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Milliard Loose Leaf
VALVE DATA HANDBOOKS

y 0| 1 • R E C E IV IN G  VALVES —  E Q U IP M E N T  TY PES. 
C A TH O D E RAY T U B E S, M ISCELLANEOU S T l  BES. 
In c lu d es  telev ision  p ic tu re  tu b es , p h o to g ra p h ic  fla^h 
tu b es , vo ltage  s tab ilis in g  tu b es , acce le ro m e te r tubes 
a n d  g e n e ra l valve d a ta .

Vol. 2: R E C E IV IN G  VALVES F O R  M A INTENANCE ONLY.
T h is  vo lu m e co n ta in s  fu l l  d a ta  on  su p e rsed ed  M u llard  valve 
ty p es as su p p lied  fo r  re p la c e m e n t an d  m a in te n a n c e  o f 
e q u ip m e n t a lread y  in  th e  fie ld .

Vol. 3: PO W E R  VALVES an d  R E C T IF IE R S  fo r  TR A N SM ITTIN G  
AND IN D U ST R IA L  E Q U IP M E N T . C on ta in s d a ta  shee ts and  
u se fu l in fo rm a tio n  re la tin g  to  h ig h  pow er w ater-cooled 
tra n s m ittin g  valves, silica  envelope  valves, heavy  d u ty  
re c tif ie rs , V H F valves, e tc ., o p e ra tin g  n o tes an d  g en era l 
n o m e n c la tu re  re la tin g  th e re to .

\
C \

Q-X \

The three 9 " by 7 " volumes are leatherette covered with 
gold lettering, have snap rings and contain full technical 
data on the comprehensive range of Mullard valves. 
Each valve group is provided with an indexing sheet.

ic Pro-
\  Each valve group is provided with an indexing 

j- * \  Compiled and produced by Mullard Electron
"V  Sj' *  ^  \  ^ uc*s Ltd., London, the data completes the gap in 

^  ^  y°ur valye information and comes at a most
opportune time— with the expand ing field of 

- "O '”®,, °-5 \  television and industrial electronics. A
\  practical and essential addition to your 

%  <5 \  re^erence library. The cost is
. ®. * ' k s> *  y* \  £6/6/-, inclusive of the first two

=>« 'O '*

V *
"vf

\  years’ subscription for amend- 
\  ments and additions, sub- 

N  scription 15/- per year 
o'  v thereafter.

\  \
\  Mullard t h e  m a s t e r  v a lv e
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T HIS m on th ’s fron t cover 
picture shows a corner 
of the  Rola acoustic 

laboratory, claimed to be the  
best fitted in  th e  Common­
w ealth. Equipm ent includes 
loud-speaker curve tracing  a p ­
paratus, in ter-m odulation  and  
wave analysers, and  th e  la test 
laboratory - type wide - range 
microphones.
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EDITORIAL

FROM th e  Disposals Com m ittee of th e  W ireless In s titu te  we 
have received th e  following le tte r :—

“W ith  reference to rem arks regard ing  th e  W ireless In s t i­
tu te  of A ustralia  as contained in  your E ditorial for Decem ­
ber, 1949.

All goods offered by th e  In s titu te  to its m em bers are  passed 
on  for use of such m em bers a t  prices w hich are  no t loaded 
to the  ex ten t when equ pm ent is m ade available th rough  norm al 
trad e  channels who h a -e  m ade trem endous profits from  the 
unsuspecting person. T his applied m ore particu larly  in the  
early  days before th e  In s titu te  en tered  th e  field, when such 
goods were bought for so m uch per hundredw eight, etc., by the  
trade.

However, goods sold under these conditions allow th e  m em ­
ber to have m ore money available to  purchase add itional 
equipm ent, produced by A ustra lian  M anufacturers, to  replace 
any b u rn t ou t components, as well as th a t  used when re ­
designing to his own particu la r requirem ents.

We tru s t you will publish th is reply so th a t any  fears your 
readers m ay have will, a t least, be p a rtly  allayed. We say 
partly , because even if the  In s titu te  did no t en te r th e  field, 

such equipm ent would still have b een  offered by th e  Disposals 
A uthorities and  no one would stop a  person from  purchasing  
sam e from  any  recognised d istributor. O ur au tho risa tion  
appears in  H an sard .”

As requested by th e  W.l.A., th is le tte r is p rin ted  in  full, no t 
th a t  i t  in  any way a lte rs th e  fac t th a t  radio  com ponent m an u ­
fac tu rers have found disposals gear as opposition to th e ir busi­
ness progress. I t  was never our in ten tio n  to blam e th e  W.I.A. 
for this, bu t ju s t to  rem ark  upon it as being p a r t  of th e  prob­
lems w hich are th e  a fte rm a th  of wars.

—A. G. HULL.



7 WAYS
to Better Performance

Put these R.C.S. Components into your
set for PROVEN better performance !

DUAL WAVE UNIT 4Filament Transformers
T ype T P55 6.3 volts, 3 am p s, 15 
w a tt, 14/6.

Audio Transformers 2
Long experience  in  th e  p ro d u c ­
tio n  of h ig h ly  efficient t r a n s fo rm ­
ers com bined  w ith  ex tensive  r e ­
se a rc h  in to  ra w  m a te r ia ls  a n d  
design  h a s  re su lte d  in  th e  p ro ­
d u c tio n  of A udio  tra n s fo rm e rs  of 
ex ce llen t p e rfo rm a n ce  a n d  com ­
p le te  re liab ility .
Size 23 x  2% x  II .
T y p e  TB42 A class sing le , 3 to  1

ra tio  .......... .............. ............ 217-
T ype  TB43 A class P u s h  P u ll, 3

to  1 r a t io  ............ ............  22/6
T ype TB44 B class P u s h  P u ll, H  

to  1 ra tio  ............................ 2 1 /-

D.W . 37
D u a l W ave U n it w ith  R .F . S tag e  £ 6 /10 /-

D.W . 29 .... 4/5 
D u a l W ave U n it £ 1 /14 /-

R.C.S. Voltage Dividers
W o u n d  w ith  ox id ised  n ich ro m e  
w ire on  ro u n d  b ak elite  fo rm ers  
3i'in. x  sin ., com ple te  w ith  
m o u n tin g  legs.
VD25 15,000 ohm s, 2 v a riab le  clips 

5 6
VD28 25,000 ohm s, 2 v a ria b le  clips 

5 6

If you are unable to obtain 
from your local dealer write 
us and we will arrange for 
your retailer to  receive sup­
plies immediately or advise 
you where supplies can be 

obtained

POTENTIOMETERS AND RHEOSTATS
P T  4 0 .................................  6 o h m  25 a m p
P T  38 .................................. 10 o h m  25 am p
P T  39 ..................................  20 o h m  25 am p
P T  34 .................................  30 o h m  25 am p
P T  46 .................................. 400 o h m  50 M /A

P T  47 .... ..........................  1,000 o h m  35 M /A
P T  49 ................ ................. 2,500 o h m  30 M /A
P T  51 .......... . ...................  5.000 o h m  30 M /A

7/6 Retail P T  52 ...................... . .... 10,000 o h m  30 M /A

T h e  R.C.S. volum e co n tro l is c o n s tru c ted  so as to  c u t  off a ll vol­
um e, th e  m a in  fittin g s  a re  m ad e  fro m  h ig h -g ra d e  n ick e l silver, a n d  
th e y  a re  so m a n u fa c tu re d  a s  to  be com ple te ly  noiseless.

LINE FILTER
Wound to P.M.G. Specifications 4,

T h e  R.C.S. L ine  F ilte r  is spec ia lly  designed  a n d  co n ­
s tru c te d  to  e lim in a te  a ll noises w h ich  occur by re aso n  
of feed b ack  fro m  pow er m ain s  . . . e lectric  m o to rs  . . . 
re fr ig e ra to rs  . . . e lev a to rs  . . . su b -s ta tio n s  . . . h ig h  | 
ten s io n  w ires . . . iro n s . . . a n d  jug s! E asy  to  in s ta l l— 
i t  co n n ec ts  betw een  th e  ra d io  a n d  pow er p o in t.

LF20 .................. 277-
Coils and I.F . ’S E  356 A erial, 7 /6  each .

•  E  357 R .P ., 7/6 each.
F M  10.7 Meg. in te rm e d ia te s , E 358 o sc illa to r , 7/6 each.

PM  10.7 M eg. D isc rim in a to r K.C. In te rm e d ia te s , 13/9
T ran s fo rm e r, 17/6 each . each .

FM  88— 110 A erial, O sc illa to r, 455 K.C. S ta n d a rd  In te rm e d -
C oup ling  Coil, 2/6 each . iq tes, 13 /- each .

R.C.S. RADIO PTY.
LTD.

174 CANTERBURY ROAD, CANTERBURY, N.S.W.
I



The 
NEW
OVER the p ast th ree 

years, the  m ost popu­
lar k it set by fa r  th a t 
the  Aegis M anufactu r­

ing  Company has produced, 
has been the  “Metropolis Four.” 
Its  neatness, simplicity, and  
perform ance has m ade it a 
receiver th a t  could be con-

By

THE ENGINEERING STAFF, 
Aegis M anufacturing Co. 

Pty. Ltd.

tion bad  to be given to lim it­
ing the to ta l H.T. cu rren t d rain  
so th a t  it does not exceed 40 
mA. Use has been m ade of 
our original scheme of opera t­
ing the  output valve screen a t  
100v., th is  being obtained from 
a voltage divider netw ork which 
feeds all the  screens and  the 
oscillator plate. This m ethod 
of operating the ou tpu t valve 
is m uch better th a n  overbias­
ing to keep down plate  current, 
as th is  results in  the  tube b e ' 
ing operated on the  curved 
portion of th e  curve w ith

4
higher distortion. W ith th e  
m ethod used, the ou tpu t valve 
bias is only 1.8 volts, which 
m eans th a t  only 1.8 volts peak 
of audio is required for full 
ou tput of about 1.5 w atts; ade­
quate for a receiver of th is  
type.

The circuit generally is quite 
stan d ard  and is based on the 
R adiotron RD33 described in 
R atiotronics No. 140, w ith 
some m odifications to su it our

(Continued on next page)

structed  and appreciated by 
all. This has prom pted them  
to bring out a  new and 
improved version to carry on 
the  good nam e of its prede­
cessor.

THE NEW RECEIVER

The first decision was to 
have the  cabinet modernised. 
The general appearance has ’ 
been brightened, while m ain ­
ta in ing  the original design. 
Second, and of course the im ­
p o rtan t aspect, was to improve 
the  radio receiver. The de­
velopm ent of new valves has 
enabled us to ob tain  a m uch 
improved perform ance w ith a 
simplified circuit. The valves 
used in the  new “M etropolis” , 
are th e  R adiotron Type X61M 
Converter, 6AR7GT Duo Diode 
Pentode, KT61 O utput Pentode, 
and  5Y3GT Rectified.

Once again, due considera­

Australasian Radio World, February, 1950. Page Five



(Continued)

own com ponents. The use of 
the  X61M is preferred  to  the 
6A8G, and  we have designed 
a  new oscillator coil to  su it the 
new tube under the  conditions 
of operation, resulting in  very 
consistent oscillator perfor­
m ance. Prom  th is  po in t of 
view the  placem ent of the

METROPOLIS oscillator grid resistor is very 
im portan t, and the  connec­
tion from  grid to e a rth  is much 
b etter th a n  across the  padder 
condenser as in th e  older 
model.

The A.V.C. h as  been changed 
to  the  simplified circuit. Two 
th ird s  of th e  A.V.C. voltage is 
applied to th e  converter and 
I.F. valve, th is  being consist­
en t w ith  sm all set design. The 
.05 meg. grid stopper used on 
the  KT61 prevents th e  I.F.

voltages being amplified by th e  
ou tput valve, thus removing, 
objectionable whistles t h a t  
would be presen t when the  
volume control is a t m axim um .

ASSEMBLY AND WIRING

Assemble the  sockets, I.F's, 
gang condenser, coils a n d  
power transform er. Wire the  
filam ents, coils and  I.F ’s, p la te  
and guide rail, and fit the  d ial 
cord as per instructions.

D I A L  
D R U M

CHOKE

PLATE*

2 5000  I—ALL 30 00 0

5Y3G.
TPLATEST F1L|SVi

o
6AR7GT to C.T.
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PARTS SUPPLIED W ITH “AEGIS” K IT

1—Condenser 2 G ang Type A.W.A.
1—Aerial coil — Aegis “H i Core” 

type M.9.
1—Oscillator Coil—Aegis “H i Core” 

type M.11.
1—No. 1 I.F . T ransform er — Aegis 

“Hi Core” type, J.9.
1—No. 2 I.F . T ransform er — Aegis 

“Hi Core” type, J.10.
2—Trim m ers, Type M.E.C.
1—Power T ransform er 250-0-250V- 

40mA 6.3V-3A 5V-2A (T rim ax).
1—Perm ag. Speaker Kola 5C 12,000 

ohm s to 15,000 ohms.
1—F ilter Choke 40mA.
4— Valve Sockets.
1—R esistor M ounting Strip .
1—Chassis.
1—Choke Amounting B racket.
1—Coil M ounting Bracket.
1—Dial Plate.
1—Dial Glass.
1—Tuning Spindle and Bush.
1—Dial Guide Rail*
1—Pointer and  Carriage.
2— -in. Pulleys.
1— 1/4-in. Pulley.
1—Dial Drum  2 7/8-in . Bakelite.
1—Condensers M ica 100 m mfd. 

10% .
1—Condenser M ica 450 m m fd. 2!4%

1—Condenser .01 mfd.
1—Condenser Paper .002 m fd. 400V. 
1—Condenser Paper .05 m fd. 400V. 
1—Condensers Paper .1 m fd. 400V.
3—Condensers Electro. 8 m fd. 525V. 
1—Resistor C arbon 50 ohm s, 1/3 

w att.
1—Resistor Carbon 25,000 ohms, 

Vi w att.
2—Resistor Carbon 50,000 ohms, 

1/3 watt.
3—R esistors Carbon 30,000 ohms, 

1 w att.
1— Resistor C arbon 1 megohm  

1/3 w att.
1—Resistor C arbon 2 megohms.
1—Resistor Carbon 3 megohms.
1—Potentiom eter C arbon 500,000 

ohms.
2— Grid Clips.
1—Dial Spring.
1— '4 -in. Grom m et.
4 feet Dial Cord.
4—Rubber Dial Glass M ounts.
1—Cabinet, Bakelite.
1—Baffle and Silk.
2—Knobs, Bakelite.
1/8-in. Bolts— Nuts—Eyelets— Solder 

Lugs—etc.
T inned Copper and  Hook-up W ire. 
Power Flex.
2—D ial L ights an d  Holders.

Finally  assemble th e  speaker 
and  filter choke and wire in to  
circuit.

DIAL CORD 
INSTRUCTIONS FOR FITTING

Assemble the  dial p la te  and 
guide ra il w ith the pointer 
and  carriage a ttached  as per 
th e  sketch. You will find two 
sho rt and  two long spacers to 
m ount th e  dial u n it the  re ­
quired distance from  t h e  
chassis. Make sure th a t  th e  
cork spacers are on th e  ou t­
side ,th a t the guide ra il is a t 
the  top, and th a t  the  pointer 
comes under the  bottom  of 
the  dial plate. A ttach the  dial 
cord to  the  po in ter so th a t

(Continued on next page> 
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(Continued)

th e re  is 24 inches free on each 
side from  Point 1. W ith the 
gang condenser a t  m axim um  
capacity , ad just the dial drum  
so th a t  the cord slots are in 
th e  position shown. Pass the 
cord around pulley 2, then  
pulley 3, th rough  the  hole in 
th e  chassis 4, around the  drum  
5, th rough  the slot 6, through 
th e  tension spring 7, and  w ith ­
ou t tying any knots on the 
spring, a tta c h  the cord to a 
•screw in  the  centre of the  
drum  8, tem porarily. Taking 
th e  rest of the cord a ttached  
to  the  pointer carriage 9, put 
two tu rn s  around the  tun ing  
spindle 10, m aking sure to 
s ta r t  from  the fron t and top 
of the  spindle. T hen  pass the  
cord around pulley 11, th rough  
th e  hole in the  chassis 12, 
around  the  drum  13, th rough  
the  slot 14, and  pass through 
the  tension spring 7, from the 
opposite side to the  first cord. 
Free th e  first cord and, hold­
ing one cord in each hand, tie 
a single overhand knot, as 
though  tying a bootlace.

METROPOLIS T hen by pulling w ith both 
cords the  tension can be in ­
creased until it is satisfactory  
and  the knot pulled tig h t a t 
th e  sam e time. W hen the  dial 
runs O.K., a couple of ex tra  
knots can be tied  and  the  su r­
plus cord cut off.

A fter a ttach in g  the  dial 
glass, loosen the  grub-screws 
in  the dial drum , and  w ith  the  
gang condenser a t  m axim um , 
move the  drum  un til the  
po in ter coincides w ith  the  end 
of the  dial glass scale—not 
the  550 Kc. m ark. T ighten 
the  grubscrews, m aking sure 
th a t  th e  drum  in in  line w ith 
the  pulleys. Check th e  cord 
from  pulley 3 to see th a t  it  is 
h igher th a n  th e  cord from  
pulley 11, looking a t the 
chassis rig h t way up. Adjust, 
pulley 3 up, and  pulley 11 
down, slightly, if necessary, so 
th a t  the  two cords do not rub 
one another.

A drop of th in  oil on the 
pulleys slide and  t u n i n g  
spindle will improve the ru n - 
ing of the  dial, bu t m ake sure 
th a t  no oil gets on the spindle 
where the  cord runs around it.

‘ CYLDON” CONDENSERS

I t  is announced th a t  J. H. 
M agrath  and Co., of 208 Little 
Lonsdale Street, Melbourne, 
are now A ustralian  agents and  
distribu tors for th e  English 
“Cyldon” condensers.

Included in  th e  range of 
condensers available are m ica 
dielectric trim m ers, trim m ers 
w ith a ir  dielectric, s tra ig h t- 
line capacitors in  various capa­
cities and  sp lit-s ta to r con­
densers for transm itting .

The “Cyldon” b rand  is one 
of the best known and  has 

long held world-wide respect. 
The w orkm anship and  finish 
is exceptional, w ith h igh- 
efficiency ceram ic and  m yca- 
lex insulation.

ALIGNMENT PROCEDURE

Having got the receiver to  
work, and  if possible, cliecked, 
the  voltages should be H.T.— 
220 volts, screens—100 volts, 
C. T. of H.T. Secondary (Bias)
— 1.5 volts. If  no test oscil­
la to r is available th e  factory 
se tting  m ust be relied on to 
give the I.F. frequency and  the  
iron cores adjusted  to  give 
m axim um  output. If  using a 
test oscillator to line th e  I.F ’s, 
feed it  th rough  a condenser to 
the  grid of the I.F. and  m ixer 
tube in tu rn , w ithout removing 
the  grid caps so th a t  the  bias 
is m ain tained  on the  tubes.

After aligning t h e  I.P. 
channel, bring the aerial and  
oscillator circuits into line, 
using a signal of 600 kc/s from 
the  test oscillator (if it has no 
dummy an ten n a , use a  100 
mmfd. condenser in  series w ith 
the aerial lead and the oscil­
la tor) for those w ithout an
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oscillator use a  sta tion  as near 
to  600 kc/s as possible, and 
ad ju st the  iron  core in  the 
oscillator coil un til i t  comes 
on the  correct position on the 
dial.

Next, using a  signal of 1400 
k c /s  or a s ta tio n  as n ear as 
possible to it, ad just the  oscil­
la to r trim m er un til i t  comes 
on th e  correct position on the  
dial. ,

R epeat these first two ad ­
justm en ts un til both  are cor­
rect, always m aking th e  final 
ad justm en t w ith  the  trim m er. 
Then, a t  600 kc/s ad just the  
iron  core in  th e  aeria l coil for 
m axim um  output. Next, a t  
1,400 k c /s  ad ju st th e  aerial 
trim m er for m axim um  output. 
R epeat these th ird  and  fourth  
ad justm en ts un til both  are 
correct once again, m aking the  
final ad justm en t w ith trim m er.

In  conclusion we can say 
th a t  for its economy and  sim ­
plicity it  is the  m ost am azing 
little  set th a t  we have had  the 
pleasure of releasing and we 
feel sure th a t  it will ably carry 
on the  trad itions of the  “M et­
ropolis Four.”
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I.F. TRANSFORMERS & COILS
We often hear people say—“le t X equal so and so.”
Generally speaking, of course, X equals th e  unknow n quantity , bu t here “VEGA" gives a 
slightly different in terpreta tion  of th e  equality of th e  le tter X.
The Xceptional X planation is to Xam ine th e  X traordinary Xample shown above, and we 
find th a t, in this instance, th e  collection of X 's equals 4or spells) “VEGA.”
Now "VEGA” Xpressly Xpounds th a t  th e  Xtensive Xperience gained over th e  past X n u m ­
ber of years toy our Designs Engineer is now X pertly and Xpansively X hibited in our I.F. 
Transform ers and Coils. »
Also, we have Xercised Xtrem e care w ith regard to  "tropic proofing" of “VEGA” Radio 
Components a t  no X tra Xpense.
So let us Xecute your order for Coils and I.F.’s!
And remember—to  solve your Radio requirem ent problems always le t X =  “V E G A.”

RANGE INCLUDES 
I.F . Transform ers (S tan­

dard and M iniature) 

to ils  — Broadcast (S tan­
dard and M iniature) 

Coils—Short Wave (S tan­
dard and M iniature) 

Coils—DUAL WAVE (S tan­
dard and M iniature) 

T uning Units, etc.

When purchasing your compon­
ents, always look and make sure 

that your choice bears this 
Star Design

OBTAINABLE FROM ALL 
DISTRIBUTORS

If your regular supplier 
cannot fulfil your require­
ments drop us a line, m en­
tioning his name and ad­
dress.

ASK FOR — INSIST ON —

DEMAND Genuine “VEGA” Parts

CRANCH PRODUCTS &  TRADING GO.
17 BOND STREET, SYDNEY

Phones BU 3879, BW 7746 
Telegraphic Code: “CRANLAY,” SYDNEY

Associated with

TELECOMPONENTS PTY. LTD.

MAIL THIS TODAY
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HOME RECORDING

AMPLIFIERS FOR CUTTING
Practically any good amplifier can be used 
for driving the cutter when you make your 
own gramophone records. A power output 

of from five to ten watts is required.

THIS th ird  section of our 
series of articles on 
Home Recording deals 
w ith the  electronic side 

of th e  business, th a t  of am pli­
fiers and  am plification. This 
article does no t necessarily 
apply only to the  recording en­
thusiast, bu t to  all those whose 
in te rest lies in  reproduction of 
good quality from  audio am pli­
fiers.

In  th is  section we will deal 
w ith  everything, from  the 
m inu te  electrical impulses 
from  th e  pick-up and m icro­
phone, rig h t th rough  th e  am ­
plifier to  the  power output 
stage.

INTRODUCTION

S tartin g  rig h t back a t  fu n ­
d am en ta l electrical principles, 
we learn  the  theory  of genera- 
tio n  of an  electric curren t.

Basically, as fa r as we are 
concerned, there  are two m ajor 
m ethods of generation of an  
electric curren t. F irstly, any 
conductor moved in  a coil, in  a. 
m agnetic field, induces in  th a t  
coil an  electric cu rren t; and 
secondly, certa in  types of

PART III

By
JOHN McLEAN BENNETT

crystals of m ineral salts, when 
placed between two m etal 
plates and subjected to move­
m ent or vibration  cause a 
voltage to  be developed across 
th e  two plates. This property 
is referred  to as piezo-elec­
tricity , and  such a crystal is

referred  to  as a piezo-electric 
crystal.

The first property is made 
use of in  the  dynam ic and  
ribbon type m icrophones, and  

’ th e  m agnetic; type pick-up. 
The sam e principle is used in  
th e  construction of loud 
speakers and  cu tting  heads, 
only, in th is case, th e  principle
is applied in  reverse.

f

The second property  is , em ­
ployed in  the  construction of 
crystal m icrophones and  pick­
ups, and again, the  principal 
in  reverse is used in  crystal 
cu tting  heads and crystal ear­
phones.

Naturally, these theoretical

system s have m any and varied  
changes and  im provem ents in ­
corporated in  th e  basic idea 
before they are used in  ac tua l 
practice in  the  construction 
of each different piece of 
equipm ent. The m ain  idea be­
h ind  th is  brief reflection on 
theory being to im press the  
reader w ith  th e  th ough t th a t ,  
in  effect, the  first th in g  to  
reach  the  am plifier from  th e  
m icrophone or pick-up is a  
series of electrical impulses.

Back to  our theory, when a  
person speaks, he is merely 
causing the  a ir  to  v ibrate  in  
a ce rta in  way, these v ibrations 
of the  a ir  reach  your ears, 
w here they  cause your ear­
drum s to move in  a m anner 
sim ilar to  the original v ib ra­
tions. This m ovem ent of th e  
ear-d rum s sends a message to  
your bra in  w hich tran sla te s  
th e  vibration in to  th e  words 
w hich the  speaker u ttered . 
The m ain  point here being 
th a t  sound is merely a vibra- 
tion  of the  air. As these 
vibrations, m inute as they  are, 
are able to  m ake your ea r­
drum s move, there  is no reason 
why they would not be able to  
cause a sm all coil, or an  ex­
trem ely th in  ribbon, to vibrate. 
Such being the  case, if th e  coil 
or ribbon were to  be supported 
in  a m agnetic field a sm all

(Continued on next page)
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electric cu rren t would be gen­
era ted  w ithin th e  coil or 
ribbon.

Following along th e  sam e 
lines, if a  crystal of Rochelle 
S alt were to  be placed between

RECORDING two m etal plates, and  sub­
jected to  sound vibration, as 
m entioned in  th e  preceding 
parag raph , th en  an  electric 
cu rren t would be developed 
across th e  plates.

I f  these two ideas were used 
under som ew hat sim ilar con­
ditions, however, th e  v ib ra­
tion  in  th is  case being sup­

plied by th e  m ovem ent of a  
gram ophone needle in  the  
groove on a  recording, we 
m igh t expect th e  resu lt to  be 
th e  sam e; th e  generation ot 
m inute electric currents. These 
cases having been proved and  
thoroughly investigated , we 
are  m erely working back from  
a n  already accepted fac t to

-vws
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the  theoretical side of the  
question.

Having converted the  orig­
inal sound wave in to  m inute 
electrical impulses, we are de­
sirous of m aking these im ­
pulses of g reater m agnitude, 
th is  is where the  amplifier 
moves in to  the field of action. 
I t  is by the  use of the  elec* 
tronic valve, in  d ifferent ways, 
th a t  we are able to  do the  
m ost spectacular th ings w ith 
these m inute electronical im ­
pulses received from  the 
m icrophone and pick-up.

The norm al speaking voice 
of a sports com m entator may 
be m ade available to  th o u ­
sands a t  a sports m eeting, you 
are able to  speak to a  relative 
who is on holiday in  ano ther 
country, or fu rth e r still, 
listen  to your favourite radio 
program m e.

To m ake these im pulses aud­
ible again, in  the  form  of 
sound waves, th e  principle of 
th e  m icrophone and  pick-up 
is applied in  reverse. The 
electrical impulses are  made 
to  vibrate a  coil or arm ature , 
in  a  m agnetic field, which, in 
tu rn , is m ade to  move a 
speaker cone. The vibration 
of th e  speaker cone sets the 
air in  motion, corresponding 
w ith the  original sound waves 
as they  * reached th e  m icro­
phone.

So m uch for our sound 
waves, electrical impulse gen­
eration  and  so on; we now find 
ourselves confronted w ith  the  
more technical aspect of the  
am plifier; its design.

I t  is no t in tended to  set out 
here a detailed account of the  
theory  and  working behind an  
am plifier circuit, we are  go­
ing to  assume th a t  the  reader 
h as  th is knowledge already a t  
h is disposal. We are, how ­
ever, going to give the  idea 
behind the  various desirable

features w hich m ay be incor­
porated  in  the  construction  of 
such an  amplifier.

DESIGNS

In  designing a n  am plifier 
for any specific purpose, i t  is 
always desirable to  first se t 
out the  purpose, requirem ent 
to  a tta in  th a t  purpose, equip­
m ent a t  your disposal, and  
any o ther technical or m ech­
anical d a ta  th a t  will be use­
ful during construction.

Here, we are in terested  only 
in  am plifiers from  th e  record­
is t’s point of view, and  will 
deal w ith th is  angle in  detail, 
while covering the  o ther sides 
of the  question a t the  sam e 
time.

Taking the m ajor sections 
first, we will divide them  up 
la ter. We find th a t  our am pli­
fier m ust have a t  least one 
m icrophone and  one pick-up 
input, have reasonable h igh- 
frequency characteristics and 
a sufficiently large power 
ou t-p u t to  perm it cu tting  discs 
w ithout running  the  am plifier 
a t  its m aximum.

These th ree m ajor sections 
or requirem ents, w hich ever 
you prefer to  call them , are 
now to be exam ined a  little  
m ore closely.

Looking firstly tow ards th e  
m ost im portan t section of the 
amplifier, the  input, we have

to decide w hat type of micro~ 
phone or pick-up we a re  going 
to  use w ith  the  circuit. A s, 
upon the  piece of equipm ent to  
be used, rests, to  a large ex­
ten t, th e  system  or circuit to- 
be used in  conjunction w ith  
it  in  th e  input. Fig. 3a shows 
th ree  m ethods, in  th e ir  m ost 
simple form, commonly used 
in  in p u t stages. Before the  
electrical impulses can have  
any effect, they m ust be pro­
vided w ith some form  of load 
or resistance across w hich th e  
voltage can  be developed. This 
load can be supplied in d u c­
tively, by use of a transform er* 
or resistively, by using a load 
resistor; Fig. 3a.A. shows th e  
transfo rm er hook-up, 3a.B. th e  
resistive load, and  3a.C. th e  
condenser-blocked resistive 
load.

The transform er is norm ally 
used w ith low-impedence line, 
th a t  is to say, lines or cables 
having an  im pedance ranging  
from  50 ohm s to about 600 
ohms. Low-impedance lines, 
are used on m icrophones a n d  
pick-ups when a long dis­
tance has to be covered to  
reach  th e  amplifier.

The idea is to  have tw a 
transfo rm ers in the  circuit, 
one on the  piece of equipm ent, 
th e  o ther on the  am plifier

(Continued on next page)
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chassis. This a rrangem ent 
enables long distances to  be 
covered w ith  very little  loss in  
th e  value of the  impulse. At 
th e  piece of equipm ent, the  
im pulses are  transform ed, or 
m atched, to  the im pedance of 
th e  line, a t  the  amplifier, th e  
im pedance of th e  line is tra n s ­
form ed to  th a t  of th e  grid. If  
th is  were no t done, th e  re su lt­
a n t  loss in  the  m agnitude of 
th e  m inute  impulses would be 
so considerable th a t  by th e  
tim e they  had  been m ade to  
travel over several hundred  
feet of cable, they  would be 
alm ost non-existan t.

The resistive load is em ­
ployed where the  required load 
resistance is beyond the  scope 
of a transform er, or w here the

RECORDING leads from  the  m icrophone o t 
p ick-up are  no t unduly long. 
A dynam ic or ribbon type 
m icrophone can be successfully 
used w ith  e ither resistive or 
inductive load, th is  being pos­
sible because the  load resist­
ance of such an  in stru m en t is 
no t extrem ely high. This 
transfo rm er-type  inpu t would 
prove m o s t  unsatisfactory  
w here a  m icrophone of the  
crystal variety  was in  use, the  
load fesistance in  th is  case be­
ing somewhere around th e  5 
m egohm m ark, quite out of the  
range of an  efficient tran sfo r­
mer. The same applies to  a 
crystal pick-up, w hich is n o r­
m ally loaded w ith  about .5 
megohm.

The blocked resistive load is 
m ore or less a safety  device, 
th e  condenser passing only 
A.C. and  no t allowing D.C. 
onto the  grid. The condenser

also has some effect upon th e  
frequency response of th e  cir­
cuit; the  sm aller th e  capacity, 
th e  h igher the  frequencies 
passed.

Having given th is  m a tte r of 
basic ou tpu t circuits some 
study, you will realize th a t  the  
job you in tend  to do, or the  
equipm ent you are  going to  
use will play a  big p a rt in  the  
design. If  you are  going to  
tackle outdoor work, where you 
will be running  long lines to 
your microphones, th e  only 
th in g  is a  ribbon or dynam ic 
m icrophone used in  conjunc­
tion  w ith  low -im pedance line. 
On th e  o ther hand, you m ay 
in tend  to  use a crystal m icro­
phone, indoors only. There 
you will employ the  resistive 
load, blocked or otherwise.

Do n o t gain th e  im pression 
th a t  th e  transfo rm er can only 
be used in  conjunction w ith  
low -im pedance line and  a line 
to  m icrophone transform er. 
(The transfo rm er on th e  am ­
plifier is called th e  line-to - 
grid, and  th a t  in  th e  m icro­
phone or pick-up, th e  m icro- 
phone-to-line  or pick-up line.) 
This is entirely  wrong, m any 
m icrophones have a  sm all 
transfo rm er built in to  them , 
of the  m icrophone-to-grid  
type. A lthough these do not 
require a line-to -g rid  tran sfo r­
mer, they  still have to  be 
loaded w ith a resistor, acros» 
which to develop th e ir output.

Most pick-ups of th e  m ag­
netic type require a load re ­
sistance sim ilar to th a t  of the 
crystal type, about .5 megohm. 
The low-im pedance type pick 
-up, commonly found on tran^  
scription tu rn tab les in  Radio 
Stations, uses two tran sfo r­
m ers and  either 50 or 250 ohm 
line.

I t  should now be quite clear 
in  your m ind exactly which
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type  of inpu t will be necessary 
in  your particu lar case.

Having arrive d a t your de. 
cision on the  type of input, we 
pass on to  Mixers.

MIXERS

W here two or more signals 
are  on h and  and it  is wished 
to  feed them  sim ultaneously 
to  the  one common output, 
they  are mixed, or blended to ­
gether, the  origin of th e  nam e 
of th e  circuit w hich does the  
m ixing, th e  “m ixer,” being 
quite obvious.

A m ixer may be designed to 
cope w ith any num ber of sig­
nals from  two upwards.

Fig. 4 sets out seven m ethods 
of mixing two inputs, and  one 
m ethod of m ixing two m icro­
phone and two pick-up inputs.

4A show s-rather a poor type 
of mixing system , whereby the

separate  inputs are switched 
in  as directed. Any num ber 
of inputs m ay be brought to a 
ro tary  switch. The serious 
draw back w ith  th is scheme lies 
in  the  fact th a t  considerable 
voltage surges are likely to 
build up and cause “thum ps” 
in  the  output as the  different 
circuits are switched.

The circuit of B, also, has 
serious lim itations. As you 
will notice, the  whole of one 
inpu t is floating, i.e., one side 
of the  inpu t is not earthed. 
This is liable to lead to trouble 
w ith  hum . S tray  capacities 
to  e a rth  of inpu t 1 are  liable 
to by-pass the  h igh  frequencies 
from  inpu t 2. This system  is 
no t highly practicable.

C brings fo rth  a som ew hat 
improved version of B, which 
functions quite satisfactorily. 
The series resistors, R3 and R4, 
prevent either R1 'or R2 from

shorting  out th e  o ther. I f  the 
series resistor is too low, it  
becomes ineffective, an d  if too 
high, greatly  a tten u a tes  the  
signal. The p ractical com­
promise being from  about .25 
to  -5 megohm.

D and  E show two system s 
commonly used in  studio and 
com m unications work. D uses 
a pa ir of T -a ttenua to rs, these 
are norm ally used when low- 
im pedance line is employed. 
The T -a tten u a to rs  m a in ta in  a 
constan t value of im pedance 
for all settings of the  control. 
E is a low -im pedance-lin* 
bridge system. Both these 
system s are ra th e r  costly, and 
out of the  reach  of th e  aver­
age experim enter.

The simple circuit used in

(Continued on next page)
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F  shows a typical hook-up in 
w hich a 6N7-G is employed. 
The isolating resistors in  the 
p la te  circuit are  necessary for 
the  a tta in m en t of the  highest 
possible gain w ith th e  least 
distortion. If the  p lates were 
to  be fed from  a single .1 
m egohm resistor, th e  plates on 
th e  tube being wired in p a ra l­
lel, th e n  the  tube would be op­
e ra ting  in to  a n  A.C. load less 
th a n  ha lf its own plate resist­
ance. This leads to  serious 
distortion for a lim ited power 
output.

W hen the  tw in-triode tube 
is replaced by a pair of p en t­
odes, such as 6J7-G ’s, as in  G, 
th e  perform ance of th e  m ixer 
is greatly  improved. As the  
p la te  resistance of a resistance- 
capacity  coupled 6J7-G is ap ­

RECORDING proxim ately  3 megohms, the  
isolating resistors used in  F  
are  no longer necessary. This 
m eans th a t  the  full gain of the  
pentode stage can be obtained. 
The stage gain of the  circuit 
used in  G is approxim ately 
120, .as against 10 w ith the  c ir­
cuit in  F. Peak output volt­
age from  F  is 35 volts, th a t  
from  G, 45 volts. W here th e  
cathode by-pass condenser is 
om itted from  circuit G, the  
gain is reduced by one half, 
but the  stage becomes more 
linear.

W hen it  is desired to  mix 
the  inpu ts of bo th  m icro­
phones and  pick-ups, a  slight 
difference will be noted in the  
design of the mixer.

The ou tpu t from  a  h igh  im ­
pedance m agnetic or a crystal 
pick-up is norm ally ra th e r  
high, somewhere about th e  l  
volt m ark. Compared w ith  the  
relatively small ou tpu t of a

m icrophone, even th e  h igh- 
ou tput crystal type of a  few 
millivolts, th is ou tpu t of a  
volt or so is terrific. N aturally, 
if you were to feed th e  ou tpu t 
from  a m icrophone and  a 
pick-up to the  sam e inpu t c ir­
cuit, w ithout a lte ra tion  of gain 
controls, it follows th a t  you 
will get a m uch g reater ou tput 
from  the  pick-up th a n  from  
th e  m icrophone. Merely be­
cause the  am plification factor 
of the  am plifier rem ains u n ­
changed irrespective of th e  
inpu t voltage. T h a t is to  say, 
if the  am plifier has an  am ­
plification factor of 200, and  
you feed 1 volt to th e  in p u t 
from  a  pick-up, then , In 
theory, you will have an  ou t­
p u t of 200 volts. Feeding th e  
ou tpu t of 10 m illi-volts from  
a  m icrophone to the  sam e am ­
plifier will resu lt in  an  ou tpu t 
of only 2000 millivolts, or 2 
volts. (This is a purely hypo-
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th e tica l case and  would no t 
exist exist in  actual practice.)

I t  is obvious th en  th a t  some 
form  of am plification m ust be 
applied to the  ou tput from  the  
m icrophone before it  is mixed 
w ith  the  higher ou tput from  
the  pick-up. T h a t Is, we en ­
deavour to bring the  two volt­
age ou tpu t to approxim ately 
th e  sam e value before a t ­
tem pting  to mix them . This 
is easily done by placing one, 
or more, stages of p re-am pli­
fication ahead  of the  pick-up 
am plifier, between it  and  the  
m icrophone. Fig. 4H shows 
an  ideal se t-up  for m ixing the 
ou tpu ts from  two m icrophones 
and  two pick-ups. The stage 
gain  being about 130,, overall, 
w ith  a peak output voltage of 
30 volts.

This arrangem ent has been 
tr ie d  and  used extensively by 
th e  au thor, and  has given ex­
cellent results. A lthough a t 
f irs t appearing som ew hat elab­
ora te , the  hook-up is quite con­
ventional and  really simple. 
I t  provides the  ideal basis for 
th e  “fro n t-en d ” of a  first- 
class recording amplifier.

E ither the  load resistors as 
shown, or th e  previously m en­
tioned line-to-grid  transfo rm ­
ers m ay be used in  th e  inputs 
to  the  mixers. Depending on 
th e  type of m icrophones and 
pick-ups to be used.

T h a t cleans up the problem 
of mixers. We now explore 
th e  cen tra l or driver and  sec­
ond pream plifier stages.

DRIVERS AND INTERSTAGE 
COUPLING

Having generated  and  am ­
plified our signal impulses, we 
are  faced w ith the  fac t th a t  
these  signals, although greatly 
am plified when com pared w ith 
th e  original signals, m ust be 
still fu rth e r amplified before 
th ey  can be pu t to any useful

purpose. This is th e  point 
where th e  drivers or follower 
am plifiers en te r the  ring.

In  the  basic form, these 
am plifiers differ in  no way 
w hatsoever from  th e ir coun­
terparts , which we dealt w ith 
under pream plifiers and  m ix­
ers. The m ethods of coupling 
these stages to  the  preceding 
stages are alm ost identical 
w ith th e  m ethods of “coupling” 
the ou tpu t from  a m icrophone 
or pick-up to  a  pre-am p. in ­
put. On inspection of Figure 
3b, above w hich is Figure 3a, 
the  sim ilarity  between th e  in ­
puts and  the  coupling circuits 
will be quite obvious.

The audio transfo rm er cir­
cuit shown in Fig. 3b.A. is 
used m ainly in  high-quality  
equipm ent where wide fre ­
quency response is desired. 
The essential difference be­
tween the  audio transfo rm er 
and  the  line-to-grid  tran sfo r­
m er ig the  im pedance of the  
prim ary winding. On th e  line 
transfo rm er th is  im pedance 
will probably be about 250 
ohms, on the  audio tran sfo r­
m er the  im pedance will be 
m ore like 50,000 or 100,000 
ohms; the  p late load of the 
tube in  the  circuit. Audio 
transform ers are  expensive 
items, as a rule, cheap articles 
usually being worse th a n  none 
a t all.

The choke coupling set out 
a t B is a compromise between 
the audio transfo rm er and  re ­

sistance-capacity  coupling. The 
choke serve.'? the  sam e p u r­
pose as the  prim ary  of the  
audio transform er, m  th a t  it  
provides an  inductive load 
across w hich th e  output volt­
age is developed, instead  of 
using th e  m utual inductance 
of the  two windings in  th e  
audio transfo rm er for co u p ­
ling, th e  a lte rn a tin g  voltage Is 
capacity  coupled to th e  grid of 
the  following stage. This 
m ethod is no t widely seen, but 
is sometimes handy w hen it  is 
possible to  use one side of the  
audio transfo rm er only.

The common resistance-- 
capacity  coupling, or resist­
ance coupling as it is mostly 
called, is outlined in  C, Rp be­
ing th e  p late  load resistor of 
the  first tube, Cc, the  coup­
ling condenser, and  Rg, the  
grid resistor of the  following 
am plifier stage. This is by fa r  
th e  m ost popular m ethod of 
in ter-stage  coupling in  use 
The expense: efficiency ratio , 
between resistance coupling 
and  audio transfo rm er coup­
ling m akes resistance coupling 
first favourite am ong experi­
m enters.

The push-pull driver is not 
stric tly  a form  of voltage- 
in terstage  coupling falling in ­
to  the  sam e class as the  th ree 
previous systems, but is shown 
in  D to give the  reader an  
idea of how it is possible to use

(Continued on next page)
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th e  transfo rm er for coupling. 
T his m ay seem odd, bu t now 
we are  going to contrad ict our 
own sta tem en t w hich we m ads 
a  few lines above, th a t  th is  is 
no t a  form  of in ter-stage  
coupling. This is no t true, 
s tric tly  speaking; it  is a form 
o f  in te r-stage  coupling, but 
w hat is called “single-ended” 
coupling, w hich is w hat we 
were dealing witih. T h is is 
phase inversion coupling, and 
is used to drive push-pull ou t­
p u t or driverstages. This phase 
inversion can be accomplished 
by the  use of resistance- 
capacity  coupling or tran sfo r­
m er coupling, and  will be dealt

RECORDING w ith la te r in  th is  article when 
we cover push-pull stages.

Up to th is po in t we have 
dealt w ith  voltage amplifiers 
only. There are two types of 
am plifiers w hich you will en ­
counter in  audio work, the 
voltage am plifier and  the 
power amplifier. The voltage 
am plifier is used from  th e  first 
inpu t tube to the  driver before 
the  power ou tput stage. All 
am plification from  th e  input, 
up to and  including the  driver 
for th e  output, is voltage am ­
plification. A voltage am plifier 
is one in  which th e  voltage 
gain is the  all-im portan t fac­
tor. A voltage am plifier usu­
ally works into a  ra th e r  high 
load im pedance, norm ally 
about 1 megohm, when the 
load im pedance is ra th e r  low 
th ere  can  be no d istinc t line

of division between the  voltage 
am plifier and  th e  power am p­
lifier.

The highly am plified volt­
age m ust be given power be­
fore it  can be pu t to  any  use 
w ith a  speaker or cu tting  head. 
This is done by using a power 
am plifier in  the  final stage of 
the  amplifier.

The power am plifier works 
in to  a low im pedance prim ary 
of an  ou tpu t transform er, 
across w hich the power is de­
veloped, in  a m anner sim ilar 
to  th e  voltage am plifier. We 
do no t in tend  to  go deeply 
into the  m a tte r of power ou t­
p u t stages, a p a rt from  th e  fact 
th a t  we will set out the  vari­
ous different arrangem ents 
used in power stages.

Class A. O peration is the  
norm al operating  condition for
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with a
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a single valve, where plate 
cu rren t is no t cut for any por­
tion  of cycle.

Class AB. Conditions apply 
w hen the  valve Is overbiased. 
Used only in  push-pull stages 
where it  is desired to  balance 
ou t even harm onics.

Class B. O perating condi­
tions apply to  valves neces- 
saoily in  push-pull, w here they 
are  biased alm ost to the  point 
of p la te  cu rren t cut-off.

W here a figure 1 follows the 
le tter, such as AB1, th e  1 in ­
dicates th a t  no grid curren t 
flows during any p a rt of th e  
cycle. The figure 2 indicates 
th a t  grid cu rren t flows during 
p a r t of the  cycle a t  least. The
2 is om itted w here B class 
operation is used, as grid cu r­
re n t is the  norm al condition.

POWER OUTPUT AND 
REQUIREMENTS

Power ou tpu t stages may be 
of e ither th e  single-ended, or 
one valve type; parallel, two or 
m ore valves; push-pull, two 
valves; or push-pull-parallel, 
four or more valves. Our dis­
cussion will only deal w ith the 
first th ree  types.

W hen a single valve is em ­
ployed in  the  output, especi­
ally a  small valve such as the  
6V6, it will be running  close to 
its  m axim um  ra tin g  when you 
endeavour to  m ake recordings. 
N aturally, h i g h e r  powered 
valves can be used w ith single 
ended operation.

As a  s ta rtin g  point, let us 
take 10 w atts as the  m inim um  
power ou tput desirable from  
our amplifier. This is going to 
rule out the  use of low-power 
valves like the  6V6 and 6F6, 
in  single-ended operation. I t  
m ay possibly allow us to  use 
a  6L6, runn ing  a t maximum.

We are obviously forced to

tu rn  to  the high-pow er tr i-  
odes and  tetrodes. An 807 used 
single class A would ju st give 
us the  power, bu t just, and 
w ith no th ing  to  spare.

W hen you are operating a 
valve close to  its  m axim um  
ra tings as a power amplifier, 
you will find th a t  you are 
faced w ith two m ajor difficul­
ties. One, w hen the  am plifier 
is “fla t-ou t,” all hum , electron 
hiss and  valve noise will be 
very m uch in evidence in  the  
reproduction from  the  power 
stage. Mainly, because all gain 
controls are a t the  m axim um  
position, m aking use of every 
scrap of available drive, and 
those noises are  easily passed 
on and amplified. Secondly, 
where the  tube is near its  lim it 
harm onic distortion  content 
of the  signal, for a given ou t­
put, will be excessive, an d  ex­
trem ely detrim ental to any 
g o o d  quality reproduction 
which the am plifier may o ther­
wise be able to  give forth . This 
will be noticed also where p a r­
allel tubes are in  use. Parallel 
tubes give twice th e  ou tput of 
one tube, but w ith very little 
im provem ent as regards the  
loss of harm onic distortion  
con ten t of the  final signal.

B oth the  above-m entioned 
difficulties m ay be overcome 
by th e  use of push-pull output 
stages. As th e  nam e implies, 
one tube is operative while the  
o ther is inoperative. T h a t it, 
one pushes while th e  o ther is 
doing nothing. Then the  in ­
operative tube “pulls” on the 
o ther ha lf of the  cycle, w here­
upon, the  first oeprative tube 
falls to zero. A push-pull stage 
will give twice the  ou tput of a 
single ended type.

To bring about th is s ta te  of 
affairs, the  two valves in the  
ou tput stage m ust have th e ir  
grids fed w ith signals which 
are  180 degrees out of phase.

This can be done in  a variety 
of ways; transfo rm er coupling, 
resistance coupled phase sp lit­
te r, or “Floating P araphase” 
system s being quite common.

As the  secondary of th e  
transfo rm er provides two volt­
ages, which are 180 degrees 
out of phase, th e  circuit a r ­
rangem ent as shown a t  Fig. 
5C provides an  ideal system  
w hich can be used on all types 
of amplifiers. The transform er 
m ust be designed to  m eet the  
requirem ents of each individual 
set-up. The transfo rm er w ith 
the  resistors in  parallel w ith 
th e  secondary, as show n a t 
Fig. 5D allows for operation 
sim ilar to  th a t  of the  centre- 
tapped transfo rm er of C. I t  
m ust be noted th a t  resistors 
in  the  divider netw ork on the 
secondary m ust be carefully 
calculated to reflect the rig h t 
load im pedance in to  the  p ri­
m ary of the  transfo rm er, as 
they  constitu te p a r t of the  
load themselves. The load re­
flected to  the plate, Zp, can be 
calculated by using th e  follow­
ing form ula:

R1 +  R2
Zp = ------------------

N2
W here: Zp is the  reflected 

plate load,
R1 and  R2 are the  load 
resistors on the  sec­
ondary.
N is the  step-up ratio  
of th e  transform er, 

e.g. W hen R1 and R2 are 
each 100,000 ohms and  
and  the  step -up  ratio  
of the  transfo rm er 3:1. 

R +  R2 =  200,000 ohms 
N, =  9

z= 22,000 ohms.
200,000

Zp =  ------------
9

(Continued on next page)
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(Continued)
This figure is ra th e r  low for 

th e  average load im pedance 
in to  w hich th e  norm al general 
purpose triode will work sa tis ­
factorily  w ithout distortion. 
Consequently, the value of R l 
and  R2 may be increased to 
ob tain  the  rig h t reflected load 
of about 50,000 ohms.

RECORDING By sim ple transfo rm ation , 
the  form ula for finding the  
value of the  load resistors be­
comes:

R l +  R2 =  Zp X N„
Zp X N2 Zp X N2

R l = ------------; R 2 '= ------------
2 2

The resistance coupled phase 
sp litte r and  the  “Floating 
P arap h ase” circuits do no t use 
any  transform ers.

The circuit of the  resistance 
coupled sp litte r gives little  am ­
plification to  the  inpu t signal 
to  th e  grid of the  phase sp lit­
te r  tube. The cathode and  
p late circuits both  contain  th e  
sam e resistance. These two re ­
sistors in  series form  the  load 
of the  tube.

As the inpu t is applied to  
the tube between grid and  
ea rth , there  will be a  large 
loss in  gain from  the  stage. 
Actually, the  valve only takes 
the  place of th e  transfo rm er 
used in o ther arrangem ents. 
The inclusion of the cathode- 
by-pass condenser will improve 
the high-frequency band-pass, 
bu t a t th e  sam e tim e will up ­
set push-pull drive balance.

The explanation  of the  
Floating P araphase” would en ­
ta il m uch more space th a n  we 
have a t  our disposal here, but, 
suffice to say, th a t  th e  idea is 
som ew hat sim ilar in  operation 
to  the resistance coupled type; 
the  resistance coupling being- 
preferred  to  th a t  of th e  P a ra ­
phase. Resistance coupling 
cannot be used successfully 
where th e  drive requirem ents 
necessitate the  flow of grid 
cu rren t, as in  class AB2 or 
class B. The use of a tra n s ­
form er is im perative in  such a 
case.

So m uch for am plifiers in  
general, and  the  requirem ents 
in th e ir construction. I t  only 
rem ains now to sum m arize th e  
article and  the  requirem ents 
in an  amplifier, from  the  angle 
of the  recordist.

Choice of the  type of inpu t 
circuit rests w ith tn e  Indi­
vidual constructor, as does th e  
type of inter-sftage coupling. 
The m ain  th ings th a t  we can  
recom m end are  as follows:

Use a  pair of tubes in  th e  
ou tput stage, in  push-pull, 
which will supply all the  audio 
you need, w ith  plenty in  re ­
serve.

(C ontinued on Page 34)
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AMATEUR TRANSMITTING

HIGH STABILITY V.F.O.
Here is a handy tip for converting a bit of 
surplus gear into an effective variable- 

frequency oscillator.

BEFORE sta rtin g  in  ea rn ­
est on th is  article, it  
will be necessary to 
briefly outline t h e s e  

tun in g  units an d  th e ir  appli­
cation.

Undoubtedly, m any readers 
are  already fam iliar w ith the

By
JOHN McLEAN BENNETT

u n it in  question, and  could 
probably describe th e  th ing  
w ith  th e ir  eyes closed, how­
ever to the  article.

Readily available th rough  
m any sources to-day, are the  
tun ing  un its for the  BC375B 
s e r i e s  transm itte rs . The 
BC375E was used extensively

throughou t the  w ar years by 
the  U.S. Army Signal Corps; 
m ainly for com m unication be^ 
tween L iberator bombers and  
ground installations. T h e  
tran sm itte r is com paratively 
low-powered, the  nom inal 
power inpu t to th e  final stage 
being about 150 w atts. The 
frequency coverage of the big 
ranges from  150 to 12,500 kc., 
th is  large coverage is m ade 
possible by the  use of plug-in 
tun ing  units. Seven tun ing  
u n its  being used to  cover th e  
en tire range. More about 
these la ter. The tran sm itte r 
uses a pair of 2 l l ’s, one as a 
p la te-tuned  H artley m aster 
oscillator, th e  o ther as the P.A. 
tube. The R.F. section of the  
rig  has only these two stages,

however, there  are four 2115s 
in  the  whole assembly, the  
o ther pa ir operate as class B 
m odulators to  m odulate the  
211 in  the  final.

Drive for th e  P.A. stage is 
tak en  from  a ta p  on the  oscil­
la to r coil, and  fed via a block­
ing condenser to the  P.A. grid. 
A poin t of in te rest being th a t  
all block condensers used in  
these un its are  of th e  3,000 
volt variety, very nice indeed 
for high-voltage bypass. While 
talk ing  of the  P.A. stage, i t  
m ight be m entioned th a t  
neu tralization  of th e  P.A. is 
accomplished by tak ing  a ta p  
on th e  oscillator tank , th e  
sam e num ber of tu rn s  above 
the  H.T. ta p  as th e  drive ta p ­
ping is below, and  feeding it  
back to  the  P.A. tank . Ad­
justm en t of neu tralization  is 
possible by a ltera tion  of the  
variable condenser in  the  lead. 
B oth the  oscillator ta n k  and 
P.A. tan k  are  above ground as 
th ere  is H.T. on them .

DETAILS OF COIL UNITS

As was m entioned before, 
there  are  seven coil un its to  
the  complete set for each 
tran sm itte r; they  are as fol­
lows:—

TU26B, of very little  use.
Range, 200-500 kc.

TU5B. R ange: 1.5-3mc/S.
Osc. cond. 20-135 pf.
P.A. cond. 20-156 pf.

(Continued on next page)
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TU6B, Range: 3-4.5 m e/s., in 
two steps, 1. 2.85-3.65 
m e/s.; 2. 3.45-5.2 m c/s. 
Osc. cond. 15-75 pf. P.A. 
cond. 19-116 pf.

TU7B, Range: 4.5-6.2 mc/s. 
Osc. cond. 23-111 pf. P.A. 
cond. 19-116 pf.

TU8B, R ange: 6.2-7.7 m c/s. 
Osc. cond. 14-66 pf. P.A. 
cond. 15-81 pf.

TU9B, R ange: 7.7-10 m c/s. 
Osc. cond. 15-77 pf. P.A. 
cond. 19-116 pf.

TU10B, Range: 10-12.5 m c/s. 
Osc. cond. 14-62 pf. P.A. 
cond. 19-116 pf.

Each coil un it is housed in 
an  outer protective case m ade 
from  dural, th e  actual case of 
the  coil un it and  its  associ­
ated  panel being held in  the 
outer case by sliding spring 
d ips. The coil box itself is 
completely shielded, th e  top 
and  bottom  cover plates being 
removable.

V.F.O. (Continued) The inside of the  box is 
divided in to  two equal sections 
by a m etal partition , th e  sec­
tion on the  le ft housing the  
oscillator inductance, con­
denser,. all block condensers, 
R.F. chokes and  the  n eu tra liz­
ing condenser. The r ig h t-h an d  
section contains th e  P.A. in ­
ductance an d  condenser, and 
also the  ceramic, six position, 
a n ten n a  tapp ing  switch.

The oscillator tan k  condenser 
is m ade from  Invar, a  m etal 
w ith a  low coefficient of ex­
pansion, to minimize -capacity 
variations w ith change in 
tem perature. The condenser 
is m ounted on ceram ic blocks 
above the  coil, and is double 
spaced. The dial drive m ech­
anism  on th e  oscillator con­
denser gives, in  effect, 2,500 
degrees of ro ta tion  on the  cali­
b rated  scale, for the  swing of 
the  condenser, th a t  is, one 
ha lf revolution. This allows 
for really accurate calibration 
and  ad justm en t when the

un it is used for a  V.F.O., of 
course the  H am  Bands are no t 
spread over a  complete swing 
of the  condensers, bu t only 
portion of -it.

In  th e  case of the  TU8B 
unit, w hich was used in  the  
p repara tion  of th is  article, the 
band spread  on the 7 m c/s 
band worked out to  ju s t on 
290 degrees, from 580 to  870 
on th e  dial scale. N aturally, 
the  spread will differ w ith d if­
feren t layouts and  m ethods of 
construction. However, there  
should be only slight v aria ­
tions from  our figures.

The coil in  the  oscillator 
section has a tem peratu re  
com pensator built in to  it, and 
is tension wound w ith silver- 
p lated  wire on a pre-grooved 
form er. The neutralizing con­
denser, in  the  oscillator com­
partm en t, h as  a value of 8-26 
pf. in  all un its; and is ad ­
justed  by a knurled bakelite 
insu lating  wheel, m ade access- 
able by the  rem oval of the  
calibration ch a rt on the  fron t 
panel.

The P.A. section contains the 
condenser and inductance for 
the final stage of the tra n s ­
m itter. Like th e  m aster oscil­
la to r coil, the  final ta n k  coil 
is wound on a pre-grooved 
ceram ic form er. Fixed inside 
the coil is the an ten n a-o u tp u t 
coupling coil. This coil has 
six tappings, all of w hich are  
brought out to the  heavy duty 
ceram ic tapping  switch for 
selection of coupling. The 
final ta n k  condenser is fitted  
w ith a N ational velvet-vernier 
dial drive m echanism , having 
a  ra tio  of approxim ately 5:1.

All the  connections for bias, 
H.T., p late and  grid leads, etc. 
are brought up to a term inal 
bar on th e  upper edge of the  
inner case. This bar runs the  
full length  of the  case, and  
has ten  banana-type  sockets
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on  it  lo r th e  connection to  the 
tubes and  w hat have you in 
th e  tran sm itte r proper. These 
sockets autom atically  connect 
w ith  p in  plugs in  th e  tra n s-  
m itter, w hen the  un it is 
plugged in.

CONSTRUCTIONAL DETAILS 
FOR V.F.O.

Having several types of 
u n its  available, from  TU6B to 
TU10B, i t  was d ec id ed . th a t  
consideration would be neces- 
sary  before deciding on the 
u n it to  be chosen for the  
V.F.O. Finally, i t  was decided 
th a t  in  all probability the  
TU8B un it would best serve 
our purpose. Such proved to 
be th e  case. The TU8B was 
chosen, m ainly, because the 
frequency of the  article in  its 
original s ta te  included th e  7 
m c /s  band, and as the  in ten - 
tion  was to construct a V.F.O. 
for use on a fundam enta l of 7 
m c/s.

On inspection of th e  un it 
and  its circuit diagram , it  is 
obvious th a t  all the  compon­
en ts  contained in  the  original 
box of tricks will no t be neces­
sary. The m ajor com ponents,
i.e., the  coils and  associated 
tun in g  condensers, will be 
necess&ry, th e  neutralizing 
condenser is removed, and  the 
block condensers and  R.F. 
chokes left in  position.

The original idea was to use 
a  Clapp circuit, but th is  was 
scrapped, and an  E.C.O. cir­
cu it used instead.

The first s tep  in  the  con­
struction  of the  E.C.O. is to 
remove all the  heavy silvered- 
copper bus bar connections be­
tw een the  com ponents. The 
only connections left stand ing  
a re  the  connections from  the  
tun in g  condensers to the  coils. 
H aving removed th is  wiring, 
th e  nex t step is the  rem oval of

th e  neutralizing condenser. 
This is done by firstly taking 
off th e  calibration  c h a rt on the 
fron t panel, thu s exposing the 
screws w hich hold th e  con­
denser in  place. Most, if not 
all, the  screws in  the  u n it are 
“sealed,” to prevent them  
loosening, w ith  a  type of cellu­
lose lacquer. O ften the  lacquer 
m akes it impossible to  sh ift 
th e  screws. This difficulty is 
overcome by pain ting  either 
lacquer th in n er or na il polish 
rem over on the  screws. After 
a couple of seconds, the  lacquer 
h a s  softened, th u s enabling 
you to  easily sh ift th e  screw 
or bolt.

The lacquer on the  screws 
holding the neutralizing con­
denser are  trea ted  as ju s t de­
scribed, and  th en  removed. 
The condenser is anchored to 
th e  panel by four screws, 
w hich are  tapped  in to  the 
ceram ic supporting pillars. 
Care should be taken  while 
shifting  these screws, th a t  the 
ceram ic pillars are no t frac­
tu red  by stra in ing  the  'c o n ­
denser out of position before 
the  screws are  completely re ­
leased. Now th e  condenser 
can be asily removed from  the 
case, and  put to one side, as it 
will no t be used in  the con­
struction  of the V.F.O.

At the  extrem e re a r  of th e  
two com partm ents, n e a r  the- 
dividing shield, th ere  is quite 
a  deal of space. In to  th is  
space we fit one valve in  each 
section, a 6SK7-GT in  the  
oscillator, and  a 6V6-G in  the  
P.A.

The H artley m aster oscilla­
to r now become an  E.C.O., 
using a 6SK7 as th e  oscillator 
tube, and the  P.A. section be­
comes an  isolator-am plifier, 
using a 6V6. The valve sockets 
for th e  two tubes are m ounted 
directly opposite each other, 
bu t on different sides of th e  
shield. A Jin. hole is bored in 
the  shield, about l l in . up from  
the  bottom  of th e  shield, and  
about ljrin. out from  the  back 
of th e  case. Two sm all rig h t-  
angled brackets are  m ade 
from  £in. steel strip , about I f  
in. x i  in. (See Fig. 3.) These 
brackets m ust be extrem ely 
rigid, as any movem ent, no 
m atte r how slight, will even­
tually  lead to trouble w ith 
instability  and frequency drift. 
B oth  brackets are  m ounted on 
th e  same bolt, one on each 
side of the  partition . To these

(Continued on next page)
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■brackets are bolted th e  valve 
sockets.

So m uch for the  m echanical 
wrecking an d  re-construction, 
now  to th e  more or less elec­
trica l side of the business.

The original plug connec­
tions n  th e  connecting bar 
having been removed, we are 
able to  use these plugs as the  
power inpu t connections for 
th e  V.F.O. The h ea te r leads 
a re  brought to th e  cen tre- 
m ost two of the  five sockets in 
th e  oscillator section. See Fig.
2.) T he h eaters are wired w ith 
tw isted hook-up and  are not 
earthed , although bo th  sides 
a re  by-passed on each tube. 
A fter wiring th e  heaters, the 
oscillator section receives some 
a tten tio n .

No altera tions are m ade to  
any  of the  coils in  the  unit, 
a p a r t from  the  rem oval of all 
th e  tapped  connections on the  
oscillator coil, and  th e  add i­
tion  of the  H.T. ta p  on the  
am plifier coil.

The ro tors of th e  oscillator 
condenser and  its associated

V.F.O. (Continued) coil connection m u s t  be 
earthed  to  enable E.C.O. to 
function. This is done quite 
simply, by tak ing  a lead from 
th e  rear-m ost connection on 
the  condenser to a soldering 
lug bolted to  the  shield p a r­
tition . Three 50,000-ohm, 1- 
w att resistors are wired in 
parallel to  m ake a voltage 
dropper for the  H.T. for th e  
oscillator, giving approxim ately
16,000 ohm s in series w ith the
H.T. E ither one of the  two 
R.F. chokes contained in  the 
oscillator section can be used 
as the  p late  load for the  6SK7.

As m ost of you are-probably 
aware, voltage stability  in  an  
E.C.O. depends largely on th e  
correct positioning of th e  
cathode ta p  on the grid coil. 
F inding th is  position is gen­
erally a m a tte r of tr ia l and 
error, bu t in th is  case it  was 
found th a t  the  centre tap  of 
the  coil was the best. This 
tapping  h ad  originally been 
the ta p  for the  lead to  the  
neutralizing condenser.

The grid leak in  the  oscil­
la to r seems to have an  op ti­
m um  value of about 25,000

ohms, in  parallel w ith  a  con­
denser of about 250 pf.

Drive for th e  am plifier is 
taken  from  th e  p late of the  
6SK7, via a  .01 mf. condenser 
and  a small, 12 tu rn , parasitic  
choke to  the  grid of the  6V6. 
The grid resistor being a m eta l­
lized 33,000 ohm type. After 
trying various values of con­
densers as h ea te r by-pass, in  
order to iron out some “wogs,” 
we found th a t  the  only values 
w hich did the  trick  were 425 
pf. and 750 pf. Having placed 
a pair of 750 pf. m ica con­
densers on the  h eater leads of 
the  V66, we found th a t  some 
of our “wogs” had gone, bu t 
not all of them . On looking, it  
was found th a t  there  w eren’t  
any more 750 pf. condensers 
left, but we did find several 
425 pf. types. We substitu ted  
the  425’s for the 750’s on the  
6V6, and  placed ano ther pa ir 
of 425’s on the  6SK7. Hey 
Presto! No “wogs”!

The Buffer am plifier ta n k  
is of the  s tra igh t-ou t, series- 
feed type, w ith the  modifica­
tion th a t  the  H.T. is fed to  th e  
coil two truns up from  the  
bottom , or cold end. This, 
working in  conjunction w ith  
the sm all feed-back from  the  
loop connected to th e  6V6 
plate, and  tw isted around th e  
grid lead, neutralizes th e  job.

M any m ay scoff a t  the  idea 
of neutralizing a buffer am pli­
fier, especially in a V.F.O. B ut 
let us assure you th a t  we found 
it  necessary, as one m inute you 
could se t th e  oscillator on 
w hat you though t to  be, say, 
7.10 m c/s; several m inutes la te r 
the  th ing  seemed to be oscillat­
ing on about a dozen fre ­
quencies th a t  it  w asn’t  oscil­
la ting  on before. We’ll adm it 
th a t  it  sounds crazy—in  fac t 
it drove us crazy—but which 
ever way you look a t it, there  
it  is!

Nevertheless, having ironed
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out all these difficulties, we’re 
game to  venture th a t  it  would 
be one of the m ost stab le  
V.F.O’s. th a t  is around to-day, 
and  all working off an  u n ­
regulated, well filtered, 180- 
volt ex ternal power supply.

The 6SK7 oscillator is wired- 
as a triode, w ith about 120 
volts on it. One of the  400 pf. 
block condensers originally 
used in  th e  un it is used a s  the  
R.F. by-pass on th e  Buffer 
amplifier.

As can  be seen, the  7.0 m c/s  
band  is n ear the  low end o f  
th e  scale on the  oscillator, and  
i t  will be found th a t  th e  
Buffer resonates a t about 5 to  
10 on th e  d ial scale.

J . H . M A G R A T H  &  C o .
208 LT. L O N S D A L E  ST., m E L B O U R N E  A ^ C E N T . f t i®

An acknow ledged  leader in  i t s  c lass, g iv in g  a n  ev en  resp on se curve  
from  30-1200 C.P.S. O nly 30 gram s is required a t  need le  p o in t for cor­
rect track ing . 2 m od els are ava ilab le; standard  ( il lu s tr a te d ) fo r  10” -  
12” d iscs and  tran scrip tion  arm  m od el for  p la y in g  17” discs.

Connoisseur  < * * - ■ >  g r a m o - m o t o r
Is  d esign ed  for  th e  con n o isseu r  w ho lik es  th ese  fin e  te ch n ica l develop ­
m e n ts  th a t produce fa ith fu l rep rod uction . T h e heavy  n on -ferrou s  
tu rn ta b le  is m a ch in ed  to  run dead tru e , th e  fly w h ee l a c tio n  e lim in a ­
tin g  a ll “W ow.”

Connoisseur  a m p l i f i e r
Is  in  th e  tru e  tra d itio n  o f  C onnoisseur sound  rep rod ucing in stru m en ts. 
D istor tion  a t 5W is le ss  th a n  0.5 per cen t. Bass conrol variable from  3 
to  p lu s 15db a t 50C.S. Treble con tro l variable from  m in u s  20 to  p lu s  
8 db a t 15 Kcs.

Connoisseur  < R e g d > p ic k -u p  . . . .

r i i n n > i~m n • r r*>w— inrv«~i r*i»— n-*— i i V " i

In  a d d itio n  to  th e  pop u lar  C onnoisseur p rod u cts  lis ted  b elow , new  
p ick -u p s  an d  tu rn ta b le s  sp ecia lly  design ed  for  u se  w ith  th e  la te s t  
m icro-groove lo n g -p la y in g  records are o n  th e  w ay.
A m on gst th ese  is  a tw o-sp eed  tu m a b le  g iv in g  speed s o f  33 1-3 an d  78 
r.p .m . F u ll 12“ in  d iam eter, la th e -tu rn ed  and  m an u factu red  in  n o n -  
ferrou s m ater ia l. T h e  m a in  sp in d le , p recision -grou n d  an d  lapp ed , runs  
in  p h osp h or-b ron ze  bearin gs, an d  is v ir tu a lly  v ib ra tion less. H igh -grade  
stu d io  m icrop h on es an d  recording eq u ip m en t.
A ll C onnoisseu r prod u cts are p r e c is io n -b u ilt  and  in d iv id u a lly  tested .
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FOR RECORD REPRODUCTION

The “Panagram” Circuit
Ac c o r d i n g  to  Mr. ja c k  

Kling, of th e  G eneral 
Sound an d  Film  Services, 

of B acchus M arsh, Victoria, 
th is  is the  first tim e th is  c ir­
cu it has ever been published. 
I t  is a  flexible circuit for the  
record  en thusiast. The sw itch­
ing  circuits provide a wide 
range of control over the  fre­
quency response of th e  am pli­
fier by altering  th e  ch a rac te r­
istics of the  feedback circuit.

Among other notew orthy 
fea tu re s  of the  c ircu it is a 
sw itch w hich allows th e  screen 
by-pass condenser to  run  
e ith e r to  the  cathode or direct 
to  earth .

As w ith  all am plifiers using 
feedback, there  are  two ways 
in  w hich th e  speaker winding 
c an  be connected. If  th e  am ­
plifier squeals w hen first 
sw itched on, i t  is simply an  
ind ica tion  th a t  th e  feedback 
is  positive instead  of negative. 
Reversing th e  connections of

e ither prim ary or secondary 
of the  ou tpu t transfo rm er will 
pu t th ings right.

If so desired, a 1,000 ohm 
potentiom eter can  be used in

place of the  resistors in  th e  
cathode re tu rn  circuit and  a
100,000 ohm  potentiom eter in  
the  o ther position. This will 
allow an  alm ost infinite con­
tro l over th e  feedback.

HAM NOTES
Seems as  though  10 is on 

th e  out, and  according to 
official scientific predictions, 
■will be out for some time. 
T h is s ta te  of affairs may 
p rom pt some of you boys to 
tackle th e  h igher frequencies, 
such as 6 and  144 m c/s.

I t  is hoped th a t, sometime 
in  th e  n ear fu ture, we will be 
able to  ru n  an  article on the  
conversion, or alteration , of 
th e  U.S.A.S.C. Transceiver, the
I.F.F. unit, for operation  on 
th e  144 m c/s. band.

We have our own ideas on

ju s t w hat we w ant to  do, bu t 
i t  will be a m a tte r of experi­
m en ta l tr ia l and  error before 
we can give any th ing  definite 
on the  set-up.

Theoretically, everyt h  i n  g 
should work out fine, having 
given m uch though t to the 
business. Nevertheless, as 
m any of you will have doubt­
less found out for yourselves, 
a lterations to  a  lot of th e  su r­
plus equipm ent’ lying round 
does no t always go quite ac­
cording to  plan. We’re going 
to  wait and see!

The circuit is also adm irably 
suited  for use w ith  h igh- 
powered outpu t valves, such 
as the  807, w hich can be 
used w ith higher p la te  screen 
voltages in  order to get about 
ten  w atts of power output.
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RADIO THEORY COURSE—VIII.

VALVE TECHNIQUE
Most important in any radio or electronic 
equipment is the valve, so it is highly desir­
able to thoroughly understand its operation.

T HE electron tube, or, as 
it  is more commonly 
known, the  radio valve, 
although generally asso­

ciated w ith radio, was no t a 
radio development. I t  was 
originally developed during 
electrical experim enting, but 
h as been modified and  added

By
W. S. LONDEY,

8A Barkly St., 
Sale, Vic.

to  for radio work and  is prob­
ably used m ost in  radio. Many 
thousands of different types 
have been m ade and increas­
ing applications are being 
m ade in  industria l and com­
m ercial work. Photo-electric 
controls, voltage regulation, 
au tom atic tim ing of processes, 
m easuring instrum ents and 
accounting m achines are only 
a  few of the  cases outside radio 
an d  telephone com m unica­
tions where electron tubes are 
used. The tubes range in 
type from  the  simple diode 
used as a rectifier, to  am pli­
fiers, relay tubes, photo-elec­
tric  tubes, and cathode ray 
oscilloscopes. Some tubes are 
capable of carrying out two or 
th ree  different operations in 
th e  same envelope and may 
have nine or ten  connections 
brought out to pins or caps.

As early as 1883, long before

th e  days of radio as a m eans 
of com m unication, Thom as A. 
Edison, when investigating 
blackening of lam p globes, 
sealed an  additional electrode 
in to  one of h is lamps. He 
found th a t  a cu rren t would 
flow in to  th is  electrode when it 
was positive w ith  respect to 
the  filam ent, bu t th a t  none 
would flow when i t  was nega­
tive. Edison did no th ing  fu r­
th e r  along these lines b u t he 
told an  English scientist 
nam ed Preece, who developed 
the  idea som ew hat fu rther. 
J . J. Thom pson recognised the 
phenom enon to  be due to  the 
flow of electrons w hich are 
released from  th e  ho t filam ent 
and a ttrav ted  by the positively 
charged p late near by. A G er­
m an inventor prom ptly utilized 
the  phenom en to “rectify” 
a lte rn a tin g  curren t.

In  1904, Jam es A. Fleming, 
an  Englishm an, who was one 

. of M arconi’s associates, sug­
gested th a t  the  rectifying ac 
tion of the  diode may be used

> r TenS iQ h
<T~y

/•AV 2  V  HfXVY O VlY

FflAMtNT HEATER
T Y P E  T Y PE

C A T H O D E S C/1 W O O f
FmJ-.

as a detector of radio signals. 
His subsequent developm ent of 
w hat is known as the  Flem ing 
Valve gave th e  vacuum  tube 
its  first real s ta r t  tow ards its  
p resen t development.

In  1906 Dr. Lee Deforest, an  
Am erican radio experim enter, 
modified the  Flem ing Valce by 
th e  addition  of a  th ird  elec­
trode consisting of a grid of 
fine wires in  a n  a tte m p t to 
control th e  cloud of electrons 
between th e  filam ent and the  
anode. The results were pro­
found and  probably no o th e r 
single invention has had  more 
influence on the developm ent 
of radio.

The principle of th e  action 
of th e  th ird  electrode or grid 
is simple. If the  grid is posi­
tive it will a ttra c t electrons 
from  the filam ent but m ost of 
them  will be moving so rapidly 
th a t  they  will pass th rough  the  
spaces between the wires of th e  
grid and will th en  be a ttrac ted  
by th e  more positive p late. If  
the grid is m ade less positive 
fewer electrons w i l l  b e  
a ttrac ted  f r o m  the  fila­
m ent and therefore less will 
pass to the  plate, reducing the  
p late  current. W hen the  grid 
is negative w ith respect to  the  
filam ent it will actually  repel 
the  electrons leaving th e  fila-* 
m en t and  reduce the  p la te  cu r­
re n t still fu rther. The am ount 
the  grid is negative controls 
the  p late current, m ost valve- 
types being designed to  op^ 

erate  w ith  the  grid alw ays
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THEORY

(Continued)

more or less negative. This is 
done for two reasons, firstly, 
the pla te  curren t is reduced 
and th is  will increase the 
cathode life, secondly, if the  
grid becomes positive i t  im ­
m ediately draws some elec­
tron to  itself .therefore it 
draws cu rren t and  requires 
power from  th e  driving cir­
cuit. Very few circuits In a 
rad io  can supply appreciable 
power so th a t  a grid becoming 
positive would cause trouble. 
Basically, then , th e  triode, as 
the th ree  electrode valve is 
term ed, is a  tube in  w hich a 
sm all voltage change on the  
grid can  cause a  large change 
in  plate  cu rren t by controlling 
the electron flow between fila­
m ent and plate.

I f  th is  changing p late  cu r­
re n t  is passed th rough  a re ­

sistance  or im pedance there  
there will be a change in  the  
voltage drop across the  resist­
ance. As one end of th e  re ­
sistance is a t a fixed potential 
—the h.t. supply voltage—the 
plate end m ust vary in  volt­
age. This variation appearing 
a t the plate will be several 
tim es th a t  applied to  the  grid. 
Useful am plification obtainable 
"with triode valves ranges from 
two or th ree  tim es for power 
type valves tc  about 100 times 
Jor high gain types.

Term s used in connection with 
radio valves

I t  would be as well a t  th is 
stage to  define and  explain a 
few  of the  term s used in  con­
nection w ith  radio  valves.

(a) Cathode. The cathode 
is  the electron em itting  su r­
face and  is the  electrode by 
•which th e  cu rren t leaves the

valve. A num ber of different 
types of cathode are  used in 
practice. The cathode m ay be 
selected to  em it electrons by 
th e  application of heat, by the  
application of light, or by bom­
bardm ent by electrons.

Early valves were exclusively 
b a tte ry  operated and  the  first 
filam ents were m ade of tu n g ­
sten. These had  to be oper­
ated  a t  a fairly  high tem pera­
tu re  and had  quite a  low elec­
tro n  emission. I t  was found 
th a t  im pregnating  the  tungsten  
w ith a  sm all am ount of th o r­
ium  greatly  increased th e  elec­
tro n  emission and allowed the  
filam ent to be operated  .a t a 
m uch lower tem pera tu re  — 
brigh t red  yellow instead  of 
white hot.

P resen t radio valves use a 
filam ent coated w ith oxides of 
thorium , barium , calcium, and  
stron tium  and th is  coating 
em its electrons quite freely a t 
very low tem peratu res—very 
dull red, and  has a very long 
life.

A ttem pts to operate valve 
filam ents on a lte rn a tin g  cu r­
re n t were not very successful 
as the  voltage difference b e ' 
tw een the  ends of the  filam ent, 
being alternating , had  the  
sam e effect as a sm all a lte r­
n a ting  voltage on the grid, in ­
troducing excessive hum.

A ttem pts to reduce th is  by 
the  use of a low filam ent volt­
age and  h igh curren t were only

Ttfp^ CoKcdt .
T R / o o e  VALVE  
c o H sru v c n o N  Fk, n .

p artly  successful, and  it  was 
no t un til the  separately heated  
cathode was introduced th a t  
th is  trouble was really over­
come. This cathode consists 
of a  coated sleeve inside 
w hich is a h ea te r of resistance 
wire. These two p a rts  are  in ­
sulated  from  each o ther and 
brought out to  separate  te r ­
m inal. As the cathode is a 
m etal sleeve it is all a t  the 
sam e po ten tia l no m a tte r  w hat 
the  h ea te r voltage and  Is, In 
consequence, term ed an  uni 
po ten tia l cathode. There is a 
fu rth e r advantage of th e  sep­
ara te  h ea te r  and  cathode it 
allows the  cathode to  be a t  any 
voltage, positive or negative, 
w ith  respect to th e  heater. By 
the  use of a resistance in  th e  
cathode lead it is possible to  
connect the  grid to  e a r th  po­
ten tia l and  still have it  nega­
tive w ith respect to the  c a th ­
ode—the cathode being posi­
tive. I t  also m ade possible the  
construction  of transfo rm er­
less sets w ith series h ea te r 
connection. Early h ea te r c a th ­
odes required a 1 arge am ount 
of h ea te r power—about 5 to
10 w atts—bu t m odern types 
use m uch less power and  h ea t 
quicker. M odern types use as 
little  as one w att in  the 
h ea te r of some valves, others 
range up to about five w atts.

Cold cathodes. C ertain  m a­
teria ls have th e  property  ot 
em itting electrons if excited 
by some other m eans th a n  
heat. There are two m ain 
types of these cathodes, one 
which responds to bom bard­
m en t by charged particles, 
and  the  o ther which responds 
to light. The first type is used 
extensively for some types of 
rectifier, such as the  OZ4. The 
envelope is gas filled and pro­
vided the  anode-cathode volt­
age exceeds a certa in  m ini­
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m um  value a discharge will be 
sta rted  and  the bom bardm ent 
of the  cathode by positive ions 
will cause it  to em it electrons 
and  act in  a sim ilar m anner 
to  a heated  cathode—it does, 
in  fact become heated  to some 
extent. One im portan t re ­
quirem ent of th is  type of rec­
tifier is th a t  it requires a cer­
ta in  minimum cu rren t to 
m a in ta in  the  cathode in  an  
operating condition.

The second type is called a 
photo-cathode and the effect 
was first noted in  zinc plates 
exposed to  light by L enard and  
J. J. Thompson. The zinc was 
very insensitive and m aterials 
having a  m uch g reater sensi­
tivity  have been developed, one 
of the  advantages of the  
newer m ateria ls being th e ir 
sensitivity to ligh t of certa in  
selected colour, d ifferent com ­
binations having different p ro ­
perties. Photo-cathodes, how­
ever, -operate only a t cu rren ts 
in  the  order of m ico-am peres, 
bu t th e ir  operation is as a 
form  of diode w hich conducts 
only w hen the cathode is illu­
m inated . The principal c a th ' 
ode m ateria ls are potassium  
and  caesium  or com binations 
of these elem ents and  other 
m aterials.

(b) Anode. This may be 
briefly described as the  elec­
trode by which the  h igh  te n ­
sion cu rren t enters the  valve. 
I t  is the  electrode to  w hich 
th e  electrons are a ttrac ted  
a fte r  they pass th rough the 
grid. In  the  case of the  screen 
grid valve some of the  elec­
tro n s go to the screen grid but 
the  anode, or, as it  is com­
m only term ed, the  p late  re ­
ceives m ost of them . I t  is also 
the  electrode from w hich the 
amplified signal is taken. The 
anode is usually a cylinder of 
m etal although some valves use 
a  gauze cylinder. As th is  p late  
is bom barded by the  electrons

reaching it, a certa in  am ount 
of h ea t is produced and, in  
consequence, a ra tin g  called 
the  anode dissipation is gen­
erally given in  valve data . The 
anode dissipation is defined as 
th e  product of the  anode volt­
age and  th e  anode cu rren t (in 
am peres) and  is, of course, 
given in w atts. S trictly  the 
power ou tput should be sub­
trac ted  from  the  product to 
give th e  tru e  anode dissipa­
tion, but, as there  are occa­
sions when the power ou tput 
is zero th is  can be neglected 
(except in  th e  case of class B 
and class C operation w hen the 
anode is a function of the  
power ou tpu t).

For exam ple: Type 6V6 
valve: Dissipation -2 watts. 

W =  E I
W hen E =  250

I =  W/E ,
=  12/250 
=  .048 amps.
=  48 milliamps.

If the  anode voltage is 
raised to th e  m axim um  value 
of 315 the  m axim um  plate  cu r­

re n t is reduced to  37 m illi­
amps.

(c) Plate Resistance. The 
p la te  cu rren t of a valve m ay 
be changed by altering  the 
grid voltage or by altering  the 
p la te  voltage, the  o ther being 
kep t constan t. The p la te  re­
sistance of any  valve is defined 
as the  ratio  of the  change in  
p la te  voltage to  the  change in  
p la te  curren t, grid and  screen  
grid (if any) voltages re m a in ' 
ing constan t throughout. The 
quotient should stric tly  be 
found for an  infinitesim al 
change in  voltage but a good 
approxim ation can be given by 
tak ing  sm all changes. The 
value is expressed in  ohm s as 
it is sim ilar in  n a tu re  to  a  re­
sistance.

For exam ple: A 2A3 valve has 
a p late  cu rren t of 60 m a. with  
a p late voltage of 250 and a  
grid bias of —45 volts.

Increasing the p la te  voltage- 
to  260 increases the cu rren t to  
72 ma., the grid voltage re­
m aining constant.

(Continued on next page)
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(Continued)
Rp =  E ’ — E

r  — i
=  260 — 250

.072 — .060 
=  10/-012 
=  833 ohms.

T he tables give 800 ohm s a3 
th e  correct value bu t th is  
would only involve a  change 
of i  m a. so the  resu lt is quite 
close. In  any case a  sm aller 
voltage change should be used.

(d.) Amplification factor. 
This is the  change in  p late  
voltage th a t  will m a in ta in  the  
p la te  cu rren t constan t when 
th e re  is a un it change in  grid 
voltage, all o ther factors re ­
m ain ing  constant.

F o r exam ple: The 2A3 valve 
m entioned  before would re ­
quire th e  p late voltage to  be 
xeduced to  229 to  m a in ta in  the  
p la te  cu rren t a t  60 m a. if the  
g rid  voltage were reduced to 
—40.

Amplification factor 
=  Change in  p la te  voltage

Change in  grid voltage 
=  250 — 229

45 — 40 
=  21/5 
=  4.2

I t  will be noticed th a t  the 
voltage changes are  in  oppo­
s ite  directions, th a t  is, a posi­
tive  voltage added to  the  grid 
bias requires a  reduction in  
p la te  voltage.

T h is am plification factor is 
th e  grea test theoretical am pli­
fication posible from  the  
valve, th e  practical value be­
in g  given by:

Voltage am plification

=  Amp. factor X RL

■ RL +  Rp

W here RL and  Rp are load 
and  p late ressitances respec­
tively. Substitu tion of values 
will show th a t  RL should be as 
h igh  as possible, practical 
values being about th ree  tim es 
th e  p late  resistance, th is  giv­
ing a voltage am plification of 
about % of the  ra ted  am plifica­
tion factor.

E xam ples:
6SQ7GT — amp. factor =  100 
P late  resist. +  91000 ohms.

Load resistance 250000 ohms 
=  52 times.

V. G. =  100 X 250000

91000 +  250000 
=  25000000

341000 
=  73 times.

Reducing the load resistance 
to  100000 will reduce the  gain 
considerably.

V. G. =  100 X 100000

91000 +  100000
-  10000000

191000
: 52 times

Increasing the load resist­
ance to  500000 will not increase 
th e  gain very m uch—increases 
to  about 84 times but would 
require a h igher h igh  tension 
supply voltage to  m ain ta in  
th e  anode voltage. In  p rac­
tice lower gains th a n  these are 
obtained because the  plate 
voltage, being the  h.t. voltage 
less the  voltage drop due to 
th e  load resistance is lower 
th a n  250 and th is  will cause a 
change in  p late resistance.

The load resistance should 
include the parallel resistance 
of the  grid resistance of the 
following tube, w hich is in

L -  £  -  P E A K  

l\ V £ 0 } £

F t I V .  VOLTAGE.

parallel w ith the p la te  load a t  
all usable frequencies. For the  
above cases the  load would be 
a 250000 and a  500000 ohm  re ­
sistance in  parallel, giving a  
n e t load of 166700 ohms. This 
would, on the  above figures, 
reduce the  voltage gain  to 65 
tim es for the  first case, and  to 
47 ctnd 73 tim es in  the  o ther 
two cases.

I t  is obvious th a t  it  will no t 
improve m atte rs  to  increase 
the  p late load resistance to  a 
value above the  resistance of 
th e  following grid resistance. 
As th is  is usually in  the  order 
of 500000 ohms th is is the 
m axim um  value of p la te  re ­
sistance th a t  can be used; a 
value of 250000 being better.

Valves having a low plate 
resistance, such as 6SN7 can 
have a lower p late load and 
still obtain optim um  gain. A 
low value should, in  fact be 
used as these valves generally 
have a h igher p late  cu rren t 
th a n  the  h igh gain types and 
th e  m axim um  voltage ou tpu t 
falls off if the  resistance is too 
high. This makes for g reater 
nistortion  as the  valve is op­
erated  nearer the  overload 
point. A 6SN7 can be oper­
ated  w ith  a plate load resist­
ance of 25000 to 100000 ohms. 
The 500000 ohm grid resist­
ance does no t m ake m uch d if­
ference to  the  effective p late  
xoad as it is so m uch higher. 
In  th e  case of power triodes
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th e  load impedence is experi­
m entally  determ ined or is 
found from  a set of curves 
term ed a p la te  fam ily of 
curves and  is arranged  to give 
the  best power ou tput consist­
en t w ith low distortion.

(e) Transconductance —
Strictly  the  C ontrol-grid-plate 
transconductance, or m utual 
conductance (gm) is a factor 
w hich is really a com bination 
of am plification factor and 
p late  resistance, being the  first 
divided by the  second. More 
strictly, it m ay be defined as 
the  ra tio  of the  sm all change 
in  p late  curren t to  th e  small 
grid voltage change th a t  p ro­
duced it, all o ther voltages be­
ing constant.

T ransconductance =  I ’ — I

E — E’
I and  E being the  original 

conditions and I ’ and  E’ being 
the  final ones. I t  will be noted 
th a t  the  grid voltage becomes 
less to increase the  p late cur­
ren t (assum ing the  grid is al­
ways negative).

If I  and E are m easured in 
am peres and volts th en  gm is 
equivalent to • 1/R, th a t  is, 
conductance, m easured in 
ohms.

*R =  E /I
gm =  I/E  

th en  gm =  1/R 
As the practical values of 

transconductance are quite 
sm all ,being in the  order of 
.001 to .005 ohms, they are a l­
ways given as mico-mhos, 
th a t  is the  value in  mhos is 
m ultiplied by 1,000,000 so th a t 
values are  then  about 1000 to 
5000 m icro-mhos.

Sometimes the  transconduc­
tance is simply given as m illi- 
am ps per volt (ma/T) and to 
convert to m icro-m hos simply 
m ultiply the value by 1000.

Fig. I l l  shows a p late family 
of curves for a  theoretical 
triode valve—the  practical

curves m ay show more cu rva­
tu re  and  grid line spacing 
variation. From  these curves 
the  relationship  between am ­
plification factor, m utual con­
ductance and plate resistance 
m ay be clearly seen.

Taking the  operating  point 
as “A” the  following conditions 
apply—

P late  volts =  180 
G rid volts =  -3 
P late  cu rren t =  15 m a 

(.015 am p).

Now, if th e  grid voltage is 
changed to  -2 volts th en  there  
are  two im portan t ways in 
w hich the conditions of opera­
tion  m ay change: (a) The 
p late  cu rren t may be kept con ­
s ta n t by changing th e  plate 
voltage. To do th is  the  p late 
voltage would have to  be re-- 
duced to 140 volts; change 
along line AB.

(b) The p late voltage may 
rem ain  constan t and the  plate 
cu rren t allowed to change, the 
p late cu rren t rising in  th is 
case to  25 m illiam ps; along 
line AC.

Case “a ” gives the  am plifica­
tion factor—

plate  voltage change

grid voltage change 
th e  valve being 180 — 140 giv-

3 — 2 
ing a value of 40.

Case “b” gives the  m utual 
conductance in mhos, 
gm — Plate cu rren t change

grid voltage change
-  .025 — .015

3 — 2
— .01 mhos 
=  10000 m icro-m hos, 

or =  10 m illiam ps per volt. 
The p late  resistance is the  

slope of the grid lines in ohms. 
Taking the  -3 volt line as an  
exam ple the  slope is given by

P late  voltage change

P late  curren t change 
an d  tak ing  section “BC” 

R p =  180 — 140

.025 — .015 
=  40/.01 
-- 4000 ohms.

Study of the  above values 
for amp. factor and  gm it will 
be noticed th a t  Rp =  amp. 
fac to r/R p , and  amp. factor =  
gm X Rp.

The voltage am plification 
m ay therefore be w ritten— 
volt. amp. =  gm X Rp X RL

R p +  RL
and th is is th e  form m ost used 
now, th e  am plification factor 
being om itted from  the  ch a r­
acteristics—particularly  in  the

(f) Conversion transcon­
ductance. This is the  equiva­
len t of the  above transconduc­
tance but is applied to  fre ­
quency changer tube types as 
used in  superheterodyne re ­
ceivers and  is the  ra tio  of the 
in term ediate  frequency cur­
ren t in the  plate circuit to the 
radio frequency voltage on the 
converter grid. I t  is used in  a 
sim ilar m anner to  grid-plate 
transconductance in  single 
frequency work.

(g) Peak inverse voltage. 
This is a  m axim um  ra ting  
w hich applies particu larly  to 
rectifiers and  is im portan t be­
cause it  is the m axim um  safe 
voltage between the  elec­
trodes. Consider the  rectifier 
shown in Fig. IV. On th e  posi­
tive ha lf cycle the  condenser 
C will be charged to a voltage 
“e” and, if we assume no cur­
ren t is taken  from the  conden­
ser the  cathode will be m ain ­
ta ined  a t th is  voltage though

(Continued on next page)
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(Continued)

th e  p late  voltage changes. 
Now, ha lf a cycle la te r  the  
p late  voltage will be “-e” and, 
as th e  cathode is still a t  the  
original voltage “e” there  will 
be a voltage difference of 2e 
or “E” between them . This 
voltage “E” is term ed the  peak 
inverse voltage and  is equal to 
twice th e  peak A.C. voltage. 
For a sine wave the  peak vol­
tage is 1.4 tim es th e  R.M.S. 
value and  the  peak is th e re ­
fore 2.8 tim es the A.C. voltage 
applied to  the  p late of the  rec­
tifier. In  the  case of a full 
wave rectifier the  peak inverse 
voltage is 2.8 tim es th e  voltage 
applied to each plate  (not 2.8 
tim es the  p late  to  p la te  volt­
age). P ractical values are 
about 1500 for ordinary radio 
work but may range up to  50000 
in  cathode ray power supplies.

(h) Peak plate current. As 
a  rectifier only conducts d u r­
ing p a rt of a cycle it  is obvi­
ous th a t  the cu rren t during 
th is  sh o rt tim e m ust be greater 
th a n  the  steady curren t taken 
from  the power supply by the 
receiver. The cu rren t curve is 
also of a  peaker charac ter be­
cause th e  valve conducts best 
w hen the  voltage applied to 
the plate  is a m axim um . This 
peak would rise to  m any times 
th e  average curren t were it 
no t th a t  the  p late supply sys­
tem  has a certain  im pedance 
w hich tends to reduce sudden 
peaks of current.

Because of th is peak curren t 
rise m ost rectifiers have two 
cu rren t ra tings in th e ir pub­
lished characteristics. These 
are  (a) the  m axim um  average 
cu rren t or the  D.C. ou tpu t cur- 
ren t th a t  the  rectifier can  de­
liver.

(b) The m axim um  peak cur­
ren t per plate. This is usually

about th ree  tim es the  average 
value and  certa in  m inim um  
im pedances a r e  generally 
specified in  the  characteristics, 
the  values depending on the 
applied voltage and the ch a r­
acteristics of the rectifier. In  
transfo rm er type receivers the 
transfo rm er has more than  
enough im pedance in  most 
cases but series resistances 
may be necessary in  tran sfo r­
merless sets.

(i) Power Output. This is 
the  audio power the  valve can 
give under a ce rta in  se t of 
conditions. The best condi­
tions are  generally given uncjei 
the  norm al operating condi­
tions and  several sets m ay be 
given for different power ou t­
pu ts and degrees of distortion.

Power ou tput may be calcu­
la ted  fairly accurately from  
the p late  curves by drawing 
the  load line XY (Fig. I l l ) ,  the  
slope of w hich is given by the  
im pedance of the  load (E/I =  
R). If the  voltages and  cur­
ren ts  are taken  a t points X 
(Eg =  O) and Y (Eg = 2 X 
stand ing  bias) then  
Power ou tput — J (Im ax-Im in) 
(Em ax-Em in).

For the  case shown the  load 
im pedance is 20000 ohms (I =  
,033a, E =  66v, Z =  E /I) .

Power ou tpu t =  J (.02 — 
.01) (280 — 80)

=  i  X ..01 X 200 
=  . 25 watts.

The power ou tput of pentode 
valves m ay be found in  a 
som ew hat sim ilar m anner but 
a special p late family is used 
and  more values are used.

(j) Class A. B, AB, AB|( AB„ 
Class A amplifiers are operated 
w ith  such loads and grid bias 
th a t  there  is as little distortion 
as possible and  the p late  cu r­
ren t does no t reach zero a t any 
poin t in  the  cycle.

Class B amplifiers are  oper­
ated  so th a t  the  p late  cu rren t 
is zero for approxim ately half

Castlem aine, Victoria, h a s  
one of the  few two-way radio 
equipped tax i services in  the  
State. Castlem aine, one of 
Victoria’s newly-declared cities, 
m ay well be proud of the 
service.

the cycle. To correct the  re ­
su ltan t distortion two class B 
valves are  operated in  push 
pull.

Class AB am plifiers are  op­
erated  so th a t  plate cu rren t is 
zero for some portion (less 
th a n  half) of the cycle. Push 
pull operation is necessary to 
reduce distortion.

Class B am plifiers are e ither 
ordinary triodes or pentodes 
operated in  an  overbiassed 
condition or m ay be special 
valves which operate a t zero 
bias.

Class AB am plifiers are usu­
ally overbiassed triodes or 
pentodes and  may be operated 
under e ither of two condi­
tions :

a—No grid cu rren t flows 
during any p a r t of the cycle- 
grid never becomes positive. 
This is term ed class AB.

b—Grid curren t flows during 
some p a rt of the  cycle—the  
grid becoming positive during 
p a rt of th e  cycle. This is 
term ed AB

Class B amplifiers are usu­
ally operated so th a t  grid cu r­
ren t flows during p a r t of the 
cycle, m ost class B valves op­
erate  on zero bias and th e re ­
fore draw  grid curren t for ha lf 
the cycle (per tube).

Class C am plifiers are used 
m ainly in  tran sm itte rs  and are 
greatly  overbiassed so th a t 
p late cu rren t flows only for a 
sm all p a r t of each cycle.
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Shortwave Review Conducted by 
L. J. KEAST

HOLIDAY TIME
I  don’t  know why it is, but 

everytime we have a holiday 
or holidays in  N.S.W. i t  seems 
as though we m ust have a 
thundersto rm  sometime during 
th e  period when one figures 
they  can do a little  ex tra  bit
o spotting. The word “spot­
tin g ” m ay be a little  careless 
a t th is  tim e of th e  year so 
perhaps I  had  better say d ial­
ling. But th a t ’s how it goes 
a t  my listening post. Quite 
recently  I  had  a  couple of 
weeks off from the office and 
we got storm s; th en  around 
X m as week th u n d er and  lig h t­
n ing m ade listening difficult 
only for th e  sam e th in g  to

VLA-10, Melbourne, 17.84 
m.c. 16.82 met.:

This is no t actually  a new 
sta tion  as th is frequency was 
assigned to “Radio A ustralia '’ 
as fa r back as April, 1947, but 
it  has been brought in to  use 
just recently for the transm is­
sion to  South America from 
8.10-9.15 a.m.

DYB2, Manilla, 4.98 m.c. 
60.04 met.:

This station , operated by The 
M anila B roadcasting Company, 
w ith the slogan “Radio Davao,” 
is reported by A rthur Cushen. 
I t  opens a t 6 p.m. and  carries 
sam e program m e as DYBR, 
the  medium  wave sta tion  till 
closing a t 10 p.m.
RADIO Burma, 7.37 m.c.
40.70 met.:

Mr. Cushen also sends p a r­
ticulars of th is  one w hich he 
describes as a Com m unist con­
trolled sta tion  w hich he be-

happen  during the  last couple 
of days of th e  old year and  on 
New Y ear’s Day storm s even 
affected telephone services in 
N.S.W., to say nothing of the  
effect on radio transm ission. 
But as I  have often said, radio 
is like golf, you try  it  out again 
the  next day hoping for be tter 
luck.

But really  all my growls ap ­
ply only to the  “weak sisters,'’ 
th e  good old strong sta tions 
get th rough  and  w hat a 
variety  of program m es there  
are  to be heard. You know, 
som etim es I  make up my m ind 
to  run  rig h t over the  dial and  
see w hat is about bu t I find 
myself very often  hanging  on

lieves announces as “Radio 
M andalay.” They are in  Eng­
lish from  9.30-10 p.m.

WNRE, Boundbrook, 9.55 
m.c. 31.41 met.:
This is a new frequency for 

WNRE and  is used by U.S.A. 
Dept, of S tate  in broadcast to 
Europe from 4-8.30 a.m.

DZH7, Manila, 9.73 m.c. 
30.82 met.:
R eaders-o f these pages will 

rem em ber in November issue
I suggested w atching for th is  
new Philippine outlet. They 
are now being heard  in parallel 
with DZH6 from 8 p.m.

4VRW, Port-au-Prince, Haiti 
9.795 m.c. 30.61 met.:

This sta tio n  has replaced 
HH3W recently on 10.13 m.c. 
29.60 m et. I t  is heard  opening 
a t  9.30 p.m. and  English is 
given a t 1 o’clock.

WRUW, Boston, 11.71 m.c. 
25.62 met.:

to one or two sta tions and 
listening to  the splendid fare 
offered.

And th a t  brings me to  th is  
thought. I  notice there  is an  
Esperanto Conference sitting  
in  Melbourne. W hat a g rea t 
th ing  it would be if we only 
had a universal language, es­
pecially on short-w ave radio.
I  really believe it  would be 
one of the  best m eans of b ring­
ing all peoples closer together.

TO THOSE NEW 
AUSTRALIANS

Believing th ere  m ust be h u n ­
dreds of “New A ustralians” 
who quite na tu ra lly  have a  
forgivable feeling of nostalg ia 
and  realising how they  would 
love to hear som ething of the  
land of th e ir birth . I  propose, 
commencig w ith M arch issue, 
to devote a fa ir am ount of 
space to  schedules of Euro­
pean tran sm itte rs  b roadcast­
ing in  th e ir  native tongue. 
W hilst most likely the full 
tim es on the  air will be given, 
these columns will suggest the  
m ost likely tim es and frequen­
cies for the  best reception in  
Australia. This, I am  sure, 
will be a welcome innovation 
and one readily availed of by 
those for whom it is intended. 
At the  same tim e it will en ­
able the  keen Dx-er to keep his 
lists up to  date. The w riter 
will welcome any help from  
our m any readers who, from  
time to time, care to drop a 
note notifying us of any change 
they have eithe r  noted or 
heard  proposed. They will 
show a gratefu l consideration 
for the  new people am ongst 
us if they forw ard such in fo r­
m ation as soon as it is heard . 
The address is 7 Fitzgerald 
Road, Erm ington, New South 
Wales, or ’phone WL1101..

New Stations
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Bargain CornerSpeedy Query Service
, .F .P . (W agga) a sk s  w h e th e r  i t  is  
p o ssib le  to  rep la ce  a  6 0 0 -v o lt  c o n ­
d en ser , o f th e  e le c tro ly t ic  typ e, w ith  
o th e r s  o f  sm a ller  w o rk in g  v o lta g e .

A.—Yes. I t  is posible to  replace 
say a n  8 m fd. 600-volt condenser 
w ith  two 16 m fd. 400-volt types, 
connected  in  series. T h is gives a 
to ta l capacity  of 8 m fd. (conden­
sers in  series) w ith  a  m ax. work­
ing  voltage of 800-volts. T h is is 
o ften  used where h igh  working 
voltages a re  desired from  a  num ­
ber of large capacity  condensers, 
w ith  low working voltages. T his 
schem e does no t only apply to  
gectrolytic condensers, bu t m ay be 

used on any an d  every type of 
capacitor.

G . H . (M y rtle fo rd ) a sk s  about) 
s y n c h r o n o u s  a n d  n o n -sy n c h r o n o u s  
v ib rators, a n d  a lso  i f  w e  w o u ld  d e ­
ta il  th e  d ifferen ce  b e tw een  th e  tw o .

A.—A vib rato r is, essentially, a  
piece of equipm ent commonly used 
to convert D.C., from  a n  accum u­
lator, to A.C. T his A.C. is th en  
“stepped up ” by using a v ibration  
transfo rm er. This h igh  A.C. volt­
age m ust be rectified an d  filtered 
before it can  be pu t to  use in  op­
e ratin g  a  receiver or o th er gear. 
T he vihrator is necessary, as, it is 
difficult to “step up ” or tra n s ­
fo rm  D.C. This A.C. resu lting  
from  th e  vibrator is of a  m uch 
h igher frequency th a n  th e  norm al 
50 c.p.s. encountered in  th e  electric 
supply m ains. T he rectification  of 
th e  A.C. on the  secondary side of 
the  transfo rm er is done by e ither 
of two m ethods.

Firstly , by the  use of a vacuum  
tube rectifier, following a  v ibrator. 
Secondly, by us ng a  special type 
of vibrator w hich m akes low volt­
age D.C. in to  low voltage A.C., 
w hich  is transform ed  to h igh  volt­
age A.C. T his h igh  voltage A.C. is 
fed back to  the  special vibrator and 
th e n  is converted to h igh  voltage 
D.C.

Such a  vibrator, w hich m akes 
D.C. in to  A.C. and  th en  rectifies 
th e  A.C. to D.C. again, is term ed 
a  synchronous vibrator. T h a t is, 
a  synchronous v .brator rectifies the  
cu rre n t w ithout using a  vacuum  
tube rectifier. A non synchronous 
v ibrator does no t rectify, and  m ust 
be used in  conjunction  w ith a 
vacuum  tube rectifier.
. .T .W . (P a ra m a tta )  w r ite s  fen (4 

en q u ires  w h e th e r  w e c a n  h e lp  h im  
o u t .  H e  h a s  h a d  d ifficu lty  in  s o ld ­
e r in g  th e  w ire in to  th e  p in s  o f th e  
n ew  p o ly sty re n e  c o il fo rm ers, m a in ly  
b eca u se  th e  h e a t  o f th e  iron  
s o f te n s  th e  p o ly sty ren e , th u s  a llo w ­
in g  th e  p in s  to  m o v e  o u t o f  p la ce , 
s lip , a n d  g en era lly  r en d er  th e  fo r ­
m er u se less .

A.—Most of these polystyrene 
form ers, sm all or large, have th e  
conventional 6-pin base. As you 
know, these pins are  m oulded

directly  in to  the  plastic. T he 
easiest m ethod of p re /en tin g  these 
pins from  moving when they are 
heated  is to get hold of an  old 6- 
p in  w afer socket. The first step, 
then , is to  remove the  pin contacts 
and  solder lugs. T h is will leave you 
w ith  a wafer with only th e  six 
holes' for th e  pins. W hen you w ant 
to  solder th e  pins on the  coil fo r- 
m er, first push  it  in to  th e  olci 
socket. T his holds the  p ins in  place 
when you are  soldering to them . 
Leave the  socket in  place for a  few 
m inutes a f te r  soldering, to  allow 
th e  poly, to  harden . T h en  remove 
it. All the  pins will be stra igh t, 
and, in  th e ir  original positions.
. .W .F . (C am b erw ell) a sk s  w h e th e r  
th e  la rg e  1 2 -in c h  c a th o d e  ray  tu b es  
are  o f a n y  p r a c tic a l u se  fo r  a n  
o sc illo g ra p h .

A.—They canno t be used w ith 
m uch success, as they  have a  long 
persistance screen and  employ 
m agnetic  deflection. N either ot 
these properties is desirable for an  
oscillograph. For th is  purpose, we 
recom m end a 5BP1 or a  VCR97. 
B oth  a re  ideal tubes. The best 
th in g  to do w ith th e  12-inch tube 
is to  give i t  away. Like m any 
o th er chaps will doubtless be do­
ing in  the  n ea r fu ture.

J .N . (D e n iliq u in )  a sk s  w h e th e r  
3 2 -v o lt  v ib ra to rs  a re  a v a ila b le .

A.—Yes, F ennocart (A’sia) P ty . 
Ltd. are producing a 32-volt 100 
c.p.s. v ib rato r and  associated 
transform er. F u rth e r da ta  can  be 
h ad  from  them .

RECORDING
(C o n tin u ed  from  P a g e  20)

Use GOOD components. 
Poor quality or fau lty  com­
ponents lead to more trouble 
and strife  th a n  is im aginable. 
They always “give up the  ghost” 
when you are rig tit m  the 
middle of cu tting  a favourite 
disc or doing an  im portan t job. 
The ex ira  cost will be repaid 
by the  absence of headaches.

P lan  out the circuit, com­
ponent layout and  require­
m ents, thoroughly and com ­
pletely, before even th ink ing  of 
the  actual construction.

Follow these instructions 
and  you will find th a t  you save 
hours in  the  long run.

Next m onth : C utting the  
first record on your gear.

FO R SALE.—Dials, 2-USL44, 1- 
USL46H, 2-AWA slow m otion. 
G angs, Strom berg, 1-3 gang, 2
2-gang, G a rra rd  gram o m otor No. 
20, 1 -G arrard  R ecord C hanger 
RC65. Speakers, 2 6H a n d  1 
8M w ith baffle. All b ran d  new. 
£ 4 0  or n ear offer. M any o ther 
p a rts  available. T ruem an, M ar­
tin  S treet, Seaford, Vic.

FO R  SALE.— 15in. G oodm an’s h igh - 
fidelity speaker, perfect order 
an d  condition; £ 1 7 /1 0 /- .  (New 
price £ 3 5 ) . J. N airn, 22 Mc­
Lean S treet, Morwell, Vic.

SELL C om m unications Receiver, 
AR7, Rack and Panel type, 5 coil 
boxes. Good order; £ 3 7 . Also 
522TX Receiver Chassis, com­
plete; £ 8 .  C. W. Everdell, G lean - 
eagle, Beaudesert Line, Q ueens­
land.

W ANTED TO BUY.Kingsley S- 
N iner w ith  coils; cash, or ex­
change Class C wavem eter in  
new condition w ith b u ilt-in  volt­
age regu lated  a.c. power supply. 
Jack  Clay, "B each House,” Point 
Lonsdale, Vic.

A S P E C IA L  SE R V IC E  T O  T H E  
EXPERIIVJENTER

A lu m in iu m  C h a ssis  a n d  P a n e ls  
m ad e  to  order. D e sp a tch ed  

w ith in  48 hou rs.
C u t e x a c t ly  to  you r  S p e c if ic a ­

tio n s . B ra ck e ts  S u p p lied  
V alve  a n d  o th er  S o ck e ts  

M o u n ted  if  D esired .
C a b in ets  for  a n y  d e s ig n  ca n  

a lso  be su p p lied .
O rders d ir e c t  to—

A D R IA N  J. C A R M IC H A E L , 
T h o m a s  A venue, 

M oorab bin , V ic to r ia .
P h o n e : XU2406.

r .V .W .V .V A V .V .V .W A V

Servicemen — Students 
Amateurs 

BLUEPRINTS 
Now Available

Any circuit drawn up from your 
rough copy or from the wide range 
on my files. Prints of any circuit 
from a crystal set to an F.M. or Tele­
vision Receiver, including all types 
of test equipment, can be supplied 
for 3/- per print, post free.

Special circuits based on those odd 
valves and components in your junk 
box designed and drawn up for 6/- 
per print, post free.

R. J. WATSON
8S SO TT IN G  ST R E ET  

A L B E R T  P A R K  
SOUTH A U ST R A L IA
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M Q u N

*

Containing 
Circuits of 257 
Receivers manu­
factured by 44 
Brand-Line 
Manufacturers 
during 1948

t  *•*❖<» < > ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ < » ♦ ♦ $

A u s t r a l  i  a s  O ffic ia l
fadio Service Manual

Vol. 7 (1948 Receivers)
The latest issue of the “Australian Official Radio 

Service Manual” is just off the Press! This is 
Volume 7, covering 1948 Australian Standard Re­
ceivers.

With the release of Volume 7, the range of Ser­
vice Manuals from 1937 to 1948 is complete.

Vol. 1, 1937, covers 1937 Receivers; Vol. 2, 1939;

Vol. 3, 1939; Vol. 4, 1940-41; Vol. 5, 1946; Vol. 6, 
1947; Vol. 7, 1948.

The price of each volume is £1.
The Radio Service Manual is the only publica­

tion which provides you with year by year circuit 
data of Australian standard receivers. It cuts 
service time and saves guess-work.

PRICE £1 PER VOLUME
OBTA IN A BLE D IR E C T  BY SPEED Y  M A IL O R D E R  SER V IC E FR O M  A. G. HULL, 

BO X  13, M O R N IN G TO N , V IC T O R IA .

P rin ted  by “Post” Newspapers P ty . Ltd., M ornington, for th e  P roprie to r of th e  A ustra lasian  R adio World. 
A. G. Hull, Balcombe S treet, M ornington, Victoria,



Y oup fa v o u rite  A egis 4 va lve B road cast K it assem bly h a s  b een  rejuvenated.! I n  appearance, 
s im p lic ity  an d  in  price  th t  Aegis M etropolis “4 ” is to d a y ’s  se n sa tio n a l n ew s! A ttra ctiv e  new  
fea tu res  Include:—

APPEARANCE
f / f / r A l f r ^ | r  V astly im proved in  appearam

/MP&OVF0  CIRCUIT
# #  w  w  * w  5Y3GT R ectifier.

T h e  orig in a l P lastic  C abin et h a s  been  
• red esigned  a lon g  m ore m od ern  lin es , 

app earance, a n d  m ore du rab le  th a n  ever before.

T h e m ain  im p rovem en t h ere  is th e  in c lu sio n  o f  th e  
new  R adiotron  ser ies o f V alves: X61M, 6AR7GT, KT61,

tMPXOVW  PERFORMANCE By the ino“  of these new Badiotron  V alves, th e  s e n s it iv ity  is  increased
trem en d ou sly , a n d  th e  u su a l A egis  
h igh  stan d ard  q u a lity  I .F .’s , C oils, 
etc ., m ak e th e  M etropolis "4” a true  
w inn er in  M an te l K it  S e ts  tod ay.

PRICE
INC.
TAX £10/2/6

EC IS MANUFACTURING CO. PTY.LTD.
208 LIT. LONSDALE ST., MELBOURNE, C.l. Cent. 4414


