and it can always be carried 
out by following a few simple rules, no matter how 
,complicated the matbématical -function may be. 

In the following, the variable quantities are x and y; - 

the others are constant. 

y=(ax+b)" 

v=a sin (nx+b) 

y=a cos (nx+b) 

v=a tan (n»+b 

y =ab(ez+" 

dy 
dn=( na ax+b)"-) 
dy 
do=na cos (nx+b) 

del sin. (nx+b) 

dy 
cii=na sec2 (nx+b) 

dy aeb("+a) logeb 
do 

The quantity e in (5) is the " base of Napierian 
logarithms," 2.71828. 

These formulx cover many of the cases encountered 
in engineering mathematics. For example, if y=4x3 
the differential coefficient of y with respect to x is 
determined by the use of (I), the values of the constants 
in this special case being a=4, b=o, n=3, and so 

dy = 3(4x+o)a= I2x2. ax 
Again, if y=12 cos (-2x+7), the differential coefficient 

is determined by the use of (3), the values of the constants 
being a=12, n= -2,'b=7, and so 

sin (-2x+7). an 
In addition to the formula given above, 

there are certain rules that make it possible to 
differentiate combinations of functions. In 
the following, u, y w, etc., are functions of x : 

dy du dv dw 
dx-_dx+dx+ dx 

(6) 

y=u, V, w...etc. =d-u(v, w. . .) 

-f-dx(u,w.. ;+ u,v...)+...etc. (7) 

y=uly =Cv-uNv2 

WIRELESS Aprii, 1943 

Using (a) and (z) this becomgs- 

dzdy 
=sin (2x-I)+[2 cos (2x-I)] (x +1). 

Variables 
In accordance with established convention, the 

preceding examples have used x and y as- the variable 
quantities. In engineering problems it very often happens 
that one of the variables is time measured from some 
selected instant. For example, the distance of a moving 
point from some fixed point may be denoted by s. The 
instant under consideration may be defined as t units 
of time later than some particular instant. Then the 
'rate of change of s with t isthe rate of change of the 
distance of the moving point from the fixed point, and 
this is what is known as the " velocity " of the moving 
point relative to the fixed point. - 

Hence thé differential . coefficient of distance with 
respect to time-or-is the velocity of the point. 
Similarly the differential coefficient of velocity with 

respect to tiuie-ordf where s' represents velocity-is the 

acceleration of the point. Incidentally, since v= di, the 

d2s 
dÌ 

is 
d+ 

(ds ), which is written del and 

is the second differential` coefficient of s with respect to t. 
If the relation between s and can be expressed 

mathematically, velocity and acceleration at any instant 
can thus be determined by means of the differential 
coefficients. 

Example in Kinematics 
If in a reciprocating engine the crank -throw is r, and 

the length of the connecting rod is L, the distance of the 
cross -head pin from the centre -line of the crankshaft is 
(very nearly) 

L4L I r cos (6.28nt)-f -cos (I2.56nt.)... (9) 

where r is the speed of the crankshaft in revolutions per 
second and / is the time in seconds from an instant at 
which the crank is on inner dead centre. - 

On differentiating this expression with respect to t, the 
r2 

quantity L= 27:-, disappears because. L and r being 
constant, their rate of change is zero. The other two 
terms are dealt with by use of (3) and 

2 dt= -6.28nr sin (6.28nt)-12.56 4E sin (I2.56nt)(Io) 
This represents the velocity o' the cross -head pin at 
any instant defined by the value of t. 

Differentiating (9) with respect to t. 
628 nt 

(g) 

For example, if y=(x-1-I) sin (2x- I), this is dealt 
with by means of (7), and 

dy d(.x+I) d[sin (2x-a)] 
dx= - dx sin (2x-I)+ dx (x+x). 

s 
l'i;. 1.-Diagram showing methods of determining the 

oelocity and acceleration of a cross -head pin. 

CPS 2r2 
dt2--(6.28n)2r cos (6.38nt)-(Iz.56n)4L cos (I2.56nt) 

(II) 
This represents the acceleration of the cross -head pin 

at,any instant defined by the value of t. 
The simplest alternative method of determining velocity 

and acceleration of the cross -head pin is a graphical one 
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(Fig. r). The positions of the crank -pin, after 
suitable equal intervals of time, are marked on the 
circle representing its path. The corresponding positions 
of the cross -head pin are determined from these as 
centres by striking arcs (of radius representing the length 
of the connecting rod) intersecting the straight path of 
the cross -head pin. Consequently, the distance through 
which the cross -head pin moves during any one of the 
selected short intervals of time can be determined by 
direct measurement and thus the mean velocity over 
that interval of time is easily calculated. This may be 
taken as the velocity of the cross -head pin at the middle instant of the interval concerned. 

The acceleration at the beginning of any interval is 
the difference between the distance covered in that 
interval and that covered in the preceding interval, 
divided by the square of the interval. 

The graphical method is thus simple in principle, but it has to be carried out with great accuracy if the result 
(particularly the figure for acceleration) is to be reliable. 

Use of the calculus makes it easier to attain 'a high 
standard of accuracy. 
Maxima and Minima 

When a quantity varies, it often does so in such a way 
as to attain one or more maximum or minimum values. 
For example, the velocity of a cross -head is zero at each 
end of its stroke and attains a maximum value some- 
where near the middle of the stroke. If the changing 
values of any such quantity are expressed graphically 
(as, for example, variations of atmospheric pressure are 
traced by a recording barometer), the maximum and 
minimum values, and the positions they occupy, can be 
seen at a glance. If, however, the variations of the 
quantity can be expressed mathematically, the differen- 
tial calculus may be used to ascertain maximum and 
minimum values and where they occur. 

When a quantity is increasing, its value at any instant 
is greater than it was at a slightly earlier instant, so 
that the change in value between the earlier instant and 
the later one has been positive. The change in time 
from one instant to a later one is also positive. Conse- 
quently, the rate of change of the quantity with time 
is positive because it is equal to a 'positive quantity 
divided by a'positive quantity. 

Similarly, when one quantity is decreasing, whilst 
another one is increasing, the -rate of change of the 
former with respect to the latter is negative. 

If a quantity is increasing during one interval of time 
and decreasing during an immediately following interval, 
there will be some instant at which it is neither increasing 
nor decreasing, because it has just finished increasing 
and is just about to begin decreasing. At that instant 
the quantity has a maximum value. 

Similarly an instant that lies at the end of a period of 
= decrease and the beginning of a period of increase, marks 

a minimum value of the varying quantity. 
At any such instant the rate of change (the differential 

coefficient) is neither positive nor negative, but is zero. 
It may be concluded, therefore, that when the differential 
coefficient of A with respect to B is zero, A has either a 
maximum or a minimum value. Conversely, to ascertain 
«Bien A has a -maximum or minimum value it is only 
necessary to determine when its differential coefficient 
is zero. To decide whether any one of these " stationary 
values " is a maximum or a minimum, a little more work 
has to be done. 

In the neighbourhood of a maximum value the rate 
of a change is first positive, then zero at the maximum, 
and then negative. In other words the rate of change is 
decreasing in the neighbourhood of a maximum, or 
again, the rate of change of the rate of change is negative 
at a maximum value. Conversely the rate of change of 
the rate of change is positive at a minimum value. 

In this way it is possible to decide whether any par- 
ticular value that makes the rate of change zero is a 
maximum or a minimum. 

Example of Determination of Maxima and Minima 
These points may be illustrated by considering the 

previous " Example in kinematics." While the crankshaft 

rotates, the value of s, the distance from crankshaft to 
cross -head pin, is continually varying. Has it any 
maximum or minimum values ? The geometry of the 
mechanism makes it clear that the answer is " Yes," but it is instructive to consider how the differential 
calculus answers the question. 

The variation of s with time will have a maximum or 
minimum value if 

dd_.ts 

ever becomes zero. Now the 

value of dt at any instant is given by equation (io) 
and for the easier understanding of what follows, the 
quantity sin (12.56nt) is replaced, according to a standard 
trigonometrical transformation, by 2 sin (6.28nt) cos 
(6.28tú). After further simplification (io) becomes 

ds 
=6.28nr sin (6.28nt) [(I Lcos (6.28nt)] . . (i2) 

Similarly (1r) becomes 

dta 
= -(6.28n)2r [cos (6.28nt) cos (I2.56nt)] (13) 

Examination of (Is) shows that d -o, when sin 
(6.28n0=o, that is, when 6.28nt=o, 3.14, 2 X 3.14, 
etc., or when 

. I 3 t- =o în, ia, 2n, etc. 

and since n is the number of revolutions per second, Z 
si 

is the number of seconds per revolution. Consequently 
the values of t correspond to o, z, r, 3/2 ,etc., revolutions 
of the crank from the inner dead centre. In other words, 
the maximum and minimum distances of the cross -head 
from the crankshaft occur when the crank - is at the 
inner and outer dead -centres. 

To determine the values of these maxima and minima 
the calculus method of showing which is 

which, the various values of 6.28nt are inserted in (9) 
and (x3), with the following results : 

6.28nt 0 3.14 2x3.14 3x3.14 
sin (8.28ní) 0 0 ' 0 0 

cos (8.28nt) 1 -1 1 -1 
cos (12.664 1 1 1 1 

s L -{-r L-r L -Fr L-r 
-(8.28n) -r 

t2 ' 
x(1 -I-7-- ) 

- (6.28a)2r 
x( -1-1-i) 

-(6.28n)2r 
x(1+ L) 

- (6.28n) 2y 

x( -1-F1/ 

Sign of dt2 - -l- - + 

As the nature of the mechanism is such that is 

less than r, the sign of (-14-1) is negative. 

It will be seen that the stationary values of s are 
alternately L+r and L,-r, and the signs of ßt2 agree 
that these are maxima and minima. From the geometry 
of the mechanism it is obvious that these values are 
correct, but the calculus method of determining maxima 
and minima can often lead to results that could not be 
derived in any other way. 

For example, suppose that it were required to know 
the maximum velocity of the crank -pin. This occurs 

2 

(since velocity=)when d a =o and from (r3), this is 
the case when 

cos (6.28nt)+L cos (I2. AU) =o . . . (t4) 
By use of the trigonometrical identity cos 2A=2 
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cos2A-I, equation (r4) is converted, after some re- 
arrangement into 

cos2(6.28nt)+2r cos (6.28nt)-i=o 
whence 

cos (6.28nt)=-4r, V /((-1"'\ 2+I) ... (15) 

Of the two values suggested by (r5), the one involving 
two minus signs is -inadmissible since it would make the 
cosine less than -s. The remaining value gives twò 
values of (6.28ní) less than 36o deg., or in other words 
two different angular positions of the crank corresponding 
to maximum or minimum velocities of the cross -head. 

To take a numerical example, let L= 47, 
when cos (6.28nt)= -1+V2=0.414, 
and from trigonometrical tables 

6.28nt=65° 32' or -65e 32'. 
To decide whether these angles give maximum or 

minimum velocities, the sign of the differential of 

âí2$' i.e. is considered. 
Differentiating (i3) with respect to t, 

a 
=(6.28n)3r[sin (6'.z8nt)+ sin 56nt)] 

When 6.28nt=65° 32', both terms inside the square 

bracket are positive and therefore des is positive, so that 
the velocity of the cross -head pin for that crank position 
is a minimum. As will be seen presently the velocity 
is then negative (i.e., towards the crankshaft), and so 
an algebraic minimum velocity from the crankshaft 
means a numerical maximum velocity towards the 
crankshaft 

When 6.28nt=-65° 32', both terms inside the square 

bracket are positive and thereforedt3s is positive, so that 
the ve)ocity of the cross -head pin for that crank position 
is a maximum from the crankshaft. 

The actual velocities are obtained by use of (12), thus- 
dt=-6.28nr sin 65° 32'[1+4 cos 65° 32 

= -6.32nr 
and 

d-6.28nr sin (-65° 32')[i+4 cos (-65° 32')] 
=6.32nr. 

The two velocities are thus equal and opposite and are 
slightly greater than the crank -pin velocity which is 
6.28nr. The maximum (maximum outward) and 
minimum (minimum inward) velocities occur when the 
cross -head is at a distance from the crankshaft centre 
line determined by use of (g), thus 

+r cos 65° 32'+i4Lcgs 131°_4' 

and writing L=4r, this becomes 

c=4r-16+o.414r+Y6 -0.657) 
=4 

The extre.311r.me distances of the cross -head pin from the 
crankshaft centre -line are L --r=31, and L-{-r=5r, so 
that these maximum velocities occur ndt at mid -stroke 
(which is s=47) but at a point further away from the 
crankshaft than mid -stroke. 

Calculus of Small Differences 
A knowledge of the differential coefficient of one 

quantity B with respect to another A makes it possible 
to calculate by how much B will change when A is .. 

changed by a small amount, or vice versa. The differ- 
ential calculus is not essential for such calculations, but 
it is very dften more accurate than the more elementary 
method. 

For example, let a quantity y be connected with a 
quantity x by the relation- 

y=6 sin x. 
Now suppose that it were asked, " If y changes from 

the value 4 to the value 4.or, by how much does x 
change ? " To answer this problem directly it would be 
necessary first to find the original value of x from 

sin x=6 
then to determine the second value of x from 

sin x=4.016 

and then to obtain the difference -between the two values 
of x by subtraction. Trigonometrical tables would be 
needed and interpolation would be required. By use 
of the principles of the calculus, however, a formula 
can be derived for easy and more accurate solution of 
this problem without using trigonometrical tables. 

dy Thus =6.cos x=6V (I-sin2x) 

=6V (5 -(6) 2)=V (36-y2) 
dy 

Now dx is (very nearly) the ratio between any small 

change Ay in y and the corresponding small change 
Lxin x,i.e.- 

oy=(dx) Ox 

or y 
x_ ay oy 

(dx V(36 -y2) 
If the initial value of y is 4 the new 4 

then 
or 

Y=4.01-4=0.04 and so 

x= o. or _0.00224. 
1/(36-16) 

In this formula the value given to the y in the de- 
nominator is the initial value 4. It is more accurate to 
use the value 4.005 half -way between the initial value 4 
and the new value 4.or, but the gain in accuracy in this 
case is not worth the extra trouble involved in squaring 
4.005 as compared with squaring 4. 

This calculation is an example of .the use of the 
" calculus of small differences," a branch ofinathematics 
which makes usp of the fact that although a differential 
coefficient is strictly the ratio between two infinitely 
small quantities, it is very nearly the same thing as the 
corresponding ratio between two quantities that are 
small but not infinitely small. Its advantage is that it 
shows how to calculate a difference directly instead of 
by the obvious, but less accurate, method of subtracting 
one quantity from another that is not much different. 

(To be continued.) 

THREE NEW VEST-POCKET BOOKS I 

WIRE; AND WIRE GAUGES 
By F J. CAMM 3/6 or by post 3.' 

' NEWNES ENGINEER'S 
POCKET BOOK 

By F. J. CAMM 7!6 or by post ó 

MATHEMATICAL TABLES 
& FORMULAE 

By F. J. CAMM 3/6 or by post 3/t 
Obtainable, from all booksellers, or by post from 
George Newnes, . Ltd. (Book Dept.), Tower 
House, Southampton Street, London;. W.C.2 
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RITISII fONG nISTANCE IISTENERSCLUB . .. J 

The S.W. Station Register. Area Allocation. Correspondence 

The S.W. Station Register 
THE B.L.D.L.C. checking stations are now in opera- 

tion. This brief announcement reveals an important 
step forward in the club's activities ; it is the 

first time in its history that its members have taken 
'part in a nation-wide co-operative operation, and in it 
we see the beginning of an ambitious programme of 
worthwhile contributions by the B.L.D.L.C. to the 
progress of the amateur movement. To the many who 
volunteered to undertake an active part in the prepara- 
tion of the S.W. station register we extend our thanks, 
although this has already been done individually by 
letter to those members who have been selected to take 
part in the work. 

It is unfortunate that many applications were received 
from certain areas, while from other districts response 
was poor. To achieve the greatest results from the idea 
it is necessary to avoid " grouping " of stations in certain 
parts of the country, and leaving other sections, so to 
speak, unattended. To obtain more even distribution 
we are still prepared to receive applications from 
enthusiastic members in the following counties : 

Cornwall, . Devon, Somerset, Wilts, Hampshire, 
Sussex, Suffolk, Norfolk, West, East and North Riding, 
Carmarthen, Cardigan,, Merioneth, Cnrnarvon and 
Scotland. Those interested in taking part -in this 
interesting and most useful work should get in touch 
with us as early as possible, giving the details mentioned 
in the February issue of PRACTICAL WIRELESS. 

Area Allocation 

WILL all members note, that for record and control 
purposes, we have divided England, Scotland and 

Wales into areas, each of which is approximaeely 40 
miles by 3o miles. These areas have been given identifica- 
tion letters, and it would 
assist greatly the organisa- 
tion if members would use 
the letters applying to the 
areas in which they reside, 
in conjunction with 

_ 
their 

membership numbers. For 
example, in place of the old 
method of shnply giving 
their number, say, No. 1234, 
it will help considerably if 
it is now given as-using 
the same imaginary number 
-No. 1234, L.G., or what- 
ever the area letters are. 

How do you know your 
letters ? Well, we cannot 
publish the naines of towns 
and villages in each area, 
neither can we undertake 
to communicate with every 
member of the club-bearing 
in mind the number now 
serving in the Forces, etc. 
-therefore, for the present, 
we can only ask those mem- 
bers who would like their. 
area letters to drop us a 
postcard saying so, and we 
will deal with it as quickly 
as possible. So far as mem- 
bers are concerned, it will 
enable them to see at a 
glance if any member quoted 

1 111 
III/ 

IIII 

or mentioned on these pages is in their area, thus 
enabling them soon to determine their nearby fellow - 
members. The system has, of course, more important 
advantages than that, but more about that later. In 
the meantime send in your p.c., or mention the matter in 
your next letter. 
Wakefield 

R. HAIGH, No. 7zor G.E. (note area) has sent us a 
sketch of his den, which we haye reproduced 

below. Here is his description : 

" Since my last report I have been engaged in modern- 
ising my station. It now appears as shown in the 
illustration on this page. 

" The RX is still on o -v -z, and is putting up a fine 
.show. The desk at the left houses ' spares ' and power 
supply. The ' mike ' is entirely home -built (from the 
article in PRACTICAL WIRELESS, June, 1942) and when 
used with the mixer panel on the desk, is capable of fine 
results. A 3 -valve amplifier is incorporated in the Rx 
cabinet. The bookcase at the side of the desk holds 
several of your splendid books; including ` P.W. Encyclo- 
pedia.' The switch on the front of the desk controls 
the light over the map. 

" Recently I experimented (indoors) with a 3ft. vertical 
aerial made with brass rod. To my surprise I received 
stations WNBI, WBOS, WRCA, India and Italy on 
full L.S. volume. 

".I would be pleased to hear (via headquarters) from 
other members in my area. 
' Well, here's wishing the club and PRACTICAL WIRE- 

LESS continued success." 

Langold 

R. W. IBALL, No. 7063 H.E., has a few more words 
to say again about the R.S.T. Code and its use. 
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The compact layout of the station oueraled by Mr. R. Haigh of Wakefield 
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We have noted his remarks about getting the matter 
cleared up, and, as soon as space permits, we will deal 
with it in detail, though there is little we can add to that which has already been said by E. H. Trowell, 
N9. 5932 L.G. This is what No. 7065 H.E. has to say : 

':I can add but little to E. H. Trowell's (5932) re- 
marks on the R.S.T. code. My thanks to him for puling 
me up and correcting me. Most SWL's, however, use 
that ' R' method of quoting the signal strength of a 
transmission. It appears to be an established custom 
and would take a lot of uprooting. I should add that 
during pre-war days this listening -post used the R.S.T. 
code for CW transmissions, and for 'phone (speech) 
the ' ` R ' method in question, when reporting to 
' amateurs' on all bands without being pulled up over 
it. Anyway, an editorial on the matter by you is needed 
to clarify the situation. 

" Members 7217 and 7064 have come across the old 
mystery station gag again. It is my opinion that all 
bona fide transmissions give full identification, etc., and 
any station not doing so must be taken with the pro- 
verbial grain' of salt. In these cases it is best to listen 
to the news bulletins and talks to determine their 
policy.. Radias Mexicali, Metropole are examples of 
non -bona fide stations. On the evening of President 
Roosevelt's speech many American stations carried full 
reports of it. These big events sometimes provide new 
stations for the SWL's log. This event provided me with 
four new ones. They are : WBA 30.78 m., WHL5 
30.43 m., WCL 31.89 m. and WDJ 39.4o m. Later 
I logged WDL 30.89 m. The frequencies are approximate 

- as the 'announcements only gave the frequency band, 
i.e. ` 3o rn. band.' 

Any further details will be appreciated of those 
stations and the following : 

" Delhi 49.85 m. (approx.), heard once on January 1st 
at 14.40 G.M.T. to 15.17 G.M.T. Relayed B.B.C. news 
at 15.0o and giving call as ' Delhi calling.' After an- 
nouncing the next programme it suddenly closed clown. 

" HEO3 39.90 m. (approx.), calling COT Lisbon, at 
09.40 G.M.T.' 

That's all for now, so I'll sign off." 

What Do Yon S,ay 2 

Gel. 
A. LOCKIE, No. 8040 C.D., of Kelso-a very 

. active member-wants to know, if any member can 
identify - the transmission he describes in the following 
letter : 

" I wonder if any reader heard on February 2nd or 
could help me with a station I received. 

"After trying the short waves with hardly, any 
success, I switched on to the medium waves. At 9.30 p.m. 
G.M.T. on 322 m. I received a station about R4-5 ; there 
was slight interference from other stations. The an- 
nouncer said, ` This is the voice of America being heard 
over WDL in the 3o -metre band. This is part of our 
English language programme, and now here is the Bob 
Hope programme.' The station grew to be fairly strong during this. programme, but later the station faded out 
altogether." 

In anther letter the same member gives soiree very 
interesting details concerning an Australian trans- 
mission. He says : 

" I have two items which may interest readers. 
First, in my letter in the August issue I said I received 
VLG7, which was often very strong, also Mr. Kahan said 
he. had received it, in the September issue. 'I must say 
I got a bit of a surprise when I received an official 
verification from Australia stating that the transmission 
I had heard was an Australian domestic programme of 
the A.B.C., relayed on short wave to listeners in the 
North of Australia, and is one of those freakish things that can be heard in places and at times most unexpected.. 

" The other item is that Mr. W. Harris has been 
appointed Director, Radio Communications Anglo- 
American Caribbean Commission in Washington; D.C. 
Mr. Harris is best known as the ` Vagabond Traveller 
of W.R.U.L,' He said in his letter that, unfortunately, 
his programme is now only heard on a Latin-American 
beam, over station WRUL each Sunday. at I2 midnight." 

Crystal Set Improvement 
J. H. WOODWARD, No. 725o H.D., of Stoke-on-Trent, 

would like to see more experiments carried out with 
crystal set. design. The desire is quite sound, but, 
unfortunately, the effectiveness of a crystal detector is. 
limited by its sensitivity as a detector, and until this can 
be improved, the simple crystal set must remain a short 
'range receiver so far as telephony is concerned. With the 
increase in power of many transmitters during the last 
few years, results and range of these sets have improved, 
but much depends on' local conditions, absence of 
interference and efficiency of aerial. 

Here are J. H. W.'s remarks : 

" I was interested in the recent notes by F. G. Rayer 
and K. T. Hardman on the subject of crystal reception. 
I have been experimenting for a while on crystal sets, 
but, so far, have achieved no spectacular results. The 
main object of my letter is to ask whether any fellow - 
readers of PRACTICAL WIRELESS have had a crystal set 
working on portable lines, i.e., frame aerial, . etc. :I 
have received a few stations, including Continentals, 
using the wire mattress of my bed as an aerial. I con- 
sider there are distinct possibilities of achieving worth- 
while results from a modern version of the humble 
crystal set. The above notes refer mainly to headphone 
reception, and I am surprised that in times like these 
more experimental work is not carried out with crystal 
sets, especially in view of the need for the strictest 
ecpnomy. - 

" As regards B.L.D.L.C. activities, I have nothing 
to report at present. I have been lucky in obtaining a 
collection of pre-war components so I hope to make some 
progress in the near future as I am building a three-valver 
of my own design. I made the ` Rapid Two' and I 
must say its performance is very creditable. As for 
PRACTICAL WIRELESS, I say keep it going and the sooner 
we bane it every week, the better." 

Your Last Letter 
WHEN did you last write to give us details about 

your radio 'activities ? 
One of the chief objects of the club is to provide help 

and interest to all its members by the interchange of 
ideas, experiences, experiments and logs. This very 
important object depends on you, and all other members 
individually. If you do not write to headquarters, say, - 
every month or six weeks, how can we tell if you are still 
taking an active part in radio, and, what is even more 
important, how can we pass along-through these pages -any information of general interest oennected with 
your experiments, logging or constructional work ? 

You may have noticed that the names of certain 
members frequently appear on these pages : they write 
to us regularly, or, in other words, they are very keen 
supporters. We do, however, fully realise .that most 
members have had their leisure hours seriously curtailed, 
and that letter writing is not always so easy, in spite 
of good intentions, but, even so, if you haven't been in 
touch with us lately, try to make- a special effort to 
let us know how things are going. 

The A.C.R. Certificate 
WE have received several inquiries as to whether the 

A.C.R. Certificate is still being awarded. As 
most of. you already know, this certificate is awarded to 
those members who have received verifications from 
stations on the five continents. The present is, of 
course, not the best time to expect or to try to obtain 
such verifications ; in fast, we advise members to 
refrain from sending reports to stations overseas during 
the existing conditions. However, the award is still in 
force, but owing to paper restrictions, etc., we have 
substituted a letter in place of the certificate. When, 
once again, supplies become normal, we will exchange 
the A.C.R. Letter for the proper and more imposing 
A.C.R. Certificate. - 

If you wish to know which area you are in don't forget 
to send us a letter or postcard. 
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GA.LPINS 
ELECTRICAL STORES 

21, WILLIAM STREET, 
SLOUGH, BUCKS. 

'Phone: SLOUGH 20855. 

TERMS : Cash with order. 

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/-. 
LOUD RINGING BELLS, working on 
110 v. D.C., 8ju. diameter gong (bell metal) plated, waterproof, new, 32/6, carriage paid. 
1 K.W. TRANSFORMER, input 100 volts at 100 cycles, single phase, output 10,500 volts, centre tapped to earth. Price 
£4/10/-, carriage forward. 
HEAVY DUTY CABLE, V.1.11., and 
braided, in first-class condition, size 37/13, 
lengths 30 to 40 yards. Price by the length, 
5/- per yard, carriage forward, or 7/- per 
yard for short lengths, carriage paid. 
200 AMP. SWITCH FUSE, three-way, 
Ironclad, unused, 400 volt, size overall 
30in. x 12in. x 12in., maker E. N. Bray, 
Ltd. Price £6, carriage forward, I K.W. ELECTRIC FIRE Element, size 
161u. x 1ein. x lin., for 220 v. mains 
A.C. or D.C., as new, 6/- each, post free. 
POWER PACKS for smoothing, etc., 
consisting of two 300 ohm chokes and 
two 2 mfd. condensers. Price 8/6, post free. 
ROTARY CONVERTER, D.C. to D.C. 
Input 12 v. ; output, 1,100 v. at 30 m/a. 
Ex R.A.F., condition new. Price 50/-, 
carriage paid. 
HEAVY DUTY KNIFE SWITCHES, D.P., 
D.T., quick break, 100 amp., in first-class 
condition. Price 20/-, carriage paid. 
X-RAY TRANSFORMER, in oil -filled tank, 
mediuffi size, input 220 volts, 50 cycle, 
1 ph. output 45,000 volts at 2 kW., 
intermittent rating, in perfect order. 
Price £20, carriage paid. 
ROTARY CONVERTER, D.C. to D.C. 
input 48 volts; output 2,500 volts at i kW., condition as new. Price £10, 
carriage paid. 

WATT WIRE END Resistances, new and 
unused, assorted sizes (our assortment), 
5/6 per doz., post free. 
EPOCH SUPER CINEMA Speaker, 20 
watt. 15in. cone, 15 ohm speech coil, 
6 -volt field (no energising), in first-class 
condition, weight 65lbs. Price £7/10/-, 
carriage paid. 
ROTARY CONVERTERS; D.C. to' D.C., 
permanent magnet fields, small size, 
windings not guaranteed, ball bearing, 
contained in cast sill box, size 12in. x 41n. 
x 4in. Price 15/-, carriage paid. 
AIR PRESSURE GAUGE, gin. dia., in 
gunmetal, reading 0-4,000 lbs. per square 
inch, condition as new. Price 50/-, carriage 
paid. 
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. 
2 M.F. CONDENSERS, 250 volt working 
T.C.C. type, 1 doz. lots only. Price 15/. 
per doz., pelt free. 
STALLOY TRANSFORMER SHEET, sizes,' 
length approx. 16ín. 3 widths 2ín., 3in., 
4in., gauge 26 S.W.Q., quantity 1 cwt. 
Price, the lot, .£3, carriage paid. 
DYNAMO, output 20 volts, 15 amps., 
shunt wound, slow speed, ball bearing, 
condition as new. Price £3/10/-, carriage 
paid. 
TWO -GANG Variable condensers, small 
size, capacity .0005. Price 3/-, post free. 

Specialists in 
RADIO 

COMMUNICATION 
The recognised house where 
OFFICIAL requisitions for all 
radio apparatus an accessories 
can be supplied from STOCK. 

* *. * 

METERS FROM 
STOCK 

All ranges of 
TAYLOR 425 (Shin. scale) including 0/50, 
0/100, 0,'250 microamps, 0/1.5 milliamps. 
TAYLOR 305 301 (diin..scale) 0/2, 

0/3, 0/4, 0/6 milliamps. 

* * * 
As an indication of our compre- 
hensive stock, note these various 
valveholders 
VALVE H OLDERS 
British 4 and .5 Pin Ceramic 1/3 

7 Pin Paxolin 1/- 
5 Eddystone DLO 1/9 
Acorn 2/- 
Octal Paxolin 1/- 
Side Contact 6d. 

U.S.A. 4, 5 and 7 Pin Ceramic 2/ - 
International Octal Ceramic... 2/- 

Paxolin .. 4d. 
, Moulded Bakelite (/- 

Baseboa rd, low -loss on pillars, 
skeleton construction, British 
4, 5 and 7 Pin, all .. each 1/- 

* * * 
SUNDRIES 

Push Balk Wire, 12 yards 1/- 
60 , .. 4/6 

Volume Controls, all values 4/6 
Wire Wound Potentiometers, 400, 

1,500, and low values, 1 to 30 
ohms, all.. .. .. 6/6 

Additional charge of II- for postage and 
packing on orders below IOI-, 

WEBB'S RADIO, 14, Soho St., Oxford St., 
London, W.1. Telephone : Gerrard 2089 

Open 9 a.m, to 5 p.m. Sets., 9 a.m. 
- - to 12 noon 

ELECTRADIX OFFERS ! 
Headphones. 120 ohms, 10/-; H.R. 2,000 ohms and 4;000 ohms, 15/-. Deskphone, O.P.O. pedestal 
nor. earpiece, 10/-. Wall Phone Sets from 30/-, 

Handco.ns, Government all metal 
Field }Unicorns. Micro -telephones or 
Transceivers for portable or fixed 
telephones, the famous No. 16 Handcom used in so many field sets. Sturdily built with mike enger 
witch. Brand new with 4 -way cord, 

15/-. Limited number available. 
Similar Handcom, less ewitch and 
no cord, 7/8. 4 -way cord, 2/6. A 
Home Guard can make a complete 
pocket telephone with these, a mike 
transformer, buzzer and a for"h 

- battery. 
Mor e Keys. Type B.1 A strong Key, 5/-. Bakelite base type M, 6/6. American type, Brit. made ''Speed " key, 8/6. A first-class type P.F., plated 
fittings, well balanced, 9/8. The best Key available is tli IV., 12/6. 
Buzzers. Neat brass - 
cased Homer, 4/6. 
Heavy type Bakelite 
Buzzer, 5/-. D.In 
Buzzer, multi windenge, 
no contacte, 5/-. Town- 
send Micro Buzzer as 
illustrated, 10/-. Perfect 
Morse Horne Training with a practice Recording 
Inter, spring drive needs no battery, marks direct 
on tape with dead key. For novice or expert, 
Government type, 23 10e. 
Plugs and Sockets. Radio twin Belling type midget. 
socket and plug, 9d. pair. Sockets mounted, 4/6 
doz, pairs. 5 pair strip panel and 1 plug, 2/-. 5 -pin 
plugs, with panel socket and cords, midget type, 
4/6 pair. 14 -way plug and socket with cord, 71e. }in. Aluminium Panel, drilled 13in, x tun., 2/-. 
Bakelite ditto, 7;ín. x 6tin, 2/3. 
Radio Sundries. Crystal Detectors, catewbisker 
type, 2/6. Perikon, 2/,. Carberundum, 7/6. Spare 
crystals, 1/- tin. Transformers, 230/3-5-8 volts, 
7/6. Valve -holders, 4 -pin, 9d. Plug end Socket, 
2 -pin, 1/6. Loud Speaker Units, moving -iron amra- 
tare type, 8/6. Dials. Teleon Telornor, 4 -control 
5/-, 1 -control 2/6. Slow motion dials, 4/6. Fuses. 
60 ma., 4d. Fuse holders, 3d. 
Cabinets. Suitable for Test Set apparatus, Mike 
Amplifier, Oscillator, Portables, etc., Sin. a bin. a 
65ín., with double doors. A very One Ex W.D. job, 
In mahogany, canvas covered. Chassis, panel, 4 
transformers, a 5 -tap switch and rheostat is included. 
All -in price, 45/-. 

Dimmers or Rheostats, with off 0-1 
ohm, and will carry up to 3 amps.; 

1 ./, for regulation on 6 to 12 volts, dimming 
or bank -circuit battery charge, model I1í control, etc., one -hole fixing for panels, 
with bracket for fixing. Hollow knob -`- has socket for min. bulb glowing when 
circuit alive. New U.S.A. Aetna make 
in carton, 2/8, worth 5/-. Large 40 amp. 
ironclad grid Rheas, with heavy l0 -stud Switch to drop 220 volts to 45 volts, size 33in. 

16in. x 14in., £5 105. 110 volt ditto, 161a x 14ln. a 
16ín., £2 Res. Carriage extra. 
Turntables. Ball -bearing for Table Seta. etc., :a«ke- lite body, . }in. dia., 2/- each. 
Foot Switches. 5 amp., enclosed "on -off" for 
Motor control, etc., 1/6. 8 -way Lucas -Rotas walnut 
Switch Boxes with brass top, 8 levers and fuses, 
12.50 volts, 3/6. 6 -way ditto, 3/-. 6 -way Push 
Button R.A.F. Switches, 219. Knife Switches, 
100 amp., open type on slate panel 241n. x 18in., 
with porcelain handle fusee, 42/6 pair. Three D.P. 
Knife Switches, 200 amps. and Fusee and one 
60 amps., all on one panel, £6. Automatic Trip 
Switches, 10 amps., 25/-. 250 amp- on 13ín. x lain. 
panel, £4. 1,000 amp., £8. 8 -stud 100 amp- Battery 
Switches on Panel, £4. 10 -point Instrument 
Switches, 4/6. R.I. 7 -stud Switch Bocce, 10/6. 
A.C./D.C. Mains Magnets. 2 -pole 110 volts or 220 
volts, 5/6. Small 12 volt Solenoids -with tin, a tin. 
plunger, 6/6. 
Light Ray Cells. Selenium Bridge in Bakelite case, 
Bayerait Model, 21/-. Electro-cell, self -generating, 
light -meter type, 35/-. Rayeraft Ray Set with relay, 
42/-, Gas-Ydled Photo Cells, W.E. type, for Sound 
on film, 70f-. Relay, enclosed 10,000 ohm teletype, 
22/6. For other relays see leaflet. 
Dyuamö Bargains. ltotax, 6-12 volt 61 amp. D.C. 
3rd brush, size 81n- x 41in., Silbs., emit £10. unused, 
17/6, carriage paid England and Wales. C.E.C. 
double carrent Dynamo, 6 volts and 600 volts, 
ball bearings, 1711as. net, 27/6, carriage paid England 
and Wales. 
Rotaries. Latest American Radio Type, fitted filter 
and smoother, 75 watts 6 volts D.C. to 100 volts 
60-60 cycles, £12. 110 watts 100 volte D.C. to 
110 volts 50-60 cycles, £4 10s. 150 watts 220 volts 
D.O. to 110 volte A.O., £1610s. Other sizes in stock. 
Please add postage for ail eras orders. Send stamped 

eurclope far replies to enquiries. 

ELECTRADIX RADIOS 
19, Broughton St., Battersea. London, S.W.8 

Tarp/none: Macaulay 2150. 

é" ÿ . 

4 
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Impressions ®n the Wax 
Review of the Latest Gramophone Records 

H.M.V. 
IDO not remember Yehudi Menuhin making any 

recordings with his sister as collaborator; therefore I think I am quite right in saying that the two 
H.M.V. records DB3552 and 3553 form a " first record- 
ing " of Yehudi and Hephzibah Menuhin as duettists. 
They have selected that delightful work by Mozart- 
" Sonata No. 34 in F for Violin and Piano (K.376! " 
which they render with perfect understanding and 
techqique. 

Another exceptionally fine record is H.M.V. C3328, 
on which is recorded Elgar's "-Pomp and. Circumstance 
March No. a in Ia Major " and No. z in A Minor." 
The recordings have been made by the Toronto 
Symphony Orchestra, under the conductorship of Sir Ernest MacMillan, one of Canada's foremost musicians. 
The works are dignified, martial and exciting and, 
speaking for myself, I contemplate stately protestions, 
pageantry and the rousing call of the trumpets. The 
presentation by the Toronto Symplony Orchestra is an 
outstanding piece of work. 

Maggie Teyte-soprano-with Gerald Moore at the piano, has recorded, in French, " En Sourdine " and 
Ici Bas " on H.M.V. DA 183o. A delightful recording 

of a beautiful voice. 
Two voices, which individually are delightful, do not 

always constitute the perfect medium for the rendering 
of a duet. Balance, blending and perfect understanding 
in a musical sense are vitally essential if two singers are 
to produce between them a vocal duet worthy of com- ment. Anne Ziegler and Webster Booth form out- 
standing example of all that is required -to produce the 
perfect duettists. Their voices-individually excep- 
tionally fine-blend and balance to a perfect degree 
and their performances together reveal their complete 
harmony and sound technique. 

On their latest record they give us two more fine 
performances. They render-with orchestra=" To- 
morrow " and " Love Me To -night " from " The Vaga- 
bond King " with all their usual artistry and skill. It 
is, of course, an H.M.V. record, the number -being 
B9311. 

Joe Loss and his Orchestra make a good record this 
month with " Love Alone "-waltz-from " The Belle 
of New York" and. "-My Devotion "-a slow foxtrot, 
H.M.V. BD5788. 

Another good investment is the latest recording by 
the R.A.O.C. -Blue Rockets Dance Orchestra,as.they-put 
up a fine show with " We Mustn't Miss The Last Bus 
Home " linked with " Love Is A Song " on H.M.V. 
BD578.5.- 

Leslie A. Hutchinson or, as he -is -more widely known, 
" Hutch," gives us " Nightingale " and ".Serenade jn 
Blue " with himself at the piano. The record is H.M.V. 
BDIo3o. 

Columbia 
THE highlight' of the Columbia releases for this month 

is their firserecording of the Liverpool Philharmonic 
Orchestra. This orchestra was founded in 184o, and is 
one of theoldest concert -giving organisations in exis- 
tence ; it has for its leader none other than the famous 
violinist, Henry Holst. 

It is fitting that Constant Lambert-as guest con- 
ductor-should be conducting the orchestra for their 
first recordings, as he has made a life study of the 
Russian composers, and the work selected for the records 
is one of, if not the most, outstanding compositions by 
Alexander ' Glazounov, namely, his symphonic poem 
" Stenka Razine." 

Constant Lambert and the Liverpool Philharmonic 
Orchestra give us a most magnificent performance of 

this striking work which has, as its main theme, a 
fragment of one of the most famous Russian folkmelodies, 
the " Song of the Volga Boatmen." In " Stenka 
Razine " we have a legend of a brigand who sacrificed 
a beautiful princess to the river Volga, and it is this 
great waterway-which is now surrôunded by the heroic 
deeds of the Red Army-which forms, so to speak, the 
main pillar of the work. There are two records, the 
numbers being Columbia DX IIo7 and 11°8. 

A delightful record by the ever popular Sandler Trio 
is Columbia DB2Io5 on which they have recorded 
" Ghosts of Old Vienna " and " The Night Has Eyes." 

Two favourites of mine and, I -am sure, of many other record enthusiasts, are Rawicz and Landauer, the 
two noted piano duettists. This month they offer us 
Gershwin's famous work-arranged by themselves- 
" Rhapsody In Blue" and I give it every recommenda- 
tion. It is on both Sides of Columbia DBZIo4. 

Victor Silvester and -his Ballroom' Orchestra excel with " I'll Come to You "-founded on the famous 
melody " Chanson Bohemienne " and " All I- Need Is 
You " these being in strict waltz and quickstep tempo 
respectively. The number ?-Columbia FB2891. , 

" Moonlight Becomes You "-from " The Road to 
Morocco " and two numbers from " -Yankee Doodle 
Dandy "-(a) " Yankee Doodle Boy " and (b) " Mary's 
A Grand Old Name," form the contribution from 
Carroll Gibbons and the Savoy Hotel. Orpheans, and a 
nice contribution it is. Columbia FB2889. 

" St. Louis Blues " linked up with Crazy Rhythm " 
are the names of the two pieces 
Mendelssohn and his. Hawaiian Serenaders on Columbia 
FBz88z. Maybe it is that I don'.t appreciate Hawaiian 
music in modern style, or the work that has been done by Felix in introducing the innovation in this direction. 
Be that as it may, I still like to hear Hawaiian guitars, 
etc., playing the melodies which one links with the 
islands in the Southern seas. 
Parlophone 

THE record I place first in the Parlophone rain, series 
this month, is R02o518. On it, we have two more 

examples of the artistry and technique of Richard 
Tauber. He has selected for these- recordings " No 
More I'll Be Singing," Op. 6, No. 2 (Tysh-Tchaikovsky) 
and " None But The Weary Heart," Op. 6, No. 6 (Goeth- 
Tchaikovsky) which he sings in English with orchestra. 
A fine record of a fine singer. 

" Every Night About This Time " and " I Met Her 
On Monday "-both foxtrots-are played by Geraldo 
and his Orchestra on Parlophone F1964. Two nice little 
numbers well presented. Parlophone F1962 is another good disc. Carter and Evens-two voices and a piano- 
offer us " - OP Banjo " and " We'll Smile Again " in a 
snappy attractive manner. 

The super rhythm fans will appreciate Parlophone 
R2862, which is No. 64 of the 1943 Super Rhythm -style Series. On it, Count Basie and his Orchestra put up 
a hot performance of " Twelfth Street Rag " and " Taxi 

-Wrax Dance." 

,-A NEW VEST POCKET BOOK. 

MATHEMATICAL TABLES 
& FORMULA 
3/6, or 3/9 by post from 

George Newnes, Ltd. (Book Dept.), Tower House, 
Southampton Street, Strand, W.C.2. 
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Midget Universal Receiver 

SIR,-With reference to your circuit of an A.C./D.C. 
receives, published in the January issue, I wish to inform you that I have constructed this receiver, and the set is giving xoo per cent. results, with perfect tone and volume equal to any commercial receiver I have tried, combined with perfect smoothing and no inter- ference whatsoever. I only modified the circuit as regards the valves, using 6D6, 6C6, 0M9 and 2525, and have screened the 2RF stages. At present I have two moving -coil speakers in parallel owing to the large output it gives without any distortion. I congratulate the designer on a most efficient and economical set.- 

C. BUCKLEY (Egham). 

/SCILSS/O/l 
The Editor does not necessarily agree with the opinions expressed by ', ce respondents. AU letters most be accompanied by the name and address of the sender (net nccez=wily for publication). 

e 

Identification Wanted : Station PMA 

SIR,-I would be pleased if any reader can identify 
a station received in the middle of the 25 m. band, 

about 25 k/c below a German station. The interval 
signal was three notes on a piano, and the programme, 
which finished at 24.00 G.M.T., was entirely speech in a 
foreign language. 

Readers may be interested to know that PMA is now 
called " Radio Niichäfkä," as the Japanese have re- 
named Batavia. Radio. Accra, x9.6 ? m., could be heard testing each morning between December 21st and 26th. 
PPQ, formerly a C.W. station, was heard on Novem- 
ber ist, 2942, calling WCW and WEE, and asking for a 
time -check and point-to-point transmission. All recep- 
tion was on a modified Fleet S.W. Two. I would like to 
see more interest shown in commercial C.W. stations, 
as they are a great help to those learning Morse by 
themselves. My receiving speed is under 12 w.p.m. but I have been able to log 42 countries in the last six months 
on C.W. alone. 

Finally, I would like to find out what ZHC, ZRK, 
ZOK (with or without a question -mark) mean, as they 
are used by most countries and thus cannot be secret.- 
D. B. TAYLOR (Hale). 

Logged on a 1-v-2 

SIR,-Here 
is a list of souse short-wave stations picked 

up lately which might interest a few readers.. My 
set is a I -v-2 battery -operated receiver, working a loud- 

- speaker. 
Besides the usual Yanks I picked,up WHL6 operating 

on the 22 -metre band. This seems to work with WLWO 
on the " Voice of America " system. WHL5 on the 30 - 
metre band, and WYW giving news at 23.0o from 970. 
WGEA seems to have replaced .\VGEO on the 25 -and 
32 -metre bands. FXE, Radio Levant, Beirut, Syria, 
gives news at 28.20, 37.34 metres. Batavia has news at 
12.00 on 16.6 metres. Radio National, Rio de Janeiro, 
Brazil, PRL8, operating on 25.6 metres, comes in 
extremely well about 21.30. Announcer John Adam. All 
times are B.S.T.-S. HUDSON (Cambridge). 

An Appreciation 

SIR,-I am somewhat of a beginner in radio, as I 
have taken an interest in it only since I joined the 

R.A.F. Although not engaged on the radio side, I am 
able to get plenty of information on points that puzzle 
me, from our wireless mechanics. My own job is that 

of a fitter, but 21; night when we finish there is. a Radio 
Brains Trust held àround my bed. 

We are all very grateful for the series of articles you 
have started in dte February issue entitled " Elementary 
Electricity and radio," by J. J. Williamson. 

I regret that I shall be. unable to supply any 
regular listening information as it is impracticable 
to build anytbin; except during my leave periods.- 
E. D. NEL3e:: Newington). 

The Harkness Circuit 

SIR,-I ; interested in the letter from Mr. N. A. 
Webb .) appearing in the March issue of 

PRACTICAL r ;eSs re some of the old circuits, and 
especially t::r ) L.rkness,circuit," of which you print a 
theoretical di 

I, too, used., '.i3 set and, like Mr. Webb, I placed 
the two tuned. ' , uits ät each end of set with the two 
H.F. transfer;, directly connected to its variable 
condenser by of the holding -down -nuts of the 
bottom' plate. 

For purity - 1 strength of signals I have never 
made or heart? 'r_ ^qual in a o.i.o. By a curious chance 
I picked- up circuit from the floor of a railway 
carriage, ton'. es the pages of a technical journal. 
I found later ',jas designed by an American radio engineer-a P - f arkness-and though many English 
amateurs had ' l it, very few had Succeeded in getting 
satisfactory 

I should bc grateful if Mr. Webb could give me the 
number of turns of wire on P. and S. of H.F. transformers, 
as I should l:l:e to make it again.-W. E. BODELL 
(Romfozd). 

%-A COMPLETE LIBRARY 
i OF STANDARD WORKS 

By F. J. CAMAI 
-SCREW i 'r,']Sos .dA:'UAL 6/-, or 6/6 by post. 
MASTERTA ?dgc2.3 1;-, by post 1/2, 
GEARS A.70 < 'i8 :;73T-TING 6/-, by post 6/6. 
WATCHES: ADJUST:12NT AND REPAIR 6/-, by post 6/6. 
NEWNEB' L=: r-^..? ?3' MANUAL 10/6, by post 11/-, 
PRACTICAL 'Ii..O t)E'T3' ENCYCLOPEDIA 10/6, by post 11/-, 
MOTOR C.9$ PF_INCIPLES and PRACTICE 6/-, by post 6/6. 

1 
PRACTICAL HIE=1,33 ENCYCLOP/EDIA 10/6, by post 11/-. 

P 

RADIO TTA)LI a _1A,IUAL 6/-, by post 6/6. 
EVERYMr:P'J _L 3S BOOK' 6/-, by post 6/6. 
PRACTICAL "WT LLE_^3 CIRCUITS 6/-, by post 6/6. 
COILS, 6r(3; s Ord TRANSFORMERS 6;-, by post 6/6. ' 
PRACTICAL i5PP..L:'_;S SERVICE MANUAL 8/6, by post 9/-, 
WORKSHOP GAtm.3.7dONs, TABLES & FORMULE bi-, by post 6/6 

1 

1 

NEWNES' _,' '.O/A75 MANUAL 6/-, by post 6/6. 
WIRELE"S -' ,_?z127.3SI0N 6,'-, by post 6/6. 
DICTION^.L'3' ':i :`PALS AND ALLOYS 7/6, by post 8/-, 
THE SU7r32:Y7.:ï1 '_!A'7UAL 6/-, by Post 6/6. 

4 
PRACTICAL. C':'Ce,A 1103 HANDBOOK 12/6, by post 13/-, 

I 
RADIO £2 C..r...: !9 3T -POCKET BOOK 3/6, by post 3/9. 
WIRE AND 'fis': ^-AUGES (Vest Pocket Book) 3,'6, by post 3/9. 
DIESEL -i,'.4n t_ -i::; : ,_`n'IRATION, MAINTENANCE AND REPAIR ' ' 
NEWNE3' 3:1-.7.2.174_:;2....3' POCKET BOOK 7/6, by post 8/.. 
MATHE`.' 'C,' i, '..C.ABI,SS & FORMULE (Vest Pocket Book) 1 

3/9 ' ,, rc_.r 
AU obis :;ougli Vemaagenta or/to in 0ea'rgr Neecnes, Ltd., 

;îauthanepton Street, Strand, W.C.2. illese. s _ etcaOeoeIb I, -chile,,. .5,e0 
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Replies to 
Home Recording 

" I have been experimenting for some time on the problem 
of home recording with a mike ' and an amplifier with an output 
of about 10 watts, on old records softened by steam from a kettle 
without as much as a solitary scratch being recorded. 

' I should be very grateful for any information and help you 
may be able to give me on the following : 

" How I could make a cutting head (I believe this is the name 
for the device used for holding the cutters) ? How could I make a 
cutting needle? How I could make some sort of a feed across the 
disc when rotating ? The names of one or two firms dealing in 
the ready-made article ? Better disc softening method ? 

" I realise that this is a lot to ask, but should be very much 
indebted for your co-operation."-R. F. It. (Southampton). 

AGOOD make of pick-up can be used as a cutting -head 
provided it is connected to the amplifier through a choke - 

filter output, or a suitable output transformer. We would not 
advise you to attempt to make a cutting -needle. It is better to 
buy one of the specially hardened steel or sapphire types. The 
mechanical drive necessary to secure a correct tracking is rather 
difficult to make, unless you are experienced in thread -cutting; 
therefore we think it would be better if you decided to purchase 
the necessary equipment when such is again available. 

Messrs. Electradix Radios, of 19, Broughton Street, Queens- 
town Road, London, S.W.S, might be able to offer you suitable 
parts at a reasonable price. 

We do not recommend your methods of producing record 
blanks, as they cannot be satisfactory, and we would advise you 
to. use some of the specially prepared "blanks" when supplies 
are better. 

The £4 Superhet 
" Will you please let me know what are the suitable Mullard 

valves for the £4 Superhet 4 ; also are the I.F. transformers 
still available ? If not, will the Varley BP122 and BP123 do ? 
Are coils to be had for ' Acme Allwave 4 ' ? Give address of 
suppliers, also address of Messrs. Wearite (Unigen coils)."- 
G. H. (Rhiw). 

THE valves specified for the £4 Superhet are Cosssor, 210 PG, 
210 VPT, 210 Det., 220 PT. Suitable Mullard alternatives 

are FC2, VP2, PM2HL, PM22A. 
The I.F. transformers are Eddystone, type No. 674, having a 

frequency of 465 kc/s. Messrs. Wright and Weare, of High Road, 
Tottenham, London, N., are also the makers of the coils for the 
" Acme " receiver, but we understand that they are now no 
longer obtainable. We would suggest that you modify the circuit 
to enable plug-in S.W. coils to be used. 

General Purpose Valves 
" I would be very much obliged if you could enlighten me on a 

subject about which I know very little. I am a newcomer to wireless, 
and though I may not know a great deal about the subject I am very 
interested in it, so much so that after looking through Mr. F. J. 
Camm's book, ' Sixty Practical Wireless Circuits,' ,I decided I 
would like to make a set of my own. The only thing of which I 
am short is valves. Now I have read about many circuits in 
which ` almost any general-purpose triode will do.' The trouble 
is when I enter a wireless shop they ask me the number of the 
valve and the maker. So could yop please tell me a few makes 
and numbers of general-purpose valves, particularly for the valves 
in Circuits Nos. 7, 14 and 15 ? For instance, I see advertised in 
this month's ' Practical Wireless,' Tungsram H.R. 2111 general- 
purpose valves. Would these valves be suitable for Circuit No. 7? 
Also I see -advertised permanent detectors. Are these the kind 
as used in Circuit No. 3, comprising two crystals in contact? "- 
D. D. W. (Yorkshire). 

AGENERAL purpose valve has an impedance between 
15,000 and 20,000 ohms, and these values will usually be 

found in the H.L., 11.F., or Det. types of valves. For example, 
you could use a Cossor 210 H.L., 210 H.F. or 210 Det. The 
Tungsram H.R. would also be quite satisfactory. 

4 permanent crystal detector will be quite satisfactory for 
Circuit No. 3. 

Ganging Circuits 
" I seem to remember having read that it is possible to gang 

straight sets (say a 1.V.1. bandpass) by means of a milliammeter. 
If so, I should be glad of your advice or perhaps by another method 
other than the usual aural method. 

" My difficulty seems to be with every set I have built or 
attempted to adjust for others these days that I can never get 
the middle trimmer of a 3 -gang condenser down tight enough 
when bandpass coils are used."-N. C. (Surrey). 

ueries 
RULES 

We wish to draw the reader's attention to the fact that the Queries 
Bervice s intended only for the solution of problems or difficulties 
arising from the construction of receivers described in our pages, from 
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. 
(3) Suggest alterations or modifications to commercial receivers. 
(4) Answer queries over the telephone. 
(5) Grant interviews to querists. 
A stamped, addressed envelope must be enclosed for the reply. All 'eketches and drawings which are sent to us should bear the name and 

address of the sender. 
Bequests for Blueprints must not be enoloeed with queries, se they 

are dealt with by a separate department. 

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

The coupon on page iii of cover.must be enclosed with every query. 

IF a low reading milliammeter is connected in the anode circuit 
l of the detector it will serve as a tuning indicator to show 
when the preceding circuits are accurately adjusted. A better 
method is, of course, to use a calibrated external oscillator. 
If, during the adjustments, it appears that additional capacity 
is required across any one section of the gang condenser, then 
we would suggest that you try the effect of coupling a small 
trimmer condenser across the circuit. The component,could have 
a value of, say, 50 mmfd. 

Condensers and H.F. Currents 
" Being an interested reader of ` Practical Wireless,' I have 

noticed from your circuits that a condenser from the anode of a 
detector valve to earth is known as an anode by-pass condenser, 
for by-passing the R.F. carrier to earth. 

" Surely this statement is hardly true, as an R.F. carrier cannot 
go through a condenser. An R.F. carrier is certainly present at 
the anode of the detector valve, and has an R.F. choke present to 
prevent an easy path through the H.T. supply to earth. ` So where 
does the carrier go to ? ' "-D.. C. (Dorset). 

AN H.F. component does reach the anode of the detector and 
as you state in your letter, it is usual to include an H.F., 

choke in the circuit to prevent the H.F. current from reaching 
the anode of other valves via the H.T. supply. If, therefore, 
an H.F. choke functions properly, some means must be provided 
to drain off the unwanted H.F. from the anode. The easiest 
and most satisfactory method of doing this, apart from the 
normal reaction circuit in a straight receiver, is to provide a 
small condenser between anode and earth. An H.F. signal- 
being A.C.-will most certainly pass through a condenser. A 
simple and outstanding example is the series condenser which is 
often incorporated in the aerial circuit of a receiver. 

Crystal Set Selectivity 
" Can you please let me know the data for making a wave -trap 

for a crystal set, as I wish to separate the Home and Forces 
programmes;?,"-R. B. (Belfast). 

ASIMPLE wave -trap can be made from a coil and variable 
condenser similar to those which are used in the crystal 

set, but only the medium wave section is required in your case: 
The condenser is connected across the coil, and the two com- 
ponents joined in series with the aerial lead-in. 

A.C./D.C. Set Defect 
" I built a 3 -valve A.C./D.C. set a few months ago and it worked 

until a week ago, when after it had been on about 2 hours, I heard 
a click from the -receiver which then started to smoke. I had a 
look at the set and I found that the loud -speaker (energised) 
smoothing coil had become very hot. Since then the set works 
well but it overheats, especially the loudspeaker and the main 
resistance. Do you think it is the loud -speaker smoothing coil, 
and if it is what is the best thing to do ? Is it all right to put a 
mains resistance in to the mains cord so as the set will be working 
below its voltage and therefore would not get so hot?"-J. B. W. 
(Four Oaks). 

THE trouble might be due to a breakdown in the insulation 
of the wire used for the field of the energised speaker, or 

a defect in one of the smoothing condensers. It would -be 
advisable to get these components tested for short circuits 
and/or leakage. We would advise you to leave the mains 
resistor -cord alone. 
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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, 1/-. 

paper 
Radio Handbook (300 pages), 

and- 
bookrSupplement 

cloth,4 ges Radio cover, 
2/9 ; . cloth, 5/-.-16, 

pages), 
Gardens. 

London, N,i3, 

WEBB'S Radio Map of the World, Locates any station heard. Size 40ín. by 30in 4/6, 
post 6d. On linen, 10/6, post 6d.-Webb's 
Radio, 14, Soho Street, London. W.1. GERrard 2089. 

7,000 Members of the Scientific Book Club believe that Knowledge is Power. Are you a member 1 Particulars from 121. Charing Cross Road, London, W.C.2. 

CHARGE your, accumulators, Milnes unit. or lighting free from wind. Build your own wind charger. Easily built, well tested, reliable. Full instructions for building, mast, bead, propeller, 2181. -Pearce, P.W., 
Midtaphouse, Liskeard, Cornwall. 

MORSE & S.W. EQUIPMENT 

FULL range of Transmitting Keys, practice 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 precision components, accessories, with full instructions -only 16s., postage 6d. Easily assembled in one hour. Catalogues free on request. -A. L. Bacchus, 109, Hartington Road, London. S.W.8. 
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Look 
to your 

future .. . 
'TRAINED men get good jobs. Hundreds 
1. of our students write to thank us for 

their successes and increased earnings. 
Now, more than ever before, men with a 
good knowledge of radio or mathematics 
are urgently needed. 
Even if you are already in the Forces, or 
engaged on work of national importance, 
you should think of your future. A sound 
technical training is the best insurance 
against the risks of unemployment. 
Our simplified method of Home -Studying 
is a proved success. Even if you know 
nothing about radio or mathematics, you 
can master these subjects, and you will 
really enjoy studying. 
Post coupon now for free details of our 
Home -Study Courses in Mathematics, 
Radio Calculations, Radio Reception, 
Servicing, Transmission and Television. 

T. & C. RADIO COLLEGE 
29, Market Place, READM 

'l (Post in unsealed envelope, lei. stamp.) 
Please send me free details of your I 
Home -Study Courses. 

I NAME 

I ADDRESS 

! P.38 

RECEIVERS AND COMPONENTS 

COULPIIONE Radio, New Longton, Nr. Preston. Brand new goods only. P.M. 
Speakers with transformer, Bin. Rola and 
Celestion. 24/6. 5ín. Rola, 21/-. Electro- 
lytics; 50 mid. 50 v., 3/3. Erie 1 watt 
resistors, all value 9d. each. Push -back 
wire, 100ft, .coils, 6/-. Barreter resistors, 
8/-. Parafeed L.F. Transformers, 4 : 1, 49. 
Pinned copper wire, 11b. reel, 2/3. Mains 
Transformer, 350-0-350, 120 m.a., 4 v. 6 a., 
4 v. 2.5 a., 28/6. Resin -cored solder, 11b. 
reels, 4/8. Output Transformers Power -Pen, 
6/9. Tungsram Valves. S.A.E. for stock list. 

SOUTHERN Radio's Wireless Bargains :- 
Gross assorted screws, 6,'-. Gross Soldering 
Tags, including spade ends, 6/-, 
7/e. PHILCO 3 -POINT CAR AERIALS 
make excellent short wave and home 
aerials. Complete with fixing bolts, etc., 
7/6. 
ACE P.O. Microphones, complete with 
transformer, ready for use, 7/-. 
GOODMANS' Bin. P.M. SPEAKERS, with 
transformers. 21/- each, postage 1l- ; 
TUNGSRAM H.R.210 GENERAL PUR- 
POSE BATTERY VALVES. 4/9 ; WIRE- 
LESS CRYSTALS (Dr. Cecil). 6d. each, 5/6 
dozen ; with catswhisker, 9d. each, 81 - 

dozen ; Complete Crystal Detectors. 216 
each ; 75 feet Covered wire for aerials. 
etc., 2/6 per coil ; PUSH -BACK CON- 
NECTING WIRE, 75ft., 5/- ; SMALL 
POWERFUL CIRCULAR MAGNETS. 
llin. diameter, lin, thick, 1/6 each, 15/- per 
dozen. 
COMBINED MORSE PR ACTICE EQUIP- 
MENT for buzzing and flashing, complete 
with bulb and battery mounted on metal 
base, 22/6 each ; Single Morse Keys 
(bakelite), 4/- each ; Buzzers. 4/- each. 
Many other bargains for callers. Postage 
extra. ALL GOODS GUARANTEED. 
SOUTHERN Radio Supply Co., 46, Lisle 
Street, London, W.C. Gerrard 6653. 

FOR SALE. -Model 90 Taylormeter (38 
ranges) in new condition. £10 í0s. -Smalley, 
10. Royle Rd., Sudden, Rochdale. 

RELY. ON 
PITMAN BOOKS 

A FIRST COURSE IN WIRELESS 
By " Decibel." A handy guide to wireless for beginners. It is clearly and simply written, employa a minimum of mathematics and forms an -excellent -introduction to the more technical works on the subject. Joining the R.A.F. ? Then get this book. Second Edition. 5s. net. 

SHORT-WAVE RADIO 
By J. H. Reyner. An invaluable companion volume to 
Modern Radio Communication. It is recommended to all students of radio engineering as a reliable textbook on modern developments in the use of the short, ultra short, and micro -waves. Third Edition, los. 6d. net. 

THE SUPERHETERODYNE RECEIVER 
By Alfred T. Wilts, A.M.I.E.E. This is an essential book for all who are interested in modern radio. It is a practical and handy guide to superhets and tells you all about their working, construction and maintenance. An excellent book for radio mechanics serving with the forces. Fifth Edition, 

- 5s. net. 

RADIO SIMPLY EXPLAINED 
By_John Clarricoats, Editor of the A.T.C. Gazette. A brief and interesting introduction to the subject. In- formation includes that orr Waves, Current Conductors. Insulators. Power, Magnetism, Valves. Coils, Condensers and Transformers. This book is one of the " Simply Explained " Series. 9d. net. 

Send for Pitman's Radio List. It contains 
details of thirty books dealing with every branch 
of radio and television. This and their graded list entitled " Books About Jobs " will be sent post 

free on request. 

MAT PRODUCTION MODIFICATIONS 

Ni SOLDERING PROCESSES 

ARE NECESSARY WHEN USING 

1:11.Aí1 -TIME ALLOYS ? 

THIS and numerous other 
queries are answered in 

reference sheet 2 cf " Technical 
Notes on Soldering," published 
by the manufacturers of Ersin 
Multicore-the A.I.D. approved 
solder wire with three cores of 
non -corrosive Ersia activated 
flux. 
Firms engaged cs Government 
contracts are i a- i/sd to write 
for a copy of this reference sheet 
and samples of Ersin Multitore 
Solder wire. 

The Solder Vire c.ich 3 Cores of Non -Corrosive Ersin Flux. 

39, PARKER STREET, KINGSWAY1 LONDON, W.C.2 
MULTICORE S). ti '. 'J.. ' USN HOUSE LONDON. W.C. 2 TEMpleBsr556]/6 
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RELIANCE RADIO SERVICE, 

8, Kennington Park Road, S.E.11. Phone : REL. 2331. 
MAINS TRANSFORMERS. Brand new and totally enclosed. 220-245 v. primary, 
350-0-350 v. R.M.S. L.T. 6.3 v. 3 amp and 
5 v. 2 amp. C.T., 25/- each. Another 2.0-245 
v. primary. 350-0-350 v. R.M.S. L.T. ?.5 V. 
6 amp. C.T. and 5 v. 2 amp.. 251- each. Also another with 700-0-700 R.M.S., L.T. 10 v. 
2 amp., 13 v. 2 amp.. 25/- each. 
MIDGET L.F. CHOKES. Manufacturers' type, brand new; 2/6 each. 
MIDGET TUNING CONDENSERS. 2 gang 
.0005 mfd., with slow-motion drive, brand new, 4/- each. Also 2X .0005 mfd., with slow- motion, 3/6 each, and 3X .0005 mfd., with slow-motion, 3/6 each ; both standard. 
CONDENSERS. Wire -end tubulars, 12 assorted, our selection, all useful values, 
2/8 doz. 
SWITCH SECTIONS. Wafer type, brand new, 3/- doz. 
VALVE HOLDERS. U.S. type. 7 or 4 -pin, 
6d. each. Octal 9d. each. 8/6 doz. English type, 5 or 7 -pin, 7d. each. Mazda octal, 
8d. each. 8/6 doz. All chassis mount:n;;. New. 
TUBULAR FUSES. 1 amp., 3/- doz: H.T. ELLMINATORS. Brand new, 220 v. A.C. input. With three tappings output. DET.. S.G. and H.T. 120 v. Maximum out- put, 120 v. at 75 m.a. This week's bargain, at 40/- each. 
VALVES. We have a good stock of U.S. and English types. Send for your requirements. 
All valves list price plus tax. We have a parcel of brand new valves 6K7G, 6K8G,' 6V6G, all at 10/6 eaoh. No tax to pay on these. Your opportunity I Hurry ! Don't miss this! 
CONNECTING WIRE, 22 -gauge copper wire. 30ft. for 1/-. 
T.C.C. TUBULARS. 25 mfd., 25 v. wkg., 
1/6. 25 mfd., 50 v. wkg., and 50 mfd., 25 v. wkg., 1/9 each. 50 mfd., 12 v. wkg., 1/3. Also .25 mfd., 1,000 v. wkg., in metal case, 
1/6 each. All new. .1 mfd.. 350 v. wkg., 80. each, 7/8 doz. 
COIL FORMERS. Assorted cardboard and paxolin. 2/6 per doz. D.X. AERIALS. Brand new, in boxes, with full printed instructions, 1/6 each. INSULATORS. Porcelain, three types, egg -shape, wall shape,three 

V/13..31/;» 
or 1/-. PILOT BULBS. 6.8 v..3 amp., and' 6,3 v. 

2 amp. Gas -filled Osram make. 9d, each. 
8/6 doz. 
TUNING DIALS. Three -waveband glass dials in attractive colours, 2!6 each. Also two -waveband celluloid dials, 1/- each. 
'1 LB. REELS of resin cored solder, best quality obtainable, 4/- reel. 
MICROPHONES. Table model, will operate on any radio with pick-up sockets. Brand new. Sturdy construction, 7/6 each. 
Special Notice, -We Invite all Readers of Practical Wireless " in Eire and Northern Ireland to send us their Orders. Post mäst be included. Regret No C.O.D. RELIANCE RADIO SERVICE, 

8, Kennington Park Road, S.E.11. 

FRED'S RADIO CABIN. 
COMPARE OUR PRICES. 

FUSES, glass li inches long. 2 amp. and 
11 amp. 3/- doz. 
MAINS DROPPERS, 0.2 amp., Pye, 3/6. TRIMMERS. 100 m.mid small type on paxolin base, 4d. each, 319 dozen. New. 
PUSH BUTTON, 6 -way, no knobs -a really fine job 21- each. New. 
CONDENSERS. Plessey " 4 - gang 
screened Olin. x 311n., 4/6. 3 -gang, Olin. x 
31in., unscreened. 2-6. All brand new and include trimmers. 
TRLMMERS. 4 on bank 1-400 m.mfd., 
6d. each 

HENLEY " Electric Soldering Irons, 
new, with pencil bit. 14/6 each. Straight 
bit, 13/6 each. Resin coredsolder. 41- lb. reel. 
METAL Spade Tags 3d. dozen. 
SLEEVING. 310. per yard length. 1 doz. lengths, 3/-. Braided sleeving, 80. per yard length. 7/- doz. lengths. 
T.C.C. Tubulars, 0.1 mfd., 70. each, 6/6 doz. also Ol mfd. at 60, each, 8/- doz. 
CONNECTING WIRE. Heat resisting, 
tinned copper, as used by. Government, 
6d. coil of 12 1t. 
TRIMMERS, 50 m.mfd 3d. each. Also 
250 manfd., 3d. each. 
VOLUME CONTROLS, less switch, new, 
1' meg., I meg., 3'3 each 
VOLUME CONTROLS, few only, various 
sizes, some with switch, 1/.., each. 

(Continued in column 3,) 

WAR -TIME ECONOMY' 

CONSTRUCTORS' KITS 
Supplied with B.V.A. valves, blue 
prints, metal chassis, all necessary 
components, wire; etc., and provided 
with pick-up sockets. 
A.C. STRAIGHT THREE. V.M. H.F. 
pen., triode, L.F. pen (not a superhet), 
energised speaker. £7 15s. 
BATTERY THREE. V.M. H.F. pen., 
triode detector and output tetrode. 
P.M.. speaker. £5 12s. Bd. 

CALL FOR DEMONSTRATION 
Delivery approx. one month 

A. and H.F. COILS, with reaction, 
coloured wires for identification, 
brand new, unscreened. 7/6 per pair. 
DUAL RANGE COILS, small, simple, 
with reaction, connections given. 5/ - 

,each. 
- 

COIL, medium wave and primary 
windings on Paxolin former, no 
reaction, size 11 x 24 1/-. 
TRIPLE i RANGE COIL, _ screened, 
long, medium and short waves, iron 
cored except on S.W., trimmers 
permeability and ceramic on S.W., 
wiring diagram. 7/6 each. 
SET OF 4 SHORT-WAVE COILS on 
low -loss formers, covering 5-91 metres. 
6/6. 
SPECIAL LOW -LOSS COIL FORMERS, 
lin. x tin. 1/- each. 
SMALL 0.0005 2 -GANG CONDENSERS, 
ceramic insulation, with trimmers, 
slow motion drive and dial. 7/6. " MIDGET " 2 -GANG 0.0005 CON- 
DENSERS, slow motion drive and dial, 
new. 10/-. 
STANDARD 2 -GANG 0.0005 CON- 
DENSERS, ceramic insulated, with 
trimmers. 5/6. 
STANDARD 3 -GANG 0.0005 CON- 
DENSERS, with trimmers, 7/6. 
SLOW MOTION DRIVE, 3 -wave band, 
with coloured glass -scale, station 
named. 7/6. 
MICA CONDENSERS, 30 mmfd., 8d. 
0.0001, 0.0005, 8d. each. 00075, 
0.01, 1/- each.. 
TUBULAR CONDENSERS, 0.0002 
mfd., 0.0003, 0,0005, 0.001, 0.005, 
0.02, 6d. each. 0.003. 8d. 

ALL -WAVE HLF. CHOKES, shielded. 
4/6. 
PARALLEL FEED L.F. 3-1 TRANS- 
FORMERS, screened midget. 6/-. 
465 Kc. I.F. TRANSFORMERS, 
screened, with trimmers. 6/-. 
FILAMENT CHOKES, double wound, 
S.W., etc. 1/6. 
WAVE -CHANGE SWITCHES, 3 -pole, 
3 -way. Can be altered to 4 -way. 3/6. 
PRESS -BUTTON &WITCHES, 8 -way, 
minus buttons. 24. 
FREQUENTITE VALVE HOLDERS,' 
7 -pin only. 1/6. 
OCTAL CABLE PLUGS AND SOCKETS. 
1/5 each, 
DRILLED STEEL CHASSIS, 101 x Si<, 
x 22in. 7/6. 8 x 6 x 2( --in. 4/6. 
RESISTORS, different values, (-watt, 
4d. ' 4 -wett, 6d. ; 1 -watt, 1/-. 
VALVE HOLDERS, American U.X. 
type, 4-, 5-, and 7 -pin. 6d. 
SCREENED TOP VALVE CAPS, 6d. 
each. 
2m.m. SYSTOFLEX. 4d. yard. 

51-52 CHANCERY LANE. 
LONDON . W. C.2. Te%ph.,ne NO[Boerlas3- 

SOLDERING TAGS, 2 B.A., 4/- gross. T.C.C. TUBULARS. brand new, 10 mfd., 
50v. wkg. Paxolin former, 2/6 ; 10 mid. 
100v., 2/6 ; 25 mfd. 12v.. 1/3 ; 25 mfd. 25v., 
1/3; 25 mfd. 50v., 1/6; 50 mfd. 12v., 1i3' 
50 mfd. 25v., 1/3 ; 75 mfd. 12v., in metal can, single hole fixing. 3/8 ; 200 mfd. 12v.. 
3/8 ; 50 mfd. 50v., 3'6. 
T.C.C. TUBULAR Wire -end condensers. brand new, ,00015 mfd., .0002 mid.. .00025 
mfd., .0003 mfd.. .0004 mfd.. .NM. mfd.. 
6/- doz 
DUAL RANGE Coil, with variometer tuning, fully screened in copper can 2/3 each. No circuits 
3 -GANG CONDENSERS, Superhet 465 kc. 
0005 mfd., screened. 3/6 each. 
ELECTRO-MAGNETIC COUNTERS, Re- 
sistance 500 ohms. 1-1599. size 41in. x llin. 
x 13ín., 4/6. 
PLUGS. Ex -telephone Jacks. each. SPEAKER GRILLES, 7fn. x 3}in. Chro- mium -plated. cheap to clear, 1/6 each. 
SOLDLR. llb. reels. fine all -tin instrument 
solder, 3,'6 lb. 
WIRE. Silk -covered. 2 oz. reels. 40-26 
gauge, 1/3 reel. 
CRYSTAL DETECTOR, New type on 
ebonite base, 2/6 each. 
CRYSTAL and Catswhisker in metal box. 
60. each. 
METER Resistances. wire wound, 50. 
500, 1,000 and 10.000 ohms. 12- each. Postage must be included. No C.O.D. 
FRED'S RADIO CABIN FOR BAR- 
GAINS, 75, Newington Butts. S.E.11. 

'Rodney 2180. 

BRITISH and American Valves. many 
types in,stock. Mains Dropping Resistances 
Ion all sets, Speakers, 'Condensers, Volume 
Controls etc. Everything for the service- 
man and' experimenter. Stamped envelope 
with all enquiries, please. -O. Greenlick 

'34, Bancroft Road, Cambridge Heath Road 
E.1. Stepney Green 1334. 

Z UITIORf 

LEARN MORSE CODE the Candler was, 
See advertisement on this page. 

RADIOLOC Ye`IOV "-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. 

PRACTICAL Postal Radio Courses 
coaching for I.P.R.E. exams. and post-war 
appointments ; booklet, stamp. -Serre 
tary, I.P.R.E., Bush blouse Walton Avenue 
Henley-on-Thames 

WANTED 

VARLEY B.P. 113 Coils.-Boud, 28, Mel 
bourne Road, Hanworth, Middlesex. 

AVOMINOR D.C. or Universal require,. 
State price.-BM/RAWF, London, W.C.1. 

R.I. TRANSFORMER, E,Y.3;. Wearit, 
choke H.T. 12 or Lissen L.N.5301.-Savor 
Café. Manchester Road. Congleton. 

MOUSE CODE 
TRAINING ! 

The Candler System of Morse Code 
Training is carried out in your own 
home. It is definitely the quickest, 
easiest way of becoming a skilled 
wireless telegraphy operator. 
Numerous Candler trained operators 
are serving in the Army, Navy and 
Royal Air Force. 

Write now for a copy of the 
TREE " BOOK OF FACTS " 

gives full details of the courses for 
Beginners and Operators. 

CANDLER SYSTEM CO. 
(b.L.O.), 121 Kingsway, London, W.C.2 
Candler System Co.. Diner, Colorado, U.S.d. 



i 

Practical Wireless 
BLUEPRINT SERVICE 

PRACTICAL WIRELESS 

CRYSTAL SETS 
Blueprints, ed. each. 
1937 C2ystal Receiver 
The " nior " Crystal Set 

STRAIGHT SETS. Battery Operated. 
One -valve : Blueprints, ls. each. 
All -Wave Unipen (Pentode) .. 
Beginnen' One-valver 
The " Pyramid " One-valver (HF 

Two -valve : Blueprint. le. 
The Signet Two (D & I F) 
Three -valve : Blueprints, Is. each 
Seleetone Battery Three (D, 2LF 

(Trans)) .. 
summit Three (HF Pen, D. Pen) 
All Pentode Three (HF Pen, D 

(Pen), Pen) 
Hall Mark Cadet (D, LF, Pen (BC)) 
F. J. Carnm'e Silver Souvenir (HF 

Pen, D (Pen), Pen) (All -Wave 
Three) 

Cameo Midget Three (D, 2 LP 
(Trans)) 

1936 Sonotone. Three -Four (BF 
Pen, HF Pen, lVestector, Pen) 

Battery All -Wave Three (D, 2 LF 
(RC» 

The Monitor (HF Pen, D, Pen) 
The Tutdr Three (HP Pen, D, Pen) 
The Centaur Three (SG, D, P) 
F. J. Cumin's Record All -Wave 

Three (HF Pen, D, l'en) 
The " Colt " All -Wave Three (D, 

2 LF (RC & Trans)) 
The " Rapide " Straight 3 (1), 

2 Lb' (RC & Trans)) 
F'. J. Camm's Oracle All -Wave 

Three (HF,.Aet, Pen) .. 
1938 " Trihand " All -Wave Three 

(HF Pen, D, Pen) - .. -. 

The "Hurricane" All -Wave Three 
(SG, D (Pen), Pen) 

P. J. Oannu's ' Push -Button " 
Three (HF Pen, D (l'en), Tet) 

Four -valve : Blueprints, ls. each 
Beta Universal Four (SG, D, LF, 

CI.B) 
Nucleon Close B *Four (SG, D 

(SG), LF, Cl. B) 
Fury Four Soper (SG, (3G. D, Pen) 
Battery Hall -Mark 4 (HF Pen, 

D, Push -Poll) .. 
" Acme " All-Wave-44HFPen, D 

(Pen), LF, Cl. B) 
The " Admiral " Four (HF Pen, 

HP Pen, D, Pen (RC)) .. 
Manta Operated 

Two -valve : Blueprints, Is. each. 
A.C. Twin (1) (Pen), l'en) .. 
A.C.-D.C. Two (50, Pow) 
Seleetone A.C. Radiogram Two 

(D, Pow) 
Three -valve : Blueprints, Is. each. 
Double-Dlodc'Trlode Three (112 

Pen, DDT, Pen) .. ... 
D.C. Ace (SG, D, Pen) ... 
A.O. Three (SG, is, Pen) .. 
A.C. Leader (HF Pen, D, Pow) .. 
D.C. Premier (HF Pen, D, Pen).. 
Unique (Hl` Pen, .D (Pen), Pert). 
Armada Mains Three (HR Pen, D 

F. J. Camm's A.C. ill -Wave silver 
Souvenir Three (HP l'en, D, Peu) 

" All -Wave, ' A.C. Three (D, 2 
LF (RC)) 

A.C. 1936 Sonotone (HF Pen, HP 
Pen, Weetector, Pen) . 

Maim Record All -Wave 3 (IF 
Pen, D, l'en) 

Pour -valve : Blueprints, Is. each. 
A.C. Fury Four (SO, SG, D, l'en) 
A.C. Fury Four Super (SG, SG, 

D, Pen) . . 

A.C. Hall -Mark (HF Pen, D, 
Push -Pull) - 

Oniversal'Hall-Mark (HF Pen, D, y. 
Push -Pull) .. .. .. - 

SUPERHETS. 
Battery Beta : Blueprints, Is. each. 
F5 Superhet (Three -valve) .. 
F. J. Carm'9 2 -valve Saperhet .. 
Mains Sete : Pluepriats, Is. each. 
A.C. £5 Saperhet (Three -valve) .. 
D.C. £5 Saperhet (Three -valve) .. 

PW31A 
PW85' 

PW93 

PW76' 

PW10 
PW37 

PW39 
PW48 

PW49 

PW51 

PW53 

PW55 
PW61 
PW62 
PW64 

PW69 

PW72 

PW82 

PW78 

PW84 

PW89 

PW92v 

PW17 

PW34B 
PW340 

PW48 

PW83 

PW90 

PW18 
PW31 

PW19 

PW23 
PW25 
PW'29 

PW35C 
PW35B 
PW3GA 

PW38 

PW5Q 

PW54 

PWSG 

PW70 

11220, 

PW34D 

PW45 

PW47 

PW40 
PW52 

PW4.", 
PW42 

No of F. J. Camm's A.C. Saperhet 4 . - PW59 
Blueprint. F. J. Camm's Universal £4 Super - 

het 4 .. .. .. - PW60 
" Qualitone" Universal Four .. - PW73' 

.- - PW71 Four -valve : Doable-aided.Blueprint, Is. ed. 
Push Button 4, Battery Model .. l} - PW94' Push Button 4, A.C. Mains Model J - PW95 

SHORT-WAVE SETS. Battery Operated. 
One -valve : Blueprint, le. 
Simple S.W. One-valver .. , 
Two -valve : Blueprints, le. each. 

.Midget Short-wave Two (D, Pen) 
The 'Fleet" Short-wave Two 

(1) (11F Pen), Pen) 
Three -valve : Blueprints, Is. erne. 
Experimenter's Short-wave Three 

(SO, D, Pow) 
The Prefect 3 (D, 2 LF (RC and 

Trans)) 
The Band -Spreads S.W. Three 

(HF Pen, D (Pen), Pegn) 
PORTABLES 

Three -valve : Blueprints, la. each. 
F. J. Ca,nm's ELF Three -valve 

Portable (HP Pen, D, Pen) 
Parvo Flyweight Midget Portable 

(SG, D, Pen) . - ,- 
Four -valve : Blueprint, le. 

Imp " Portable 4 (D, LF LF 
(Pen)) .. .. .. 

MISCELLANEOUS 
Blueprint, ls. 
S. W, Converter -Adapter a valve) 

TWOS. 

PW38A 

PW91' 

PW30A. 

PW63' 

PW68' 

PW65 

PW77. 

PWBG 

PW48A 

AMATEUR WIRELESS AND WIRELESS 
MAGAZINE 

CRYSTAL SETS. 
Blueprints, ed. each. 
Four -station Crystal Set .. 
1934 ('eyetal Set . 

150 -mile Crystal Set ... 

AW427 
AW444 
AW450' 

STRAIGHT SETS. Battery Operated. 
One -valve : Blueprint, ls. 
B.B.C. Special One-valver. - - 
Two -valve : Blueprints, Is. each. . 

Melody Ranger Two (D, Trans).. - AW388 
Null-volmne Two (SG dei. Pen).. - AW392 
A Modern Twc-valver - W16409.Three-valve 

: Blueprints, la: each. 
£3 50. S.G. 3 -(SO, D, Trans) - AW412 
Lucerne Ranger (SG, D, Trane).. - AW422 
7.5 's. Three De Luse Version 

(SG, D, Trans) .. - AW435 
Transportable Three (SG, D, Pen) - W31271 
Simple -Tune Three (SG, D, Pen) - WM327 
Economy Pentode Three (SG, D, 

l'en) - 
" W.M." (1934 Standard Three 

(SO, D, Pen)) .. - 
£3 3e. Three (SO, D, Trans) - 
1935 £6 Ge. Battery Three (8G, 

PTP Three (Pen, D, Pen) .. 
Certainty Three (SG, D, Pen) -. 
Minitube Three.(SO, D, Trans) .- 
All -wave Winning Three (SG, D, 
Pen) 

Four -valve : Blueprints, le. 6d. each. 
65e. Four (SG, D, RO. Trans) - 
Self-contained Four (SG, D, LF, 

CI: B) 
Lucerne Straight Fonr (SG,. N, 

LF, Trane) 
£5 5e. Battery Fou (HF, D, SLP) 
The H.K. Four (SG, SG, D, Pen) 
The Auto Straight Four (HF, l'en. 

HF, Pen, DDT, Pen) - 
Five -valve : Blueprints, ls. ed. each 
Super -quality Five (2 HF, D,'RO, 

Trans) 
Class B Qnadradyne(2 SO, D, LF 

Class B) 
New Class B Five (2 SO, D, LF 

Class B) .. .. -. .. 
Mains Operated. 

Two -valve : Blueprints, Is. each. 
Coneoelectric Two (D,- Pen) A.O. 
Economy A.C. Two (D, Trans) AG, 
Three -valve : Blueprints, la. each. 
Honte Levers New All -Electric 

Three (SG, D, Trans) A.C. 
Mantovani A.C. Three (H.P. Pen, 

D, l'en) .. 
£15 110. 1936 A.I. Radiogram 

411F, 1), Pen) 
Four -valve : Blueprints, le. ed. each. 
All Metal Four H SG, D, Pen) 
Harris' Jubilee Radiogram (HF, 

Pen D, LIT, P) .. .. .. 

AW387 

WM397 

1VM351! 
WM354 

WM371 
WM389 
WM393 
WM396( 

WM400 

AW370 ' MISCELLANEOUS 
S.W. One -valve Converter (Price 

WM331 a 6d.) . 
Enthusiast's Power Amplifier (1/6) 

WM350. Liateueie 5watt A.C. Amplifier 
Widget' (46) 

'WM384 ' Radio Unit (2v.) for-WM392 (1/-). 
Harris Elect..ogram battery am- 

WM404* 'liner (1/-) 
De Luse Concert A.C.. Electro- 

gram (1(-)' 
W31320 New Style Short-wave Adapter 

(1/') .. 
WM344 Shortwave Adapter (1/-) 

B.L.D.L.C. Short-wave Converter 
WM340 ' (1/-) r 

Wilson Tone Master (1/-) 
The W.M.-A.C. Short-wave Con- 

verter (1/-) 
AW40S 
W M."286 

AW383 

WM374 

WM401 

WM329 

WM386 

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 Magazine. 

Send (preferably) a postal order to 
cover the cost of the Blueprint 
(stamp$ over 6d. unacceptable) to 
PRACTICAL WIRELESS Blueprint 
Dept., George Newnes, Ltd., Tower 
House, Southampton Street, Strand, 
W.C.2. 

SUPERHETS 
Battery Sets : Blueprints, le, ed. each 
'Varsity Four - WM393' 
The Request All -Waver ,. .. - WM407 

Mains Sete : Bluepriate, ls. each. 
Heptode Super Three A.C. .. - WM359 

PORTABLES 
Four -valve : Blueprints, ls. Pd. each. 
Holiday Portable (SG, D, LF, 

Class B) - AW893 
Faintly Portable (HF, D, RO, 

'trans) - AW447 
Tyere Portable (SG, D, 2 Trans) - WM367 

SHORT-WAVE SETS: Battery Operated 
One -valve : Blueprints, ls. each. 
S.W. One-valver for America ,. - AW419 
Roma Short -Waver .. - äW452 
Two -valve : Blueprints, la. each. 
Ultra -short Battery Two (SG, del 

Pen) .. - WM402 
Hone -made Coil Two (D, Pen) .. - AW'440 

Three -valve : Blueprints, le. each. 
Rxperimenter's i -metre Set (D, . 

Trane, Super -regen) - AW438 
The Carrier Short -waver (SG,~ 

WII1390 

Four -valve : Blueprints, ls. ed. each. 
A. W. Short-wave World-beater 

(11F, Pen, D, RO, Trans) - AW'436 
Standard Fonr-valver Short -waver 

(S(:, D, LF, l') .. .. .. - W21383 
Saperhet Blueprint, la. ed. . 

SFmpliScd Short-wave Super - WM397 

Mains Operated 
Two -valve : Blueprints, le. each. 
Two -valve Maine Short -waver (D, 

Fen) AD. - AW453t - 

Three -valve r Blueprints, Is. 
Emigrator (SG, D, l'en) A.O. .. - WM352 

Four -valve : Blueprints, is. ed. 
Standard Four -valve A.O. Short - 

waver (SG, D, RC, Trans) .. - WM391 

A W329 
WM387 

WM:392' 
W M398! 

WM399. 

WM403 - 

WM388 
AW456 

WM405 
WM406 

m408' 

FREE B EAU COUPON 
This coupon is available until April, 
10th, 1943, and must accompany 
all Queries and Hints. - M 

I PRACTICAL WIRELESS, APRIL, 1943. 'I 

All applications respecting Advertising in this Publication should be addressed to the ADVERTISEMENT DIRECTOR. GEORGE NEWNES, LTD.. Tower House, Southampton Street, Strand. London. W.C.2. Telephone : Temple Bar 4363. 



HAYE YOU HAD YOUR COPY Of 
" ENGINEERING OPPORTUNITIES " 

Whatever your age or experience-whether you 
are one of the " old school," or a new -comer 
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.C.E., 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., CIVIL SERVICE and 
other important Engineering Examinations ; 

outlines courses in all branches ,of CIVIL, 
MECHANICAL, ELECTRICAL, 
AUTOMOBILE, RADIO, TELE- 
VISION, AERONAUTICAL and 
PRODUCTION ENGINEERING, 
GOVERNMENT EMPLOYMENT, 
BUILDING (the great after -war. 
career), " R.A.F. MATHS.", MATRI- 
CULATION, etc., and explains the unique 
advantages of our Employment Department. 

WE DEFINITELY GUARANTEE 

SOUND 
ADVICE 

WORK FOR 

THE WAR - 

PREPARE 
FOR THE 
PEACE 

"NO PASS-NO FEE" 
if you are earning less than £10 a 

week, you cannot afford to miss reading 
" ENGINEERING OPPORTUNITIES " ; it telly 
you everything you want to know to secure your 
future and describes many chances you are now miss- 
ing. in your own interests we advise you to write 
or forward the coupon) for your copy of this en- 
lightening guide to well -paid posts NOW-FREE. I 

BRITISH INSTITUTE OF 
ENGINEERING TECHNOLOGY 

i Principal : Professor A. M. LOW 
409a, SHAKESPEARE HOUSE 

17, 18 & 19, STRATFORD PLACE, LONDON, 1W.1 

; -FREE COUPON 
I 
I 
1 

1 

I 

b1 

British Institute of 
Engineering Technology, 

409a, Shakespeare House, 
17-19. Stratford Place, W.1 

Pleaoe lorward your FREE Handbook, " EN- GINEERING OPPORTUNITIES." 

NAME 

ADDRESS 

THE B:I.E.T. IS THE LEADING INSTITUTE OF ITS KIND - IN THE WORLD 
Publisheu on the 7th of each month by GEORGE NEWNES, LIMITED. Tower House, Southampton Street, Strand. London. W.C.2, and printed in England by THE NEWNES`& PEARSON PRINTING CO., LTD., Exmoor Street, London. W.10. Sole Agents Mr Australia and New Zealand : GORDON & GOTCH, LTD. South Africa : CENTRAL NEWS AGENCY, LTD. Subscription rates including postage ; Inland 10s. 6d. per annum ; Abroad 10s. per annum. Registered at the General Peat Office for the Canadian Magazine Post. 


