


Genuine Screen Grid Radio 
only 
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or complete with 
Amplion Cone 
Speaker £12/10/-
Here is a truly modern all-electric 
radio--at the lowest possible coat; 
a set whose performance i amaz-
ing, quite irrespective of price.  It 
is compact, convenient, sturdy, and 
simple to operate —and fully guar-
anteed by Swains. 

Direct Coupled Amplification gives 
uniform  amplification  throughput 
the whole musical range.  It is the 
method employed in many expensive 
power amplifiers. 

Screen Grid Detection.  The Screen 
grid valve is the most sensitive de-
tecting  unit  known.  Used  in 
the Juniorette, it also gives a quite 
unusual degree of selectivity. 

Penthode Amplifier.  Penthode am-
plification ensures a natural quality 
and  brilliance of tone previously 
unknown —particularly in the upper 
register, and greater volume than 
most 4-valve sets. 

jS W AI NS 

ill nil e t e t t e 
Screen Grid Pent hode 

R A DI O 
See it—hear it; you, like all who have tested this wonder 
set, will be amazed at its beauty and volume of tone.  If you 
cannot call, illustrated literature will be sent on request. 

The Juniorette is obtainable only from 

Swains Radio 
119 Pitt Street (near G.P.O.) Sydney 
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Short - wave station 
with the PILOT 

LONDON 
HONOLULU 
PARIS 
BERLIN 
NE W ZEALAND 

AND OTHERS 

you select 
SUPER WASP! 

  0 FO  10 8/0 

- —__---_  

- 
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and not re-broadcast, 

THOUSANDS of broadcast enthusiasts 
A  of Harringtons short-wave wonder! 
from international short-wave reception 
other set offering at the price! 

BATTERY-OPERATED MODEL 

Complete, assembled in cabinet with 
all accessories, includ-  £q5/_/_. 
ing Loud Speaker ..  ' 

Full particulars 

• 

Sydney . . . . 386 George Street 
Wholesale . . 213 Clarence Street 
Brisbane . . 212-214 Queen Street 
Perth   28 King Street 
Katoomba . . . Katoomba Street 
Auckland (NZ.) . 140 Queen Street 

either! 

endorse the world-spanning ability 
You, too, will get more thrills 

with the Super- Wasp than from any 

A.C.-OPERATED MODEL 
Complete, assembled in Cabinet, in-
eluding Loud Speaker — 

£39/10/— 

from 

Ltd. 

Radio, Photo & 
Cine Merchants . 

Melbourne  . . . 266 Collins  Street 

Adelaide . . . . 10 Rundle Street 
Hobart . . . 33 Elizabeth Street 

Newcastle . . . 82 Hunter Street 
Wellington (N.Z.) . 40-42 Willis St. 

/ . 
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SHORT WAVE or BROADCAST 

46 

THERE IS A 

99 

COIL FOR EVERY SET 
AND EVERY CIRCUIT 

ELIMINATE INTERFERENCE 
with the 

"LE WCOS" Wave Trap 
The "LE WCOS" WAVE TRAP is the most efficient 
instrument  yet  designed  to  overcome  the  ever-
present problems of interference in broadcast re-
ception.  It is easily fitted, being simply placed 
in the circuit between  the aerial and the aerial 
terminal  on  the  receiver.  Its  operation  is ex-
tremely simple, a small adjustment to the variable 
condenser being all that is required to effect the 
elimination of the unwanted station.  It is rug-
gedly  made,  and  its  efficiency  has  been  proved 
by  many  who  have  expressed  by  letter  their 
entire satisfaction with its performance. 

Price: 22/6 

Ask your Dealer 

for "LE WCOS" 

Q. S. L. 
CARDS 

"Lewcos" Short Wave 
Coils 

15/- each 

Base, 3/6 extra. 

The Lewcos 

1931 
CATALOGUE 
Will be Forwarded 
on Application 

THE LIVERPOOL ELECTRIC CABLE CO., LTD. 
In conjunction with their associated Company 

THE LONDON ELECTRIC WIRE CO. & 
  SMITHS LTD.    

LE WCOS HO USE 
233 CLARENCE STREET, SYDNEY 

Box 1296J, G.P.O., Sydney  'Phones: MA1966, M3821 

1930-31 
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To prolong the 
life  of  your 
"B"  batteries 
. . . to improve 
tone and vol-
ume . . . instal 
the  famous 
Ever - Ready 
No.  126  "C" 
or Bias Bat-
tery. Price 2/9 

Radial/RI 

The popular Ever-Ready 
Super-Service  "B"  Bat-
tery, price 24/6.  The 
Ever-Ready Heavy Duty 
Battery  is  a  similar 
type,  slightly  modified, 
price 20/-. 

POWERFUL cells of extra large capacity . . . 
specially selected materials, largely of Australian 

origin. .. efficient workmanship . . . there you have 
the reasons behind Ever-Ready Battery value. 
In addition, Ever-ready Batteries give that quiet, 
steady reception which is particularly essential in 
short-wave sets.  Experimental work has a new 
meaning .. . gives new results . . . with Ever-Ready 
Batteries.  Ask the man who uses them. 

SEE THE FULL RANGE OF EVER-
READY BATTERIES AT ANY GOOD 

RADIO DEALERS. 

THE EVER-READY CO. (GT. BRITAIN) 

LTD.   163 PITT ST., SYDNEY 

2-colour Booklet Free on request  

EVER-READY 
RADIO BATTERIES 

1930-31 

MADE IN AUSTRALIA 
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Radio jiRI   
INTRODUCTION 
Introductions are usually uninteresting 
sort of things, so we are assuming that 
you have left this page among the last 
to be perused, and have now at least a 
fairly good idea of the matter contained 
in this book. 

Acting on this presumption we think you 
will believe us when we say that "Radio 
Sir" is the product of six months' solid 
work.  Further, we think you will agree 
that, as a whole, whether the reader be 
the veriest novice, the home constructor 
or the most advanced amateur, these 
pages will have materially benefited him 
—and perhaps in some cases —her. 

The receivers and amplifiers described in 
the first section, were designed and con-
structed in Philips Australian Laborator-
ies and completed early in December. 

The time that elapsed between then and 
now has been occupied by intensive test-
ing and the alteration of details which 
testing showed to be desirable. 
You paid 6d. for this copy of "Radio 
Sir"; if it had been possible to let you 
have it free we would have done so but, 
as it is, we think you will agree you have 
received a bargain for a price consider-
ably less than the cost to produce. 
In conclusion, if you have any queries 
arising out of the matter contained in 
the sheets that follow, please do not 
hesitate to write to your nearest Philips 
Office, who will help you to the best of 
their ability. 

1930-31 
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LEVENSON'S 
RADIO 

Radio jiR1   

MAIL  ORDER 

SERVICE 
SPANS THE 
COMMON-

WEALTH 

AND 
SURROUND-

ING  ISLANDS. 

YOUR 
NEAREST 

POST BOX IS 
OUR 

NEAREST 
BRANCH. 

Build your own 3 valve all 
electric  set  for  £10  and 
save £15.  Kit comprises 
parts for set and pack with 
all  valves.  Anyone  can 
build  it.  Booklet  with 
charts 1/-.  Free with kit. 

Build  your  own  safe  and 
simple "B" Battery Elimin-
ator  for  52/6, parta and 
valves,  for  sets  up  to  4 
valves ; for  sets  up  to  6 
valve,  £41516, kit includes 
280 tube.  Charts 6d.  Free 
with part.,. 

Send  1/6  for  Levensons 
Handbook  Catalogue,  200 
pages of interest and illus-
trations,  concession  coupon 
enclosed value 4/-. 

NO W 
READY 

LEVENSONS 
1931 A.C. 

PORTFOLIO 
OF 

MODERN 
ALL 

ELECTRIC 
SETS 

2/6 
Post Free 

The name LEVENSON is so closely 
thinks of Radio 

Build Levensons whole world 
screen  grid  3 valve  set 
and  hear  Interstate,  local, 
and  short  wave  stations. 
£8/10/- for kit with valves 
and knock down aluminium 
cabinet.  Ready to assemble. 
Booklet  with  charts  1/-. 
Free with kit. 

Hear  the  world's  Broad-
casting  Stations  on  your 
present battery set. 

Build Levensons Short Wave 
Adaptor for 55/-, charts 6d. 
Free  with  parts.  Just 
plugs into the detector valve 
of your present set.  Re ady 
assembled    95 /-

allied to radio that one never speaks or even 
without coupling the two. 

Levensons 
" LIKE A FLASH" 

RADIO 
Head Office and Mail-order Dept.: 226 PITT ST., SYDNEY 

Overflow Store: 246 PITT STREET, SYDNEY 

J930-3i 
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ALTHOUGH the portable radio receiver has 
long been in vogue, the permanent installa-

tion of radio in the automobile as an integral 
part is comparatively novel. 
With such an installation you may listen at 

ease whilst either stationary or en route, and 
provided care is taken in the selection of parts 
and in the construction of the receiver it will be 
almost as satisfactory as a home radio. 
On long night drives and whilst waiting on 

punts and in queues, the Dashboard Radio is an 
entertaining and invaluable companion—its use 
for picnics, etc., needs no expansion. 

THE VALVES: 
IN the receiver around which this article 
± is written, A.C. tubes were used due 
to the robustness of their filaments and 
the fact that the voltage fluctuations of 
the current drawn from a car's battery 
would not seriously affect their life. An 
additional advantage of the A.C. tubes 
used is the suppressing of microphonic 
noises. 

Four valves in all are 
utilised.  The two R.F. 
stages employ the E442, 
whilst in the detector 
stage an E442S is used. 
These valves have an 
enormous  R.F.  ampli-
fication factor, enabling 
the amateur constructor 
to build a compact and 

Showing the "battery-box" which  Is 
made to contain three Ever-Ready bat-
teries and is bolted under the floorboard. 

UTO 
ADIO 

1930-31 

efficient  receiver  capable  of 
operating with limited aerial 
pick-up and with a low first 
cost and upkeep.  This latter 

is, of course, important, as dry batteries 
must be used for plate supply. 
Single lift audio amplification with 

the C443 penthode ensures excellence of 
reproduction.  The C443 is designed to 
operate at 300 volts and has been incor-
porated in lieu of a B443 (150 volts) on 
account of the former's resistance to 
shocks and jolts. 

The detector valve is 
coupled to the penthode 
by means of a Philips 
Resistance  Capacity 
Coupling Unit.  A 400 
oh m  potentiometer 
serves to vary the bias 
of the first R.F. valve 
and  thus  acts  as  a 
volume control.  Selec-
tivity not being particu-
larly  important  owing 
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AUTO-RAD1O-CONTINUED 

to the small aerial, the aerial is coupled 
directly to the grid of the first valve 
through a small fixed condenser.  The 
conventional tuned plate R.F. circuit 

STE ER I NG 
COLUMN 

VOLUME 
WITCH 

furoo o 
Alternative methods of mounting the controls on 

steering column or dashboard. 

was utilised, with careful shielding. The 
addition of de-coupling resistors min-
imise R.F. feed-back. Grid detection 
was found to be most effective. 

THE "B" BATTERY: 
The accommodation for the three 45-

volt Heavy Duty Ever-Readies was pro-
vided by the special sheet iron container 
illustrated, which bolted beneath the 
floorboards.  In some cases it may be 
thought desirable by the, constructor to 
place his "B" batteries beneath the front 
seat.  In this case care should be, taken 
that the batteries cannot move about and 
short-circuit or set up disturbing rattles. 

MOUNTING: 

The receiver in question was mounted 
in a Hudson Six Sedan, underneath the 
dash on the driving side and, owing to 
the two inch shafts on all controls, put 
the dials at the finger tips.  It is not 

1930-31 

always as easy as this however, and the 
set must sometimes be placed in an out-
of-the-way position. Whenever this is so 
it necessitates the tuning condenser con-
trol, the volume control and the on-off 
switch being extended and mounted on 
the actual dash or attached to a plate 
screwed to it. An alternative method of 
mounting these controls is shown in (b) 
fig. 2, which has the advantage that it 
does not necessitate the dash being drilled. 

A study of the radio journals reveals 
the fact that many of them recommend 

DASH 

ROD 

KNOB 

ROD 

A remote drive with 
clock - spring  coup-

lings. 

ROD 

mounting the receiver under the bonnet 
of the car and over the engine.  This 
makes the elimination of ignition inter-
ference a heart-breaking job, and for 
this reason we do not recommend its 
consideration. 

"A  drawing  room  on 
wheels."  In this case 
the controls are on the 
set itself and the speaker, 
a "Baby Grand," hangs 
from the door-post.  The 
speaker may be alterna-
tively mounted inside the 

roof. 
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AUTO-RAD I 0-CONTINUED 

In cases when the receiver is not 
mounted right in front of ,the driver, long 
leads (which cause no trouble) are taken 
to the volume control and the switch 
which are mounted on the dash or the 
special plate.  The condenser control 
gives a little more trouble, it being 
necessary to construct, a special flexible 
drive of the type shown in fig. 3. The 
constructor will usually be wise in avoid-
ing any speedometer type drives, as a 
considerable amount of back lash is 
usually. inevitable. 

IGNITION INTERFERENCE: 

In most cars, particularly where a 
common battery is used for filament and 
ignition supply, the ignition noises cause 

One method of mounting the aerial with straps 
and blocks. 

a considerable amount of trouble and un-
less eliminated make listening whilst the 
engine is running, impossible. 
In the vast majority of cars all inter-

ference (or all that need be worried 
about) may be, eliminated by placing 
20,000 ohm wire-wound resistors in the 
spark plug leads, as shown below. 
Carbon resistors are as a rule quite 

useless, although we believe a type es-
pecially designed for this purpose has 
been marketed in America.  If these 
are available by the time this book is 
printed they will presumably be qu:te 
satisfactory; if they are not available 
we would once again stress that only 
wire-wound jobs should be employed. 
If the generator is causing interfer-

ence, this will usually be eliminated by 

Suppressors to eliminate ignition noise.  These 
wire-wound resistors of approximately 20,000 

placing a 2 m.f. condenser across its 
output. 

AERIAL: 

As with most points associated with 
the dashboard radio it is impossible to 

A  suggestion 
for  a frame 
aerial  adjust-
able from in-

side. 

lay down any definite rules for the aerial 
system, as these vary according to the 
car, etc.  An indoor aerial was tried 
with the Hudson, but owing to the steel 
body-work, results were practically nil. 
When this was transferred to the out-
side roof, signals came in at uncomfort-
able strength. 

Owing to the fact that one side of the 
accumulator of a car is always connected 
to "earth" (the chassis) no ground lead 
need be taken. In some automobiles the 
negative of the accumulator is earthed, 
and in others the positive.  Owing to 
the provision of blocking condensers 
this point need not trouble the construc-
tor.  The "A" battery connection can 
usually be taken from underneath the 
dash from one side of the ammeter and 
chassis, and the circuit has been designed 
so that no harm can come if the set 
cabinet is in contact with the car 
frame. 

consist of 
ohms. 
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AUTO-RADI 0 —CONTINUED 

THE SPEAKER: 

It is recommended that a Philips 2020 
"Baby Grand" be used and it will be 
found that the hanging device at the 
rear makes mounting to the door-post a 
moment's work.  In the case of an open 
car, a position could no doubt be found 
eithor under the dash or alternatively 

1930-31 

GENERAL: 

The set cabinet is fashioned from 
sheet aluminium and sin. angle of the 
same material and by virtue of its com-
pactness, will be found to combine the 
necessary stability with lightness.  The 
gang condenser is shielded both between 
sections and in its entirety, and the, coils 

and valves are provided with 
individual shields. 
A sub-panel of aluminium is 

supported  on  the  sub-panel 
brackets, and in turn supports 
the assembly and wiring. Point 
to point wiring may be adopted 
either with the convenient in-
sulated hook up wire or spag-
hetti covered bus wire.  That 
locknuts or spring washers be 
fitted to all mounting bolts, etc. 
is an  absolute  necessity,  as 
otherwise  the  vibration  will 
speedily loosen everything. 
External wiring can be con-

cealed under the car mats and 
in the upholstery and where 
exposed to possible damage or 
water,  covered  with  flexible 
metal tubing. 

PARTS REQUIRED: 

2 Philips E442 valves. 
1 Philips E442S valve. 

Overhead view of the auto set. All wiring, resistors.  1 Philips C443 valve. 
and condensers are mounted underneath the base.  1 Philips 4001 unit. 

under the hood.  Owing to the natural  1 Three gang .00035 mid, condenser. 
damping of a sedan, the tone switch on  7 .5 mid. fixed condensers. 
the "Baby Grand" speaker should be  2 2miti. fixed condensers. 
placed so that the high frequencies are  1 .006 mid. fixed condenser. 
accentuated.  Reproduction will then be  1 .00005 mid. fixed condenser. 
found to be very fine indeed.  2 .00025 mid. fixed condensers. 

•00035 GANGED  (Continued on page 24) 

/ EA4Z 

.00005 14 / 
• 

z  

• IMEG 

PASSED BY We; 

E442 

0- 2MEO 
7 

imf 

,4442t 
.09'01mi .. F CHOKE  000m al .000Z 

C443 

 o 
SOO OHMS 
FIXED 

400 OHMS 
VAR.. 

t 

10 

y OHM 

The theoretical circuit diagram from which the best positions  for mounting the numerous 
condensers and resistors can be gauged. 

.5 OHM 

fixed 
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-A SHORT WAVE RECEIVER CAPABLE 
OF TUNING IN THE WORLD'S 
MOST SCATTERED STATIONS 

TO the ordinary listener there is probably no thrill in radio 
to equal that given by the reception of broadcast speech 

and music from a station in a far distant country.  This is an 
experience which the short-wave listener, who is equipped with 
a good set, is constantly enjoying. 

THE  average  broadcast  listener  is 
usually somewhat bewildered when 

he first operates a short-wave receiver, 
due to the fact that he is totally unac-
customed  to  wondering  whether  the 
music which is being received with such 
clarity is perhaps from Germany or 
America.  The short-waves can truth-
fully be said to absolutely annihilate 
distance as we know it. 
The construction of a modern short-

wave set, thanks to the screen grid 
valve, is simple and, although conditions 

1930-31 

il 

for the reception of various countries 
vary considerably in respect to the time 
of the year and even the time of the 
day, nevertheless there is nearly always 
something of interest to be picked up. 
The PCJ-5 is a practical set of ex-

tremely high efficiency, which has been 
designed so that the amount of wiring 
has been reduced to a minimum, and 
providing the original layout is approx-
imately adhered to, good results are 
bound to ensue. 
An inspection of the theoretical dia-

Overhead view of the PCJ-Five showing the disposition of components. 

11 
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THE PC) -F I VE— CONTINUED 

gram shows that the circuit consists of 
two tuned R.F. stages employing the 
A442 screen grid tubes, a regenerative 
detector with potentiometer control of 
grid potential, transformer coupled to 
two stages of audio. 
The layout and wiring with the aid 

of the theoretical sketch and the very 
clear photographs, should present no 
difficulty whatever. 
It should be noted that the poten-

tiometer must be completely insulated 
from the panel. 
The tops of the three valve holders, 

CHECKED 

PASSED 

‘. 1 

1930-31 : 

stop oscillating altogether and another 
search will have to be made for the 
station. 
For those who find the three stages 

too difficult to tune, the aerial coil can 
be replaced by a 3,000 ohm wire wound 
resistance, making this stage aperiodic. 
Probably the easiest method of accom-
plishing this is to mount the resistance 
on top of a valve base, the two filament 
pins being connected together, and the 
grid and plate pins connected, the re-
sistance being then connected between 
the grid and filament pins. 

The theoretical circuit diagram. 

which carry the coils, should each be 
painted a distinguishing colour; the top 
of the aerial coil socket—yellow, the 
first R.F.—red, and detector—black.  If 
the tops of all the coils are now painted 
in similar colours, changing of coils be-
comes very easy, and it is impossible to 
plug the wrong coil in any socket by 
mistake.  Coil data is given at the end 
of this article. 
The tuning of this receiver may be 

found somewhat difficult, the most im-
portant point being to keep the reaction 
control well back. 
When a station has been located and 

the screen grid stages brought into re-
sonance, it will possibly be necessary to 
again reduce reaction.  If the reaction 
is not kept well back at the commence-
ment of tuning, it will probably be 
found that, when bringing the screen 
grid stages into resonance, the receiver 
will break violently into oscillation until 
the peak tuning is reached, when it will 

Cl 

MAX 
HT 

Before this unit is plugged into the 
valve holder in the set, the earth connec-
tion must be removed from the aerial 
coil altogether, so that the aerial is 
only earthed through  the  condenser 
"C2."  This new arrangement is shown 
theoretically in Figure 2. 
The potentiometer control on the bot-

tom of the grid leak will be found of 
great assistance in obtaining smooth re-
action and bringing the receiver to its 
most sensitive state. 
One of the main drawbacks to smooth 

reaction in short-wave sets (fringe howl) 
has been overcome 13ST means of the re-
sistor "R4" placed across the secondary 
of the first transformer. 
This receiver can be worked efficiently 

from a Philips "B and C" power unit or, 
alternatively, 135 to 160 volts of "B" 
battery. In either case a 4-volt accumu-
lator should be used.  If a Philips 
Trickle Charger is employed, this accu-
mulator can be of low capacity. 

12 
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T1-I E PC J -F I VE-CONTINUED 

In conclusion, this set, during the ex-
tensive tests which were carried out with 
it, gave results which were better than 
those given by any other home-built, 

1930-31 

short-wave set, with the exception of 
one of the Supersonic Hetrodyne type. 
With the aperiodic aerial the results 

were excellent and control very easy. 

Under-panel view of the receiver showing wiring. 

COIL PARTICULARS: 

Coil Set Wavelength 
Yellow 

1st coil turns 
Red 

2nd coil turns 
Black 

Det. coil turns 

Antennae Secondary Secondary Reaction Secondary 

1 14  to 25.75 5 31 3 4 3 

2 23.25 to 43.75 6 6 6 6 6 

3 41  to 83 10 16 14 7 13 

All coils wound with 26 D.S.C. 
imate and vary for every receiver. 

PARTS REQUIRED: 
Vi.  2 Philips A442, Cap G. 
V2.  2 Philips A415, Cap G. 
V3.  1 Philips B405, Cap G. 
Cl. 4 .00015 variable condensers   

(Igranic). 
4 Vernier dials. 

C2.  1 .006  fix e d condenser 
(Igranic). 

C3.  3 .5 fixed condensers. 
C4.  2 .25 fixed condensers. 
C5.  2 .0001 fixed condensers. 

8 UX valve sockets. 
1 Filament switch. . 
13 Terminals. 
1 Jack, S.C. 
1 Jack plug. 
2 Grid leak clips. 

R2.  2 6 meg. leaks. 

The turns given for SG coils are only approx-

R5.  2 5,000 ohm fixed resistors (wire wound) 
R4.  1 .1 meg. leak. 
R3.  1 400 ohm potentiometer. 
Rl.  1 30 ohm rheostat. 

1 piece Bakelite 23i x 2. 
2 Screening cans. 
2 Philips 4003 audio transformers. 
9 Valve bases (G or UX). 
l-lb. nr26 D.S.C. 
1-lb 16 gauge tinned copper. 
4 lengths spaghetti covering. 
1 Ten cord battery cable. 

5 doz. lin. x lin, metal screws and nuts. 
2 doz. lin. x lin, metal screws and nuts. 
1 Pair sub-panel brackets (2m, high). 

R.7 

R7. 3000 owns 

Showing  how 
aerial is earth-
ed through the 
condenser  C2. 

(Continued on page 16) 
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The 

"ECONOMY 
TWIN" 

W HILST most radio hobbyists 
" aspire to something more am-
bitious than a two-valve local re-
ceiver we feel that there will be a large number of 
readers wlio would appreciate a description of the 
Economy Twin —designed by Philips for home con-
struction.  As many interested readers will not be 
technically conversant with set-building, fullest de-
tails are given, whereas with the more complicated 
sets much is left to the constructor owing to space 
limitation. 

CHECKED 

PASSED 

FIG. I—  The circuit diagram. 

THE illustration of the finished set, 
which may be built into a new or 

existing cabinet if desired, shows that 
the main features are undoubtedly its 
compactness and simplicity.  Power is 
derived from a Philips 3009 "B and C" 
power unit and a 4009 filament trans-
former.  These are mounted at the rear 
whilst the radio components occupy the 
space immediately behind the panel. 
The parts required are as follows: -
1 Philips 3009 "B" and "C" power unit 
1 Philips 4009 filament transformer 
1 Philips 4003 audio transformer (B) 
1 Philips E424 valve 
1 Philips B443 valve 
1 Radiokes 3-coil tuner with swinging 

coil reaction (M.R.N.) 

1930-31 

A MODERN 
TWO-VALVE ALL-
ELECTRIC RECEIVER 

1 .0005 variable condenser (C) 
1 .001 fixed condenser (X) 
1 .00025 fixed condenser (G) 
1 2 megohm grid leak 
1 piece 16 gauge aluminium. 

12in. x 8in. 
1 piece 16 gauge aluminium 

13in. x 14in. 
1 Pilot UY valve socket 
1 Pilot UX valve socket 
4 Terminals 
2 Ebonite strips 
Nuts and bolts. 

CONSTRUCT TON: 
The large sheet of alumin-

ium should first be bent to a 

PIG. 2.  Under-panel view. 

14 
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THE "ECONOMY TWIN"—CONTINUED 

platform formation as shown in the fin-
ished photograph with a side flange of 
1 inch.  The components may then be 
mounted as shown in the overhead photo 
(fig. 4) and the layout plan (fig. 3). 
The layout plan shows how the wiring 
is next accomplished and it will be seen 
that the dotted lines represent "under-
base" wiring.  Several holes are neces-
sary in the base to bring the wiring out 
on top, and the ebonite strip for mount-
ing the speaker terminals must keep the 
terminals from making contact with the 
base which is used as the common earth 
connection.  The aerial terminal must 
also be insulated from the base but the 
earth terminal, of course, should' make 
good contact with it. 
The connection "C" on the five pin UY 

1930-31 

socket should be connected directly to a 
screw which holds this socket on to the 
aluminium panel.  If there is any doubt 
as to whether this screw makes good 
contact with the aluminium a short lead 
should be taken directly from "C" to 
the bottom of the terminal "E." 
Filament wiring, which should be of 

twisted flex, should be kept well away 
from the rest of the wiring.  Note that 
the connection from filament transfor-
mer to earth terminal should' be con-
tinued to one of the base screws to 
ensure contact. 
The selectivity of this set is adjust-

able by means of the aerial coil "N," 
and is greatest when this coil is at 
right angles with respect to coil "R." 
When in this position volume is natur-

SPEAKER 

o 
CHECKED e A 
PASSED  fl 

O po9 POWER-US-IT 

et,;:t ee:a:a ;a:1411.C.Z.c:34:Y: Ic 

•••• 

GRID LEAK 6. 

L 

CONDENSE 

--

l o 
V•1 

.001 FIXED.COND. 

•0005. AR.COND. 

I I  

t. 

3-CO L TUN 14Jk 

P. 

 ; 
• , I 

eBi-
- 

CONNECTION TO
 BA 

FIG. 3.  Wiring diagram in which dotted lines mean under-panel wiring  Solid lines mean 
top panel wiring.  Grid leak and condenser are mounted under panel. 
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THE "ECONOMY TWIN"-CONTINUED 

ally not nearly so great as when it is 
parallel. 
When the wiring has been completed. 

the E424 should be placed in the five-
pin N (UY) socket, and the 
B443 in the four-pin G (UX) 
socket. 
The spring plug in the "C" 

bias portion of the power pack 
should be No. 15 along the top 
row. 
Upon switching on for a test 

the coil "N" should first be 
brought as close as possible to 
"R" and the swinging coil "M" 
adjusted so that it also is par-
allel to the coil "R." 
The tuning condenser "C" 

should then be slowly rotated 
until a station is heard.  If no 
signals are received the coil "M" 
should be rotated through 180 
degrees and further search car-
ried out.  When a whistle is 
picked up, indicating that the 
set has tuned in to a station 
the reaction should be reduced 
by the rotating of the coil "M" 
until the music comes through naturally. 
As coil "M" is rotated it will probably 

be necessary to slightly alter the tun-
ing of condenser "C" until the recep-
tion becomes clear. 
A dynamic speaker cannot be success-

1930-31 

fully used with this receiver but a Philips 
magnetic model such as the "Peter Pan" 
or "Baby Grand" will give all the volume 
which could be desired when receiving 

FIG. 4.  Overhead view of the "Twin." 

locally situated stations. 
It is advisable to erect a good aerial 

and a short earth, but good results will 
probably be obtained in many districts 
with an aerial of about 30 feet round 
the picture rail. 

N.B.—Once the knack of tuning has been acquired station searching 
should be carried out in such a manner that the set does not 
"whistle" at any time. 

THE PCJ-FIVE-CONTINUED 

INSIDE VIE W OE VALVE BASES 

FIG. 3.  Details of coil connections for yellow-
red, and black sockets. 

ALUMINIUM REQUIRED: 

1 piece, 24 x 8—panel. 
1 piece, 24 x 6—back. 
1 piece, 231 x 10—sub-panel. 
1 piece, 24 x 10—lid. 
2 pieces, 10 x 7 15/16ths—sides. 
3 pieces, 10 x 51—partitions. 
loft, of airs, angle aluminium. 
(This quantity will allow for panel frame 

and 12 brackets 41 inches long.) 

The use of 16 gauge aluminium is ad-
visable as the job is heavy enough to 
warrant it. 

16 
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1930-31 

INTRODUCING THE SCREEN-GRID 
DETECTOR 

W HEN the now famous A.C. 333 was introduced in 1929, 
it incorporated principies of advanced design, and leapt 

immediately into popular favour. 
The circuit was featured in "Popular Hobbies," "Wire-

less Weekly," etc., and back copies of these papers should be 
referred to for that circuit. 

In introducing the improved A.C. 333 the band pass 
filter system, which proved so effective in the original model, 
has been retained. 

A N inspection of the circuit shows that 
it still incorporates the well-known 

E442 screen grid.  This is band-pass 
coupled to the detector, which is a new 
type of screen grid tube, E442S.  This, 
in turn, is resistance coupled to a B443 
penthode, the whole combination giving 
a very high overall gain together with 
genuinely phenomenal reproduction.  In 
the previous model transformer coupling 
was utilised. 
The following method of construction 

will be found the easiest. 
First, screw the screening box firmly 

to the wooden baseboard in the posi-
tion shown in the layout.  The position 
will be easily found because the front 
section of this screening box is perman-
ently attached to the front panel of the 
case. 

Next, mount the following compon-
ents: — 
The Toroid coil, .01 condenser, 1 M.F. 

condenser and the horizontal E442 valve 
socket. 
The R.F. choke N (UY) socket for 

the E442S and the two other 1 M.F. con-
densers inside the screening box. 

The Philips 4001 resistance capacity 
unit and G (UR) socket for the B443. 

A considerable amount of wiring can 
now be carried out, according to the 
theoretical circuit diagram.  The grid 
condenser can also be screwed to the 
base-board and connected. 
The band pass coil should then be 

wired into the circuit and the panel units 
mounted.  These are: -
9 plate midget condenser (reaction). 
The ganged condenser, which consists 

of two Pilot condensers coupled by 
means of a set of Pilot links. 
Volume control resistance, and 
Aerial tuning condenser. 
The front panel, with these compon-

ents, being attached firmly to the front 
of the set, more wiring can then be com-
pleted. 
The A.C. filament leads should consist 

of twisted flex in lengths of 8, 14 and 
20 inches for the E442, E442S and power 
tube respectively. 
Next the small balancing condenser 

and the potentiometer, for adjusting the 
voltage on the screen grid of the detec-
tor, should be mounted. 
The other three sides of the screen-

ing box can then be dropped into place 
and the wiring completed. 
The  power  pack  should  now  be 

17 
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THE IMPROVED A.C.333-CONTINUED 

mounted.  The screw in the base of 
this corresponds to the hole in the base-
board and this should be removed from 
the power pack and inserted through 
the hole in the base-board. 

CHECKED 

PASSED ley 
4009 

E s-71c+ 

Circuit diagram. 

The power pack should now be con-
nected up, the rest of the cabinet as-
sembled, and the set made ready for 
test. 
Insert the valves in the order shown 

and connect the three flexible leads to 
the respective terminals of the, screen 
grid and penthode tubes. 
For a first test, the plates of the re-

action condenser should be placed ap-
proximately half way in, and the mov-
ing contact of the potentiometer "X" 
controlling the screen grid voltage, also 
half way.  The volume control should 
be turned as far as 
possible in a clock-
wise direction. Both 
the  main  tuning 
condensers  should 
then  be  rotated 
very slowly. 

Having tuned in a 
station the  poten-
tiometer "X" should 
be carefully adjuSt-
ed  for  maximum 
volume.  It is prob-
able that when a 
station is found the 
reaction will  have 
to be considerably 
reduced. 
When everything 

else is correctly ad-
justed  for  that 
broadcaster,  t h e 

x TO TWO OUTER TERMINALS OF 
4009 FILAMENT TRANSFORMER. 

1930-31 

small balancing condenser should be ro-
tated very slowly until the best results 
are obtained. 
Once the best positions for the po-

tentiometer "X" and the small balanc-
ing condenser "K" are 
found, these two com-
ponents  can  be left 
permanently adjusted. 
The combination of 

the E442S and the 4001 
unit results in a con-
stant amplification be-
tween 100 and 5,000 
cycles,  whereas  a t 
10,000 and at 50 the 
amplification  will  be 

C-15  B+4 546  70% and 85% respec-
tively of that obtained 
at 100 cycles. 
On test this set gave 

very  remarkable  re-
sults.  T h e  quality 
was excellent and the 

selectivity was extremely good. 
Throughout the tests an energised 

Philips  moving  coil  speaker  and  a 
Philips  "Sevenette"  were  used,  the 
volume being sufficient to fill a large 
room on either. 

Parts required: 
A  1 Philips power pack. 
Vl. 1 Philips E442 Cap N. 
V2. 1 Philips E442S Cap N. 
V3. 1 Philips B443 Cap G. 
E.  1 4001 Philips R.C. unit. 

(Continued on page 20) 

-.111•1 »1 

Overhead view showing layout of parts. 
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The IMPROVED 
DC 333 

INTRODUCING 
THE 

SCREEN-GRID 
DETECTOR 

THE original D.C. 333 receiver, which was designed by 
Philips Radio as an answer to the demand for a Direct 

Current version of the A.C. 333, was at the time of intro-
duction one of the most advanced of three tube receivers. 

The improved model is now presented with the same 
confidence and, like its predecessor, it is for use where A.C. 
mains are not available. 

THE new  improved  D.C.  333  is 
equipped with a screen grid detector 

and is thus designed along the most 
modern lines.  The incorporation of this 
detector system increases the gain from 
this stage, while the original purity of 
tone has been retained. We thus believe 
that this receiver satisfies every require-
ment for a simple, highly efficient and 
economical, modern set; light in both 
"A" and "B" battery consumption and 
capable of good "distance" results to-
gether with excellent tonal quality. 
The theoretical diagram shows that 

the receiver employs three tubes; these 
consisting of two screen grids, type 
A442, and one penthode, type B443. 
The radio and detector stages are 

o 
SGV  B.MAX 

A-B- El  I +A 
Circuit diagram. 

H 

o 
B.MAX 

coupled by means of a "band pass filter," 
this method giving maximum gain to-
gether with full retention of all side 
bands, while the selectivity is of a high 
order. 
The screen  grid detector is then 

coupled to the penthode by means of a 
Philips 4001 resistance capacity unit; the 
combination of screen grid and 4001 giv-
ing a gain of 78 in this stage. 
The two tuning controls have been re-

tained.  The two dials will usually be 
found nearly in step and tuning is 
simple.  Although one dial control has 
certain definite advantages in easy tun-
ing, the additional complexity and cost 
is not justified in a receiver of this type, 
particularly where the greatest efficiency 

per stage is aimed at. 
The parts required 

to build the receiver 
are: — 

et90,F9 BY 

tePe4 

C.NEG 
8.MAX 

Q. 
Ll. 

I Philips valve 8443. 
2 Philips valves A442. 
1 Radiokes  metal 
cabinet  ready 
drilled. 

1 Radiokes box shield 
1 Radiokes  special 
circloid coil. 

L2. 1 Radiokes  band 
pass coupling unit 

R.  1 Radiokes 19 plate 
midget condenser. 
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B. 
H. 

C. 

V 
N. 
A. 
T. 

Radio jird 
THE IMPROVED D.C.333-CONTINUED 

1 Radiokes 5 plate midget condenser. 
1 Lewcos R.F. choke. 
1 Radiokes vertical valve holder. 
3 Pilot 1623 centraline variable con-
densers. 

Overhead view showing parts layout. 

1 Set Pilot coupling links. 
2 (G) UX valve sockets (Pilot). 
1 30 ohm rheostat. 
1 2 megohnz grid leak type resistor. 
1 .03 megohm grid leak. 
1 Philips 4001 unit. 

1930-31 

K.  2 1 M.F. Philips fixed condensers. 
G.  1 .00025 T.C.C. condenser. 
M.  1 .01 T.C.C. condenser. 

To complete the set a 4-volt accumu-

lator is required, and at least 135 volts 
"B," together with 12 volts "C."  A 
magnetic type speaker is advised, and a 
Philips  Baby  Grand,  or  Sevenette 
speaker would be ideal, and would com-
plete the "matched" combination. 

THE IMPROVED A.C.333-CONTINUED 
F.  1 Moire finished collapsible contain-

ing Cabinet drilled ready for use 
(Radiokes). 

1 Special Radiokes Circloid with ter-
minal base. 

1 Radiokes band pass coupling unit. 
1 Horizontal socket and bracket for 

E442 tube. 
1 Radiokes R.F. choke 
1 100 M.M.F. condenser (Radiokes). 
1 5-plate condenser (Radiokes). 
1 Radiokes  screening  box,  drilled 

ready for use. 
1 Baseboard. 
2 Phone tip jacks. 
1 Single circuit jack. 
0. 3 Pilot 1623 centraline condensers. 

G. 

H. 
B. 

I. 
J. 
K. 

w. 
M. 
N & 

Q. 
D.  1 G (UX) baseboard valve socket. 

1 N (UY) socket. 
2 Vernier dials. 

R.  3 Philips 4012 1 M.F. condensers. 
T.  1 T.C.C. .01 M.F. condenser. 
U.  1 T.C.C. .00025 with leak clips. 
V. 

U. 
X. 

1 Set Pilot coupling links. 

1 400 ohm single hole mounting wire. 
wound Emmco resistance. 

1 2 meg. grid leak. 
1 0-100,000 ohm wire-wound poten• 

tiorneter. 
10-ft. Celatsite flex. 
10-ft. Spaghetti tubing. 
10-ft. No. 20 tinned copper wire. 
Screws. 
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THOSE who possess a broadcast 
1* receiver are not debarred from 
experiencing the thrills of short-
wave reception, as the Converter 
which must be added to their present 
set is neither complicated in design 
or operation, and is not expensive. 
A description of an extremely 

efficient type of battery operated 
Converter is given below, and it will 
be noted that it employs an A442 
Screen Grid tube in the Radio Fre-
quency stage coupled to one of the 
A415 Detectors which have proved 
so extraordinarily efficient for short-
wave work. 

THE wiring should be quite clear from 
the circuit diagram and under-panel 

photo whilst the layout is 
clearly shown in the rear 
view. 
The  three  connections 

marked "X" on the theoret-
ical diagram are taken to 
the  corresponding  connec-
tions on a valve base.  The 
detector valve  is removed 
from the socket in the broadcast set to 
accommodate this valve base. 

Great care must be taken in seeing 
that the "A" negative connection in the 
broadcast set is the one which is taken 
to earth. 

Apart from this plug-in valve base, 
only one other connection is required to 
furnish power to this Converter.  This 
is a "B" positive tapping, which should 
be taken to a potential of approximately 
135 to 150 volts on the "B" battery or 

" 1930-31 

power unit supplying the broadcast set 
with power. 
The parts required are: -

3 UX valve sockets (pilot). 
RI. 1 3,000 ohm fixed resistance (Radi-

okes L3) 
R2. 1 30 ohm rheostat 

Back panel view 
'Mowing the poisitien of 

the main unite. 

Cl. 2 .01 fixed condensers (T.C.C.) 
C2. 1 .00015 variable condenser (Igranic) 

1 Slow motion dial (Igranic) 
C3. 1 .0001 variable condenser (Radiokes 

Midget) 
C4. 1 .0001 fixed condenser (T.C.C.) 
Vi. 1 Philips A442, Cap G. 
V2. 1 Philips A415, Cap G. 
R3. 1 0 to 200,000 ohm variable resistance 
RFC. 1 R.F. choke (Lewcos) 
1 UX (G) valve base for adaptor plug 
1 piece of aluminium, 10in. x 6iin., 16 

gauge 
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1 piece of aluminium, 7in. x Min., 16 
gauge 

UX valve bases for coils. 
Approx. 61t. insulated flexible wire, suf. 

ficient to reach detector socket in 
broadcast set. 

When the constructional work is com-
pleted, and after making certain that it 
is the "A" negative side of the broad-
cast set which is earthed, the Converter 
is ready for test. 
Plug the adaptor into 

the detector socket of 
the broadcast set—the 
detector  valve  from 
this socket is, of course. 
removed  entirely — 
connect the additional 
"B" lead as previously 
described,  and  plug 
one of the coils into 
the centre valve socket 
on the Converter. The 
restance "R3" should 
be approximately half 

Under-panel view of the converter. 

1930-31 

way in, "R2" should be also about half way. 
The vernier dial should now be rotated 
very slowly, until the carrier wave of 
a station is heard.  Whilst this tuning 
is taking place the set must be kept 
just breathing in oscillation by means 
of the reaction condenser.  When the 
carrier is received this reaction must be 
loosened until the speech or music be-
comes intelligible.  Adjustments can 
then be made to "R2" and "Ra" until 

The circuit diagram. 

the best positions for these 
are found. 
In conclusion, we would 

again emphasise that the 
"A" negative lead of the 
broadcast  set  must  be 
earthed and not the "A" pos-
itive, and secondly a 4-volt 
accumulator must be used 
by the set.  If a 6-volt ac-
cumulator is employed the 
valves required for the con-
verter will be: -
1 A642, Cap G and 

1 A615, Cap G. 

HOW TO OBTAIN "FREE" BIAS 

In A.C. sets "free" grid 
bias may be obtained by 
means of a fixed wire-wound 
resistor, placed, in the case 
of indirectly heated valves, 
between cathode and earth. 

In the ease of a last stage 
directly heated power valve, 
this resistor is placed be-
tween the centre tap of the 
filament  transformer  and 
earth. 

Value of Resistor =-
1000 x bias required 
 ' ohms 
Plate current in M/a 
Example— 
An E415 requires a bias 

of 6 volts at 150 volts B. and 
passes a plate current of 6 
M /a. 
Value of cathode resistor =-
1000 x 6 
  — 1000 ohms 

6 
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The 

443 
TWO-STAGE 

'AMPLIFIER 

IN the following brief description we deal with an unique 
-I amplifier in which the use of screen grid and penthode tubes 
has been made with the object of obtaining, with resistance 
capacity coupling, a quality of reproduction as near perfect 
as possible. 

THE 443 amplifier utilises an E442S 
screen grid in the first of its two 

stages.  This tube has the ideal char-
acteristic of a high amplification factor 
which compensates for the lack of step 
up in the resistance capacity unit which 
is used for coupling to the penthode. 
The penthode used is a Philips E443N 
which requires 400 volts for plate opera-
tion.  This is supplied by a special 
Radiokes Power Pack using a Philips 
505 rectifier.  Filament supply is in 
both cases A.C. at 4 volts. 
The reproduction is of a standard only 

made possible by the use of a penthode. 
High notes are retained and the response 
between 100 and 5000 cycles is quite 
even, with only 10% and 15% variations 
at  50  and  10,000 
cycles  respectively. 
The output is suf-
ficient for  supply-
ing dance music in 
average  ballrooms 
and the unit will be 
found equally suit-
able for radio  or 
phonograph  ampli-
fication in the home. 
From the circuit 

diagram the wiring 
can be easily fol-
lowed  whilst  the 
position of the corn-

ponents is easily seen from the photo 
at the beginning of the article. 

The parts required are: -
1 Philips 4001 resistance capacity unit. 
1 Philips E443N, Cap N (V2) 
1 Philips E442S, Cap N (V1). 
1 Philips 505 rectifier (V3). 
1 Radiokes power transformer, type special 

"P" (T). 
1. Radiokes filter choke, type 30M (CH). 
2 Radiokes potential dividers, type SD129 

(R3) (to be wired in series). 
1 Radiokes 900 ohm resistor, type H9 (R4). 
1 Radiokes 5000 ohm resistor, type L5 (R2). 
2 1 m.f. Philips 4012 condensers (Cl). 
2 4 m.f. Hydra condensers (C3). 
2 2 m.f. Hydra condensers (C2). 

The circuit diagram. 
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THE 443 TWO-STAGE AMPLIFIER-CONTINUED 

1 2 m.f. Philips 4013 (C4). 
1 .5 meg. grid leak (R1). 
2 UY valve sockets. 
16 gauge aluminium. 
The maximum volt-

age obtainable from 
the pack (400) is ap-
plied to the plate of 
the E443N, 175 volts 
being required for the 
auxiliary grid.  Ap-
proximately 250 volts 
should be applied to 
the B plus terminal 
of the resistance cap-
acity unit. 
Many people who 

do not wish to build 
their own audio am-
plifier will be inter-
ested in the Philips 
2754  W.S.  10-watt 
amplifier.  This is a 
two-stage unit com-
pactly housed in a crystalline finished 
metal casing.  An illustration is to be 
found on this page.  The valves utilised 

The Philips 2754 W.S. Amplifier. 

in the 2754 W.S. are an E424 and an 
E443 penthode. It is complete with power 
pack, output transformer, etc., and de-

livers sufficient output 
for full operation of 
a moving coil speaker. 
There  are  many 

other amplifiers made 
by  Philips,  f r om 
phonograph  ampli-
fiers  up  to  large 
equipment for talkie 
work.  "Big Bill," 
the  super  amplifier 
on wheels, is a 500-
watt equipment with 
facilities  for speech 
and gramophone re-
production.  It  is 
mounted on a Ford 
truck and visits most 
of the important pub-
lic  functions  which 
happen in Sydney. 

Details of small or large amplifiers can 
be obtained from your nearest Philips 
branch or agent. 

AUTO-RADIO-CONTINUED 
2 .0001 m.f. fixed condensers. 
3 .1 meg. leaks. 
2 2 meg. leaks. 
1 4500 ohm wire-wound resistor (2 Pilot 

2250 ohms in series). 

Under-panel view of the auto set. 

1 400 ohm potentiometer. 
1 300 ohm fixed resistor. 
1 0-200,000 ohm resistor (variable) Royalty 

type. 
1 0-500,000 ohm resistor (variable) Royalty 

type. 
1 R.F. choke. 
1 .6 ohm centre-tapped wire-wound 

resistor (to carry at least 5 
amps). 

4 UY valve sockets. 
3 Coil screen cans. 
2 Valve screen cans. 
1 Jack, S.C. and plug. 
2 Terminals. 
2 doz. tin. x tin. metal screws and 

nuts. 
2 doz. tin. z 'in. metal screws and 

nuts. 
1 pair Airzone sub-panel brackets. 
Several yards flex. 
Aluminium required, 16 gauge 
2 pieces 10 x 71 inches. 
1 piece 10 x 10 inches. 
2 pieces 91 x n inches. 
1 piece 91 x 93 inches. . 
4f t. 6ins. of lin, angle aluminium. 

Coils 
95 turns nr30 on limn. former. 

Batteries 
3 Ever-Ready H.D. 45. 
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CONVERTING D.C. RECEIVERS 
FOR A.C. OPERATION 

BY converting battery receivers for operation from the electric 
mains, the same trouble-free service usually associated with 

electric irons, toasters, radiators, etc., is obtained  Receivers 
operating from the mains will give consistent performance, and 
the results so far as amplification and sensitivity are concerned, 
are greatly improved.  This is brought about by the superior 
characteristics of the indirectly heated A.C. tubes, which are 
most generally used. 

THE indirectly heated Miniwatt types 
E415, E424, E438, and E442, are all 

examples of the very best practice in 
A.C. valve construction.  When using 
the E424 as an audio amplifier in con-
junction with the 4003 transformer, a 
stage gain of 72 is possible.  For re-
sistance capacity coupled circuits, the 
E438 is an improvement over the D.C. 
valve types A425 and A630, on account 
of the higher amplification factor. Radio 
frequency  amplifier  design  has  been 
raised to a very high standard of effici-
ency since the introduction of the E442 
and E442S screen grid valves. 
When converting  existing receivers 

for mains operation, new components 
must be installed in place of the bat-
teries.  For plate current and grid bias 
voltages, a power unit is required.  The 
Philips units 3003 and 3009 are both 
suitable types, where ordinary valves 
requiring not more than 150 volts plate 
potential  are  to  be  employed.  If 
special power tubes requiring 30 to 50 
Mía or more for the plate current are 
to be installed, a special power pack 
must be obtained that will supply the 
larger output necessary for these valves. 

Indirectly heated valves should be used 
in all sockets except the last audio stage. 
Alternating current may be applied to 
any of the ordinary power tubes with-
out introducing hum, provided the usual 
precautions are taken.  To reduce the 
mains voltage for filament lighting pur-
poses, a step-down transformer is re-
quired.  A transformer, having a centre 
tapped secondary, and encased within a 
metal casing, is to be preferred.  The 
4009 is recommended where a filament 
voltage of 4 volts is required. 
Since the valves in the receiver are 

indirectly  heated,  alternating  current 
hum will be practically eliminated.  In 

the tubes, the filament is mounted with-
in the Cathode, which is usually of 
tubular design. When the filament volt-
age is applied, the Cathode becomes 
heated and the electrons are liberated 
from this electrode.  Indirectly heated 
valves have four elements, and are fitted 
with special sockets to accommodate a 
contact for the extra element.  The 
tubes are supplied with two types of 
bases, one being the five-pin style, and 
the other the American UY five-prong 
base.  Special sockets are available for 
these bases, and must be substituted for 
the ordinary sockets when changing to 
mains operation. 

FILAMENT WIRING: 

The most important changes are in 
the wiring of the filament circuits. UY 
five-pin sockets must first be substituted 
in place of the existing UX type —ex-
cept for the power stage.  All filaments 
are connected in parallel, as in D.C. 
receivers, but the filament wiring must 
be carried out with twisted flex so that 
the alternating current hum will not 
cause interference.  The wiring should 
be twisted from the terminals on the 
filament transformer to each valve soc-
ket.  As the indirectly heated valves 
draw .9 amps each, wire of sufficient 
diameter to carry this current must be 
used.  It should be noted that all fila-
ment "via chassis" return wiring has 
been eliminated in the A.C. versions, and 
this is essential when A.C. is used.  In 
this  way the  A.C.  is isolated,  and 
troublesome hum is eliminated.  The 
centre tap terminal from the filament 
transformer must be grounded. 
All standard receivers may be con-

verted successfully for A.C. operation. 
As a large number of listeners are using 
Reinartz and Marco four circuits, special 
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consideration  will  be  given  to  the 
changes which will apply to these popu-
lar receivers.  The diagrams show how 
these receivers should be wired for A.C. 
operation, and we have also shown how 
to modify a five valve receiver which 
includes two stages of tuned radio fre-
quency amplification. 

THE 3 VALVE REINARTZ: 

Apart from the changes in the fila-
ment wiring, the circuit shown resembles 
the ordinary battery operated set, with 
a few minor modifications. It should be 
noted that the grid return from the de-
tector tube is taken to the Cathode, and 
also to earth.  The Cathode in the first 
audio stage is connected directly to earth 
when the bias is obtained from a high 
tension unit.  The "C" positive and 
"B" minus connections are earthed at 
convenient points in the receiver. 
At the point marked "X" a radio fre-

quency choke may be inserted, and is 
beneficial in some cases.  The .1 meg. 
grid leak type resistors R1 Fig. 3, may 
be inserted to obviate audio feed-back. 
The other components, such as coils, 
condensers, and audio transformers, are 
not changed.  For this receiver we 
recommend the E415 as detector and 
first audio amplifier, with the B405 in 
the output socket. 

THE MARCO 4 RECEIVER: 

The remarks concerning the Reinartz 
apply also to this receiver.  In addition 
special precautions must be taken in the 
radio frequency stage.  For A.C. opera-
tion, it is essential to use grid bias on 
the radio frequency amplifiers. To elim-
inate the tendency towards back coup-
ling, it is best to use a voltage-dropping 
resistor connected in the Cathode, in-
stead of taking a tapping to our power 
unit.  In most cases the E415 tube is 
used as a radio frequency amplifier, and 
the bias resistor for this tube should 
equal 1000 ohms.  The condenser which 
is bridged across this resistance, may 
have a maximum capacity of 1 M.F. The 
grid return is direct to earth. 
As the tubes are fed from a power 

unit, it is essential that a small fixed 
condenser of at least .006 M.F. be con-
nected from the "B" positive terminal 
of the plate coil to earth.  This pro-
vides a path for the radio frequency cur-
rents, and prevents them from enter-
ing the high resistance circuits of the 
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power unit.  This explains why some 
receivers will function on batteries and 
refuse to function when any form of 
power unit is substituted.  Trouble of 
this description will invariably be traced 
to this source. 

TUNED RADIO FREQUENCY 
RECEIVERS: 

A circuit is given of a five valve recei-
ver adapted for A.C. operation. The re-
marks given relating to the other two 
receivers apply also in this ease. Volt-
age-dropping resistors are used for grid 
bias purposes in both radio frequency 
stages.  A separate resistance is used, 
and connected in each Cathode lead. 
Each resistance should have a value of 
1,000 ohms, to provide the correct bias 
for the E415 valve.  The value of 
these resistors does not vary with altera-
tion in plate voltage.  A by-pass con-
denser must be inserted in the plate cir-
cuit of each stage, and  should be 
mounted as close as possible to the "B" 
positive terminal of the plate coils. 

On account of the high amplification 
factor and mutual conductance of the 
E415 tubes, both radio frequency ampli-
fiers must be carefully stabilised to pre-
vent oscillation.  If oscillation takes 
place, bad hum will be apparent in the 
reproduction.  This can be prevented 
by inserting grid suppressor resistances 
at the points marked "X" on the grid 
circuits of the radio frequency tubes. 
These resistances should be adjustable, 
and a resistance which may be varied 
between 0 and 1000 ohms will be satis-
factory in both positions. Neutralisation 
is, however, a better method. 

The use of shielding is an additional 
safeguard against undesirable feed-back 
effects.  For best results the radio fre-
quency stages should be independently 
shielded, and it is also an advantage to 
have both audio stages shielded from 
the detector circuit. 

GENERAL REMARKS: 

In A.C. receivers, precautions should 
be taken to see that the filament wiring 
does not run near or parallel to any 
plate or grid leads.  The earth connec-
tions are most important, and the follow-

(Continued on page Ti) 
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A 3-valve Reinartz circuit modified for A.C. operation. 

B-i-1  6+1-

CHECKED 4 

6/0 PASSED 

The Marco-4 for use with A.C. tubes. 

240v 

A Standard Tuned R.F. 5-Valve circuit for A.C. tubes. 
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CHOKES are one of the smaller components used in radio 
circuits and their action is best described by their name, as 

they are utilised to prevent certain impulses from passing 
through them, the unwanted impulses being diverted to an alter-
native circuit. There are three types used in radio, these being 
RADIO FREQUENCY, AUDIO FREQUENCY, and FILTER. 

R.F. CHOKES: Radio  Frequency 
Chokes are used to 

choke back impulses of radio frequency 
from one circuit, so that they are forçed 
to follow the path which the constructor 
desires they should take.  As a capacity 
(or condenser effect) offers a very easy 
path for radio frequency, it is essential 
that the self-capacity of the R.F. choke 
should be kept low. This form of choke 
nearly always consists of a solonoid of 
wire, wound upon an air-cored former. 
Good commercial chokes such as the 
Lewcos or Radiokes are nearly always 
used by modern constructors.  A simple 
R. F.  choke 
may be made, 

CI 

C2 

FIG. I. 

however, by winding 200 turns of 30 or 
40 gauge wire on to a cotton reel. 
Fig. 1 shows an ordinary Reinartz de-

tector circuit.  It is desired  por-
tion of the R.F. com-
ponent  should  be 
fed back via L, C2 

in order to provide 
increased sensitivity 
by means of regen-
eration.  Insertion 
of any R.F. choke 
at "X" will assist 
this.  If the audio 
transformer primary 
be  by-passed  by 
means of condenser 
C,  this  choke be-

comes  absolutely 
essential, 

that a 

A.F. CHOKES: 
Audio  Frequency 

chokes act as a barrier 
to audio frequencies in 
the same  way as  an  u 
R.F. choke does to the 
radio frequencies. As it 
deals with low frequen-
cies, the wire can be 
wound over an iron core 
in order to get an in-
creased  inductance  without  the  loss 
which would follow were this done with 
R.F. chokes.  Its most usual application 
is to choke filter output circuits (fig. 2) 
and in this case it is connected so that 
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84-

FIG. 2. 

LS 

FIG. 3. 

the plate current of the power tube does 
not flow through the speaker windings. 
The audio currents, however, are blocked 
by the choke and find an easy path via 
the large condenser, and hence through 
the speaker.  (Continued on page 71) 

R.F. C HOKE 

A F. CHOKE 

•••••"••••-/ Aí. 
ACTION OF R.F AND AF CHOKES -  

The Radio Frequency Choke shown on the left consists of a coil of wire wound 
over an air-cored former. When impulses of High Frequency are applied the 
impedance of the choke rises tremendously, and effectively compels these Radio 
Frequency impulses to take the alternative path, which the designer desires that 
they should follow, at the same time permitting the Audio Frequency impulses 
to flow through freely.  The Audio Frequency choke shown on the right offers 

a similar impedance to low or Audio Frequencies. 
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T HE name "Valve" is a misnomer which is applied to vacuum 
tubes used for radio reception.  The whole thing originated 

with Doctor Fleming, the designer of the original tube, a two elec-
trode type using an anode and cathode, or as they are more 
familiarly known, plate and filament. This tube had a very limited 
application and could only be used for rectification.  It was later 
improved by Dr. Lee de Forrest, who added the grid, thus making 
three elements. 

The modern receiving valve is used for two purposes, ampli-
fication and rectification.  The amplifiers may be divided into two 
general groups, which are Radio Frequency (R.F.) and Audio Fre-
quency (A.F.). The last mentioned can be further sub-divided 
into first-stage audio amplifying and output stages or power tubes. 
Rectifiers may also be divided into two classes: (1) Detectors used 
for rectifying radio signals and making them audible, and (2) 
Rectifiers which are used for converting the alternating current 
obtained from the mains, into direct current for plate and grid 
supply.  This type is used in both power units and power packs, 
and consists of either one or two plates and a filament, whereas 
the Detector used for rectifying radio signals may be any one of 
the modern triode or screen grid types. 

VALVE CHARACTERISTICS: 

W HEN describing a valve there are 
three all-important characteristics, 

other than the operating voltages, which 
must be taken into con-
sideration.  These are 
mutual conductance (or 
slope)  amplification 
factor and plate im-
pedance. To appre-
ciate these charac-
teristics it is first 
of all necessary to 
understand the work-
ing of a valve. 

In the standard three 
element type (triode) 
the  elements  consist 
of  the  filament,  the 
grid,  and  the  plate, 
which are shown dia-
grammatically in Fig. 
1.  When the filament 
is heated, by an "A" 
battery or step-down 
transformer,  electrons 
are emitted, and upon 
the application of a positive potential to 
the plate (from a "B" battery, power 
pack or "B" eliminator) these electrons 
are attracted to it, forming a current 
through the valve.  The grid is placed 
between the filament and the plate, and 
as the electronic filament/plate current 
passes through its meshes this current 
can be controlled by variations of grid 

PLAT 
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potential. 
As the grid is 

made more neg-
ative with respect 
to the filament, 
so the plate cur-
rent  decreases 

and vice versa; and it is the ratio of 
changing grid volts to plate milliamps 
which denotes the mutual conductance. 
Thus in the curve of the A415 (fig. 2) it 

will be seen an alteration of 1v. 
GRID  grid potential alters the plate 

current by 2 mA, which denotes 
a mutual  conductance  of 2 
mA/V. 
Amplification factor is the 

ratio of effect of grid and plate 
voltage on plate current. As an 

instance, with the A415 at zero grid 
volts (see fig. 2) an increase in plate 
voltage from 100 to 150 volts increases 
the plate current by 6.6 mA. It will 
be noted that when working on the 150 
volt curve, moving the grid bias, 3.3 
volts nega-
tive means 
that  the 
plate  cur-
rent  will 
be decreas-
ed by  6.6 
mA. to 4.3 
mA. There-
fore,  the 

effect  of  3.3 
grid volts and 
50 plate volts 
is the  same, 
making  t h e 
amplificat i o n 
factor— 

FILAME11 .i 

FIG  I. 
The elements of the triode. 
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50 
— -= 15.  The impedance is ascertained 
3.3  by Ohm's law— 

volts x 1000 
—  R or 

mA. 
= ohms, but only ap-
plies to changing cur-
rents. 
Referring  again to 

the A415 curve it will 
be noted that at zero 
grid volts an increase 
of 50 volts (from 100 to 
150) plate potential produces an increase 
of 6.6 mA. from which by rewriting our 
formula we get-

50 x 1,000 
  — 7,500 Ohms. 

6.6 
• Now as the three factors mentioned, 
i.e., mutual conductance, amplification 
factor and impedance, have been derived 
from the relation of grid voltage, plate 
voltage and plate current, it is reason-
able to suppose that they assume a 
direct relationship to each other.  This 
is quite correct and the formula is— 

Rp = — x 1000 
S  ohms 

Where Rp ---- im-
pedance;  G  =-
amplification fac-
tor,  and  S =-
mutual  conduct-
ance.  Therefore, 
for the A415 we 
have— 

FIG. 3 

15 
Rp = — x 1000 ohms =-- 7,500 ohms 

2 
The effect of grid volts on the plate 

current of a tube can be readily under-
stood by referring to fig. 2.  In this 
is shown three curves of the A415, the 
horizontal values being grid voltages, 
and the vertical ones, plate currents in 
milliamps. First of all imagine a point 
which will be referred to as the operat-
ing point.  If this is placed on the 150 
volt curve immediately above minus 4 

Showing the effect of negative grid bias. 
Left, low emission due to high negative 
bias.  Right, high emission due to low 

negative grid bias. 
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grid volts, the plate current indicated 
will be 3 milliamps. If the operating point 
is moved to the left thereby making the 

grid more negative, the 
plate current will be 
decreased;  the  re-
vers e action  takes 
place when the operat-
ing point is moved to 
the right, i.e., further 
up the slope of the 
curve.  Therefore, on 
referring  to  fig.  3, 
it will be quite plain 

that an A.C. voltage applied to the 
grid will be reproduced in the plate 
circuit, but at a larger amplitude.  It 
will only be an exact replica of it when 
the, straight portion of the valve curve 
is used.  In order to ensure that the 
straight portion only is employed we 
must fix our operating point.  When no 
input is given to the tube, or in other 
words when the tube is at rest, it is mid-
way in the straight portion of the 
curve.  In order to ensure that the 
straight portion only is used, we must 
limit the input or grid swing.  Taking 
a position mid-way in the straight por-
tion marked "A" and "B" as operating 
point we can apply a voltage equal to 
"C" and "D" and the resultant ampli-
fied voltage E.F. is created in the plate 
circuit.  On returning to the curve, 
however, we find that these are only 
given in order to compare one valve with 
another, and are not taken under work-
ing conditions, as all the data from 
which the curve is drawn, is obtained 
with a milliameter—which is of very 
low resistance—in  the  plate  circuit. 
This means that under working con-
ditions our curves in figs. 2 and 3 will be 
altered. Figs. 2 and 3 are "static" curves. 
Under  static  conditions  the  audio 

transformer which is usually to be found 
in the plate circuit behaves as a pure 
resistance, whereas under "dynamic" or 
working conditions the operations are 
too complex to be correctly shown by 
means of simple curves. 

CHOOSING A VALVE: 
Having dealt briefly with the main 

characteristics of a valve it is necessary 
now to detail the various points which 
have to be considered when one has to 
be chosen.  rirst of all there is the 
filament voltage, and this of course de-
pends wholly on the voltage available 
from the "A" battery or filament trans-
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former.  Next is the filament current 
which in D.C. valves is a very important 
consideration, because  the lower the 
current taken by the valve, the, longer 
the accumulator ma9 be used without 
recharging.  The user is well catered 
for owing to the fact that tubes of ex-
cellent  characteristics 
are available in .06 amp. 
types in both 4 and 6 
volt classes. 
The next consideration 

is plate voltage and this 
again  is governed  by 
the  voltage  available. 
Then there are the char-
acteristics  which  have 
been already briefly de-
scribed, but for a pro-
per appreciation of their 
actual, practical  value, 
it is necessary to go 

Screen Grid reaches 
rather more deeply into  out for 'em. 
these characteristics. 
Taking first the amplification factor, 

this may be imagined as the actual am-
plification which takes place in the tube, 
but to transfer the whole of this gain 
the plate load would have to satisfy cer-
tain conditions which are impossible in 
practice; however it is quite possible by 
using a step-up device, i.e., a trans-
former, as a plate load, to obtain much 
more gain in one tage than is denoted 
by the amplification fac-
tor.  The formula de-
noting the gain per stage 

P2   
is— 
amplification factor 

1 + 

or — 

valve impedance 

effective resistance 
of plate load 

G 

RP 
1  —  

RO 
where G equals ampli-
fication factor, RP equals 
valve impedance and RO 
equals effective plate load. 
Where a step-up device 

is used the formula is— 
GN 

RP 
1 + —  
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coupling transformer. 
It has been shown that impedance is 

really the internal resistance of the tube 
and it is absolutely essential, in order 
to obtain the maximum  transfer of 
power from tube, to load, that their im-
pedances be matched.  Matched is a 

broad term and accord-
ing to circumstances it 
may necessitate that the 
load be of either a high-
er or lower impedance 
than the tube.  As an 
instance, using an A416 
as an audio amplifier it 
will be seen on analys-
ing the formula given 
(1) that the higher the 
plate load and the lower 
the valve impedance the 
better  the  gain  per 
stage.  On all frequen-
cies higher than 1,000 
cycles, the impedance of 

the 4003 transformer is much higher 
than that of the A415.  At this point 
the ratio of impedance is 23:1 and, 

15 x 3  45 
g =   43.3 

7,500  1.04 
1 +   

175,000 
This gain will increase slightly as the 

frequency is increased, until the cap-
acity  between  turns 
of  the  transformer 
windings begin to by-
pass the very high fre-
quencies, and conversely 
it will slowly decrease 
until the impedance of 
the transformer primary 
approaches that of the 
tube, as the frequency 
decreases  below  this 
point the loss of gain 
will be accelerated. 
The  impedances  are 

equal at 44 cycles, and 
at this point the gain is 
exactly half that of the 
product of the amplifica-
tion factor multiplied by 
turns ratio. This is quite 
obviously seen when the 
values are substituted, i.e. 

15 x 3  45 
— 22.5 

-F-t+  + + + 

PI 

+ + 

(a) 

+ + + + + + + + + 

"  + -F  + + + + 4-

P2 

(b) 

PI -I- +  -4- 4- + 4 + 4. + 

P2   

(c) 
FIG. 4. 

Showing principle of screen grid valve. 

g - 
7,500  2 

RO 
Where N = the turns ratio of the 

1 + 
7,500 
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If the impedance of the A415 was 
twice the present value the gain on low 
frequencies would be reduced by one-
third, and for 44 cycles would be -

15  3 
g   — 15 

15,000 
1 +   

7,500 
therefore the advantage of using a tube 
of a high amplification factor, and a low 
impedance or in other words a high 
mutual conductance, is quite obvious. 
When using a screen 

grid  tube,  as  either 
radio or audio frequency 
amplifier the position is 
reversed, then the im-
pedance of the load is 
always lower than that 
of the tube. 
Using a tuned plate 

circuit as an example, 
with an average type of 
coil tuned to resonate at 
400 metres, and having 
a resistance of 17.4 ohms 
the dynamic resistance 
would be approximately 
50,000 ohms, and with 
an impedance of 1,000,000 ohms 
and an amplification factor of 1000 
in the E442, we get the following 
equation: -

1000 
g 

1,000,000 
1 +   

50,000 
It will be seen that the 1, which was 
an all important factor when the imped-
ance of the tube and the load were nearly 
equal is now of little consequence, when 
the ratio between these two factors is 
20:1. 

Now if we could improve our coil by 
reducing the resistance and increasing 
the impedance to 100,000 ohms our gain 
would be-

1000 

SCREE» GRID 

[A NODE 

.sce[crv 

— 47 

g    — 91 
1,000,000 

1 -I-  
100,000 

therefore by doubling the load imped-
ance we have nearly doubled the gain 
obtainable.  From this it is quite clear 
that low loss circuits should be used in 
conjunction with screen grid tubes. 
By increasing the gain we would also 

h ODE 

Section 
of  an 
screen 
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al view 
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increase  the selectivity—the  lack of 
selectivity in tuned plate circuits is due 
to the fact that the load impedance off 
resonance is too high compared to that 
on resonance.  As an instance, take 
the coil on which was calculated the 
gain above, which, by the way, was only 
of very average design. The impedance 
when tuned to 400 metres was 50,000 
ohms.  If we leave this circuit still 
tuned to 400 metres we find that the 
impedance at 411 metres, which is ap-
proximately 20 kilocycles off resonance, 

is still so high that quite 
a considerable  amount 
of  amplification would 
still take place on this 
unwanted frequency. We 
can however reduce off 
resonance impedance by 
considerably  reducing 
the  resistance  of  the 
coil.  Bearing in mind 
that the impedance of 
the screen grid tube is 
largely dependent on the 
screen grid voltage, we 
could decrease this po-
tential and - thereby in-
crease the impedance of 

the tube.  By doing so selectivity 
would be greatly improved, but the 
gain per stage would be propor-
tionately reduced. 
The screen grid tube derives its 

name from the additional element 
which is used, i.e., the screen grid. 
The placing of the elements will 
be seen from the illustration of 

the E442.  First of all there is the ver-
tical cathode which contains the heating 
element in the shape of a filament. 
Around the cathode is wound the grid, 
and enclosing this grid and between it 
and the plate is the screen grid. 
Let us imagine two plates, Pl, and 

P2, which are charged respectively pos-
itive and negative (Fig. 4a). If a third 
plate or screen S is inserted mid-way 
between these two (fig. 4b) one side of 
this third electrode will become positively 
charged and the other negatively.  But 
the addition of the third plate has not 
altered the capacity between Pl and P2, 
as its addition has put two condensers 
Pis and P2s, each of double the capacity 
of Pl, P2 (because of the small space in 
between the electrodes) in series, there-
fore there is no change in the total cap-
acity.  However, if we earth this addi-
tional electrode "o" (fig. 4e), the capacity 
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between P1 and P2 becomes negligible. 
This is the basis upon which the screen 
grid tube depends. Pl and P2 repre-
sent the control grid and anode or plate, 
whilst "s" represents the screen grid 
which is earthed, so far as radio fre-
quency  potentials  are  concerned,  by 
reason of its being connected to the 
positive power supply. 
The insertion of this screen grid 

reduced the grid and plate cap-
acity from the 2 to 4 micro micro-
farads which was usual in the 
triode type, to .01 mmf., thus the 
feed-back by means of the plate 
to grid capacity becomes almost 
negligible.  The addi-
tion  of  this  fourth 
electrode,  resulted  in 
an entirely new tech-
nique in R.F. amplifier 
design. Formerly gen-
eral purpose tubes with 
an impedance of approximately 8,000 
ohms were coupled to the succeeding 
tube by means of a radio frequency 
transformer which had a step-up ratio 
in the neighbourhood of 1-5.  This pro-
cedure was  never  satisfactory,  some 
means had to be used to neutralise the 
feed-back from plate to grid and result-
ant oscillation. 

The introduction of the screen grid, 
besides reducing the inter-electrode cap-
acity had the effect of enormously in-
creasing both the amplification factor 
and the impedance, whilst allowing the 
same  relationship  between  the  two 
(slope) to be maintained. 

The impedance of modern screen grid 
tubes varies from 200,000 to 1,000,000 
ohms according to type.  However this 
value is largely dependent on both the 
screen grid voltage and the control grid 
voltage, but the effect of these will not 
be dealt with here as the optimum 
values for best operating conditions are 
always supplied by the makers of the 
tubes, but it must be remembered when 
adjusting screen grid voltages, that too 
high voltages will improve amplification 
but will also increase the tendency to-
wards instability, or at too low voltage 
will decrease the amplification but im-
prove  selectivity.  The  control  grid 
should of course be adjusted at the cor-
rect value, but may, in some cases, be 
used in conjunction with the volume con-
trol, and by increasing the negative po-
tential and thereby the impedance of 
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the tube, so the volume will be decreased 
with a proportionate increase in selec-
tivity. 
The lower impedance type of screen 

grid tube will give excellent results 
when used as detectors and audio ampli-
fiers.  The coupling device in each case 
should be a resistance capacity combina-
tion. By using an E442S in conjunc-

tion with a type 4001 resistance 
capacity unit, a gain of 70 per 
stage is obtainable. This gain is con-
sistent between 100 to 5,000 cycles 
dropping to 70% at 10,000 and 85% 
at 50 cycles.  As the loss on the 
high notes only represents 30% and 

that on the low notes 
15%, the decrease will 
be barely audible, and 
for all practical pur-
poses the resultant am-
plification is "straight 
line." 

In the last stage—POWER. 

PO WER VALVES: 

The term "Power Valve" is self-ex-
planatory; the object of the tube is to 
handle "power," whereas other types 
previously described act practically al-
ways as voltage amplifiers.  The audio 
voltage fluctuations in the plate circuit 
of the detector are fed either directly 
or through an intermediate audio ampli-
fying stage into the power tube, and it 
is the function of this tube to convert 
the audio voltages applied to its grid, 
into variations of current in the plate 
circuit, of sufficient strength to work 
satisfactorily the type of speaker con-
nected to it. 
Where the output from the detector 

is insufficient to adequately load the 
power tube, a stage of audio must be 
introduced in order to increase the audio 
voltage applied to the grid, so that the 
desired output may be obtained. 
The performance of which a power 

tube is capable is indicated by its rating 
in "Watts."  Two power ratings are 
applied to a power tube —"plate input," 
being the product of the plate voltage 
and the plate current in amperes, and 
"undistorted output"; undistorted in this 
instance meaning that distortion, com-
posed of undesirable harmonics, does not 
exceed 5% of the total power output. 
When  choosing a power tube the 

necessary undistorted output must be 
ascertained.  For an average room a 
modern dynamic speaker needs an input 
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Philips Type 

1
 

Replica of 
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ó .1!, le, 
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Filament 
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Plate 
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i n? 
Moen. 

<> • 
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«, 
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f 109A 226 Amplifier D 1.5 I 200 9 12 - 1.5 9 6,000 

F209A 227 Gen. Purp. I 2.5 1.75 200 8.8 12 - 1.5 9 9,000 

F242 224 Screen Grid  1 2.5 1.75 180 4 1.5 100 1.1 - - 

F203 245 Power  D 2.5 1.5 250 35 50 - 3 3.5 1,170 

C603 17IA Power D 6 .25 180 18 40 2 3 1,500 

F704 250 Power D 7.5 1.25 450 55 84 
Max. A.C. Input Max. Output 

1560 280 F.W. Rect. D 5 2 300V I25mA 

1562 281 H.W. Rect. D 7.5 1.25 750V 110mA 

STANDARD A.C. TYPES 

Philips Type 

il 
a 
... 
,a «. Directly or Indirectly Heated 

1
 
Volts il 

 ri
e
 
a 

. Current
 g

 

Current Meg. Grid Bias at Max. Plate Volts Max. Aux. Grid. Volts 

e 
o 
o 

a Amp. Factor
 I 

o  

i 

e _ 
E409 Amplifier I 150 , 12 9 3 9 3,000 

£415 Detector I 150 6 6 2 15 7,500 

£424 Spec. Det. I 150 3 4.5 3 24 8,000 

£435 R.F. & R.C. I 200 3 1.5 1 35 35,000 

E438 R.F. & R.C. 1 200 2.5 3 - 1.5 38 25,300 

£442 Screen Grid 1 200 1.5 1.25 100 1.2 - - 

E442S Screen Grid I 200 3 3 60 I - 

STANDARD D.C. TYPES 

Philips Type
 

Pu r  Volts 

a 
Current g 

....Q..
 
Volts -• 

— 
—u _ 

Current Neg. Grld 
r
 

4
.. 

03
 tO OD 

co Bias at Ma
x. 

'
 Plate Volts 

1 
Max. Aux. , Grid Volts  1Mut. Cond.  
 I

Amp. Factor 

i 
E 
Ill 

A109 Gen. Pure. 1.3 .06 - .45 9 20.000 . 

A209 Detector 2 .08 - I 9 9,000 

A225 R.F. 2 .08 - I 25 25,000 

A409 Gen. Purp. 4 .06 - 1.2 9 7,500 

A4I5 Detector 4 .08 - 2 15 7,500 

A425 R.F. & R.C. 4 .06 - 1.2 25 20,800 

A435 R.F. 4 .06 - .5 35 70.000 

A442 Screen Grid 4 .06 75 .8 - - 

A609 Gen. Purp. 6 .06 - 1.5 9 6,000 

A6I5 Detector 6 .08 - 2.4 15 6,250 

A630 R.F. 6 .06 - 1.5 30 20,000 

A635 R.F. 6 .06 - 1.5 35 23,300 

A642 Screen Grid 6 .06 100 .7 - - 
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PHILIPS A.C. AND D.C. VALVES 

PO WER (A.C. OR D.C.) 

Philips Type 

Filament 

B105 

B203 

B205 

F203 

B403 

0404 

B405 

B406 

0408 

B409 

E406 

B605 

0603 

C006 

F704 

1.3 

2 

2 

2.5 

4 

4 

4 

4 

4 

4 

4 

6 

6 

6 

7.5 

•••• 

.15 

.19 

.15 

1.5 

.15 

.65 

.15 

.1 

.9 

.15 

1.0 

.12 

.25 

.25 

1.25 

7, 

150 

150 

150 

250 

150 

200 

150 

150 

400 

150 

250 

150 

180 

250 

450 

Plate 

C.> 

8 

12 

7 

35 

15 

30 

8 

7.5 

26 

6.5 

48 

9 

18 

24 

55 

18 

30 

18 

50 

30 

30 

18 

15 

30 

9 

24 

18 

40 

25 

84 

5 

Amp. Faetor 

1 

1.5 

1.2 

3,3 

1.5 

3.5 

2 

1.4 

2 

2 

6 

1.8 

2 

3.35 

2.1 

5 

3 

5 

3.5 

3 

3.5 

5 

6 

6 

5 

3 

3.8 

5,000 

2,000 

4,200 

1170 

2,000 

1,000 

2,500 

4,300 

4,000 

4,500 

1,000 

2,800 

1,500 

1,850 

1,809 

PENTHODES 

a, 

a. 

C243 

0243 

13443 

C443 

E443N 

F443 

C643 

Le' 
e 

Filament 

7 

2 

2.5 

4 

4 

4 

4 

6 

.27 

.6 

.15 

.25 

1.0 

2. 

.25 

Plate 

150  17 

300  25 

150  12 

300  22 

400  30 

5,50  4.5 
300  21 

73 
àrd > 

Z ed. 

15 

20 

15 

22 

37 

39 

20 

0 
o 

I. 

E 

150 

200 

150 

200 

200 

200 

200 

1.5 

1.5 

1.2 

1.5 

3.9 

4 

1.5 

RECTIFIERS 

60 

60 

60 

60 

60 

80 

60 

Type 

1561 

1560 

1562 

505 

506 

373 

1201 

Rectification 

Full Wave  .. 

Full Wave  .. 

Half Wave .. 

Half Wave .. 

Full Wave  .. 

Half Wave .. 

Full Wave  .. 

Filament 

Volts  Current 

4  2 

5  2 

7.5  1.25 

4  1 

4  1 

4  1 

2,5  1.5 

Max. A.C. 
Input 
Volts 

500 

300 

750 

400 

300 

220 

300 

E 

40,000 

40,000 

50,000 

40,000 

20,000 

15,000 

40,000 

Max. 
Output 
m/A. 

125 

125 

110 

60 

75 

40 
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WORLD TIP 

In order to find the time at any place 
corresponding to a given time at any 
other place refer to the figures shown 
at the base of each zone in which they 
are situated.  When both are like signs 
they should be subtracted.  When they 
are unlike they should be added.  In 
each case the result is the number of 
hours which the place on the left is 
behind the place on the right of it. 
Example: At 10 p.m. in West Australia 
the time in Italy will be 8 — 1 =-• 7 
hours behind  3 p.m. same day.  At 
W6XN the time would be 8 -1- 8 -_,-_- 16 
hours behind =_ 6 a.m. same day. 
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of  approximately  1 watt.  Taking 
20-25% as being the percentage of un-
distorted output to plate input, we find 
that a tube having a plate input of 5.0 
watts will be needed. Providing a plate 
voltage of 200 is available, our power 
tube must have a normal plate current 
of 25 mA.  This would indicate a tube 
of the. new D404 type. 
Supposing a larger output is required, 

for instance 2 watts, the plate input 
must  be at  least 
10 watts; this neces-
sitates a plate volt-
age of at least 250, 
giving a value of 40 
mA.  which  condi-
tion  is  admirably 
fulfilled  by th e 
E406. 
The next problem 

is the transferring 
of the, power from 
valve  to  speaker. 
For maximum pow-
er transfer the im-
pedance  of  the 
speaker should  be 
about twice that of 
the tube—the speak-
er impedance being 
measured at about 
200 cycles. 

Where the speaker impedance is in-
correct for the tube, then a "matching" 
output transformer must be incorpor-
ated, the primary of which must be of 
the correct impedance for the tube, and 
the secondary must match the speaker. 
This transformer is always required for 
a speaker of the, moving coil type. 
The formula for the output trans-

former ratio is: — 

jAC.Resistance of rube . Impedance of Speaker • ' 

For an ordinary power tube of 2,500 
ohms A.C. resistance, coupled to a mov-
coil speaker having an impedance of 30 
ohms at 200 cycles, this would be: — 

12500:1 = 9 : I aPPee. 30 

1930-31 

Although most speakers and trans-
formers are designed for tubes of higher 
plate impedance than that associated 
with the most modern power tubes of 
the 1,000 ohms A.C. resistance type, this 
is no disadvantage because the tonal 
effect of "unmatching," even to the 
extent of 20%, is undistinguishable to 
the average ear, therefore the only 
noticeable effect will be an increase in 
power which is a decided advantage. 
This increase will be greatest in the 

lower register, which will help to min-
imise the deficiencies in gramophone re-
cords and broadcasting. 
On investigation of the grid circuit of 

the E406 we, find that the normal bias 
is 24 volts, which, allowing for A.C. 
heating, gives us a grid swing of 22 
volts.  This value can be obtained from 
an E415 and 4003 transformer combina-
tion when the tube is either used as a 
grid detector or an amplifier for gramo-
phone pick-up. 
From the above it is apparent why a 

power tube should have a steep slope. 
If the E406 was an ordinary power tube 
with a slope, for example, of 3 (that is 
half the existing plate current change 
per grid volt), a grid bias of 48 volts 
would be. necessary, giving a grid swing 
of 46 volts, in order to get the same 
power in the plate circuit, therefore an 
intermediate, stage of audio would be 
needed to provide the required audio in-
put voltage.  This is not the case, how-
ever, and we find that by using a steep 
slope tube we are able to eliminate one 
audio stage with its consequent distor-
tion, hum and expense.  Furthermore, 
with one audio stage, most of the back 
coupling problems, associated with two 
stages, are eliminated, and the receiver 
becomes much simpler in construction. 

PENTHODES: 

The Penthode is a modern develop-
ment of the power tube, designed and 
brought to perfection in Philips Radio 
Research Laboratories.  Its function 
is similar to that of a normal power 
tube, but its operation is strikingly dif-
ferent. 
The penthode contains five elements 

—the three normal ones found in the 
three-element power tube, and, in addi-
tion, two extra elements in the form of 
grids.  The addition of these grids re-
sults in a tube having a high amplifica-
tion factor and capable of delivering a 
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constant output to the speaker, irrespec-
tive of audio frequency changes in the 
signal being handled.  This latter is 
perhaps the most important advantage 
possessed by the penthode. 
The  grid,  called 

"screening" or "aux-
iliary" grid, is placed 
between the normal 
grid and the plate, 
and a positive poten-
tial is applied to it. 
In  the  preceding 

article  on  Po wer 
Tubes the matter of 
matching  the,  load, 
which in this case is 
the speaker, to the 
tube has already been 
explained, but, unfor-
tunately it is impos-
sible to obtain this 
matched condition for 
all audio frequencies. 
This is due to the 

fact that the speaker 
is not a resistive load 
but is inductive and 
its  resistance  to 
A.C.  current  varies 
with changes in fre-
quency.  Realising 
this, it is easily un-
derstood that, if the 
speaker  is matched 
to the tube at say 
200  cycles,  then  it 
will be seriously "un-
matched"  at  5,000 
cycles. 
In addition to this, 

owing  to  the  low 
amplification  factor 
of the average power 
tube, the plate volt-
age applied to it has 
a very serious influ-
ence  on  the  plate 
current  and  t hi s 
greatly decreases the 
ou tput  obtainable 
from the valve. 
Therefore, in using 

an  ordinary  power 
tube we have two in-
fluences which tend to 
reduce  the  actual 
output  fro m  the 
speaker.  One which 
is apparent .at high 

The five elements of t 
ing the mounting of 

and p 

he penthode.  Show-
filament, three grids, 
late. 
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frequencies only, and another which is 
apparent at all frequencies. 
In order to overcome these two de-

ficiencies the engineers of Philips Labor-
atories have designed and produced the 

new type of power 
tube, termed the pen-
thode. 
In the first place 

the  A.C.  resistance 
of a penthode is many 
times  higher  than 
that of an ordinary 
power tube.  Thi s 
brings about a con-
dition  whereby  the 
A.C. resistance of the 
load is much smaller 
than that of the tube 
at all times and al-
lows  for  practically 
constant transfer of 
energy from the tube 
to  the load  at  all 
a ud i o  frequencies, 
and has the result of 
giving the reproduc-
tion a brilliance and 
definition which is not 
generally  apparent 
when using a triode 
power tube. 
As the slope of a 

penthode  does  not 
vary  greatly  from 
that of a power valve 
and as the A.C. re-
sistance is much high-
er, the penthode na-
turally has a much 
greater  amplification 
factor, and this con-
siderably reduces the 
effect of plate volt-
age on plate current, 
thus making the pen-
thode far more effi-
cient than a compar-
able triode. 
The improved effi-

ciency is even great-
er than may be at 
first  imagined,  and 
applies both to the 
ratio of audio input 
to audio output and 
to the ratio of undis-
torted  audio  output 
to anode input  (or 
dissipation). 
(Continued on page 71) 
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POWER SUPPLY APPARATUS 
WHILST batteries still have very many definite radio uses, 

such as in portable receivers and sets for which power 
supply is not available, they are not being used to the same 
extent as of yore.  This, of course, is due to the introduction 
of power units for both "B," and "B" and "C" supply. 

THE D.C. set must still have an ac-
c.umulator, to be sure, but even in 

this regard modernisation has also set 
in, the accepted method be-
ing to use a trickle charger 
for the continuous replace-

ment  of  current 
drawn  from  t h e 
storage battery. 
In pictorial form 

we show in Fig. 1 
how "all-elec-
tric" operation 
is  obtained 
with a trickle 
charger  and 
power unit. In 
this case the 
charger  is a 

FIG. 1. 

"A" PO WER 
"B" PO WER 
"C" POWER 

The large knurled switch on the 
Trickle Charger (top) controls 
"A," "B" and "C" power to the 

receiver. 

Philips type 1017 which has a special 
two position switch on the top as a con-
trol for all power to the receiver.  In 
one position the accumulator is charging; 
in the other the accumulator and power 
unit are both connected to the receiver. 
In the next few pages we will deal 

separately with Power Units, Battery 
Chargers  (Rectifiers),  and  Filament 
Transformers. 

Power Units have 
been devised as a 

means of using the ordinary electricity 
supply for obtaining the "B" and "C" 
voltages for radio receivers.  They con-
sist of four main parts, these being the 
power transformer, rectifier (valve), fil-

TRANSFORMER 

FIG. 2. 
Showing  how  a power 
unit operates in supply-
ing  D.C.  from  A.C. 

mains. 

ter, and voltage dividing resistors. 
Fig. 2 shows the action of a Power 

Unit in pictorial form, demonstrating 
how the A.C. voltage flows through the 
primary of the power transformer being 
transferred by induction to the second-
ary winding and increased in voltage 
by the ratio of the windings.  The 
boosted A.C. next reaches the rectifying 
valve, and undergoes the change termed 
rectification. The voltage is now slightly 
reduced and emerges as rectified A.C., 
which is equivalent to pulsating D.C. 

The pulsating unidirectional current is 
then passed through the filter which has 
the action of smoothing the fluctuations 
until it becomes Direct Current, such as 
that obtained from dry batteries. 

The Home Constructor is strongly ad-
vised against endeavouring to build his 
own Power Unit, as in the vast majority 
of cases he is doomed to partial, if not 
complete failure before he starts. 

Philips Power Units are available in 
five types, one being specially for D.C. 
mains and the other four for A.C.  The 
latter possess the following features: -
1. Full-wave rectification. 
2. Simple installation. 

3. Voltages may be readily adjusted 
by plugs to suit different valves. 

4. Economical. 
5. No  high  voltage  terminals  ex-
posed. 

6. Output steady and absolutely free 
from hum, even on short waves. 

7. Enclosed in attractive metal casings. 
8. High output. 
9. Series resistors in each B-1- lead, 
each by-passed by means  of a 
large  condenser.  This  system 
obviates troublesome feed-back. 

10. Voltages given by each tap may be 
simply calculated by graph  and 
formula. 

RECTIFIER FILTER 

FULL WAVE 

RECTIFI ED 
AL 

200 

SMOOTH 
D.C. 
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5 

3002 
"B" Unit 

PHILIPS 
HIGH TENSION SUPPLY UNIT 

Type 3002 and 3003 
Voltage between,,-" and. 

20  30 
Anode current n, tan 

PHILIPS H.T. SUPPLY UNIT No. 1009 

q  IS  20  25  JO  35  40  45  SO œd 
CURRENT CONSUMPTION OF SET 

Voltage curve of 3009. 

B-  B+  B+  8 + ,1,MINIMUM INTERMEDIATE  MAXIMUM 
TAPPING  TAPPINGS   TAPPING 

elikliklikl)le"lee 
-  +1  +2  +3  44  +5  +6 

-3 
••••• 

ee •••• 

• ••••• 

CONNECTIONS FOR 3 SETS OF NEG.GRID 
BIAS.  VOLTAGES ARE VARIED BY 
MEANS OF PLUGS IN CORRESPONDING 
LINES  OF SOCKETS BENEATH 

3009 "B and C" Unit 

Note that with the 3009 no C plus terminal is 
provided as the connection is internal.  The C 
plus from the receiver can be left disconnected. 

40 5L 
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"B & C" Unit 

B- B+  B+  B+ 
MIN. INTERMEDIATE  MAX. 
TAPPING TAPPING  TAPPING 

—  +I  +2  +3  +4 

CONNECTIONS FOR 3 SETS NEG.GRID 
BIAS. VOLTAGES OF -I AND-II ARE 
VARIED BY PLUGS IN THE CORRES-
PONDING LINES OF SOCKETS BENEATH. 
-Ill IS FIXED AT MAX. VOLTAGE 
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The types of power units are briefly 
described as follows: -

3002 (A.C.) 

This is a "B" Power Unit which has 
facilities for various "B" voltage taps 
enabling each stage of the receiver to 
be correctly supplied.  The maximum 
voltage depends upon the current draw 
required as also do the intermediate 
tappings.  The 3002 will give 210 volts 
at 12 milliamps and 150 volts at 30 milli-
amps from the maximum tapping. 

3003 (A.C.) 

A "B" and "C" unit which, as far as 
"B" voltages are concerned, is identical 
with the 3002.  The "C" bias voltages 
are available in three different groups 
for three separate stages.  Each group 
can be varied by means of a "wander-
plug" between 0 and 40 volts negative. 

P.P.P. (A.C.) 

The Philips Power Pack, which con-
sists of a 3003 unit plus a filament 
transformer. It is thus a complete pack 
for "A," "B" and "C" supply for A.C. 
tubes. 

3009 (A.C.) 

This is a "B" and "C" Power Unit 
for the smaller type of receiver.  It has 
a maximum of 150 volts at 221 milli-
amps,  and therefore,  gives  sufficient 
voltage for small A.C. sets.  Three 
sets of grid bias are available, one of 
which is fixed at 20 volts and the other 
two adjustable between 1 and 20 volts. 

3005 (D.C.) 

An improved "B" Power Unit for 
operation from D.C. mains with three 
voltage taps.  Voltage adjustment is by 
means of knob-controlled resistors. 

CALCULATING VOLTAGES: 
Types 3002, 3003 and P.P.P. 

On each of the models, 3002, 3003 and 
P.P.P. the socket "—" is for the neg-
ative lead.  Socket +1 is the lowest 
voltage, and +6 the highest.  When 
the unit is in operation, a milliammeter 
in the negative lead will indicate the 
total current being drawn from the ap-
paratus.  It can be seen from the curve 
that if the total current is 30 m/A the 

J930 -31 

voltage from +6 will be 150 volts.  If 
the current is decreased, the voltages 
will increase, and vice versa.  The volt-
ages VI, to V, for the sockets +1 to +5 
may be calculated when voltage at +6 
is known, by the following formula: — 

V1 = Voltage at socket 1, etc., 
0.6V. —(4 x i1) 

V„ =- Vo—(40 x i2) 
V, = V, —(15 x i ) 
V, -= Vo—(8 x i4) 
Vo = Vo—(3 x io) 

Where i, to io are the current read-
ings in , milliamperes for the various 
sockets as measured under working con-
ditions. 
Assuming that the total current draw 

is 30 m/A, then socket +6 is delivering 
150 volts.  If from socket +4 we are 
drawing 5 m/A, then the voltage be-
tween negative and socket +4 will be: 

V 4 =  V„ —(8 x i4) 
= 150 —(8 x 5) 
= 150 -40 
=--- 110 volts 

The "C" bias values on the 3003 and 
P.P.P. are fixed and marked with the 
voltages on each sub panel socket. 

Type 3009. 

A formula is used for calculating the 
"B" voltages obtained from tapping +1 
to +3.  First the current from +4 
must be measured by means of a milli-
ammeter,  and the voltage  calculated 
from the curve on page 41.  The cur-
rent from each individual socket must 
be measured so that we can satisfy the 
following formula — 

V1 = 0.4  x V4—(25 x i1) 

= 0.75 x V 4- (12  x 
V. = 

Where — 
V, = 

V4—( 8 x i3) 

Voltage of socket  +1 
= Current from socket +1 
-= Voltage from socket +2 

i„ = Current from socket +2 
V. = Voltage from socket +3 
i. = Current from socket +3 

With this unit the "C" 'bias socket 
—3 is fixed and will give 20 volts when 
the total current is 20 m/A.  The two 
adjustable taps may be varied over the 
following values under the same con-
dition. 
1, 2, 3. 4, 6, 8, 10, 12, 15, and 20 volts, 

as marked. 

42 



RadioliR1 
POWER SUPPLY APPARATUS-CONTINUED 

If the total current draw is different, 
the value of the bias may be calculated 
by multiplying the marked voltage by 
the figure representing the total cur-
rent, and dividing the answer by 20. For 
instance, if the total current is 22 m/A. 
the 15 volt tap will deliver-

22 x 15 

20 
— 16.5 volts 

BATTERY CHARGERS: 

Battery Chargers (or Rectifiers) are 
of three types —thermionic, electrolytic, 
and mechanical.  Both mechanical and 

L 
Fig. 3. 

electrolytic types are now rarely used, 
the former on account of its noise and 
the latter because it utilises acid solu-
tions.  We need therefore, only concern 
ourselves with the thermionic (or valve) 
rectifier. 
T h e thermionic 

rectifier employs a 
power  transformer 
with an appreciable 
step-down  and  a 
rectifying valve. Its 
similarity  to  t h e 
power unit is so far 
obvious, but no fil-
ter or voltage di-
viding devices  are 
required as the pul-
sating D.C. is suit-
able for accumula-
tor  charging  and 
the output voltage 
is fixed. 
Rectifying valves 

have two electrodes 
—cathode and anode 
and  an  essential 
feature is that the cathode has a high 
emission at comparatively low temper-
ature.  Philips rectifying tubes, used 
in the smallest of trickle chargers to 
the largest of A.C. rectifiers, have nickel 
coil filaments, coated with Barium Oxide. 
This makes a most efficient cathode 
which gives the neCessary emission at a 
filament temperature low enough to en-

Input to Power Unit 
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sure long life.  Fig. 3 shows the con-
nections  for  half-wave  rectification. 
The rectifying valves for small chargers 
are fitted with the standard English 
four-pin base. 

Types: 

There are really three sections into 
which chargers may be divided.  These 
are trickle, normal, and heavy duty. The 
two former are the only ones we meet 
in radio, and we will therefore, deal 
with them first. 

Trickle Chargers: 

A trickle charger is a unit which has 
a very low charging rate, and which is 
therefore suitable for the continuous re-
charging of accumulators when not in 
use.  Its application to radio "A" bat-
teries  is best  demonstrated by the 
Philips Trickle Charger type 1017. This 
unit  is permanently  wired  to  the 
accumulator and the switch on top en-
sures that, when the radio receiver is 
not being used, the accumulator gets a 
small continuous charge from the mains. 
The charging rate of the 1017 is about 
.075 amp. which, in twenty hours, will 
obviously put 1 amp. hours in the bat-

tery.  With four 
hours use of the set, 
and  twenty  hours 
charging each day 
the accumulator is 
kept right up to the 
mark all the time. 
Should the  charg-
ing rate be too high 
it can be reduced 
to the correct figure 
by means of a vari-
able resistance plac-

ec̀jèi".̂.• ed in series with one 
of the leads to the 
accumulator. 

Normal "boost" 
Chargers: 
These types are 

for  the  compara-
tively rapid charging of accumulators. 
The two types of Philips units which 
come under this classification are the 
1453, usually used for radio battery 
charging, and the 366, most commonly 
used for car batteries.  The 1453 is 
actually a dual rate unit which charges 
at either 1.3 or .5 amps. the rate being 
changed by means of a switch in the 

'On-O(1 Suostch 

To Accumulator 

Ilas of 1018 

r er erlua 

A C. supply 

Philips 1017 Trickle Charger showing 
features and connections. 
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output leads.  The for-
mer rate will charge the 
average radio accumula-
tor in 36 hours whilst the 
lower rate  is really  a 
heavy trickle suitable for 
the  trickle  charging of 
large accumulators. 
The 366 is a larger unit 

capable  of  charging  a 
radio and car battery at 
the same time at 3 amps, 
or a single 6-volt car bat-
tery at 6 amps. 

Heavy Duty Chargers: 

In this range there are 
a large number of types 
which it would be impos-
sible to describe  separ-
ately.  These are for use 
by service stations where 
large numbers of batteries 
are to be charged,  by 
process engravers, electroplaters, and 
many others who require low or medium 
voltage D.C. at high amperage. 

Of the Philips multibattery charging 
units, the 1370 is most popular.  This 
unit will charge from 3-20 2-volt cells 
at various rates up to 6 amps.  Type 
1371 will charge 30 cells at 15 amps. 

Philips "366" Charger suitable 
for charging both car and radio 
accumulators at the same time. 

• 
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RES/VANCE 
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ANSFOAMER *ypE .15/  .  .;Low 15 VISIBIE  CASI NG  
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The 1453 Dual Rate Charger with casing removed. 

FILAMENT TRANSFORMERS: 
Filament  transformers  are  utilised 

for stepping down the domestic power 
supply voltage to the value required for 
filaments of A.C. tubes. 
Philips have two types available — 

Type 4009:  
F o r  heating 
the filaments of 
A.C. valves. The 
potential  obtain-
able  from  the 
secondary  wind-
ing  is 4 volts, 
and is maintain-
ed under loads up 
to  5 Amperes. 
Three  terminals 
are provided. The 
two  outer  ter-
minals  are  for 
the filament connections, and the middle 
terminal is connected to the centre tap 
in the 4 volt winding.  This should be 
connected to earth. 
The windings are accommodated in a 

metal casing of blue crystalline finish. 
The 4009 is robust and neat in appear-
ance, and is supplied with a cord and 
plug for attaching to the A.C. mains. 
Type 4008.  
This transformer is similar in size 

and construction to the other type, but 
is designed for the 2.5 volt Miniwatts, 
types D243, F203, F242, and F209A.  In 
addition a 1 volt winding is provided. 

4009 Filament 
Transformer. 
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MEASURING INSTRUMENTS 

FEW standard receivers incorporate any type of measuring instruments as their readings to the average man would 
convey little.  For he who possesses a fair technical know-
ledge of things radio, meters are most valuable —if not essential. 

IN radio work the follow-
ing  meters  are  most 

generally used: — 
The voltmeter. 
The milliammeter. 
The ammeter. 

All types may be obtained 
in panel mounting styles 
or built into special cases. 

VOLTMETERS: 
These are made for mea-

suring both A.C. and D.C. 
voltages.  The A.C. types 
may be used to read D.C. 
voltages, but the D.C. type 
will be destroyed if con-
nected in an A.C. circuit. 
A voltmeter is a high resistance device 
and to register, it must be connected 
across points of different potential.  To 
give a true reading in circuits where 
the current is limited, the meter must 
have a very high internal resistance. 

F or  checking 
the voltage tap-
pings on power 
units, the inter-
nal  resistance 
should  not  be 
less  than  800 
ohms per volt. 
The  internal 

resistance i s 
always  shown 

An ammeter reading 0-1 amp , on high grade 
instruments.  A 

quality voltmeter with a full scale de-
flection of 150 volts will cost about 
£3/15/- and a 300 volt type about £5. 
A  multi-range  meter  is 
very useful and will usu-
ally  have  three  ranges. 
One Weston model may be 
used to read from 0-10, 
0-250,  and  0-750.  This 
meter is listed at about £7. 
Especially  in  receivers 

using high voltage tubes, a 
voltmeter  is most  desir-
able.  Apart from the sat-
isfaction of knowing just 

A typical voltmeter. 

MILLIAMMETER1 
A CHECK ON 
PLATE CURRENT 

VOLTM ETER - 
A CHECK ON 
PLATE VOLTAGE 

what  voltage  is on  the 
plate of each tube, it is 
essential if grid biassing 
is to be taken out of the 
"trial and error" class. 

MILLIAMMETERS: 
For radio work we do not 

often  encounter  currents 
over 1 amp., and for cur-
rent  measurements  t h e 
milliammeter will suit our 
requirements.  In appear-
ance and construction they 
resemble voltmeters.  The 
milliammeter however, is a 
low resistance device, and 
is connected in series be-

tween  supply  and  load  to  obtain 
readings. 
In radio they are principally used for 

reading the plate current of valves, and 
a meter with a full scale deflection of 
0-50 m.a. will be suitable for the ma-
jority of experimenters.  A meter of 
this type will cost about £2/10/- if 
quality is given preference.  Ammeters 
are useful for battery charging work 
where larger currents are common. 

AMMETERS: 
This instrument is, of course, the same 

basically as the milliammeter, except 
that it reads in .units (amperes) instead 
of thousandths. 
The ammeter is useful for battery 

charging and for filament circuit mea-
surements more especially with high-
consumption A.C. tubes.  This meter 
is rarely used by the average receiving 

experimenter. 
Thermo  Coupled  Am-

meters are used by trans-
mitting stations to measure 
high  frequency  current, 
such as is present in the 
aerial circuit.  They may 
be graduated in amps or 
m /A,  and  indicate  the 
value  of high  frequency 
current present.  Special 
types are manufactured for 

Showing how voltmeters and 
milliammeters are utilised for 

large receivers. 
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registering low frequency currents, and 
may be used for comparing the output 

.1930-31 

of various receivers when tuned to a 
modulated signal. 

MAKING A MULTI-PURPOSE INSTRUMENT OUT OF 
A MILLIAMMETER 

It does not appear to be generally 
known that a milliammeter may be used 
for several purposes by means of re-
sistances and a little simple calculation. 
This is nevertheless so and the con-
structor may, if he wishes, build this 
one instrument into a container together 
with the necessary resistances which 
can be placed in and out of circuit by 
switches mounted alongside the meter. 
The instrument with which we are 

concerned is a sensitive milliammeter. 
It may be used for reading currents as 
indicated on the scale, or for heavier 
currents if we first add a predetermined 
resistance in shunt, or parallel.  We 
can also use the same instrument to read  Where 
various ranges of voltage,  0-5 MILLIAMMETER 
and in this case, must add 
certain values of resist-
ance in series. 
We have already stated 

that the meter has a low 
value of internal resist-
ance.  Let us assume 
that we have a milliam-
meter with a full scale 
deflection of 5 m/A. The 
internal  resistance  w e 
will consider to equal 20 
ohms.  Then by using 
ohms  law  the  voltage 
across the terminals of 
the meter will be -

5 x 20 
  — .1 V. 
1000 

This means that our 
meter is also acting as a 
low reading voltmeter, and will register 
voltages up to .1 volt.  To extend the 
range to higher voltages we must add 
resistance in series, and the amount of 
resistance required (Rx) will depend 
upon the range desired, and may be 
found according to this formula— 

Rx = R 

VOLTMETEI2 

CONVERSION 

[ V 2—  1 

Vi 

Where V 2 =  Extended range. 
= Normal range. 

R = Internal resistance of meter 
Rx = Value of series resistance. 

How a milliammeter may be used 
for several purposes. 

Suppose we wish to use our milliam-
meter to read 30 volts, then the series 
resistance will be— 

Rx = 20 
.1 

= 5980 ohms. 
With this resistance in series, a full 

scale deflection indicates 30 volts. 
To multiply the current range we can 

also calculate the necessary shunt re-
sistance for various ranges. 

Ci R 

SR 

EXTEND 

MILLIAMMET 

SR — 
C2—  C1 

= Shunt resistance. 
Ci = Normal range of 

meter. 
C0 — Value of extended 

range. 
R = Internal Resistance. 

Let us assume that we 
wish to double the range 
of the  meter and  the 
shunt resistance for this 
case will equal-

5 x 20  100 
SR —  - -

10 -5  5 
= 20 ohms 

It will be seen that for 
this  particular  example 
that the shunt resistance 
is equal to the meter re-
sistance.  Since we have 
doubled the current in our 
circuit we must halve the 

resistance.  When two resistances are 
joined in parallel, the resultant resist-
ance equals their product divided by 
their sum, or-

20 x 20 

ED 

ERS 

20 + 20 

400 
—  — 10 ohms 

40 

This means that the path of the cur-
rent will be evenly divided, half flowing 
through the shunt and half through the 
meter.  Thus it will be clear that the 
current through the meter is still only 
5 m/A.  The extra current is carried 
by the shunt resistance. 
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ELECTRIC reproduction of phonograph records has increased 
tremendously in popularity during the last year or two. 

In the course of the following article we shall endeavour to 
make clear the reason for this, and also explain the elementary 
principles of the system. 

1930-31 

FROM 1877 up to 1925, record manu- (1) The response of the reproduction 
facturers used the mechanical sys-  was extended down to 50 cycles 

tern for recording the sound waves they  and up to 5000, thus increasing 
desired to impress upon the record.  the bass and bringing in many 
This system had many disadvantages,  upper partials, which affect so 
chief of which was the impossibility of  vitally the brilliance of the re-
recording a large number of performers  production. 
satisfactorily, due to the fact that they  (2) It became possible to record faith-
had to be grouped near the record-  fully large bodies of per-
ing system owing to the insen-  formers. 
sitivity of the latter.  Under the new system the 
Another serious dis- sound waves are converted into 
advantage lay in the  electrical impulses by means of 
fact that the dia- microphones and these impulses 
phragm, horn, etc.,  are taken through valve ampli-
used,  introduced fiers and the fluctuating energy 
serious distortion.  is fed into the field coils of a 

recording device. 

The fluctuations in the 
field cause movement of 
an armature to which the 
cutting stylus is attached. 

The  movement  of 
this stylus is then 
used to cut the re-
cord.  Now, if we 
take  this  electric-
ally  recorded  disc 
and attempt to re.-

the "Forty-Forty"  produce it mechan-
Pick-up Equipment ically, we immedi-

packed in its plush-lined 
case.  ately  re - introduce 

some of the disad-
vantages of the old mechanical record-
ing, but if in our reproducing system, 
we reverse the whole recording process, 
we shall obtain an output which will be 

a very faithful reproduc-
tion of the original.  (See 
foot of next page.) 

First, then, the mechan-
Then in 1925 the record  ical vibrations imparted to 

manufacturers adopted the  the needle by the record, 
system which had been de-  Philips 4005 Pick-up Unit for at-  must be re-converted into 
veloped by the engineers  tachment  to  the  phonograph  electrical impulses. This is 
of  the  Bell  Telephone  tone-arm,  done by  substituting an 
Laboratories —that of electrical record-  electrical  pick-up  for  the  ordinary 
ing.  The introduction of this method  gramophone sound box.  The pick-up 
immediately swept away the two great-  must convert the needle vibrations into 
est disadvantages associated with gramo- voltage vibrations of exactly the same 
phone record production—  • wave form. 

The total  range 
of frequencies cov-
ered was only from 
about 220 cycles up 
to about 3,500 cycles 
(i.e., just below middle 
C to about 3 octaves 
above) and even then 
the recording was very 
uneven as the response 
curve on an average re-
corder rose sharply from 
a low level at 220 cycles, 
to a much higher level at 
500, then peaked at 1500 
and dropped sharply down 
to 3000 cycles.  Therefore the records 
themselves had only a very poor ren-
dering of the original performance im-
pressed upon them and this, it must be 
remembered, was due prin-
cipally to the disabilities of 
the  mechanical  recording 
system. 
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Electro-magnetic pick-ups may be di-
vided into two general types —"single-
acting" and "4-pole differential." 
In the single acting type (fig. 

1) the armature (A) is mounted 
upon one side only of the pole 
pieces NS.  This type is not 
very efficient.  The majority of 
good pick-ups use the 4-pole 
principle  (fig.  2).  In  this 
system the armature (A) con-
sists of a needle holder mounted on a 
reed which passes between the pole 
pieces P of the magnet system.  Coil C 
is wound on a former through which 
the armature passes.  The ends of the 
winding are taken to the terminals of 
the pick-up, rubber damping cushions R 
being placed at each side of the reed, 
to prevent it from sticking to the pole 
pieces.  The bar magnet M magnetises 
the pole pieces.  A fluctuating volt-
age is the.n gen-
erated  in  the 
pick-up as shown 
in fig. 3. 
When the ar-

mature A is at 
rest,  the  mag-
netic  lines  of 
force set up be-
tween  t h e di- The "4-poleG. 2eferential" 
agonal poles NS  pick-up. 
are in a state of balance and cancel out 
(a).  When the armature is moved to 
one side by the action of the needle 
vibrating in the grooves of the 
record, the magnetic force will be 
greatest between the diagonal poles 
which are in line with the new 
position of the armature.  As this 
position is continually chang-
ing, the magnetic field will 
also be continually varying 
and as the field cuts the coil 
C a varying voltage 
will  be  induced  into 
this coil.  It will vary 
exactly in accordance 
with the vibrations of 
the needle., and there-
fore the pick-up has 
converted the mechan-
ical  vibrations  into 
electrical impulses  of 
audio frequency. These 
are then fed into an 
amplifier  and  thence 
into a speaker, which 
converts the impulses 
into sound waves. 

FIG 
The "sing 
type P 

A 

. 1. 
le acting" 
ick-up. 

plifier 
these 
tween 

cr• 
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The Philips 4005 and 4010 pick-ups 
are examples of the 4-pole differential 
type.  In  these  pick-ups  the  out-

put  is  extraordinarily  high, 
averaging about 2 volts R.M.S. 
and rising in the bass to as much 
as 3.4 volts R.M.S.  This high 
output means that fewer stages 
of amplification are needed to 
obtain any desired volume, and 
therefore the possibility of am-

distortion is decreased. Normally 
pick-ups should be inserted be-
grid and filament of the first 

audio stage. 

(b) (c) (a) 
FIG. 3. 

Showing how the pick-up generate. a fluctuating 
voltage. 

In order to avoid overloading of any 
of the valves in the amplifier, it is neces-
sary to have some means Lf controlling 
the output from the pick-up. 
An effective volume control for this 

purpose consists of a high resistance 

\ 

RECORDING 
Showing how electrical recording and electrical 
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potentiometer having a value of at least 
60,000 ohms (fig. 4). 
This potentiometer should be con-

nected directly across the pick-up and 
the slider connected to the grid of the 
first amplifying valve. 
This method is much to be preferred 

to that of using a plain resistance, as, 
in this latter case, high note loss would 
be serious. 
With a high resistance poten-

tiometer, however, the pick-up is 
working into a constant high re-
sistance load and however much 
the slider may be varied the pick-
up always works into the full re-
sistance, and the high note loss is 
negligible. 
Where the pick-up is connected 

to the primary of an audio trans-
former this potentiometer should 
be connected directly across the 
secondary and the slider taken to 
the grid of the first audio valve. 
The Philips 4040 pick-up equipment 

consists of the unit itself mounted on 
a nickel tone-arm, a weighted base for 
the arm to move from, a volume control, 
and flexible adaptors for connecting to 
sets having no provision for pick-up at-
tachment.  These are all neatly packed 

ffepoly ©GOA 

e 

AEV'kUIflEUl 

PICK-UP 
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in a plush lined case and this makes the 
equipment conveniently suited to occa-
sional use as well as for permanent 
connection if desired. 
It is essential that a pick-up should 

be sufficiently heavy to avoid jumping 
the grooves of the record during heavy 
passages, about 4è to 5 ozs. 
being the best weight, at 

C BATTERY 

FIG. 4. 
Connections for the volume control potentiometer 

the same time the damping must not be 
too heavy, or the needle will be unable 
to follow correctly the variations in the 
grooves, and cutting will result. 
POSITION OF TONE-ARM FOR PICK-

UP: 
It is important that the tone-arm 

pivot should be at the correct distance 
from the centre of the record.  This dis-
tance is easily found from the formula— 

/   
V C2-12 

Where C = Length of tone-arm. 
Example— 
A tone-arm is 7 inches long. 

Then correct distance, centre of 
pivot to centre of record— 

/   
V 72-12 =  V37 

= 6 inches approx. 

REPRODUCING 
reproduction are really reverse processes. 
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THE function of the speaker is to convert plate current changes fluctuating at audio frequency in the plate circuit of the 
power tube, into sound vibrations (air waves). These vibrations 
must be as nearly as possible, replicas of those set ,up by the 
performers before the microphone, therefore the speaker must 
convert these plate current variations into mechanical movement 
in some part of the speaker unit, so that sound waves may be 
set up. 

There are two main methods of accomplishing this— 
(1) by means of a diaphragm and horn 
(2) the modern system of a cone; magnetic or moving coil. 

DIAPHRAGM-HORN: The  dia-
phragm-horn 

system Fig. 1, consists essentially of a 
thin metal disc, called a diaphragm, D, 
placed close to the poles of 
a magnet, M, over which are 
wound two small coils C, 
joined in series and connect-
ed to the two input termin-
als T.  These coils are then 
connected in the plate cir-  FIG I 
cuit of the power tube, and 

nctu  plate current variations flow-  The def type 
ing  in  this  circuit,  pass 
through these coils, making the combina-
tion of M and C an electro-magnet. As 
the plate current 
fluctuates  in 
these coils it has 
the  effect  of 
varying the pull 
which the magnet 
exerts upon the 
diaphragm  D, 
causing  it  to 
fluctuate  in ac-
cordance with the 
plate  current 
changes.  The 
varying air pres-
sure caused by the small 
movements  of  the  dia-
phragm D are intensified 
by means of the horn, so 
that an output of reason-
able volume is obtained. 
This system has several 

inherent faults, sufficient-
ly serious as to preclude 
the possibility of obtain-
ing faithful reproduction. 
Perhaps the most seri-

ous drawback lies in the 
fact that the diaphragm 
must be in very close 
proximity to the magnet, 

FIG. 2. 
The horseshoe magnet, basis 
of the Balanced Armature 

motor. 

FIG. 3. 

Philips "Baby Grand" speaker 
which is of the new mag-

netic type. 

diaphragm-horn 
speaker. 
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so as to obtain highest efficiency and 
consequently a powerful magnetic flux 
passes through it, causing saturation. 
When this saturation occurs the dia-

phragm becomes insensitive 
to all but strong intensity 
changes  in  the  magnetic 
field, this of course causes 
distortion. 
Further distortion occurs 

due to the fact that the mag-
netic field rapidly decreases 
in strength as the distance 
from the magnets is increas-

ed, therefore when the diaphragm moves 
away from the poles, the field exerts less 
influence upon it. 

Distortion also occurs due to the 
natural frequency of the diaphragm, 
horn, etc.  This means that when a 
note is to be reproduced which has 
a frequency approaching that of the 
natural resonance period of the horn 
or diaphragm, this note will  be 
selected by these units for reproduc-
tion in greater strength.  It will 
often be noticed  that the whole 
speaker seems to vibrate when cer-

tain notes are reproduced. 
This diaphragm-horn type of 
magnetic speaker has now 
almost entirely disappeared. 

MAGNETIC, CONE: 

Of the various methods 
employed in magnetic speak-
ers, the best is probably that 
known as the "4-pole bal-
anced armature," a Philips 
laboratory development. 
With this method all the 
drawbacks of the 2-pole dia-
phragm  type  have  been 
overcome, as evidenced in 
the Philips "Baby Grand," 

50 



Radiojifd   
SPEAKERS —CONTINUED 

"Peter Pan," and "Sevenette" models. 
This balanced system consists of a 

horseshoe magnet A (Fig. 2) to which 
the poles Ni, Z1, and N2 and Z2 are 
attached, so that 
they are energised 
by  this  magnet. 
In this way two 
fields are formed, 
N1,  Z1, and N2, 
Z2. 

The  poles  N1 
and  Z1  and N2 
and Z2,  together 
form  horseshoe 
magnets so that the two pairs of mag-
nets are opposite each other (fig. 3 and 
4) forming a completely closed mag-
netic circuit.  The armature is sus-
pended between the two magnets as in 
accordance  with 
G-H, fig. 2, and 
due to the plac-
ing of the poles, 
no magnetic cur-
rent  will  flow 
through it. There-
fore, it may be 
of very light con-
struction,  with 
resultant  im-
provement in re-
production.  In 
fig. 5 the method 
of suspension is 
shown. 

Over armature 
K (fig. 5) is a 
coil S which is 
fixed rigidly to 
the chassis of the speaker, and through 
which passes the plate current of the 
last stage valve. Armature K can oscil-
late freely in the cylindrical space in the 
centre of the coil S, and is connected 
at both ends to the centres of the 
flat springs V1 and V2.  The ends 
of these springs are fixed to strips 
P and Q by bolts, and these strips 
in turn are fixed to the magnet .1VI 
as shown in fig. 6. 

The working of this magnet system 
on the armature can be seen in figs. 
3 and 4.  If the current direction in 
the coil is such that the armature is 
polarized, as indicated in fig. 3, the 
armature will move to the right with 
force which is directly dependent on 
the force of the current variation in 
the windings of the coil S.  Fig. 4 

FIG. 3.  FIG. 4. 

Showing how the armature is operated by the 
magnet system. 
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shows that this movement is opposite 
when the current direction is reversed. 
Such a change of current direction has 
apparently no influence on the pol-

arity  of  magnet 
A (fig. 2) and re-
versing  the  pol-
arity of the iron 
armature does not 
constitute a draw-
back. 

T h e  magnetic 
field between the 
magnet system is 
not  constant 

throughout, but is strongest in the region 
of the poles. When the armature is mov-
ing towards the poles it moves in a 
magnetic field which becomes gradu-
ally stronger.  In order to eliminate 
strain on the armature, the springs 
VI. and V2, fig. 5 are of material 
whose tension increases when bend-
ing, so that the increase of the field 
density round the armature is neu-
tralised when this armature moves 
toward the poles. 

FIG. 5. 
The armature K is suspended on 
springs VI and V2. K may oscil-
late freely in the centre of the 
coil S which is actually axed 
rigidly to the chassis of the 

speaker. 

The movements of the springs V1 
and V2 are transmitted to the fork 
by means of the bars L1 and L2 (fig. 
6).  This fork is connected in the 
centre of the springs in the same 
point as armature K.  The shaft B 
of this fork is connected to a con-
ical diaphragm or cone to which is 
transmitted  vibrations  which,  in 
turn,  affect  the  surrounding  air. 
The design and construction of the 
cone  controls  the transformation 
of mechanical vibrations of the arma-
ture into air vibrations. 

The complete unit ready for mounting to the speaker 
frame.  The driving rod 13 is affixed to the peak 

of the cone. 
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Speakers  carefully  designed 
along these lines are capable of 
giving very fine reproduction to-
gether with excellent volume car-
rying capacity. 

MOVING COIL, CONE: 
Another modern  type is the 

moving coil, the principle used in 
Philips "Campanilla" 
a n d  "Permagnetic" 
models (fig. 7).  In 
this ease the coil A 
carrying  the  signal 
current, i.e., the voice 
coil,  is attached  di-
rectly to the cone B, 
this  coil  is  placed 
within  a powerful 
magnetic field, set up 
by an electro or per-
manent magnet C. The 
current variations  in 
the coil A (which is 
connected  through  a 
transformer  to  the 
plate  circuit  of  the 
power tube) set up in-
teraction with the per-
manent magnetic field  causing move-
ment of the cone to which the coil 
is attached.  The whole moving sec-
tion  is extremely  light  in  weight, 
and  also  has  no  natural  resonance 

TO RECTIFIER 
SUPPLYING FIELD 

TO TRANSFORMED 

F I G . 7 

Showing the principle of the moving coil speaker. 

period of its own.  The movement 
therefore follows very faithfully the 
audio fluctuations of current in the 
voice coil.  As this coil is of very low 
resistance it is imperative that a match-
ing transformer be placed between it 
and the power tube in order that the 
power delivered by the power tube is 
developed fully across the speaker. 
This matching is also frequently em-

Philips "Campanilla" Cabinets, splendid ex-
amples of moving coil speakers requiring 
no external power to operate, due to the 
special permanent magnets employed. 

not in any 
to the valve. 
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ployed with the ordin-
ary magnetic speakers. 
A transformer or filter 
circuit also serves the 
useful purpose of keep-
ing the direct plate 
current  out  of  the 
windings  of  the 
speaker. 
A filter unit is de-

scribed elsewhere, but 
it should be noted that 
a 1-1 transformer or a 
filter,  merely  serves 
the purpose of keeping 
this direct current from 
the speaker, and does 
way match the speaker 

BAFFLING: With all types of 
open cone, and par-

ticularly the moving coil, it is imper-
ative that correct baffling be em-
ployed, as when the cone is in motion 

there is a difference in 
air pressure between the 
front and the back of 
the cone.  Low fre-
quencies will tend to 

move round the cone from a point of 
high pressure to that of low, thus 
equalising the pressure, this of course 
means that the low notes would be 
lost.  This effect can be sufficiently 
overcome by placing the speaker on a 
baffle board, thus providing a much 
longer path for these low frequency air 
waves, with the result that they are, 
as it were, projected into the room. 

This baffle may be 
of  various  shapes, 
from a plain board to 
an  or na t e cabinet. 
For general use with 
an open cone, such as 
a  Philips  "Baby 
Grand," or a moving 
coil  unit,  the  baffle 
should be of 5-ply and 
have a total length of 

C 2  C 1 at least 18 inches from 
the edge of the cone to 
the other edge of the 
baffle. 
(Continued on page 71) 

' 

Showing how a baffle tends 
to prevent bass notes from 
reaching the back  of  the 
cone where they become sup-
pressed  by  their  corre-

sponding vibrations. 
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(IN the subject of Condensers there is much to say, as Con-
' densers mean capacity, and capacity is a most important 
factor in every radio receiver and transmitter. 

Condensers may be broadly divided into two types—fixed 
and variable.  In this article we will touch lightly on their 
theory, explaining the application of the unit of capacity, show 
their various uses in radio work, and give some simple mathe-
matical calculations and deal generally with variable types. 

GENERAL 

CONDENSERS are rated in capacity, and the unit is known as the Farad. 
This is much too large for practical 
work, and has been divided by a million, 
and the result termed the Micro Farad. 
The letters M.F. are invariably used to 
express this unit.  Some people find 
the term Micro Farad too difficult for 
expressing small capacity values, and 
have further divided the Micro Farad 
by a million, and termed the resulting 
unit a Micro Micro Farad, which is ex-
pressed M.M.F.  This term is used 
largely by American writers when deal-
ing with the capacity of small conden-
sers.  It is a simple matter to convert 
a value expressed in M.F. to M.M.F. To 
do this, simply multiply the M.F. value 
by 10, which, is equivalent to shifting 
the decimal point six places towards the 
right.  Examples will make this clear. 
If the capacity of a condenser is .0005 
M.F. then the capacity in M.M.F. will be: 

.0005 x 10,  500 M.M.F. 
and for a capacity of .005 M.F. we have 

.005 x 10, =-• 5000 M.M.F. 
The capacity of a condenser depends 

on several points, the most important 
being: -
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1. Area of plates. 
2. Number of plates. 
3. Dielectric used between plates. 
4. Distance between plates. 
Of the four points enumerated, the 

third is the only one requiring further 
information.  By the dielectric we mean 
the  insulating material between the 
plates.  First of all it must be realised 
that all condensers consist of two sets 
of plates.  When connected in a circuit, 
each set will carry a charge of electricity 
opposite in potential.  That is, one set 
of plates will be positively charged while 
the other set is negative.  The import-
ance of insulation is now apparent.  For 
small fixed condensers of less than .5 
M.F. capacity, mica is most generally 
used as the dielectric material.  Vari-
able condensers almost invariably use 
air as the dielectric.  All insulating 
materials possess a dielectric constant 
or permativity factor which represents 
the ratio increase when compared with 
air.  The permativity of mica is 6, so 
that a condenser having mica dielectric 
and similar in size to one having an air 
dielectric, would possess six times the 
capacity of the air condenser. 

FIXED CONDENSERS 
When  capacities  over  .5 

M.F. are manufactured, mica 
is discarded as a dielectric ex-
cept in cases where a high 
breakdown voltage is import-
ant.  The Philips condensers 
are made in four sizes, and 
bear individual type numbers. 

Type  Capacity in M.F. 
4012 ..  1 
4013  2 
4014 ..  3 
4015 ..  4 
These condensers are in-

tended for use in circuits  Philips 4013 
where the potential does not fixed condenser (2-mf.). 

exceed 250 volts, which is the 
maximum  safe  continuous 
working voltage.  Each con-
denser is actually subjected to 
a potential of 500V. during 
tests  a f ter  manufacture. 
These condensers are made up 
around a specially prepared 
waxed paper dielectric.  This 
is in the form of a long strip, 
and each side is coated with a 
metallic paint leaving a clear 
margin along the edges of 
the paper.  Connections are 
made to each metal painting 
and the paper is then rolled. 
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Next it is compressed and dipped in 
wax to exclude the air which would be 
detrimental to the efficiency of the unit 
if given free access to the elements of 
the condenser. 

For protection, and to further exclude 
the atmosphere, the waxed component is 
sealed in a metal container which makes 
the finished article very pleasing in ap-
pearance.  Screw terminals and lugs 
are provided to facilitate the wiring. 

BY-PASSING: A condenser placed in 
a direct current circuit 

will not pass any current.  This does 
not hold good for circuits carrying alter-
nating currents, as the reactance of a 
condenser is influenced by frequency 
and is expressed: — 

/7V\ 

REACTANCE = 
.1 2 71 fc 

This means that the higher the fre-
quency the greater the current that will 
flow across the condenser plates. These 
properties are most important and are 
utilised to great advantage in most re-

ceivers.  A most 
striking  example 
is the by-pass con-
denser  which 
should be connect-
ed from B plus to 
A  minus  in  all 
radio  frequency 
amplifiers,  as 
shown in Fig. 1. 

Here the condenser marked "C" pro-
vides a by-pass for the high frequency 
currents, preventing them from wander-
ing through the leads to the high ten-
sion unit which would offer a high re-
sistance path and result in weaker sig-
nals and perhaps serious back coupling 
with other stages of the receiver.  As 
high  frequencies 
are  being  dealt 
with, a small cap-
acity may be used. 
6000  M. M. F.  is 
usual for this posi-
tion.  Although 
the  condenser  is 
bridged from B plus to A minus, no di-
rect current will flow. 

TAP P M 
GETEGTOR 
OftSCREEn 
VOLTAGE 

FIG2 
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Users of the ordinary battery operated 
sets should insert a fixed condenser of 
the Philips 4013 type across the radio B 
plus terminal to A minus and also a 

4015 condenser from the B plus max. 
terminal to A minus.  These conden-
sers will serve to prevent back coupling 
between the stages of the receiver, and 
will also reduce foreign sounds such as 
invariably arise when using "B" bat-
teries. 
These condensers are most useful for 

by-passing  resistors  in  anode  feed 
systems,  and  also 
for  bridging  grid 
bias resistors. When 
dealing  with  bias 
resistors a 1 M.F. is 
ample for radio fre-
quency  and  first 
audio stages.  Bet-
ter reproduction fol-
lows if a large cap-
acity is shunted across the resistor sup-
plying bias for the output tube. 
In Fig. 2 we have a potentiometer 

connected across the output terminals 
of a rectifier unit so that the slider 
may be used to provide a voltage for 
a detector tube or the screen of a screen 
grid amplifier tube.  In this case the 
by-pass condenser "C," should equal 2 
M.F. 
Figures 3a, and 3b show the connec-

tions for bridging bias resistors in radio 
frequency and first audio circuits. Again 
a 1 M.F. job is recommended for the 
positions C2 in both cases. 
The wiring for an output stage is 

shown in Fig. 4 and here a 3 or 4 
M.F. condenser may be employed to 
advantage.  These condensers may be 

used even if hign 
,power output tees 
are used, as the po-
tential  across  the 
condenser e quals 
the grid bias, and a 
250 volt continuous 
rating leaves more 
than a safe margin. 
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In a choke output circuit, a 4 M.F. 
should be used.  The connections are 
shown in Fig. 5.  The plate voltage 
should not exceed 250 volts when the 
4015 condenser is employed.  All the 
Philips fixed condensers are guaranteed 
within 10% plus or minus of the marked 
value. 

PARALLEL & SERIES WIRING: 
When two or more condensers are 

joined together in series or parallel, the 
resultant capacity can be readily calcu-
lated.  If we connect condensers in par-
allel, the resultant capacity is equal to 
the sum of each capacity, and may be 
written: 

C = C1 C,  C, 

We will take the case of three specific 
condensers connected in parallel. 

2 
en.F. 

T  
In this case the total capacity will be: 

C = 2 + 3 -F- 1 = 6 M.F. 

VARIABLE 

A variable condenser is a component 
possessing capacity, the value of which 
we may readily change.  The condenser 
is made up of two sets of plates called 
the stator and rotor plates.  When the 
rotor plates are fully meshed with the 
stator the capacity is at the maximum. 
By rotating the moving plates through 
180° the capacity will fall from max-
imum to minimum.  All condensers 
still have a capacity when in the min-
imum position. The lower the minimum 
capacity, the greater the capacity varia-
tion between the "All out" and "All in" 
positions. 
When discussing fixed condensers we 

mentioned the relation between dielec-
tric and capacity, 'and the same thing 
applies to variable types. Air dielectric 
condensers are invariably employed in 
radio receivers as only small capacities 
are used in our tuning circuits. Rarely 
do we find a variable condenser with a 
greater capacity than 500 M.M.F. 
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If capacities are joined in series, the 
resultant capacity will be less than the 
value of the smallest capacity. 

4Alf. DAR 

Here the resultant capacity is found 
by the following formula, which applies 
to three condensers or more in series-

1  1  1  1 
— = —  —  — = thus 
C Ci C2 C, 

1  1  1  1  1  11 
—  —  — thus — = — 

C  6  4  2  C  12 
12 

therefore:  C = —  1.09 M.F. 
11 

Two condensers in series are calcu-
lated by dividing the product of their 
capacities by the sum of their capacities, 
which may be written: -

4MF.  4M1 
--11--I 

C1 x 

C1 ± C2 

4 x 4  16 
thus C —   —  — 2 

4 + 4  8 

CONDENSERS 

Variable condensers are universally 
used for tuning in radio receivers.  It 
is important to remember that the re-
sonant frequency of a tuned circuit de-
pends on the values of inductance in the 
form of the coil, and the capacity in 
parallel.  It may be expressed: — 

F = 2 TT ,117—(c. 
Where F Frequency 
L=Inductance C.Capacity 

We can see from this expression that 
if "C" is variable the frequency will also 
be variable, which is the condition de-
sired for receiving different transmit-
ters each operating on a separate fre-
quency or wave-length. 

Mica  condensers  are  utilised  for 
special purposes, usually where a large 
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proportion of capacity to inductance is 
required, and this condition arises in 
wave meter design.  They are naturally 
more compact than the familiar vari-
able condensers and are sometimes used 
in receivers where compactness is given 
first consideration. 

SHAPE OF PLATES: Differently 
shaped plates 

are used by manufacturers, and this 
point is worth some special attention. 
We read in advertisements and on pack-
ing cartons that the condenser con-
cerned is of the square law, straight 
line frequency, or logrithmic type, and 
such conditions are brought about by 
the shape of the plates.  The moving 
plates are the ones specially shaped and 
in most cases the fixed plates may be 
considered as semi-circular. 

Semi-circular and straight line frequency plates. 
The latter gives the advantage of even tuning 

over the band which it covers. 

Fig. 6A illustrates an ordinary semi-
circular plate.  A condenser of this 
type will give a straight line capacity 
variation.  This means that a change 
of 5° near the minimum position will 
correspond in capacity alteration to a 
change of 5° at the centre or towards 
the maximum position. 

If inserted in a receiver, such a con-
denser will render tuning difficult, as 
the stations on the low dial readings 
will be bunched close together.  It was 
with the object of reducing this trouble 
and thereby facilitating tuning, that the 
logrithmic and straight line frequency 
types were developed. A typical straight 
line frequency plate is shown in Fig. 
6B.  It  should  be  noted  that  the 
point of rotation has been moved away 
from the centre towards one end.  Also 
the plate has been cut away from the 
semi-circular style.  Condensers of this 
type are to be preferred, as they spread 
the broadcast stations more evenly, apd 
this is greatly appreciated when tuning 
in the "B" class stations. 

The alignment of the plates is import-
ant.  All plates should be evenly spaced 
and this spacing should be maintained 
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for any position of the moving plates. 
The plates for both rotor and stator sec-
tions should be soldered together to 
minimise resistance losses.  Preference 
should be given to condensers of the 
metal end-plate style.  The advantage 
is that by earthing the end-plates, which 
by the way should be connected to the 
moving plates, an electro static shield 
is provided, thus eliminating hand cap-
acity effects. 

GANGING:  Condensers are said to 
be "ganged" when two 

or more sets of moving plates are oper-
ated from a common shaft. 

FIG. 7. 

A typical circuit in which the 3 variable 
condensers are ganged for single control. 

Fig. 7 represents a wiring diagram 
for a standard receiver showing the tun-
ing circuits for two radio stages and a 
detector.  In such an arrangement, each 
tuned stage consisting of a coil and con-
denser is identical.  That is, the three 
coils are of the same size and shape, 
and the tuning capacities are equal. 
In each stage one end of a coil and 

the moving plates of a condenser are 
earthed. Under these conditions ganged 
condensers may be employed.  We shall 
require a condenser assembly with three 
rotors joined to a common shaft.  The 
three sets of fixed plates are indepen-
dent and isolated by insulators.  Each 
section of the assembly is treated as a 
separate condenser.  In this way we 
are able to tune three stages simultane-
ously from a single shaft, or in other 
words, we have realised single dial con-
trol.  This form of tuning is incor-
porated in most manufactured receivers, 
and is popular with home constructors. 
With a ganged condenser chassis each 

section should be fitted with a small 
variable capacity known as a "trimmer." 
By adjusting the trimmers each tuned 
stage may be properly balanced to com-
pensate for any irregularities in the 
components or layout. 
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AUDIO FREQUENCY COUPLING 
THE fact that the radio receiver has been taken out of the 
-I- "bad gramophone" into the "musical instrument" class, is 
due, of course, to the tremendous improvements that have been 
made within the last three years in audio amplification and 
speaker design. 

Everything appertaining to the audio or low frequency side 
of a receiver has come under this wave of progress—tubes, 
speakers, transformers or resistance coupling units, and even 
the gramophone pick-up.  Modern reproduction, which may 
safely be said to be practically perfect, has been made possible 
not by any one of these things, but by a combination of them 
all, although an extra large bouquet must be handed to Pen-
todes and Power Valves generally. 

There are two methods of audio frequency coupling in gen-
eral use —Transformer and Resistance Capacity.  Choke coup-
ling is sometimes used, but has very few supporters and is not 
worthy of mention in this book. 

THE function of an Audio Transformer 
1- is to take the audio impulses fluctu-
ating in the plate circuit of one valve, 
amplify them, and pass them on to the 
grid  of  another 
valve so that they 
may be further am-
plified (fig. 1).  At 
the same  time  it 
must do this with-
out  distorting  the 
original impulses. 
It consists essen-

tially of a coil of 
wire  (P)  wound 
over an iron core 
(C) and connected 
in the plate circuit 
of the detector or 
first  audio  valve, 
with another coil (S) 
wound over it.  This second coil being 
connected between grid and filament of 
the next valve, the fluctuating currents 
passing through the inner coil (primary) 
set up a fluctuating magnetic field, which 
cuts the second coil (secondary) induc-
ing a voltage into it which 
fluctuates  in accordance 
with the audio impulses 
flowing in the primary. 
The purpose of the core 
is to offer an easy path 
for the magnetic lines of 
force and thus increase 
their intensity. 
An audio transformer 

is also usually designed 
to give a voltage step-up effect, and this 
is done by winding more turns on the 

Showing the function of an audio transformer 
as a coupling device. 

ED T?  CUR 

secondary than there are on the pri-
mary, and the amplification is in accord-
ance with the ratio of the number of 
turns. Thus a transformer having 1000 

turns on the pri-
mary  and  3000 
on  the  second-
ary, would step-up 
the voltage so that 
the voltage across 
the secondary would 
be three times that 
across the primary. 
This step-up would 
only apply to the 
fluctuating compon-
ent in the primary, 
and  not  to  the 
steady "B" supply. 
It should be noted 
that, as a valve is a 

voltage operated device, it is a fluctuat-
ing voltage which is required in the 
secondary. 
It may be asked why a transformer 

with a ratio of thirty, forty, or fifty is 
not made, but it must be remembered 

RENTS  that this passing on of 
energy and stepping up 
must  be  accomplished 
without distortion.  To 
start with, there is a limit 
to the number of turns 
that can be put on the 
primary.  Maximum en-
ergy is given to the pri-
mary when its A.C. re-
sistance is roughly twice 

that of the preceding valve, but if, to 
achieve this, it becomes necessary to 

FIG2  I 

The transformer e 
netic lines of force 

ore showing mag-
and eddy current. 
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wind a large number of turns on the 
primary, then to maintain our step-up 
ratio, we should have to wind a very 
large number of turns on the secondary 
—this would immediately give rise to 
undesirable self-capacity effects which 
would by-pass some of the high notes, 
and the resulting reproduction would 
lack brilliance.  Another undesirable re-
sult of this large primary, would be a 
considerable increase in the D.C. resist-
ance, necessitating an increased "B" 
voltage to maintain the required voltage 
at the plate of the valve. 
It has been found that the ratio giv-

ing the best step-up with the least loss, 
is approximately 3 to 1 and most good 
modern transformers have this ratio. 

ACTION OF THE CORE 
A point not yet considered is the core. 

As previously explained, this performs 
the function of intensifying the field 
thrown out by the fluctuations in 
the primary, so that a consider-
able amount of primary energy 
can be induced into the secondary. 
It does this because the material 
of which it is made, allows the 
magnetic lines of force to pass 
very easily through it—(Fig. 2) 
but, as it is made up of conducting 
material which is under the influence of — 
a fluctuating field, currents would be set -e 
up in it.  These are known as eddy cur-
rents, and their energy is given off in 
heat—a direct loss.  In order to over-
come this, the core is built up of thin 
sheets of the material, called laminations 
—each insulated from the other, thus in-
creasing the resistance of the core and 
decreasing the strength of the eddy cur-
rents.  These laminations do not affect 
the magnetic properties of the core in 
any way. 
The older type transformers had cores 

of silicon and iron, the use of this sub-
stance resulting in large size cores and 
a large number of turns of wire on the 
primary to obtain the necessary induct-
ance.  Nowadays nickel alloys are used, 
which have a much greater concentrat-
ing effect (permeability) on the mag-
netic lines than the silicon cores, with the 
consequence that the size of the core can 
be greatly reduced. This also applies to 
the size of the primary winding, and 
because of the high permeability core, the 
inductance will still be greater than the 
average large silicon iron core trans-
former, and as the size of the primary 

COUPLI N C —CONTINUED 
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can be reduced, so also can the secon-
dary.  The ratio of step-up is main-
tained and the high frequency loss re-
duced.  The transformer then becomes 
a highly efficient component of small 
size. 
The Philips 4003 audio transformer 

is an excellent example of this modern 
trend in design. It has a primary winding, 
giving absolute freedom from oxidisation. 
also it possesses a high tensile strength. 

Philips 4003 audio transformer, suitable 
for coupling any audio stages. 

The primary possesses an inductance of 
28 henries when connected in the plate 
circuit of an A415 miniwatt 
The secondary is wound with nickel 

wire, again giving mechanical strength 
and freedom from oxidisation. The core 
is composed of a special high perme-
ability nickel alloy—the whole being 
highly impregnated with a moisture re-
sisting preparation.  Many transfor-
mers show a good response curve when 
the actual value of the audio currents 
remains at a certain definite intensity. 
When the energy passing through the 
primary varies from this figure, then 
the output no longer follows the true 
input/output ratio.  Some of the notes 
will be transferred with greater strength 
than others, and furthermore, additional 
harmonics will be set up which were not 
present in the original audio component 
in the primary. 
This form of distortion is called "am-

plitude" distortion, and its results are 
very distressing to the ear, in that the 
reproduction appears very uneven in 
strength,  and  therefore  unbalanced. 
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With the Philips audio transformer, due 
to its special core, audio currents are 
transferred faithfully over a very con-
siderable range of plate current inten-
sity, i.e., the transformer retains a cer-
tain definite inductance irrespective of 
the plate current flowing within very 
wide limits. 
The transformer gives excellent re-

sults when preceded by an E415, A415, 
A409, or E409 —at 60 cycles the A.C. re-
sistance will be 10,000 ohms, and thus 
correct tube and transformer primary 
matching will be attained.  When pre-
ceded by an A415 or E415, a stage gain 
of 45 is attained.  When preceded by 
the new indirectly heated special detec-
tor E424, a stage gain of 72 is reached. 

Curve of the 4003 transformer prepared by 
the National Physical Laboratories, England. 

This compares very favourably with a 
modern screen grid type of detection 
circuit. 

RESPONSE CURVE 
In the first part of this article it was 

explained that the transformer had to 
transfer the audio fluctuations without 
distortion.  Now consideration will be 
given to the actual range of frequencies 
which  the  transformer  must  handle 
faithfully. 
In the first place the ear is able to 

detect sound vibrations fluctuating from 
16 to 15,000 times per second, i.e., fre-
quencies from 16 to 15,000 but it is not 
necessary for practical purposes to re-
produce this entire range.  The voice 
covers the frequency range from 60 to 
about 1300, the latter being a high so-
prano note.  In music the range is from 
about 16 (4 octaves below middle C) to 
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4,224 (4 octaves above middle C), but 
besides  these  fundamental  frequen-
cies, both voice and musical instruments 
have overtones which go up to a fre-
quency of 10,000 so that it is necessary 
for the transformer to transfer and am-
plify all the frequencies from approx-
imately 50 to 10,000. 
The middle section from 200 to 6,000 

should be handled so that all frequencies 
are amplified and transferred evenly. 
The frequencies from 200 down to 50 
give body to the reproduction, the upper 
frequencies give brilliance to the music 
and intelligibility to speech.  This fre-
quency response in a transformer is 
shown by means of a response curve, 
and by reference to this the capabil-
ities of a transformer can be rapidly 
judged. 
Reproduced is the curve of the 4003 

transformer.  From this it can be seen 
that the fundamental frequencies from 
200 to 6,000 are amplified absolutely 
evenly.  The important upper frequen-
cies from 6,000 
to  10,000  are 
still  efficiently 
amplified  so 
that  no  bril-
liance  is lost, 
and down at 50 
cycles as much 
as 56% of the 
maximum  am-
plificat i o n  is 
available,  and 
this  curve  is 
constant over a 
very wide range 
of signal inten-
sities.  The 
curve was made by the National Phys-
ical Laboratories, and a standard circuit 
was used. 
A comparison with Resistance Cap-

acity Coupling shows that a good audio 
transformer has the following advan-
tages: -

1. Upper frequencies fully amplified, 
whereas the condenser used in re-
sistance capacity attenuates these. 

2. Considerably greater amplification, 
permitting the use of fewer audio 
stages to attain any desired volume. 

3. Less "B" voltage required, due to 
the low resistance of the transfor-
mer primary compared with the 
high anode resistance in the Resist-
ance Capacity method. 

Philips 4001 resistance 
capacity coupling unit. 
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"TRUTH IN ADVERTISING" has built Anthony Horderns' 

ANTI-101\-Y tIORDERI\ S 
(THE SENIOR STORE) 

"Uni" Electric Vacuum Cleaner 
the finest value obtainable 
Emphatically, we mean it! At its price the "Uni" 
stands alone in the field of value.  It is soundly 
and faithfully constructed, and will do every task 
the housewife asks of it.  The "Uni" is obtain-
able only at Anthony Horderns'. 

f7/7 
Complete with all cleaning 
accessories for Carpets, 
Curtains, Upholstery, Etc. 

Inspect our Radio Section 
The radio enthusiast will find a modern department 
with a complete stock of spare parts and a compre-
hensive range of sets.  All at most reasonable prices. 

ANTI10\Y HORDERNS. 
SYDNEY 

'Phone: M240I 
Day and Night. 

Postal Address: 
Box 2712C, G.P.O. 

1930-31 

00 



q Radi ofiR1 
AUDIO FREQUENCY 

Advantages 1 and 2 also apply when 
comparing  Transformer  with  Choke 
Coupling. 

RESISTANCE CAPACITY 
Some maintain that the amplification 

by this method is more faithful than 
through transformers, but this is a con-
troversial point.  The modern trans-
former has done much to influence the 
issue in favour of the latter method, but 
the resistance capacity system is again 
becoming of interest, and we are there-
fore devoting some space to it. 
With resistance capacity coupling it is 

most important to match the plate re-
sistances to the tubes.  As there is no 
step-up in the resistances, it will be seen 
that it is necessary to employ tubes with 
a high amplification factor.  If a low im-
pedance tube is used, the value of the plate 
resistance must be reduced.  A low im-
pedance tube means greater plate cur-
rent and consequently a greater voltage 
drop on the plate resistor. 
The tubes A425, A442, A630 (D.C.), and 

E438, E442S (A.C.) will all perform splen-
didly in resistance coupled apparatus. 
The plate resistance should not be less 
than four times the imped-
ance of the preceding tube. 
A resistance of 100,000 ohms 
will suit the three types 
mentioned. The impedance of 
the E438 is 25,300 ohms. The 
grid resistance is not critical 
and 2 Megohms is a good 
average value. 
As the plate resistance is 

in series with the "B" sup-
ply to the preceding tube, a 
high voltage is essential on 
account  of  the  inevitable 
voltage  drop.  Resistance 
Coupling  may  be  applied 
with success to receivers embodying 
screen grid detector tubes, which are be-
coming more and more popular.  A 
higher plate resistance is an advantage, 
as the impedance of the screen grid 
tubes is above normal. 
Care must be taken to prevent back 

coupling, which may be particularly 
troublesome if several tubes of the am-
plifier are fed from a single high tension 
terminal. 
For those who desire to use Resist-

ance capacity coupling, Philips market 
the 4001 resistance unit, which may be 

COU PL I NG—CONTINUED 
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simply installed, as it has four terminals 
marked in the same manner as on the 
4003 transformer. This unit will match 
Philips tubes specified for Resistance 
Capacity work.  A special feature in-
corporated in the unit, is a R.F. choke, 
to prevent high frequency currents from 
reaching the first audio stage. 

-......... 

PHILIPS 
Resistance oupling unit 

Colloaring A 42 ) 

1 il I  I I 

50  100 
Kee • 1 tag 130 V 

500  1000  2000 51X0  41:0) 
FREQUENCY 

Curve of 4001 Resistance Capacity Coupling Unit. 

It must be remembered that if a re-
sistance unit follows the detector stage, 
a high impedance tube must be inserted 
in the detector socket.  This form of 
coupling should be utilized in receivers 
where plate detection (anode bend) is 
used, as generally speaking, a high im-
pedance tube is invariably employed for 
this method of detection. 
Connections for resistance couplings 

A—  A—  B+ 
FIG.3. 

Typical circuit arranged for Resistance Capacity Unit. 

A— at 

are shown in the diagram.  It will be 
noted that it is necessary to use two am-
plifying stages to provide the requisite 
grid swing for the output tube. The re-
sistors marked "R" are not part of the 
4001 unit. These are extra resistors used 
in  conjunction  with  the  condensers 
marked "C" for decoupling purposes in 
order to eliminate "motor-boating." This 
form of interference may become very 
troublesome in an amplifier of this type. 
10,000 ohms each, will be a suitable value 
for the decoupling resistors, and 2 M.F. 
for the condensers "C." 
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DIRECT-COUPLED RECEIVERS 

LATEST DEVELOPMENT 

THE most interesting feature of radio design in the past few 
months has been the advent of direct-coupled audio systems. 

The idea is really an old one, but it is only about twelve months 
ago since two American engineers, Loftin and White, succeeded 
in getting entirely satisfactory results from it.  They obtained 
excellent results from the circuit when; used as an amplifier, but 
claimed that the first valve could not be used as a detector in 
a radio circuit. 

H O WEVER, shortly after the arrival of 
the first details from America, "Wire-

less Weekly" succeeded in perfecting a 
circuit which gave satisfactory results, 
both for radio and amplifier operation. 
The circuit proved immensely popular 
and has since been published in six dif-
ferent Australasian radio papers as well 
as one of the leading English papers. 
The circuit has been adopted by several 
Australian manufacturers and also by 
many of the manufacturers of midget 
sets in the United States. 

The system is in some respects similar 
to  a resistance-capacity coupling ar-
rangement, except that, as no coupling 
condenser is 
necessary,  t h e 
frequency  re-
sponse is consid-
erably improved. 
When  a valve 
such as the F242 
is used  in the 
detector  socket, 
and an E443N in 
the output, terri-
fic volume can be 
obtained.  Owing 
to its ability to 
handle the high 
notes  the  pen-
thode is particu-
larly suitable for 
d ir ect - coupled 
circuits and pro-
vides excellent 
reproductio n. 
There are one or two points about the 
direct-coupled circuit,  however, which 
are worth mentioning.  In the first 
place the success of the job depends 
to a big extent upon the accuracy of the 

rac h. 

7o Nogo.tiva 
Voltage 

resistors used, and secondly upon the 
performance of the valves being exactly 
according to their rated characteristics. 
On this account, it is most important 
that only high-grade valves, such as 
Philips,  be  employed.  When  loud 
volume is not desired the F203 is a 
suitable valve for use in the direct-
coupled circuit.  Full details of the 
circuits and constructional  details of 
the various sets using direct-coupling can 
be obtained from the "Wireless Weekly." 

If you find any difficulty in master-
ing the interesting constructional data 
published in this booklet, a special be-
ginner's number of Ẁireless Weekly" 

C3. 

R.E. 

li-arts-lorcnir 

To + 
To Volurno Control. 
&leis-ton  Witmer 

A schematic diagram of the audio amplifier of a receiver using the direct-coupled 
system.  It will be noticed that there is no coupling condenser employed between 

the plate of the detector and the grid of the output valve. 

dated February 6, will help you.  In 
this you will find the explanations of 
circuit diagrams and many other funda-
mental points necessary to a knowledge 
of radio. 
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Types—Action of an Aerial—Losses — 
Protection —The "Aerial Cop" 

D UE to the introduction of supersensitive receivers, large out-
door aerials are becoming a relic of the past.  This has been 

brought about chiefly by revolutionary changes in radio frequency 
amplifier design, and one of the most direct causes has been the 
introduction of the new SCREEN GRID TUBES.  However, all 
listeners who are operating receivers which do not include radio 
frequency amplifiers, will find an efficient aerial system essential. 

WHEN the broadcast stations first 
commencea  the  transmission  of 

regular programmes, there were many 
types of aerials in vogue.  It 
was not an uncommon sight to 
find four or five different aerial 
styles erected within a few 
hundred yards of each other. 
Due to enlightenment on the 
subject, the craze for some-
thing different in the way of 
an aerial has died out, leaving 
the single wire aerial the most 
popular form. 
A single wire aerial is cap-

able of picking up good sig-
nals from broadcast and short-
wave stations.  Indeed, many 
of the most powerful short-
wave transmitters, including 
the famous PCJ station, use 
single,  wire  aerial  systems 
for their transmitters.  Gen-
erally speaking we may con-
sider it the beet proposition 
for  the  average  radio  en-
thusiast. 

THEORY: 
To appreciate the action of 

a receiving aerial it is help-
ful and interesting to consider 
radio waves in general.  The 
radio waves are generated by 
means of special apparatus 
which we will refer to as a 
transmitter.  This  machine 
possesses the property of con-
verting  ordinary  electrical 
currents into high frequency 
oscillations.  When the trans-
mitter is connectel to a suit-
able aerial system, the high 
frequency oscillations are set 
up within the aerial, which 
results in powerful electro-

THE ONCE POPU LAR TWIN WIRE 

THE CAGE OR SAUSAGE 

THE COPPER BALL 
AERIAL .RECENTLY 
IN FASHION 

1930-31 

magnetic waves being radiated.  High 
frequencies are essential for transmis-
sion purposes, as the power radiated 

from an aerial is proportional 
to the square of the frequency. 
For  broadcasting  work  the 
frequencies between 500 and 
1500 kilocycles are generally 
employed. 

Wave-length and frequency 
go hand in hand, and any 
figure quoted as wavelength 
may be converted to terms of 
frequency.  As an example 
it may be remembered that a 
wavelength of 300 metres cor-
responds to a frequency of 
1000 kilocycles.  Suppose we 
wish to determine the fre-
quency of the signals from 
2FC.  As 300 metres equals 
1000 KC. we may write the 
frequency for 2FC which op-
erates on a wavelength of 442 
metres as: -
300 
- - X 1000 =-

442 
Taking 40 metres as another 
example, we find -
300 
—  x 1000 = 7500 Kilocycles 
40 
Now the variations set up in 

the ether by the transmitter, 
are electro-magnetic  waves, 
and these travel out from the 
aerial at a high velocity. The 
velocity is the same as that 
of light, and equals 186,000 
miles per second.  Actually, 
light consists of electro-mag-
netic waves, but of a much 
higher frequency than radio 
oscillations. This high velocity 
enables a signal to cross the 

678 Kilocycles 
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Your Set Can Only Óperate 
as well as its Parts 

Rae/jokes 
eridget Condenser 

Radiokes parts are constantly 
specified in articles on set con-
struction appearing in radio 
papers  all  over  Australia. 
Technical experts realise how 
important design and absolute 
accuracy of construction are 
to the performance of the fin-
ished set. Moreover, all Radi-
okes parts are covered by a 
liberal 12 Months' Guarantee. 

RADIOKES MIDGET CON-
DENSERS give permanently 
satisfactory performance and 
sharp tuning because they are 
substantially built by precision 
methods, and rustless through-
out.  The plates are spaced 
with minute accuracy, and the 
stationary plates permanently 
locked in position.  Designed 
for low minimum capacity and 
high maximum capacity. 
One hole mounting; special 
silver finish and handsome 

RADIOKES 
GUARANTEED 

PRECISI O N 

PR O D UCTS 
Ensure Satisfactory 

Performance 

walnut finish moulded bakelite 
knob. 

RADIOKES  R.F. CHOKES 
Accurately made and carefully 
tested. Designed to minimise 
distributed capacity.  T h e 
special mounting bracket lifts 
the choke, and therefore its 
field, out of the wiring of the 
set. 

RADIOKES PRECISIO N PR OD UCTS 
efanufactured and Guaranteed by 

METROPOLITAN ELECTRIC CO., 126 SUSSEX STREET, SYDNEY 

1930-31 
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space between England' and Australia in 
one fourteenth part of a second. 
Let us now consider what takes place 

round and about the aerial wire. Figure 
1 shows a typical arrangement. 
Here  we  have,  a 

horizontal aerial, and 
down lead joined to 
earth.  All  aerials 
will have, a natural 
period of oscillation, 
usually referred to as 
t h e natural  wave-
length.  That  is, 
they may be consid-
ered to be in tune to 
one particular wave-
length.  This is be.-
cause such an arrangement will natur-
ally possess the three necessary factors. 
These are, resistance, capacity and in-
ductance. 
The resistance is found in the wire. 

A current through the aerial will pro-

1.1 

E 
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the incoming waves is partly governed 
by the fields set up by the lines of force. 

NATURAL WAVELENGTH: 
If it is 

FIG. 1. 

ELECTR;OSTATiC 
LI ÑES àF 

Showing a typical L 
theoretical properti 

INCORAECI  CORAECI 

The right and wrong way of connecting 
to insulators. 

duce a magnetic field, chiefly around the 
down lead, therefore inductance must be 
present. The third factor, capacity, may 
be accounted for as lines of electro 
static force which are set up between 
the wire and earth when the aerial is 
raised above earth potential.  When 
dealing with the aerial as shown in Fig. 
1, we find that the lines of force are 

widely spread, as the 
inductance and capacity 
is distributed through-
out the, length of the 
wire.  The  electro-
magnetic  fields  a r e 
greatest  around  the 
lead in, while the, elec-
tro static forces be-
come stronger as the 
free end is approached. 
It  is  the  spreading 
and collapsing of these 
lines of forces that re-
sult in the radiation 
of electro - magnetic 
waves from the trans-
mitting aerial.  In the 
case of the receiving 
aerial the response to 

Method of staying a mast 
FIG. 7.  when space is limited. 

-type aerial and the 
es which affect it. 

desired to calculate the natural 
wavelength  or  fre-
quency of an aerial, 
an approximate result 
may be obtained by 
multiplying the length 
in feet by 1.5.  Sup-
pose our aerial is 50 
feet  long  measured 
from free end to earth 
connection.  Then the 
natural wavelength 
will be--
50 x 1.5 -= 75 metres 

In most receivers we find an aerial 
coupling coil.  This is invariably con-
nected in series between the aerial lead 
and earth, and provides a means of in-
troducing oscillating currents present 
in the aerial system to the receiving 

Fg•4 

Above: Typical single 
wire aerial. 

Left: Method of keep-
ing lead-in clear 
of obstructions. 

circuit.  It also 
has the effect of 
increasing  t h e 
natural  wave-
length  of  t h e 
aerial. 

As we have found that a fifty foot 
aerial has a natural wavelength of only 
75 metres, it will be realised that this 
loading by the aerial coil is desirable 
for reception on the broadcast waves. 

WHAT CONSTITUTES A GOOD 
AERIAL SYSTEM? 
The greatest current will flow in the 

aerial when it is in resonance or "in 
tune" with the transmitter, as then the 
aerial impedance is low.  The current 
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Always 
first 

with the 
latest 

in Radio 
TT is no empty boast of Wire-
' less Weekly's that it is the 
only radio journal in Australia 
to be up-to-date in its tech-
nical information. The A.C. 333, 
and other sets in this booklet, 
for  instance,  were  described 
in Wireless Weekly in 1929. 
Since then it has been instru-
mental in introducing the di-
rect-coupled  receivers,  and  a 
host of other world-wide de-
velopments which have revolu-
tionised radio by improving re-
ception a 100% on old methods. 
If you want to be up-to-date 
in radio and to follow all that 
is new and useful in the craft 
get  Wireless  Weekly,  which 
spares no expense in obtain-
ing the best engineers and the 
latest information available. 

On sale at all Book-
stalls and News-

jnado agents   
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W HY NOT 

SUBSCRIBE 
DIRECT, OR 
THROUGH 
Your LOCAL 
A GE N T? 

52 ISSUES 

POST FREE 

 for   
e 
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le e 4ife?'1. 

In addition to its excel-
lent technical service to 
readers Wireless Weekly 
publishes  detailed  pro-
grammes of all the A 
and B stations a week in 
advance. There is also a 
wide variety of topical 
articles  including inter-
views, reviews, news of 
the  radio  world,  radio 
club notes, letters from 
readers, model aeroplane 
articles, and trade notes. 
Shortwave observances by 
an expert are published 
fortnightly and there is 
a free information service 
available to all readers;.• 
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AERIALS —CONTINUED 

in the aerial is directly proportional to 
the induced voltage, and inversely pro-
portional to the aerial impedance. Thus 

E 
aerial current = — 

Z 
Where —E = induced voltage 

Z  aerial impedance 
At resonance the aerial impedance is 

cancelled, and only the ordinary resist-
ance remains. 
The induced voltage should be high 

for  good  reception.  This  depends 
largely on the efficiency of the aerial. 
A high signal voltage will be induced in 
the aerial if the resistance is kept low. 

This may be accomplished by using 
heavy wire and making a thorough con-
tact to earth.  A bad earth connection 
is likely to introduce high resistance and 
large losses. 
Clearance should be given 

plenty of consideration. It 
is most undesirable to have 
a large tree or building un-
der the aerial wire.  Such 
an object will greatly re-
duce the effective height 
and may introduce other 
troubles.  Always  avoid 
crossing electric power and 
telephone  wires.  Other-
wise there is the possi-
bility of the aerial fouling 
with these wires.  In fact, 
keep your aerial as far 
away from them as pos-
sible to prevent interfer-
ence from them. 
The  high  frequency 

waves from the transmitter 
set up oscillating currents 
in the aerial of the same 
frequency as the original. 
These currents set up in 
the aerial are conveyed to 
the receiver, amplified, and 
the electrical impulses re-
ceived are converted back 
to  their  original  sound 
freauencies  a n d become 
audible through our loud-
speakers. 
Elevation is an import-

ant factor, and the aerial 
wire should be raised as 
high as possible from the 
ground  or building,  depending  upon 
location. For purposes of reception, the 
length is not critical.  A single wire of 

AEIMAL 
LEAD IN 

were 

The "Aerial Cop." 

say sixty feet, including lead-in, is a fair 
average.  When erecting an aerial, the 
following points should be observed. 

Good elevation. 
Clearance. 
Insulation. 
Protection from lightning. 
Reliable supports. 
The efficiency of the aerial so far as 

picking up signals is concerned, is al-
most directly proportional to the height. 

Only the highest grade insulators 
should be used.  Two well-spaced at 
each end are sufficient.  Pyrex glass in-
sulators are considered the best, whilst 
glazed porcelain are also very satisfac-
tory. 

PROTECTION: 

The question of protection 
is most important.  An 
efficient lightning arrester is 
essential for any installation. 
The Philips "Aerial Cop" 
is a truly ingenious device 
for this purpose. This ap-
paratus embodies a rare 
gas fuse in a special insu-
lated holder.  Two screw 
contacts are provided. The 
bottom contact is earthed, 
and  the  lead-in  passes 
round the top contact. Both 
connections are permanent. 
No switching is necessary 
and the apparatus is always 
on duty.  In addition to 
the fuse, an air gap is pro-
vided for heavy discharges. 
The great advantage of in-
corporating a rare gas fuse 
is that any small poten-
tials which tend to build 
up by accumulation on the 
aerial may leak away to 
earth  through  the  fuse. 
The cartridge will visibly 
glow at a potential of 120 
volts, so there is no possi-
bility of a dangerous po-
tential developing on the 
aerial.  Experimenters will 
no doubt often have noticed 
sparks jumping the plates 
of  the  aerial  condenser. 
This is due to high voltages 

accumulating on the aerial and leaking 
to ground via the condenser. 
The "Aerial Cop" is easily installed, 

AE RIAL 
CONNEGTJON 

FIBRE WASHER 

WEATHER IIELMEs 

FUSE CONEKG, 
RUBBER 
WASHED 

SPARK GAP 

RARE GAS 

GLASS KURE 

PIRRE WASEGP 

FAQIR 
CORRECTION 

Sectional view of Aerial Cop. 
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THE NE W AND IMPROVED 

AUSTRA  LECTRIC 
INDUCTION TYPE PHONOGRAPH MOTOR 

MADE IN AUSTRALIA 

THIS AuctrAlinn-mnde induction type phonograph 
motor is a decided improvement over any other 

- motor ever seen on this market.  It is covered by 
comprehensive patents, which, in turn, protect the user 
and the dealer.  We, as sole distributors of this won-
derful product, guarantee it in every particular, and 
undertake, in conjunction with the manufacturers, to 
protect every user of this Austra-Lectric motor. 

SPECIFICATIONS: 

Size: Height, 6 inches; Breadth, 7 inches; Turntable, 
Blue or Green Plush, 12 inches diameter.  Motor is 
induction type, 200-250 Volts A.C., and guaranteed to 
run under heavy strain without "pull up."  Main frame 
of cast iron, with phosphor bronze bearings.  Motor 
cushion mounted.  Maximum consumption 25 watts. 

PRICE, £7  7 0, COMPLETE 
WITH TURNTABLE, SPEED REGULATOR AND STOP 

Y o M ble  

" 'Jill \  LI MITED 

Wholesale Radio Suppliers 

"MERINO HOUSE," 57 YORK STREET, SYDNEY, N.S. W. 
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and is supplied with a special metal 
angle bar for wall mounting.  It may 
be mounted internally or externally, as 
desired.  On account of the special con-
struction it is not possible for the insu-
lation  to  become  impaired  by  bad 
weather. 

Only reliable supports should be used 
to hold the aerial in place.  A good 
mast is a great asset for at least one 
end. Use two masts if 
possible.  It  is  not 
necessary for them to 
be equal in height. The 
aerial may be, horizontal 
or erected at an angle. 
Do not use iron or 
steel wire.  Copper 
wire will give the, best 
results.  Stranded 7/20 
gauge  copper  wire 
plain or enamelled is 
the  most  popular. 
Take your lead-in 
either from dead centre 
or  either  end —never 
from any intermediate 
point. 
Listeners who are operating commer-

cial receivers should carefully read the 
directions given, and modify their aerials 

1930-31 

to comply with the requirements of their 
sets.  Particularly so on the point of 
length. A reduction in length will often 
give a useful increase in selectivity. 

THE W AVE TRAP: 

When bad interference is experienced 
from a broadcast station it may be re-
duced or eliminated by connecting a 
simple tuned circuit in series with the 
aerial lead.  The idea is outlined on the 
diagram. 
In this case, the coil and condenser ar-

rangement forms a rejector circuit, and, 
should be tuned to the wavelength of 
the interfering station. This circuit then 
absorbs most of the energy of the un-
wanted broadcaster and hardly affects 

the desired station. 
For best results the 

coil should have low 
losses,  and  only the 
best types of variable 
condensers are worth 
while for the rejector 
circuit.  Use  heavy 
gauge wire and short 
leads.  Solder all con-
nections.  When the 

wave trap condenser is changed, the 
tuning of the receiver should be read-
justed to the transmission desired. 

AE 

EA 

RIAL 

RECEIVER. 

RTH 

Connections for wave-trap. 

ee  WIRELESS WEEKLY'S" TECHNICAL EDITOR 

RECOMMENDS PRIMA DONNA POWER PACKS 
W E SPECIALISE 

IN 

BUILDING 

THE 

FAMOUS 

"1930 FOUR" 

The supreme confidence shown by the Tech-
nical Editor of "Wireless Weekly" in recom-
mending  Prima  Donna  Power  Packs  is 
evidenced in the fact that they were chosen 
for the following W. W. Sets. -1930-4, Factory 
Special 3, Midget 3, and now "Hi-power 2." 
Throughout  the  Commonwealth  Prima  Donna  Packs 
are  being  used  with  entire  satisfaction,  and  Radio 
Dealers in all States are recommending them.  The 
Prima Donna Power Pack for the Hi-power 2 has been 
specially designed in collaboration with Mr. Hull, and in-
cludes Special Transformer and two specially constructed 
chokes,  enclosed  in  highly-polished  nickel  standard 
type case. 

Send for illustrated Catalogues and Price Lists. 

'MAKERS OF ALU MINIU M SHIELDS, CABINETS, R.F. CHOKES 
.C OILS, RESISTORS, PO WE R TR A NSFOR MERS, ETC. 

Prima Donna Radio cSz. Cabinet Co. 
264 OXFORD STREET, WOOLLAHRA   PHONE FW 2328 
(Opp. Denison Street.)  AGENTS IN ALL STATES 
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Colville-Moore 
e.411 electric 

SCREEN - GRID FOUR 

U NDENIABLE features, 
which make Colville-

Moore A.C. Screened-Grid 
Four Receiver, the greatest 
Value in Radio: Selectivity, 
Tone Quality, Sensitivity, Pre-
cision of Construction, Ease of 
Operation,DistanceReception, 
Volume, Beauty in Design. 

CASH PRICE 

£ 31 
Speaker extra from £2 

Easy Terms Arranged 

Demonstration Without 
Obligation. Ring B2261 

1930-31 
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CONVERTING D.C. RECEIVERS 

FOR A.C. OPERATION 
(Continued from page 26) 

ing points should always be grounded: — 
(a) Centre tap of filament lighting 

transformer. 
(b) "B" minus. 
(c) "C" positive. 
(d) Casing of high tension unit. 
(e) Casing of filament heating trans-

former. 
(f) All metal shielding. 
When converting a battery receiver 

to A.C. it should be noted that all wir-
ing connected to the D.C. filament wir-
ing should be altered so that it is con-
nected to earth.  Nothing must be con-
nected to the filament wiring in A.C. 
sets except the filaments of the valves. 
Only the best quality valve sockets 

should be used.  If a socket with a bad 
contact is wired in to a receiver, it will 
cause much trouble which will be very 
difficult to trace. All connections should 
be soldered to avoid trouble from faulty 
or loose connections. Always remember 
that A.C. receivers are no more difficult 
to operate than the ordinary types, and 
owing to the superior apparatus avail-
able in this field, better results are to be 
expected. 

CHOKES 
(Continued from page 28) 

FILTER CHOKES: Filter  chokes 
are  used  for 

smoothing in power supply circuits (fig. 
3), so that working in conjunction with 
large condensers they smooth out ripples 
and help to give a hum-free output. They 
are similar to audio chokes in construc-
tion but the windings and core are made 
sufficiently heavy to deal effectively with 
the currents involved. 
The wire should be of a heavy gauge 

so that the D.C. resistance is kept low, 
and the voltage drop across the choke, 
reduced to a minimum. 

VALVES 
(Continued from page 39) 

This means that when a penthode is 
used correctly in the last stage, it is 
not  necessary  to  use  a preceding 
audio  tube,  and  further,  that  for 
an equal consumption of plate current 
at a specified plate voltage, the undis-
torted output from a penthode will be 
larger than that of a triode. 
Penthodes are made to fill the needs 

of every type of set user, and the in-
corporation in a receiver is well worth-
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while, the main advantages being: -
1) Greater faithfulness and brilliance 

of reproduction. 
(2) No necessity for an intermediate 

audio stage. 
(3) Cheaper sets, easier to construct. 
(4) High input-output ratio, which 

means that the greatest possible 
effect operates upon the speaker 
for any given signal input to the 
penthode. 

(5) Small plate current required for 
equal or even greater undistorted 
output. 

SPEAKERS 
(Continued from page 52) 

If made up in the form of a box, the 
back should be left open, or have sev-
eral large holes cut in it; this will tend 
to prevent box resonance, which seriously 
muffles the reproducton.  An excellent 
baffle is provided by a wall or partition 
into which the speaker is built so that 
only the cone and cone support projects. 
The average cone speaker is moderately 
well loaded when receiving an input from 
the power tube of about 500 milliwatts. 
A moving coil type requires about 1500 
milliwatts if it is to show to its best 
advantage. 

THE CARE OF RECORDS 
The fact that phonograph records last 

only a very short time at their best is 
entirely due to the misuse to which 

they are sub-
jected.  First-
ly there is the 
matter of hand-
ling,  which 
should always 
be  by  the 
edge  of  the 
record.  This 
pre vents 
grease  from 
the  hands 
clogging  the 
grooves.  It 
is of  course 
essential  t o 
keep records in 
their sheaths. 

On the subject of needle-changing it 
must be realised that this is no myth. 
The accompanying illustration  shows 
(under a magnifier) an unused needle 
and a needle used twice.  The used 
needle would practically ruin the loud 
portions of the next record it played. 
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THREE OUTSTANDING 
SERVICE INSTRUMENTS 

FORTY odd years of world-wide instrument supremacy is reflected 
in Weston Radio Test Equipment.  When selecting your servicing 

and test instruments bear in mind the fact that throughout the whole 
electrical industry Weston quality and dependability are the standards 
by which all other instruments are judged. 

MODEL 555 

Counter Tube Checker.  Widely 
used by better radio dealers to test 
tubes at time of sale.  Checks all 
type tubes, A.C., D.C. and Recti-
fiers (both plates).  Speed and 
ease of operation have made it 
very popular. 

MODEL 547 

A complete Test Set for all types 
of A.C. and D.C. Radio Receivers 
and Tubes.  It is fast, convenient 
and reliable in operation.  Exten-
sively used by radio service men. 
Also suitable as a handy portable 
test set for general factory and 
laboratory purposes. 

MODEL 564 

A Volt-ohmmeter,  compact  and 
completely self-contained.  Valu-
able aid in radio service and in 
laboratory work.  For checking 
continuity  of  circuits,  voltages. 
Ranges 10,000/100,000 ohms and 
3/30/300/600 volts. 

WRITE FOR DESCRIPTIVE 
PRINTED MATTER 

Distributors— 

WARBURTON, FRANKI, LTD. 
307-15 KENT STREET  SYDNEY 
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