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and at 116 Clarence St.. Sydney. N.S.W.

P r in c ip a l reason fo r  th e  new  R o la  M odel 
12-O ’ s re m a rk a b le  p e r fo rm a n c e  is  th e  ra d ic a l­
ly  new  m a g n e tic  c i r c u i t  in c o rp o ra te d  in  its  
d es ig n . In  e v o lv in g  th is  lo u d  speaker, R o la  
e ng in ee rs  have c o m b in e d  d a r in g  th in k in g  
w ith  p ra c t ic a l p re c is io n  e n g in e e rin g . The 

R o la  M odel 12-0 has an e x tre m e ly  s m a ll a ir  gap  fo r  its  v o ice  c o il to  
o p e ra te  in . T h is  s m a ll gap , p lu s  th a  new m a g n e tic  c i r c u i t  des ign  in  
w h ic h  R o la ’ s fam ou s  A n is o t ro p ic  M a g n e t A l lo y  is used, re s u lts  in  a w o rk ­
in g  f lu x  d e n s ity  o f n e a r ly  12,000 gausses, a v a lu e  p re v io u s ly  reached o n ly  
in  de L u x e  a u d ito r iu m  ty p e  lo ud  speakers l ik e  th e  fa m o u s  G12 and th e  
new  m ode l 12R. T h is  is th e  secre t o f th e  s ta r t l in g  p e r fo rm a n c e  o f R o la ’ s 
9 ^  H  A  new  12-inch  M odel 12-0, th e  lo u d  speaker
P  | |  H  H  fo r  w h ic h  you  have been w a it in g .K U L A CO. m.) PIY. LTD.



PRICE LIST FOR 1949
D.P.3A

R.F. STAGE D/W  UNIT

Price £ 6  - 1 0 - 0

Intermediate Transformers
175 K .C .

S Q U A R E  C A N , 3 x  1.5-8 s. d. 
P T  28 P E R M A T U N E  IR O N  C O R E , 1st S T A G E  . .  . 13 9 
P T  29 P E R M A T U N E  IR O N  C O R E , 2nd S T A G E ........................13 9

F.M. Intermediate Transformers
P T  44 10.7 M E G . P E R M A T U N E  IR O N  C O R E ..............................13 0
P T  45 F .M . R A T IO  D E T E C T O R ..............................  17 6

Standard Padding Condenser
P12 5 P L A T E  455 K . C . ' ................................................................................ 2 6

Trimmer Condenser
M E S . 2 P L A T E  2 to  35 M M F D ..................................................  1 1

R.F. Chokes
C l.  H O N E Y C O M B  50 M / A ........................................................................  1 10

B.F.O. Coils
R O U N D  C A N  2} x  1-5-8

F1 100 K .C .............................................................................................13 0
F2 175 K .C ...........................................................................................13 0
F3 455 K .C ............................................................................................ 13 0
F4 1600 K .C ............................................................. ............................... 13 0
F5 1900 K .C .......................................................................................... 13 0

Dual Wave Units, 13-42 Metres £ s. d.
D P  2A 4 /5  D U A L  W A V E  U N I T ....................................... 1 16 0
D P  3A 5 /6  D U A L  W A V E  U N IT  w ith  R .F . S T A G E  6 10 0

Broadcast Coils
455 K .C . R O U N D  C A N  2 x 1-3-8
PC 63 P E R M A T U N E  IR O N  C O R E  A E R IA L  7 6
PC 64 P E R M A T U N E  IR O N  C O R E  R .F . 7 6
PC 65 P E R M A T U N E  IR O N  C O R E  OSC. 7 6
PC 62 R E IN A R T  C O I L ................................................................................ j  g

Short Wave Coils, 13 to 42 Metres
1.C 59 A IR  C O R E  A E R IA L  . 2 10
1.C 60 A IR  C O R E  R .F ................................  2 10
1.C 61 A IR  C O R E  OSC...................... 2 10
1.C 62 IR O N  C O R E  A E R IA L  4 9
1.C 63 IR O N  C O R E  R .F . 4 9
1.C 64 IR O N  C O R E  OSC....................................................................... 4 9

Intermediate Transformers
S T A N D A R D  455 K .C . R O U N D  C A N  2 i  x  1-3/8

P T  41 P E R M A T U N E  IR O N  C O R E  1st S T A G E  13 0
P T 42 P E R M A T U N E  IR O N  C O R E  2nd S T A G E  13 0
P T 43 P E R M A T U N E  IR O N  C O R E  L O W  G A I N ..............  . .  13 0

Wire Wound Resistors, High Power
0. ohm  to  1500 o hm  100 M / A ..................................................... 1 o
1500 ohm  to  2500 ohm  50 M / A ......................................  1 2
2500 o hm  to  1000 ohm  25 M / A ....................................... 1 2

Voltage Dividers
V .1 . 15000 ohm  2 c l i p s ........................ 5 5
V.2. 25000 ohm  2 c l i p s ............................  5 6

! IF  Your Local Dealer Cannot Supply
jS  J f yo u  have bean u na b le  to  purchase  C row n  co m p o n e n ts  f ro m  y o u r  lo ca l
74 '^p(tr e ta i le r > w r ite  us, and w h i lc t  we c a n n o t s u p p ly  you  d ire c t ,  we w i l l
\  a rra n g e  fo r  y o u r  r e ta i le r  to  re ce ive  s u p p lie s  im m e d ia te ly  o r  adv ise  yo u
^  w h e re  s u p p lie s  can be o b ta in e d .

CROWN RADIO PRODUCTS Pty. Ltd.
51 MURRAY STREET, PYRMONT, SYDNEY
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EDITORIAL
Tempora mutantur, et nos mutamur in illis.

(The tim es are changed, and we are changed w ith  them .)
I can rem em ber th e  days w hen th e  F o rd  c a r sold fo r 

£199 /10 /-. To-day the  p rice  is about £950. You will 
notice 1 /6  on ou r f ro n t cover in  place of th e  1/ -  w hich 
has been th e re  fo r th e  p a s t th ir te e n  years.

I have b a ttled  h a rd  to  avoid th e  increase, b u t find 
th a t  i t  is unavoidable.

S tran g e ly  enough, th e  reason  fo r th e  increase  is the  
p o p u la rity  of recen t issues. P r in tin g  and  production  
costs hav in g  risen  a couple o f hundred  p e r  cent., they  
finally reached the  stage  w here th e  n e tt  r e tu rn  from  the  
sale of an  issue w as considerably  less th a n  its  cost!

A dvertising  revenue offset th is  to  a ce rta in  ex ten t,
b u t not enough.

T he a lte rn a tiv e  w as to giv^ sm aller issues w ith  
cheaper paper, as m entioned in la s t  m on th ’s ed ito ria l, b u t 
th e  response to  th a t  ed ito ria l w as em phatically  th e  o ther 
w ay. R eaders asked fo r b e tte r  issues and  cleaner p ap e r 
fo r th e  b e tte r  rep roduction  of in tr ic a te  c ircu its, and  w ere 
w illing to  p ay  th e  price_ .

So, h ere  is a be tte r-sty le  issue.
I now have incentive to  m ake i t  p o p u la r; w ill be able 

to hold m y head up  ag a in  and  tak e  p ride  in  th e  job. I 
am  su re  you a re  boing to  find th e  issues well w orth  th e ir
price.

— A. G. H U L L.
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M u l l a r d
PIO NEERS m ELECTRONICS

T
HE science and practice of electronics doubtless commenced with the first 

application of the thermionic electron tube—familiarly known as the 
“valve,” The name of Mullard was closely associated with the early 

developments of the valve, and Mullard was one of the first in the world to 
manufacture valves commercially. During the first World War Mullard Valves 
were used extensively by the Services, particularly the Mullard Silica Transmit­
ting valves supplied to the Admiralty. Then, as now, Mullard Silica Valves 
were famous for their long life and high efficiency.

Early radio experimenters remember affectionately their first valve—carefully 
nursed and wrapped in cotton-wool—which in a majority of cases was the famous 
Mullard “ORA.” Those letters represented “Oscillates, Rectifies, Amplifies”— 
one valve type for all purposes. To-day Mullard’s range of valves includes a 
highly-developed specialised type for every conceivable application in science, in­
dustry, warfare and entertainment.

In the television field, too, Mullard was, and remains, right out in front. 
The late John L. Baird is recognised as the “father” of practical television, and 
most of the special tubes and valves he required were developed and made by 
Mullard. From that beginning Mullard has become England’s leading source of 
electronic tubes for television and special defence applications.

There is hardly a field of application for electronics with which the name of 
Mullard is not intimately associated. In all modesty, Mullard can truly claim the 
title “Pioneers in Electronics.”

SOME OF THE 
Mullard ELECTRONIC PRODUCTS

Electronic Tubes:
R ad io  R e c e iv in g  V alves
R a d io  T ra n s m it t in g  V a lves
In d u s tr ia l V a lv e s  fo r  H e a tin g  and  C o n tro l
H e a r in g  A id  V a lves
S pecia l T e le v is io n  V a lves
C a tho de  R ay O s c illo g ra p h  Tubes
T e le v is io n  P ic tu re  Tubes
P h o to g ra p h ic  and S tro b o s c o p ic  F la s h  Tubes
P h o to e le c tr ic  C e lls
A c c e le ro m e te r Tubes
V o lta g e  S ta b il is in g  Tubes
V o lta g e  R eference  Tubes

Electronic Apparatus:
D o m e s tic  R a d io  R ece ivers 
D o m e s tic  T e le v is io n  R ece ivers  
C o m m u n ic a t io n  R eceivers 
F ix e d  and M o b ile  R a d io  T ra n s m it te rs  
M o b ile  T ra n s c e iv e r E q u ip m e n t 
In te rc o m m u n ic a t io n  E q u ip m e n t 
Sound A m p l i f y in g  S ystem s 
In d u s tr ia l E le c tro n ic  E q u ip m e n t 
C a th o d e  R a y O sc illoscopes 
M o is tu re  M eters
P o te n t io m e tr ic  T i t r a t io n  A p p a ra tu s  
M e a su ring  and  T e s tin g  In s tru m e n ts  
S c ie n t if ic  A p p a ra tu s

W here  there’s a new electronic device■— there s M ullard

M U L L A R D - A U S T R A L I A  P ty . L td . j f Z Z ^ L ,
M u I I a r d l  [ M u l l a r d ]

1 HEAD OFFICE: 33-43 Clarence Street, Sydney

A u s tra la s ia n  R a d io  W o r ld ,  M a rc h , 1948



LATEST RECEIVER DESIGN

MID-WAY PORTABLE

HE R E  is a design for an effi­
cient and econom ical p o r t­
able. T he  orig inal set was 

deevloped by the engineers of- R. 
W . Steane & Co. P ty  L td. w ith a 
view to  offering it as a  kit-set. B ut 
the rapid  g row th  of their Q -P lus 
coil business has m ade is necessary  
for them  to concentrate  on keeping 
pace w ith th e  dem and fo r Q -P lus 
coils.. R ather than  w aste the tim e 
and effort w hich w ent in to  the p ro ­
duction of th is m odel we are giving 
the circuit and details of the set.

T he dial and special cabinet, 
how ever, w ill no t be available in 
the o rd inary  w ay of business, so a 
eertain  am oun t of individual effort 
will be required  to  build up the set 
if the orig inal design is to  be fo l­
lowed closely.

T H E  D E S IG N
T he m ain fea tu res of the design 

are, ( 1) the use of an r.f. stage 
ahead of the converter valve to  en­
sure adequate sensitiv ity  w ithout 
undue noise level, even w hen the 
set is used in rem ote locations, (2) 
the series-parallel arrangem ent of 
the filam ent c ircuit to allow  the 
use of a 3 volt cycle-lam p battery , 
thereby  providing the m ost econo­
mical “A” b a tte ry  supply, (3) bias 
fo r de tec to r and ou tpu t valves ob­
tained from  grid cu rren t in oscil­
la to r stage. T h is schem e w as used 
in the se t detailed in our A ugust 
1947 issue, w ith  a lively discussion 
about its p ros and cons in the N o­
vem ber 1947 issue. I t  has the big

advantage of allowing the full high 
tension voltage from  the “B” b a t­

teries to be pu t to  use to provide. 
(C o n tin u e d  on n e x t page)

A u s tra la s ia n  R a d ie  W o r ld ,  M arch , 1949
The M id -w a y  P o r ta b le .
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PORTABLE

(Continued )

m axim um  pow er and perform ance, 
w ithout m aking a bias b a tte ry  ne- 
eessary , (4) unconventional lay­
out to  m ake the set com pact, y e t 
allow room  for th e  fitting  of the 
large-size, type 482 M inim ax b a t­
teries. T w o are used to  give 90 
volts, w hich allows m uch g rea te r 
pow er ou tpu t and general perform  
ance than  possible w ith the little 
67i volt supply often  fitted to  
portables; T he la rger ba tteries are 
also m ore economical.

A no ther fea tu re  of the layout is 
the w ay in w hich the loop aerial 
has been kep t ou t in the clear, 
aw ay from  the batteries. T his 
gives it a chance to  pick-iup a 
s tronger signal and is undoubtedly  
a factor in the rem arkab le  p e r­
form ance of th is set, w hich is o u t­
stand ing  in the po rtab le  class.

B A T T E R Y  B U D G E T
T his “In -betw een” portable is 

one of the m ost econom ical w hich 
has been described, for in spite of 
its five-valves and g rea t pow er,

the runn ing  cost is rem arkab ly  low.

M any portab les use to rch  cells 
for the filam ent supply, som etim es 
singly, som etim es in parallel a r­
rangem ents. B ut to rch  cells are 
built for in te rm itten t use and do 
no t take kindly to  sustained load 
for long periods. Ju s t as cheap, 
considering  price to  w eigh t, as 
to rch  batteries a re  the 3-volt cycle 
lam p batteries. A nd they  have been 
built to  give long life on a steady  
load. A pparen tly  m ost designers 
of po rtab les have been scared off 
the cycle b a tte ry  on account of its 
th ree-v o lt rating . B ut the Q -P lus 
engineers have pu t th is to  good 
purpose by th e ir series-parallel fil­
am ent circuit.

B ut probably  the ' b iggest ru n ­
n ing cost in po rtab le  set operation 
is in connection w ith  the “B ” b a t­
te ry  supply. M ost four-valve p o rt­
ables are fitted w ith  a 67i  volt 
M inim ax b a tte ry  w hich will run 
fo r only abou t 40 hours, and costs 
17/1, w hich w orks ou t a t about 
Sd. per hour. B ut the tw o heavier 
(type 482) M inim ax ba tte ries in 
this set supply 90 volts and will 
run  for 250 hours fo r a cost of 
25/8, w hich w orks ou t a t about a

penny fa rth ing  per hour. R unning 
cost of th is five-valve m odel is 
about one q u arte r of the am ount 
norm al w ith  m ost ord inary  four- 
valve m odels!

L A Y O U T
A s w ill be seen from  the p ho to ­

g raph , the layout is unconven tion ­
al, having been w orked  ou t to  suit 
the cabinet sty le  and give the u t­
m ost in com pactness. T he loop 
aerial has been kept well away 
from  the batteries in o rder to  a l­
low  the m ost efficient pick-up.

T he m etal cases of the cells in­
side the b a tte ry  m ake a form  of 
screening w hich is to  be avoided, 
if long-range resu lts a re  required  
w ithou t valve hiss.

T he actual chassis is a narrow  
strip  of m etal, 114 inches long and 
tw o  inches w ide, w hich is folded 
w ith  a one-inch step about four 
inches from  one end. T his m akes 
a to ta l w idth , a fte r folding, of 
abou t lOi inches.

T he m iniature th ree-gang  con­
denser m ounts vertically  alongside 
the step in the m iddle of the chas­
sis. T he r.f. coil and r.f. valve are 
located up on the top step. The 
converter valve, o scilla to r coil and

Page 6 A u s tra la s ia n  R a d io  W o r ld ,  M a rch . 1949



i.f.’s run  aw ay from  the gang to ­
w ards the outside of the low er 
shelf. T he dial m ounts on top  of 
the gang, w ith the volum e control 
and sw itch. T he speaker backs up 
to the gang, w ith the “B" batteries 
on either side of it. T he  filam ent 
b a tte ry  lies on its side, d irectly  un­
der the gang  and across to  the b o t­
tom  of the speaker.

W hen m ounting  the gang be 
sure to  keep the trim m er ad ju s t­
m ent screw s facing to  the back, so 
th a t they  will be accessible w hen 
the set is finished.

T he speaker in the orig inal set 
is the R 0I3 5C, w ith a 10,000 ohm  
input transform er. T h is speaker is 
supplied w ith a m ounting  lug 
w hich fits neatly  into this assem b­
ly.

If a standard  type of dial is used, 
it m ay be found necessary  to 
m ount it in to  a p late of alum inium, 
to  m ount on top of the gang and 
then carry  the volum e contro l and 
switch. A  special dial for the job 
can be m ade up by cu tting  a piece 
of alum inium  about 6 inches by 3, 
w ith small b rass pulleys a t the ou t­
side top co rners and a drum  on the 
gang spindle in the cen tre  of the 
o th er side. R unning a cord around 
the drum  and across the tw o pul­
leys you can then  m oun t a needle 
on the cord so th a t it w ill run 
across the alum inium  plate. Of 
course, a dial scale will have to  be 
draw n up and m ounted on the 
piece of alum inium.

W I R I N G
A fter the bits have been assem bl­

ed on the chassis the first step in 
the w iring job  is the im portan t one 
of ea rth ing  the centre (shield) 
term inals of the valve sockets. A 
bus-bar, run  around th e  sockets, 
w511 m ake a handy m ounting  de­
vice for quite a few’ o f the m inor 
com ponents.

N ext carry  out the filam ent w ir­
ing, which" on account of being the 
•eries-paralle l arrangem ent, is 
m ost tricky. Y ou know  w hat hap­

pens to  valves if you  w ire up their 
filam ents so th a t they  g e t three 
volts in stead  of 1J ? So bew are, 
take care. Make a double check 
against the circuit a fte r you have 
finished the job. T hen  check again 
against the follow ing points; pin 1 
m ust be kep t negative to  pin 7 
in all cases, the No. 1 pins of 
bo th  IRS and 1SS are earthed to 
the chassis.

W hen doing the res t of the w ir­
ing a certain  am ount of juggling 
will be necessary  to  get everything 
fitted in. In  some cases it m ay be 
found helpful to  cut the valve 
socket term inals in half w ith  your 
angle cu tte rs, so th a t they  will not 
stick out so far as to  tend to  cause 
sho rt circuits. ' U se plenty of spa­
ghetti to  keep resistor and conden­
ser leads from  sho rt circuiting.

AM ATEUR TRANSM ITTING SECTIO N .
I am pleased to announce that arrangements have been completed for a 

new section devoted to the interests of operators and would-be operators of 
amateur transmitting stations.

The section will be conducted by Mr. R. H. Cunningham (VK3M L), one of 
Australia's best known amateur operators. Mr. Cunningham is at present 
President of the Victorian division of the Wireless Institute of Australia. He 
was for many years the Technical Editor of the Institute's journal "Amateur 
Radio."

Ambitious plans are being laid for the section, and it is hoped that it will 
prove of great help to those who want to have their own station, as well as to 
those who are already "on the air."

The first issue to contain the new section should be the April 15th edition.
— A .G .H .
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The Radio Enthusiasts’ Supply House . . .
A E G IS  A e r ia l R .F . O s c il la to r  C o il Iro n  C ore. 

E a c h ............................................................ 6/9

A E G IS  I .F .  T ra n s fo rm e rs . P e rm e a b ility
T u ne d  Each 13/9

m

A E G IS  R .F . C hokes 
P ie  w o u - id  on c e ra m ic  fo rm e r.

A E G IS  L in e  F i l te r .
Reduces lin e  in te r fe re n c e .

A M a g ra th  S pec ia l a t . . .

M in im a x  B a tte r ie s
45 v o l t .................................................
67£ v o lt

E ach .

12/10 
17/1

Bezels 
Red o r G reen, 
in g  Each

fo r  panel m o u n t-. . . . 2/!
H o o k -u p  Wire.

P la s tic  covered . In  assorted 
co lo u rs .
Per y a rd  2d., p lu s  ta x .

P ow er Chokes.
60 m i l l  lam  ps

S ha ft 
E x te n s io ns , 

i - in c h  brass, 2 
in . lo n g  . . 1/3

M a g ic  Eye 
E scutcheons. 

B a k e lite  . . 9d. each

E n g lis h  G oodm an 's  12-inch  Speakers, w ith  heavy n  
w e ig h t m a g ne t. W ith o u t  t ra n s fo rm e r . £ 8 /1 9 /8  g  

A o a v . i . . b le ,  G oo d m a n ’s 15-inch and 18-inch  == 
Speakers.

P ow er T ra n s fo rm ers .

Good q u a l i fy .  F la t  m o u n tin g s .

CO m il 

80 m il

V o lta g e  D .v id e rs
25.000 ohm

B a k e lite  M a n te l C a b ine t 
Specia l a t

M ica  Condensers 
B a k e liie  m o u lde d . 
.D3005 to  .0005. 
E ach  . . . 6d.

E ffco  D ia ls  
C o m p le te  range 
a v a ila b le  
f ro m  . 10 G

D ia l D rum s. 
B a k e lite ,
2 inch  and 3 in c h . 
Each . . . 2/ -

Germanium
C ry s ta ls

M ic ro p h o n e  Wiserts. 
T ype  J7, C ry s ta l . . 23/6

P lu g - ’
and

C o il F o rm e rs , 
p i n ......................1 / each

E le c tr ic  S o ld e rin g  Iro n .
W a t t ,  w ith  co ve r fo r  c a r ry in g  in  bag o r 

p ocke t.

Knobs.
W e have th e  m ost c o m p le te  asso rtm en t in  
M e lb ou rn e .
P rice d  f ro m  7d. each

T r im a x  S peaker F la res. 
" A B A C ”  ....................... fro m  45/

:V.

M eters. 
0-1 m i l l ia m p .

w i t h  m u l t i ­
scale. R ound 

ty p e ....................£ 3

P ho n og ra ph  M o to rs . 
G e rra rd  ty p e  “ S .”  

£  6/ 6/-

S ap p h ire  Needles. 
M in ia tu re  T yp e  . . . 12/6

V o lu m e  C o n tro ls .
C a rbon , f r o m .................3 /-  each

R esistors.
1 W a tt ,  a l l  va lues . . 6d. each

&
&
&
&.
$x;
&•Ai

Build Your Own Multimeter!
T he  -‘ U N IV E R S IT Y ”  K i t  ty p e  MK1 

c o n ta in s  a ll p a rts  dow n  to  th e  la s t n u t 
and b o lt .  The c o m p le te d  m e te r reads 

V o lts ,  O hm s and M ill ia m p s .
P ric e  . . . £ 8, p lus  10 per c e n t, tax

$
Jji
&
&
&

& 
S
5
6

V a lv e  Sockets. 
A m p h e n o l .

W a fe r ty p e

V alves.
A ! I typ e s  o f va lves  in  s to ck . 

T y p e  EF50

S peaker T ra n s fo rm e r. 
R ? p la?em en t w in d in g s

7d. each 

6d . each

10/ -

A m p lio n  12-inch Speaker.
C o m p le te  w ith  T ra n s fo rm e r 

T e rm in a ls .
A e r ia l and E a rth

4 /B  each

£ 3 /3 / -  

8d. each

1 Aegis 4-Velve Super-hel Kit
®  C o m p le te  in  e ve ry  d e ta il fo r  £ 1 0 /1 0 /-  

w i t h  V A L V E S  F R E E  
i f  p urchased  d u r in g  M a rch  and A p r i l ,  1949

E le c t r o ly t ic  Condensers.

F o r V ib ra to r  use. . . .
500 m fd . . . .  12 v o lt  3 /6

T a x  is in c lu d e d  in  a l l  p rices  unless o th e rw is e  
s ta te d .

W e pay f re ig h t  on o rders  o ver five  pounds.

208 Little Lonsdale St.. Melbourne. Phones Cent. 3688 and 4414
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DIRECT C O U P L IN G  A G A IN

IMPROVED 807 AMPLIFIER
A g re a t  deal o f pub lic ity  lias of 

la te  been ascribed  to  a n  a ss o rt­
m en t o f high-pow ered am plifiers, 
all rep u ted  to  possess, and  no 
doubt they  do, exceptional s ta n d ­
a rd s  re g a rd in g  fidelity.

U n fo rtu n a te ly , th e  g re a t m a jo r­
ity  of these  a re  beyond th e  m eans 
of th e  average  en th u s ia s t, no t to 
m ention  those who a re  o f opinion 
th a t  high-pow ered am plifiers, of 
w hich m ost recen t designs em u­
la te , do no t w a r ra n t  th e  e x tra  ex­
pense, w hen a  w a tt  o r tw o is as 
m uch as can  be to le ra ted  in  the 
average  domicile.

T h e ‘‘Ju n io r  Feedback  A m plifier’' 
described in  O ctober’s issue w as 
adm irab ly  suited  to  fulfil th is  re ­
quisite, nam ely, a low-powered 
sim ple u n it w ith  excellent rep ro ­
ductive ch a rac te ris tic s .

H ow ever, in view of th e  fa c t 
th a t  th e re  a re  undoubtedly  a  num ­
ber of e n th u s ia s ts  who would p re ­
fe r  an  am plifier w ith  s ligh tly  m ore 
ou tpu t, such as w ould be su itab le  
fo r  both  home du ties  and  m oderate  
outdoor' requ irem en ts, th e  follow ­
ing  design  w as in s titu ted , w hich 
will be described in  deta il.

A n exam ination  o f th e  c ircu it 
will disclose th a t  only th re e  tubes 
a re  employed. The c irc u it is the 
direct-coupled type, an d  feedback, 
is looped a round  bo th  audio  tubes, 
including th e  o u tp u t tra n sfo rm e r.

An 807 w as the  obvious choice 
fo r o u tp u t du ty . I t  is no t only 
p len tifu l and cheap, b u t w ith  the 
addition  of a solid w hack of nega­
tive feedback, is v ir tu a lly  d is to r. 
tionless, and very  n early  equals a 
triode  in  perfo rm ance, w ith  the 
ad v an tag e  of possessing h igher

By

W M .  D A R R A G H

(D ip .  R a d io  E n g .)

129 E m press A v en u e  

F o o ts c ra y  W .. V ic .

sen s itiv ity  and double th e  ou tpu t.

A 5V4, o r its  c o u n te rp a rt, an 
83V, w as chosen, m ain ly  on ac­
count o f its  h ig h e r o u tp u t voltage, 
not fo rg e ttin g  its  ind irec tly -heated  
h e a te r  construction , a  fa c to r  in ­
s tru m en ta l in  p rev en tin g  blown 
filte r condensers and  in te rn a l 
flashovers , w hich m ay  occur in a

circu it o f th is  type  if  a  d irec tly  
heated  rec tif ie r is u tilised .

The 6J7  is s ta n d a rd  equipm ent,
and  req u ires  litt le  com m ent.

I t  w ill be observed th a t  a  v a r i­
able contro l is inco rpo ra ted  in  the 
feedback  line. O w ing to  th e  ex­
cellent bass response of th is  un it, 
and  th e  necessity  o f em ploying a 
la rg e  am oun t o f feedback to  re ­
duce the 807’s r a th e r  h igh  d is to r­
tion  con ten t, oscillations o f a  low 
frequency  m ay be experienced if  
a fixed am oun t o f feedback  were 
m ain ta ined  on a num ber o f s im ila r 
am plifiers, em ploying o u tp u t t r a n s ­
fo rm ers of v a ry in g  designs. T his 
oscillation  m ay  only be observed

(Continued on next page)
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807 AM P.

DISTORTION PE R C E N T

(Continued )

w hen th e  c ircu it is “ shocked’' by 
a n  in p u t o f a tr a n s ie n t n a tu re , th e  
effect being  a  f lu t te r  o f p e rh ap s 
five-seconds d u ra tio n , and  of a 
v e ry  low frequency. The a d ju s t­
m en t o f th is  contro l w ill be ex­
plained la te r  in th is  artic le .

A t th is  ju n c tu re  i t  m ay  be w ise 
to  m ention th a t  th e  lin e a rity  and  
d is to rtion  curves illu s tra te d  a re  
based on a fixed value o f 750 
fo r  th is  feedback res is to r, used in  
con junction  w ith  an  80 voice coil. 
T his va lue  w as found  em inently  
sa tis fa c to ry  in  th e  o rig inal set-up.

B oth se ts o f cu rves w ere p lo tted  
w ith  th e  a id  o f su b -s tan d ard  te s t 
equipm ent and  a re  accu ra te  
w ith in  2 p e r  cent.

P a r t ic u la r  a tten tio n  should be 
paid  to  accuracy  of com ponent 
values, and  m ake su re  th a t  th e  
co rrec t w a tta g e  is specified. A ny 
inaccu racy  in values w ill re s u lt in  
severe vo ltage unbalanc ing , w ith  
im paired  perform ance.

I t  m ay  be w ise to  use  a  shielded 
w ire  p la te  connection to  th e  807. 
T h ere  is no t sufficient D.C. o r 
audio volts to cause  a  flash-over,

and  shield ing  th is  lead  w ill elim i­
na te  an y  tendency  fo r positive 
feedback to  occur. The tw o filte r 
chokes, L I  and  L2, a re  n o t p a r t i ­
cu la rly  c ritic a l re g a rd in g  in d u c t­
ance. The tw o o rig in a l chokes 
w ere som ething o f a  relic, yet the 
m easured  hum  level w as down 50 
Db. The only  p o in t th a t  bears  
w a tch in g  is to  keep th e  to ta l filte r 
res is tan ce  down to 500 ohms o r 
less, to  e lim inate  an y  undesirab le  
vo ltage  drop.

A w ord of w a rn in g  re g a rd in g  
th e  ad ju s tm en t o f th e  807 p la te

cu rren t. On no account in s e r t a  
m eter in  series w ith  th e  p la te  cap 
and  clip. F a ilu re  to  heed th is  a d ­
vice w ill a lm ost c e rta in ly  re su lt 
in a dam aged  m eter. The add i­
tion  of a  m ete r, and  probably  
leads, in series w ith  th e  h o t side 
of th e  anode c ircu it, w ill cause 
v iolent oscillations to o c c u t ,  

coupled w ith  a heavy in crease  in 
p la te  c u rren t. T he co rrec t method 
of ad ju s tm en t is a s  follow s: —

F ir s t  a sce rta in  th a t  th e  am pli­
fier is co rrec tly  w ired  and  th a t  
speaker is in  c ircu it. Set both  R9 
and  R l l  in  th e  m axim um  re s is t­
ance position, and  in se rt a  0-100 
MA m eter, o r h igher, in series 
w ith  th e  e a r th  end o f R9. Sw itch 
on, and  a d ju s t R9 u n til th e  m eter 
shows a c u rre n t of 80 MA. T his 
m ete r m ay now be rem oved and 
th e  re s is te r  ea rth ed . The vo ltage 
read  betw een 807 p la te  and  c a th ­
ode should read  very  close to  250 
V. now. I f  s lig h tly  h ig h e r don’t 
w orry  abou t it, b u t i f  a  voltage 
su b s tan tia lly  low er is a p p a re n t a 
check on c ircu it values w ill p ro ­
bably  reveal some o u ts tan d in g  in ­
accuracy.

The nex t step  is th e  ad ju s tm en t

JContinued on page 46}
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INTERFERENCE SUPPRESSION

Car Radio Installation
The in s ta lla tio n  and  in te r fe r ­

ence suppression  o f c a r  rad ios is 
t r u ly  a specialised business, a s  can  
be judged  from  th e  few  rad io  
firm s who w ill ta k e  them  on, and 
th e  num ber th a t  do a  first-c lass

By

c . A S TO N
25 G eorge  S tre e t 

M a r r ic k v i l le ,  N .S .W .
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job  a re  few er still.

The in s ta lla tio n  is m ore of a  
m echanical problem , an d  each 
m ake and  model o f c a r  req u irin g  
ind iv idual tre a tm e n t. T he m ain  
po in ts to  rem em ber a re  to  p u t th e  
se t in  a  position  w here  i t  w ill no t 
in te rfe re  w ith  aiiy  of th e  c a r  con­
tro ls  and  not undu ly  cram p  th e  
leg  room. B efore d rillin g  th e  re ­
ceiver m oun ting  holes check w here 
th e  d rill w ill come out. I t  is quite 
easy  to  do a lo t o f dam age.

behind any  obstacles. W ith  the 
E n g lish  built c a r  it is m ore o ften  
th a n  no t a  d ifferen t ta le , and it 
m ay be necessary  to  cu t th ro u g h  
one o r tw o shells w ith  a  cold chisel 
and  ham m er before th e  a e r ia l can  
be m ounted. M ake c e rta in  th a t  
th e  ang le  o f th e  ae ria l harm onises 
w ith  th e  lines of th e  c a r  before 
d rillin g  th e  holes.

The A eria l Lead

T he a e ria l lead  is of th e  low loss 
type , and  co-ax. cable is very  su it­
able. The outside b ra id  should be 
ea rth ed  a t  both  th e  ae ria l and  re ­
ceiver ends ■ a t  th e  receiver the  
b ra id  m ay be ea rth ed  to  the  m etal 
cab inet, w hile a t  th e  a e ria l end 
th e  b ra id  should be ea rth ed  to  the 
ca r body. I t  is m ost essen tia l lh a t  
th e  e a r th  connections should be 
k ep t as sh o rt a s  possible and  vhat 
th e  p a in t and  g rease  is ca re fu lly  
rem oved from  th e  c a r  body before 
th e  e a r th  connection is m ade.

O rd in a ry  shielded w ire  is no t a t  
all sa tis fa c to ry  fo r  th e  a e r ia l lead, 
as i t  a tte n u a te s  th e  signal a  very  
appreciab le  degree.

th a n  ab o u t tw o inches of w ire  be­
tw een  th e  su p p resso r and  d is tr ib u ­
to r.

Condensers
I t  is s ta n d a rd  p rac tice  to fit two 

condensers, as w ell a s  a  su p p res­
so r on all in s ta lla tio n s.

In  A m erican  c a rs  th e  six-volt re ­
ceiver lead  is connected to any  
su itab le  connection u n d e r the  
dash , w hile E n g lish  c a rs  should 
have th e  b a tte ry  lead  connected to  
“A 2” on the  te rm in a l s tr ip . I t  
is a t  th is  po in t a  condenser of .5 
m fd. should be connected d irec tly  
to  e a r th , ca re  being exercised  to 
en su re  a good connection.

T he o th e r .5 m fd. condenser 
should be connected betw een th e  
b a tte ry  connection  on th e  ign ition  
coil and  e a rth . Check ca re fu lly  
th a t  th is  condenser is connected to  
th e  co rrec t lead, fo r if  i t  is con­
nected to  the c u rre n t p u lse r lead  
to  th e  d is tr ib u to r  th e  ign ition  in ­
te rfe ren ce  will be increased.

In  some c a rs  th e  condenser th a t  
is fitted  across th e  d is tr ib u to r 
p u lse r con tac t and  e a r th  is outside 
th e  d is tr ib u to r , and  in  some cases 
it m akes it  v e ry  d ifficult to  rem ove 
th e  la s t tra c e  of in terfe rence .

In te rfe ren ce  Check

B efore checking fo r  in te rfe ren ce  
m ake su re  th e  receiver is w ell 
ear.thed and  th a t  th e  bonnet is 
closed and  locked in  place.

S ta r t  th e  c a r  engine an d  tu n e  
betw een th e  local s ta tio n s  and  
tu r n  th e  volum e contro l fu ll on 
and  th e n  tu n e  from  one end of th e  
band to  th e  o th e r an d  ig n ition  
noise should no t be ap p a ren t. In

(Conti: u d o.i page 12)

The A eria l
T here  a re  severa l ty p es  of c a r  

ae ria ls , th e  m ost successfu l being 
th e  side aeria l, h av in g  a p leasan t

• appearance , and  m ay  be obtained 
to  a  size of n ine fee t w hen fu lly  
extended. T h is len g th  is  n o t ne­
cessa ry  fo r  c ity  w ork. T h ree  fee t 
should  be ample.

A n o th e r ad v an ta g e  of th e  side 
a e r ia l is th a t  i t  is re la tiv e ly  easy  
to  in s ta l. F i r s t  rem ove th e  side 
le a th e re tte  covering n e a r  th e  
d riv e r  and  exam ine th e  situa tion . 
M ost A m erican  c a rs  have  th e  ou t­
side body p la te  nex t, and  i t  is oifly 
necessary  to  m ake c e rta in  th e  
m oun ting  holes w ill n o t come ou t

M ake th e  ae ria l lead  about nine 
inches o r a foo t longer th a n  ne­
cessary , as it  som etim es ass is ts  
g re a tly  in  th e  reduction  o f engine 
in te rfe ren ce , a s  w ill be show n 
la te r .

The Suppressor

In  th e  ea rly  days a  supp resso r 
w as connected in  each of th e  leads 
to  the  sp a rk  p lugs, b u t it  h as  been 
found  ju s t  as effective to  connect 
a  res istance  o f 15,000 to 20,000 
ohm s in  th e  lead  fro m  th e  sp a rk  
coil to  th e  d is tr ib u to r , b u t i t  is 
m ost essen tia l th a t  i t  is connected 
as  close as possible to  th e  d is tr i­
bu to r , so th a t  th e re  is no m ore
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CAR RAD IO
(C o n tin u e d )

due in te rfe ren ce  th e  in s ta lla tio n  is 
th en  u sua lly  passed  OK.

I f  th e re  is any  ig n itio n  noise 
th e n  th e  firs t step  is to  find if  it  
is v ia  th e  ae ria l o r  b a tte ry  lead, 
so th e  ae ria l is disconnected a t  th e  
set, and  if  th e  in te rfe ren ce  d isap ­
p ea rs  th en  th e  noise is being  p ick­
ed up in  th e  ae ria l c ircu it.

I f  th e  noise is still a p p a re n t 
w ith  the  ae ria l d isconnected firs t 
check th e  e a r th  connections to  th e  
b ra id  on a n y  ex te rn a l connections, 
such as th e  d ial lig h t, an d  p a r t i ­
cu la rly  th e  tone contro l, and  i t  
w ill be found  th a t  th e  in te rfe ren ce  
w ill d isap p ea r w hen th is  is co r­
rec tly  ea rthed .

In  m ost A u s tra lia n  m ade sets 
th e re  is sufficient f ilte rin g  in  the 
six-volt in p u t to th e  receiver, and  
th e  b a tte ry  in p u t is th e re fo re  sel­
dom a source of in te rfe ren ce .

A er ia l P ick-up
W hen i t  is obvious th a t  th e  in ­

te rfe ren ce  is being picked u p  in

A fee o f  2 /-  is charged  fo r  each 
le t te r  to  cover cost o f tim e, s ta ­
tio n e ry  and  postage, and  th is  w ill 
cover m ore th a n  one query , so long 
a s  i t  is possible fo r  th e  an sw ers to 
be p rep a red  in  a  to ta l tim e  no t ex­
ceeding a  q u a r te r  o f a n  hour.

D esigns fo r  e lab o ra te  equip­
m en t, tra n s fo rm e rs  fo r  special 
pu rposes, chokes fo r  filte r n e t­
w orks, and  such e lab o ra te  p ro ­
blem s a re  beyond th e  scope of th e  
service.

W e can, how ever, give socket 
connections and  basic  ch a ra c te r is ­

t i c  a e ria l c ircu it it  i& th en  th e  
sp a re  foot of a e ria l lead -in  is used, 
fo r by v a ry in g  its  position  behind 
o r below th e  dash  th e  in te rfe ren ce  
w ill som etim es com pletely van ish , 
th is  position  is very  c ritica l, and  
an  inch one w ay  o r th e  o th e r m tiy 
spoil th e  effect. T h is effect is due 
io  th e  lead-in  p ick ing  up  an  in te r ­
fe r in g  vo ltage 180 degrees ou t o f 
phase w ith  th a t  induced in  th e  
aeria l.

B onnet E a rih ed

By e a rth in g  th e  bonnet a t  a  ce r­
ta in  po in t in te rfe ren ce  can  be 
overcom e. T h is can f irs t be check­
ed w ith  th e  a id  of a  screw  d riv e r  
o r file forced  betw een th e  bonnet 
and  th e  body to  en su re  th a t  th e re  
is a  low res is tan ce  connection. I f  
a  po in t is found  w here the  in te r ­
ference is reduced a  piece o f cop­
per b ra id  about tw o inches long 
should be screw ed on th e  body a t  
th is  po in t w ith  a couple of se lf­
ta p p in g  screw s and  th e  p a in t 
scraped  from  u n d e rn ea th  th e  bon­
n e t a t  th is  point, a ssu rin g  a  good 
connection betw een th e  bonnet and

tics  fo r a ll types of valves, includ­
ing  d isposals and  ex -arm y  types. 
D a ta  is also  availab le  fo r  m ost 
cathode ra y  tubes, b u t w e canno t 
u n d e rtak e  to  design special oscillo­
scope c ircu its  to  su it  an y  p a r tic ­
u la r  g e a r  you m ay  have on hand.

In  m ost cases i t  is hoped th a t  
replies w ill be m ade by re tu rn  
m ail unless any  special d a ta  has 
to  be collected. I f  a  3d. stam p
i,s enclosed th e  rep ly  w ill be sen t 
by a ir  m ail.

A ddress all queries to  Radio  
W orld, Box 13, M ornington, Vic.

body a t  th is  point.

I f  a ll th e  above procedure does 
n o t rem ove the  in te rfe ren ce  i t  
w ould be a s  well to  check all th e  
po in ts ag a in  before p roceeding to  
bond.

B onding
F irs tly , m ake su re  th a t  th e  

m otor blocks a re  w ell bonded to  
th e  bulkhead . T hen  connect th e  
sh ield ing  of an y  w ires pass ing  
th ro u g h  th e  bulkhead  and  copper 
tubes to e a r th  w ith  heavy  copper 
b ra id .

Bond th e  ign ition  coil to  its  
b rack e t by sw eating  them  to g e th ­
e r  w ith  solder.

I f  a f te r  all th e  above p recau ­
tions have been tak en  th e re  should 
be no in te rfe ren ce  from  th e  ig n i­
tion  system , and  I personally  have 
no t done an  in s ta lla tio n  th a t  could 
no t be cured  w ith  th e  above p re ­
cau tions. H ow ever, if  i t  should 
be found  th a t  these  m ethods will 
no t e lim inate  th e  in te rfe ren ce  I 
su g g est com pletely sh ield ing  th e  
sp a rk  p lugs and connecting  w ires 
w ith  p ro p er e a rth in g .

G enerator N oise

A nother common source o f in ­
te rfe ren ce  is g e n e ra to r h ash  and  
should not- be confused w ith  ig n i­
tio n  noise. I t  sounds m ore like 
in te rfe ren ce  produced w hen an  
elec tric  m otor is o p era ted  n e a r  a 
dom estic se t and is sim ply  cured 
by connecting  a  .5 m fd. condenser 
from  th e  vo ltage o u tp u t connec­
tion  to  e a rth .

In s tru m e n t In te rfe ren ce

A nother source of in te rfe ren ce  
th a t  is of a  c rack ling  n a tu re  is 
th a t  produced by th e  e lec trica l in ­
s tru m e n ts  such as th e  tem p era ­
tu r e  and  pe tro l gauges, w hich m ay  
also be cured  by connecting  a  .5 
m fd. from  th e  offending device and 
e a rth . I f  th is  is no t possible con­
nect i t  to  th e  in s tru m e n t and 
e a r th  behind th e  dash.

w m v . , A v . m m v . w w w w , v . m , . v . v . , . v A v

S p e e d y  Q u e r y  S e r v i c e
Replies by Wail Again Available

A s from  M arch  1st, we a re  re-open ing  o u r reply-by-m ail query  
service. D u rin g  th e  w a r  and  ever since we have been so sh o rt o f 
s ta ff th a t  we have  n o t been able to  hand le  ind iv idual queries in  th is  
m anner, b u t th e  position  is now easing^
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FOR R AD IO  SERVICE

A. C. Power From Batteries

Follow ing a re  de ta ils  of a  suc­
cessfu l u n i t  used by  m yself fo r  
some m onths to  p rov ide a 240 volt

iiiiiiiiiim in iim iiiiiiiim iiiiiiiiiiiiiim iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiim iiiiiiiiiiii

By
E. C. Jamieson

FORRESTO N,
S.A.

mnim iiim tiiiiiiiiiim im im iiiiifiiiiiiiiiiiiiiiiiiiiiiiiiM iiiiiiiiiiiiiiiiiiiiiiiiii

A.C. supp ly  from  a 12 vo lt b a t­
te ry .

The u n it consists b rie fly  of a 12 
vo lt synchronous v ib ra to r  w ired  as

a non-synchronous v ib ra to r, feed­
ing  in to  a  12-volt cen tre-tapped  
v ib ra to r  tra n s fo rm e r, th e  second­
a ry  o f w hich is no t cen tre-tapped  
in  th e  u su a l m anner. The tw o 
ends of th e  w indings, p lus th e  n ine 
in te rm ed ia te  vo ltage  tap p in g s , 
fo rm  th e  secondary. T he requ ired  
o u tp u t vo ltage  is selected by an  
o rd in a ry  te n  position  w a fe r 
sw itch , and  th e  o u tp u t going to  
tw o ou tle ts . One a  special five- 
p in  socket (detailed  fu r th e r  o n ) , 
and  th e  o th e r to  a  s ta n d a rd  th ree-

pin pow er socket.
C ritics w ill a rg u e  th a t  v e ry  l i t ­

tle  increase  in  th e  su rface  a re a  of 
th e  con tac t po in ts o f th e  v ib ra to r  
w ill re s u lt fro m  th e  non-synchron­
ous connection. H ow ever, th e  
ty p e  of v ib ra to r  I  am  using , th e  
P .M .804, w as m ade fo r  th e  A ir 
F orce  receiver, A R7, d u rin g  th e  
w a r  y ears , an d  I u n d e rs tan d  th a t  
these  v ib ra to rs  h av e  both  se ts  of 
po in ts a d ju s ted  so th a t  th ey  open

(Continued on next page)
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POW ER U N IT
(C o n t in u e d )

and  close to g e th e r, thereby- 
doubling th e  su rface  a rea . These 
v ib ra to rs  a re  p len tifu l now  and  
a re  cheap fo r  b ra n d  new  u n its . I 
have no t re g re tte d  buy ing  a  dozen 
of them  fo r  spares .

T he tra n s fo rm e r  is a  specially  
m ade, h igh ly  efficient job, hav in g  
a 12-volt cen tre -tapped  p rim ary , 
a t  12 am ps, and  a  280-volt second­
a ry  a t  h a lf  an  am pere, tap p ed  
every  10 volts from  200 volts. 
This allow s a  w ide a d ju s tm e n t of 
vo ltages to  su it  a ll equipm ent, and 
to  com pensate  w hen th e  b a tte r ie s  
g e t low. A n  e lec tro s ta tic  shield 
is an  e ssen tia l fe a tu re  i f  h a sh  is to 
be elim inated . The tr a n s fo rm e r  
m u s t be specially  w ound fo r  100 
cycle v ib ra to r  opera tion , and  an y ­
one likely  to  bu ild  th is  u n it  is a d ­
vised to  g e t a  good q u a lity  t r a n s ­
fo rm er, th e  best th a t  can  be had. 
O therw ise, severe losses m ay  re ­
su lt.

T he common o u tp u t lead  is com­
pleted  th ro u g h  a fu se  and  filte r 
c ircu it, consisting  of a  five-am p 
fu se  and  an  E .F . choke and  tw o .1 
m fd. 600-volt condensers. Two 
E ddystone  R .F . chokes o f th e

tr a n sm itt in g  type , in  pa ra lle l, w ill 
s tan d  th e  ha lf-am p o u tp u t. The 
by-pass condensers a re  critica l. 
Sm all d e p a rtu re s  from  th e  above 
values w ere found  to  increase  th e  
h ash  con ten t o f th e  ou tpu t.

•

T he “h o t” side of th e  o u tp u t 
connects th ro u g h  th e  selector 
sw itch, thence  thrQUgh th e  filter, 
th en  th ro u g h  an  o rd in a ry  A lpha 
tw o-w ay sw itch  to  th e  ou tle ts . 
T h is sw itch  is h andy  fo r  a quick 
cu t off o f th e  pow er, th ough  i t  s till 
leaves th e  v ib ra to r  in  operation .

N ow  th e  follow ing a re  special 
po in ts ab o u t th e  opera tio n  o f th e  
un it. F ir s tly , th e re  w ill a lw ays be 
a sm all am oun t o f h ash  in  th e  o u t­
p u t w hen a  rece iver is coupled to 
th e  u n it fo r  th e  follow ing reason. 
W hen th e  240-volt 100 cycle su p ­
ply is connected the- o u tp u t a t  the  
rec tif ie r w ill be o f th e  o rd e r o f 200 
cycles, a  r a th e r  h igh  p itched  buzz 
w hen com pared w ith  th e  100 cycle 
o u tp u t of s ta n d a rd  50 cycle su p ­
ply. H ow ever, rem oval o f h ash  
from  th e  h igh  tension  is  v e ry  com­
plete  a f te r  pass ing  th ro u g h  th e  re ­
ceivers filte r system . T he m ain  
troub le  is caused by  th e  h e a te r  
c ircu it, w here no filte rin g  is done 
in  th e  receiver. H ow ever, effect­
ively e a r th in g  th e  rece iver does

aw ay  w ith  a ll b u t ab o u t 10 per 
cent, o f noise, and  th e n  th e  A.V.C. 
of th e  receiver can  tak e  ca re  of 
th is  sm all am ount. Short-w ave 
recep tion  is som ew hat noisy, b u t 
not bad  enough to  p rev en t effect­
ive a lig n m en t of receivers.

F o r  use  in  h igh-gain  audio  am ­
plifiers troub le  m ay  be encoun te r­
ed in  th e  h e a te r  c ircu it, b u t here  
a g a in  th e re  is a  solution. A s m ost 
am plifiers d raw  a fa ir ly  su b s ta n ­
tia l h e a te r  c u rre n t i t  is ra th e r  a  
w aste  of v ib ra to r  pow er to  d raw  
these  am ps th ro u g h  th e  un it. So 
w hy n o t connect s t r a ig h t  to  the  
b a tte ry , a  s e p a ra te  b a tte ry  p re fe r­
ably, and  so rem ove th e  hash , and  
also rem ove undue s tra in  on th e  
v ib ra to r. T he 4-pin in le t socket 
is w ired  fo r fo u r  leads, tw o a t  12- 
volt and  tw o a t  6-volt. T he 5-pin 
o u tp u t socket c a rr ie s  6 volts to  th e  
am plifier h ea te rs , and  240 volts to  
th e  pow er supp ly  fo r  h igh  tension.

E ach  ind iv idual u n it constructed  
w ill p robab ly  requ ire  its  own h ash  
tre a tm e n t to  a c e rta in  ex ten t, b u t 
th e  m ain  e ssen tia l is to tho rough ly  
e a r th  th e  receiver d raw in g  supply  
fro m  the  un it, e a r th in g  of th e  u n it 
itse lf  does no t seem to  m a tte r .

In  conclusion, I w an t to  say  th a t  
th is  u n it does w ork, and  w orks 
very  sa tis fac to rily . I t  is a  sp len ­
did su b s titu te  fo r  s ta n d a rd  240- 
vo lt m ains, b u t i t  w ill n o t op e ra te  
elec tric  m otors, tu rn tab le s , etc., as 
th e  frequency  is too h igh. A s to  
th e  v ib ra to rs , they  do a  good job. 
T he o rig in a l u n it is s till in  o p e ra ­
tion  a f t e r  doing severa l h u nd red  
hou rs  w ork a t  abou t 6 to  7 am p. 
across th e  p o in ts ; on a  te s t  ru n  a t
10.5 am ps, f o r  8 hours, th e  u n it 
did no t seem  to be an y  th e  w orse 
fo r  its  rough  tre a tm e n t. R em em ­
ber, though , its  a  100 cycle supply , 
an d  from  a  v ib ra to r, so cannot' be 
a s  p e rfec t as th e  50-cycle A.G. 
su p p ly  m ains.

The 0-20 am pm eter in  th e  p rim ­
a ry  een tre -tap  serves as a  useful 
guide on b a tte ry  c u rre n t d ra in .

A u s tra la s ia n  R a d io  W o r ld ,  M arch , 1949
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[  BA CK NUMBERS AVAILABLE.

All previous special offers having now been cancelled, back numbers 
j |  are available at I/- each, post free, or 10/- per dozen. Only the

following numbers are available, so please save your time and ours 
j§  by not asking for others. If you particularly want issues which are
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| j  1940 —  Only November.

H  1943 —  Only December.
H  1944 —  February, March, April, May, June, July.
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B  Dec.
H  1947 and 1948 —  All issues.

Please send your remittance in l^d. stamps or postal notes. Ad- 
H  dress : Australasian Radio World, Box 13, Mornington, Vic
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A LL  TH E  FINER PO IN TS

ANSWERS IN FULL
The first of a new series, here is an article which makes an 
attempt to cover every angle to a problem asked by a reader in a 
letter to our Query Service. In this first article we deal with the 
checking of an amplifier to make sure that it is in first-class operat­

ing condition.

F rom  w hat I have  heard  i t  
w ould seem th a t  m ost-read  
colum ns o f all a re  th e  couple 
w hich a re  devoted each m onth  to 
an sw ering  queries. B u t m ost of 
th e  rep lies a re  in  b r ie i;  som e­
tim es qu ite  m islead ing  to  those 
who don’t know th e  fu ll te x t of 
the  question. T h ink ing  about th is  
m a tte r  b ro u g h t fo r th  th e  b ra in  
w ave schem e of s ta r t in g  a new 
section— “A nsw ers in  F u ll.”

The idea w ill be to  ta k e  tw o or 
th re e  le tte rs  each m onth , publish 
th e  questions in  fu ll, and  th en  a n ­
sw er them  in finest detail. I th ink  
i t  Is likely to  u n e a r th  some in te r ­
estin g  stuff, an d  will prove a  g re a t  
help to me by collectively an sw er­
ing, in  advance, th e  h und reds of 
questions w hich ta k e  so m uch of 
my tim e frvm  day  to  day.

So here  is th e  f irs t exam ple, a  
le tte r  received on J a n u a ry  12th, 
from  a M elbourne m an , who 
w rite s : “I should be pleased i f  you 
w ould ( 1) send m e a  copy of 
R adio W orld  fo r  M ay, 1946; (2) 
le t me have your opinion re g a rd ­
ing  th e  follow ing m a tte r :  I have 
purchased  a  F e rro tu n e  u n it, ty p e  
K F T 1, b u t w ould p re fe r  to  use 
push-pu ll am plification . A t p re ­
sen t I am usin g  tw o 45’s in  push- 
pull, w ith  a n  A bac tra n s fo rm e r. I 
use a 56 as a d riv e r, and  a  Rola 10

inch speaker. T he re su lts  on 
gram ophone records a re  good, bu t, 
I th in k , could be b e tte r. I  th o u g h t 
f irs t o f u sing  6A 3’s in  push-pull, 
b u t a  fr ien d  suggested  using  
6V 6’s, and  i t  w as on th is  m a tte r  
1 should like you r opinion. Could 
you also give me a su itab le  hook­
up fo r  th e  valves you recom ­
m end?”

Now, to  an sw er th e  f irs t  p a r t  of 
you r le t te r  is no t easy, a s  I like to  
keep ev ery th ing  on a  nice fr iend ly  
basis. Y et I am  positively  exas­
p e ra ted  by th e  num ber of people 
who send in  6d. fo r a  back num ­
b er w hich we do no t have  in  stock. 
In  such cases i t  is necessary  to 
w rite  a rep ly  and  send back th e  
s tam ps w hich w ere  rem itted . In  
business such m a tte r s  cost rea l 
money. H eaded no tep ap e r costs 
abou t Id . p e r sheet, p rin ted  enve­
lopes id . each, s tam ps 2 i d . ; b u t 
th e  b igges t cost o f all is tim e. 
E ven  a  bu ild ers’ lab o u re r costs 5 /-  
p e r hour. The value  of tim e to 
w rite  a le t te r  is a t  le a s t 6d. In  
th is  p a r t ic u la r  case i t  costs no­
th in g  e x tra  to  m ention  th e  back 
num ber w hen w rit in g  on an o th e r 
sub jec t, b u t wre want to  bring it 
ou t a s  a  po in t; a s  a n  exam ple o f 
w h a t i t  costs u n d e r o rd in a ry  c ir­
cum stances. In  every  issue we 
pub lish  a l is t o f the back num bers 
w hich a re  availab le , yet we ave­

ra g e  a t  le a s t tw o  le tte rs  a  day  
ask in g  fo r back num bers w hich we 
canno t supply. I t  costs u s lOd. to  
send back you r rem ittance , and , of 
course, it  costs you y o u r p aper, 
envelope and  stam p , too.

To re tu rn  to  th e  h ap p ie r  th in g s  
of technical rad io ; a  fa ir-s ized  
book could be w rit te n  in  rep ly  to  
you r second query , and  a  m igh ty  
in te restin g 1 book a t  th a t .

D ealing  firs t w ith  th e  F e rro tu n e  
u n it ;  these  u n its  seem  p re t ty  good 
buy ing  a t  th e  cu t p rices a t  w hich 
th ey  a re  som etim es availab le . Of 
course, th e  poor F e rro tu n e  h a s  be­
come a n  o rphan . F a te , th e  Incom e 
T ax  Com m issioner, th e  B ank  
M anager, and  o th e rs  seem  to have  
b ro u g h t about th a t  sad  s ta te  of 
a ffa irs  w hen th e  m ak ers  of th e  
F e rro tu n e  u n its  had  to  call a  
m eeting  of c red ito rs  to  te ll them  
th e  so rrow fu l ta le  th a t  they  w ere 
“broke” and  go ing  in to  v o lu n ta ry  
liquidation . So i t  is doubtfu l 
w h a t th e  fu tu re  h as  in  s to re  fo r  
th e  F e rro tu n e  u n it w hich p lays up 
in  service. T h ere  is m uch doubt 
as to serv ic ing  fac ilitie s , ex p e rt 
ad ju s tm en t, o r  a tte n tio n  u n d er 
g u a ran tee . N ot th a t  such th in g s 
a re  expected to  be p rom inent. 
O ur own experience w ith  F e rro ­
tu n e  u n its  h as  been qu ite  happy ,

( C o n t in u e d  o n  n e x t  p a g e )
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ANSW ERS
(Continued)

and  re p o r ts  from  read e rs  about 
them  have been a t  leas t 95 p e r 
cent, b r ig h t and  cheerful.

The F e rro tu n e  u n it is qu ite  OK 
fo r  use  w ith  push-pull am plifiers, 
and  th e  obvious suggestion  is to  
build  up  a  tu n e r  w ith  th e  F e rro ­
tu n e  u n it and  sim ply  add i t  on to 
th e  p resen t am plifier.

Possibly th e  b iggest problem  
h ere  will be th e  m a tte r  of h e a te r  
voltage, a s  yo u r am plifier uses 
valves ta k in g  2 i  volts on th e  h e a t­
ers, w hereas th e  K F T 1 u n it  is 
specially  designed to  op e ra te  w ith  
th e  6J 8G converte r valve. I t  
m igh t w ork  w ith  a  2A7, b u t th e re  
would be an  elem ent o f doubt 
about it. T here  w ould be no 
troub le  in u sin g  a 58 a s  an  i.f  
am plifier and  a  55 or 2A6 as de­
tector.

H ow ever, the  f irs t th in g  to  do is 
to  ge t th e  am plifier w ork ing  p ro ­
perly . A  very  rea l t r u th  w a s  ex ­
pressed  by a fellow  who w ro te  us 
th e  o th e r day , m en tion ing  th a t  he 
had  been ta k in g  Radio W orld  so 
long th a t  he now knows th a t  it  
i s n t  th e  c ircu it th a t  counts, b u t 
th e  w ay  you g e t it  opera ting . 
Now, if  an  am plifier, consisting  of 
a 56 d riv in g  a p a ir  o f 45’s th ro u g h  
an  A bac tra n s fo rm e r, is o p e ra tin g  
p ro p erly  i t  gives m igh ty  fine q u a l­
ity . F o rg e ttin g  fo r  a  m om ent th e  
fa i ry  ta le s  you h e a r about th e  value 
of h igh-fidelity  rep roduction , you 
w ill find th a t  i t  is possible to  g e t 
p leasing  rep roduction  from  any  
am plifier w hich can  deliver a  f a i r  
am oun t o f d is to rtio n -free  pow er, 
even if  th e  frequency  ran g e  is 
m uch m ore re s tr ic te d  th a n  is like­
ly  to be found  w ith  even a  cheap 
A bac tra n s fo rm e r. I t  is n o t d is­
closed#. ju s t  w h a t ty p e  of A bac 
tra n s fo rm e r  is be ing  used, b u t if  
i t  is th e  p o p u la r type  TA 3 i t  is
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well w ith in  even th e  h igh-fidelity  
lim its, provided alw ays th a t  »it is 
used co rrectly . M ost h igh-fidelity  
audio  tra n s fo rm e rs  do no t tak e  
kindly to  a  heavy  p la te  c u rre n t in 
th e  p rim a ry , so th e  sa fe s t w ay  is 
to  e lim inate  i t  en tire ly  by a r r a n g ­
ing  a  shun t-feed ing  scheme. T his 
is done by feed ing  th e  p la te  o f th e  
d riv e r valve th ro u g h  a su itab le  r e ­
sis to r, and  th en  coupling  th e  p la te  
to the  p rim a ry  of th e  tra n s fo rm e r  
th ro u g h  a  condenser. L ittle  loss 
c f  g a in  is noticed, in  fac t, lows a re  
stren g th en ed  on account of th e  in ­
creased  effective p rim a ry  induct-* 
ance w hen no c u rre n t is in  i t  to 
d e tra c t from  th e  flu x  of th e  core.

The value o f th e  p la te  feed  r e ­
sis to r and  th e  coupling condenser 
a re  fa ir ly  c ritica l if  you w an t to 
g e t th e  finest possible h igh-no te  
response. F o r good “ h ig h s” th e  
p la te  load m ust be kep t f a ir ly  low, 
say  about 50,000 ohms fo r th e  feed 
res is to r. W ith  such a  low value 
of p la te  load th e  coupling conden­
se r will need to be fa ir ly  la rg e  to  
allow  fu ll rep roduction  of the 
“ lows,” so one of .5 m fds. c ap a ­
city  should be used.

The use o f a  p la te  feed  re s is te r  
o f up to .25 m egs, w ill allow  a 
s n a l le r  capacity  coupling  conden­
se]' tc be used, b u t th e  h ighs w ill 
be lost tn quit*, a  noticeable ex ten t. 
Som etim es, inciden tally , i t  is de- 
sired  to  lose a  few  highs. In  such 
a  case you can use a qu a rte r-m eg  
re s is to r and  a .1 m fd. condenser.

The secondary  of th e  audio 
tra n s fo rm e r  w ill req u ire  p ro p e r 
loading, too, if  you w an t to  w atch  
th e  finer points. A couple of .1 
m egohm  re s is to rs  across from  
each g rid  to  cen tre -tap  w ill do 
nicely and  le ie l ou t any  tendency  
to  peaked highs.

So m uch fo r th e  tra n s fo rm e r  
and  th e  a tten tio n  w hich m ust be 
paid  to  i t  to  en su re  pi'oper o p e ra ­
tion, bu t th e re  a re  also th e  usual 
fa c to rs  to  be w atched to m ake su re

th e  am plifier is o p e ra tin g  rig h t.

F o r  a  s t a r t  th e  record  h as to  be 
e. good one. T here  is a  tre m e n ­
dous difference betw een one re ­
cording and  an o ther. Some a re  
definitely  bad and  never w ill re ­
produce p roperly . O thers a re  not 
ac tu a lly  bad, b u t have been re ­
corded w ith  ch a rac te ris tic s  w hich 
do n o t line up  w ith  th e  c h a ra c te r­
istics of th e  pick-up.

Now to  deal w ith  th e  pick-up. 
O ur fr ien d  gives no clue as to 
w h a t ty p e  o r  b ran d  of pick-up he 
is u sing , and  th e re  a re  g u lfs  o f 
difference betw een pick-ups. 
M aybe i t  is one of those m agnetic  
types w hich cam e on th e  m ark e t 
to w ard s th e  end of th e  w ar. They 
can be classed as  useless fo r a n y ­
one w ith  a n  e a r  fo r  co rrec t re p ro ­
duction or a  care  fo r w h a t h a p ­
pens to  th e  record  a f te r  th e  needle 
has sc raped  over it a  few  tim es. 
T here  is only one cu re  fo r them . 
Give them  aw ay  to  somebody else.

B ut i t  m u s t be abou t a  th re e  to  
one chance th a t  th e  pick-up w ill be 
a  c ry s ta l type , w hich is a  m uch 
b rig h te r  p ic tu re . N ot a ll c ry s ta l 
p ick-ups a re  a ll th a t  can  be de­
sired , h u t m ost of them  w ill give 
reasonab ly  good resu lts , so long 
as th e  a rm  is m echanically  sound, 
and  fre e  from  ra ttle s . Go over 
its  bearin g s and  m ountings to 
m ake su re  i t  is free , b u t firm ; has 
up  and  down freeness a t  th e  
head, is no t too heavy on th e  re­
cord. In s e r t  a  needle and  te s t fo r 
th e  e las tic ity  o f th e  ru b b e r m oun t­
ing  of th e  needle holder. A ll sucti 
po in ts a re  m ore o r  less a  m a tte r  
of ca re fu l inspection , b u t possibly 
the b igges t fa c to r  is th e  unseen  
one, th e  c ircu it load ing  co n sid e ra ­
tions.

C ry sta l p ick-ups m ust be fed 
into th e  r ig h t e lec trical loading. 
M ost c ry s ta l p ick-ups like to  feed 
into a load of from  a q u a r te r  to 
h a lf  a  megohm . N orm ally  th e  
load can be considered a s  consist-
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H ere  is th e  p ro p e r c i r c u i t  a r ra n g e m e n t fo r  u s ing  a p u s h -p u ll tra n s fo rm e r  to  
a r iv e  a p a ir  o f 45 ty p e  tr io d e s . I f  th e  t ra n s fo rm e r  is a  h ig h -q u a li ty  one, 
such as th e  T r im a x  T A 3  o r Red L in e  A M 2  o r  A M 3 , h ig h - f id e l i t y  re s u lts  

can be o b ta in e d .

ing  solely o f th e  volum e control 
across th e  p ick-up’s o u tp u t, b u t 
th e  t r a p  is w hen shielded w ires 
a re  used. O ften  enough th e  
m ak ers  lit th e ir  pick-up w ith  a 
shielded cable about tw o o r th re e  
fee t long. Rem oving th is  cable 
and  r ittin g  a p a ir  of o rd in a ry  
leads of hook-up w ire som etim es 
im proves th e  perfo rm ance  quite 
noticeably. C ry sta l p ick-ups 
u su a lly  have a volt o r tw o of ou t­
p u t, so hum  troub le  should no t be 
a  problem , even w ithou t shielded 
leads. T his h igh  o u tp u t vo ltage 
also m akes it  undesirab le  to have 
too m uch g a in  in  th e  am plifier. It. 
is seldom necessary  to  have m ore 
th a n  tw o stag es of am plification. 
O p e ra tin g  w ith  a volum e control 
re ta rd e d  alm ost to zero is no t good 
p ractice . T h is la rg e  vo ltage  o u t­
p u t from  th e  c ry s ta l pick-up also 
m akes it  h igh ly  desirab le  to feed 
it in to  a \a lv e  w ith  a  b ias  o f fo u r  
o r five volts.

N ex t considera tion  in  th e  chain  
w hose w eakest link w ill ru in  r e ­
p roduction , is th e  tu rn ta b le . I t  
m u s t tu r n  th e  record  a t  th e  cor­
rec t speed, w ith  am ple tow  to d ra g  
th e  needle th ro u g h  th e  w idest 
grooves, w ithou t m echanical r a t t le  
o r v ib ra tion . Speed of th e  tu r n ­
tab le , 78 revolu tions p e r  m inute , 
m u s t be checked w ith  th e  pick-up 
needle on the  record, no t w hen the 
tu rn ta b le  is ru n n in g  free . T u rn ­
tab le  ' m ust be f l a t  an d  level. 
N eedle m ust con tac t th e  record  a t  
th e  p ro p er “rak e ,” b u t tra n sv e rse ­
ly a t  r ig h t ang les to  th e  su rfa c e  of 
th e  record. R ecords them selves 
m u s t be f la t  and  no t w arped .

M E T E R  C H E C K IN G

To m ake su re  th a t  a n  am plifier 
is w ork ing  p e rfec tly  is a lm ost an  
im possib ility  w ith o u t a m e te r of 
some so rt. E ven  a  fa i r ly  cheap 
m u ltim eter w ill do th e  job. A b­
so lu te  accu racy  is no t essen tia l, a s  
th e re  a re  w ide to le rances perm iss­
ible. Y et, n o th ing  can com pare 
w ith  a m iiliam m eter, show ing th e

p la te  c u rre n t of th e  o u tp u t valve, 
w hen it  comes to  m ak ing  su re  th a t  
th e re  a re  no p a ras itic s , no unex­
pected d is to rtion .

W ith  a  m eter th e  f irs t check is 
to  m ake su re  th a t  a ll h e a te r  and  
f-iam ent vo ltages a re  co rrec t, a t  
th e  sockets. T h is becomes 
especially  im p o rtan t in  th e  case in  
question , w here th e  h e a te rs  ru n  a t
2.5 volts. The c u rre n t d raw n  is 
fa ir ly  heavy, and even a  vo ltage 
drop ox h a lf  a  volt in  th e  filam ent 
w irin g  is going to  have  a  serious 
efi'sct on th e  am plifier’s p e rfo rm ­
ance. W ith  6.3 vo lt valves the  
c u rre n t d ra in  is less, and  vo ltage 
d rop  can  be h a lf  a  vo lt w ithou t 
spoiling  re su lts  com pletely. B ut 
fo r m axim um  perfo rm ance  w ith  
a n y  valves th e  h e a te r  and  filam ent 
vo ltages should be w ith in  5 p e r 
cent, of th e  m ak ers’ recom m enda­
tions. A f te r  a  few  y e a rs ’ experi­
ence you g e t to  know w hen a  h e a t­
e r  is glow ing p roperly , b u t a s  d i f ­
fe re n t valves ap p e a r  b r ig h te r  th a n  
e th e rs , according to  th e  ty p e  and  
th e  inside coating  on th e  g lass, th e  
only su re  w ay  is to  check w ith  a 
m eter, r ig h t a t  th e  valve socket.

The h igh  tension  vo ltages should

be checked to  m ake su re  th ey  a re  
w ith in  th e  m ak ers’ ra tin g s . P la te  
\o l ta g e  should be m easu red  be­
tw een  p la te  and  cathode, o r fila­
m en t c en tre -tap  in  th e  case of di­
rec tly -hea ted  valves.

M ost valves tak e  only 250 volts 
here , b u t it is possible to o v e rru n  
some valves w ith o u t seriously  a f ­
fec tin g  th e ir  expectancy  of life, 
in creased  p la te  vo ltage  m eans 
m uch b e tte r  pow er o u tp u t and  
g enera l perfo rm ance. The type  
45 triodes a re  m ost s tu rd y  and  
w ill no t m ind ru n n in g  a t  300 volts, 
o r ever, h igher, provided a lw ays 
th a t  th e  b ias is increased  accord­
ingly.

The 2A3 and  6A3 types w ill 
s tan d  up to  300. Beyond th is  they  
ten d  to  g e t a  b it too h o t fo r  my 
lik ing, b u t I have seen them  re ­
commended, in  an  A m erican  
m agazine, to  ru n  a t  400 volts.

N ex t suggestion  fo r  a m e te r 
check is th e  b ias on th e  various 
valves in  am plifier. T he g en era l 
idea is to  m ake c e rta in  th a t  an y  
p a r tic u la r  valve w ill have enough

(C o n tin u e d  on n e x t page)
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ANSW ERS

( C o n t i n  J e d )

b ias  to  c a rry  th e  sig n a l in p u t 
w hich is fed to  it. F o r  exam ple, 
th e  firs t valve in  an am plifier fed 
by a  c ry s ta l pick-up w hich deli­
vers , say , tw o  v o lts ; th is  valve 
w ill need to  have a  b ias  of a t  least 
tw o volts. In  fa c t, in  o rd e r to 
sa fe ly  accom m odate th e  peaks 
from  th e  pick-up w ith o u t g e ttin g  
off th e  “ s t r a ig h t” p a r t  o f the 
curve, th e  b ias should be about 
fo u r  volt.

Now, if  th is  valve is expected to 
f iv e  a vo ltage g a in  of, say , 20 
tim es, th e n  the  b ias on th e  nex t 
valve w ill need to  be from  40 to  80 
volts. In  th e  case of push-pu ll 
th e  b ias w ill need to be h a lf  th is  
figure fo r  each valve, if  rer.ist- 
ance-coupling  is used. I f  a  t r a n s ­
fo rm e r is used fo r coupling, th e  
ra tio  o f th e  tra n s fo rm e r  w ill need 
to  be ta k e n  in to  account. M ost 
h igh-fidelity  tra n s fo rm e rs  have 
fa i r ly  low ra tio s , abou t 2 to  1, so 
th a t  40 to  80 volts bia.s fo r  each 
valve w ill be about r ig h t in  such a 
ease.

Checking Bias

As a fu r th e r  check on bias, i t  is 
no t a  bad scheme to leave a m eter 
across th e  b ias re s is to r  o f th e  first 
valve w hile th e  am plifier is a c tu a l­
ly  in  operation . The needle should 
rem ain  steady . T hen sh if t th e  
m e te r to  pu t it  across th e  b ias re ­
s is to r o f the  n ex t stage , and  ope­
r a te  the  am plifier. A gain  the- 
needle should rem a in  steady. 
F ina lly , te s t th e  o u tp u t s tage  in 
th e  sam e w ay. N o m a tte r  w hether 
push-pu ll o r sing le-ender, th e  
needle o f th e  m e te r should rem ain  
steady , even on heavy  passages.

N orm ally  it  is OK to m easu re  
b ias by p u ttin g  a  m e te r across th e  
b ias  res is to r, from  cathode to 
e a r th , assum ing  th a t  th e  g rid  is a t  
e a r th  po ten tia l, on account of be­

ing  re tu rn e d  to  e a r th  by th e  g rid  
le s is to r, th ro u g h  w hich no g rid  
c u rre n t should be flow ing. B u t if  
g rid  c u rre n t does flow  th ro u g h  the  
res is to r, o r i f  th e  coupling conden­
se r back to  th e  prev ious s tag e  is 
leaky  o r of low res is tance , th en  
we w ill have been m isled. Bias, 
th e re fo re , should be m easu red  be­
tw een g rid  and cathode of th e  
valve a t  th e  valve socket connec­
tions. In  th e  ease of o u tp u t 
valves th e  b ias should be doubly 
checked by also m easu rin g  th e  
p la te  cu rre n t. I f  th e  valve is in  
good o rder, th e  p la te  c u rre n t w ill 
ind ica te  th e  tru e  b ias position.

W ith  o u tp u t valves and  such, 
t l i t  m ak e rs’ p la te  c u rre n t, voltage 
and  g rid  b ias figu res can  be used 
as a guidance, b u t th e re  is a tr a p  
fo r  th e  u n w ary  w hen  i t  comes to  
ihe \..je o f a  valve w ith  res istance  
coupling. You m ay  tu r n  up the 
valve c h a rt and  find th a t  th e  6C5 
d raw s e ig h t m illiam ps of p la te  
c u rre n t w ith  e ig h t volts bias. B ut 
in  a resistance-coupled  am plifier 
i li.'j p la te  m ay  be fed  th ro u g h  a 
le s is to r  o f 100,000 ohm s, and  a  
Lk:s re s is to r o f 5000 ohm s used fo r 
b ias. U nder such c ircum stances 
the  p la te  c u rre n t w ill be n e a re r  to 
one m iliiam p th a n  th e  e ig h t show n 
on th e  ch a rt. The ru le  about bias 
vo ltage w ill s till app ly , how ever, 
and  th e  b ias should m easu re  from  
fo u r  to  e ig h t volts.

W ith  pentodes, such as th e  6J7, 
the difference is even m ore notice­
able. The ch a rac te rits ic s  a re  p ro ­
bably  given fo r  th e  valve w hen 
used as an  r .f . am plifier. W hen 
used in  a resistance-coupled  audio 
am plifier w ith  a q u a rte r-m eg  p la te  
re s is to r  th e  p ro p e r p la te  c u rre n t 
w ill be only a fra c tio n  of a m ili­
iam p.

So w hen checking p la te  c u rre n t 
of valves w ith  res is tance-capac ity  
coupling be su re  you consult a  
valve c h a rt w hich covers them  in 
' h is  p a r tic u la r  ty p e  of service.

T he p la te  c u rre n t d raw n  by a

valve is a good ind ica tion  of how 
th in g s  a re  going. I f  i t  is  norm al 
and  accord ing  to  expectations 
a f te r  consu lting  th e  valve d a ta  
c h a r t and  m easu rin g  th e  p la te  
vo ltage and  bias, th e n  a ll should 
be well. I f  th e  p la te  c u rre n t is 
found  to be too low th e  valves 
should be suspected  fo r  low em is­
sion, old age  creep ing  on, and  th a t  
so r t of th in g . I f  th e  p la te  cu r­
re n t is too h igh  you can  s t a r t  
looking fo r p a ra s itic s  in  m ost 
cases. H igh  p la te  c u rre n t w ill 
also occur w'ith a  valve w hich is 
“ so ft,” h as  no t been p ro p erly  ex ­
hausted , o r is “g a ssy .” B ut in  
a ll cases w here th e  p la te  c u rre n t 
seem s h igh  it  is w ise to  m ake a 
double check on the  b ias, on th e  
coupling  condenser in  its  g rid  c ir­
cuit, and  w ith  in d irec tly  heated  
vaives, fo r  a  sh o r t c ircu it betw een 
cathode and  e a rth , such as v ia  an  
ea rth ed  h e a te r  w ind ing  and  an  in ­
te rn a l sh o r t c ircu it.

U nstead iness of th e  p la te  cu r­
re n t w h ils t th e  am plifier is in  
opera tion  ind ica tes d is to rtion , and, 
in  some cases, is also bad w hen the 
o u tp u t valve load ing  i s ' badly  m is­
m atched.

All of w hich goes to  show  you 
ju s t  how usefu l a  m u lti-m e te r can 
be. You can  buiid  one up  your­
self from  th e  U n iv ers ity  k it, model 
MK1 fo r  abou t £8. A  good m u lti­
m e te r la s ts  a  life tim e, never goes 
ou t o f da te , and  is a lw ays a  sound 
asset.

F it t in g  the  m e te r to  read  th e  
p la te  c u rre n t req u ires  some 
th o u g h t. A s f a r  a s  possible th e  
best p lan  is to  ta k e  th e  cathode 
c ircu it c u rren t, m ak ing  due allow ­
ance fo r  screen, a s  w ell a s  p la te  
c u rren t, w hen dealing  w ith  pen ­
todes.

E specia lly  w ith  valves such as 
th e  807 i t  is no t good p rac tice  to 
t r y  and  in s e r t a  m e te r betw een 
cap of th e  valve and  its  clip. Long 
leads and  th e  m e te r in  the  “h o t” 
side of th e  p la te  c ircu it is alm ost
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su re  to  cause in s tab ility . In s e r t 
th e  m ete r in  th e  cathode c ircu it.

P A R A S IT IC S

I have  m entioned p a ra s itic s , 
how to  detec t them  by checking 
p la te  c u rre n t, b u t I  h av en ’t  d ea lt 
w ith  th e ir  suppression.

R equired  tre a tm e n t m ay  v a ry  
from  am plifier to  am plifier, b u t 
the  f irs t step  is u sua lly  to  t r y  a 
couple o f 10,000 ohm  re s is to rs  in 
series w ith  th e  g rid s  of th e  o u tp u t 
valves, soldered r ig h t on to  the 
socket w ith  as sh o r t a  lead  as  pos­
sible. I f  these  do no t re s u lt in  a 
cure  they  should s till be le f t  in  c ir­
cuit. E ven  if  th ey  do n 't seem  to 
do any  good, i t  is un like ly  th a t  
they  w ill do any  harm . N ex t t r y  
a couple o f 100 ohm re s is to rs  in  
th e  p la te  c ircu its , also soldered 
rig h t on to th e  socket te rm in a ls  
and p re fe rab ly  re s is to rs  o f non- 
inductive sty le, such as carbon  re ­
sisto rs. The one-w att v a rie ty  
w ill serve, as a lthough  th e  p la te  
c u rre n t m ay  be heavy  th e re  is 
iittle  vo ltage drop in  100 ohm s, so 
no t m uch w a tta g e  d issipated . I f  
the p a ra s itic s  still p e rs is t i t  is 
h a rd  to  say  w hich should be th e  
nex t position  fo r  th e  f ittin g  of 
s toppers, b u t possibly th e  cathodes 
should be tr e a te d  in  th e  sam e w ay 
as th e  p la tes, w ith  100 ohm re s is ­
tors. In  ind iv idual cases th e re  
a re  o th er recom m endations fo r  
p a ra s itic  stoppers. Such w as th e  
case w ith  th e  F F R  am plifier we 
detailed  in  th e  D ecem ber, 1947, 
issue. T he qu ickest w ay  to  m ake 
th is  job com pletely stab le  w as to  
fit screen  and  cathode stoppers, 
w ith  .1 m fd. by-pass condensers 
d irec t from  screen  to  cathode t e r ­
m inals a t  th e  socket. W ith  all 
leads a s  sh o r t as possible th is  re ­
su lted  in  stopp ing  every  tra c e  of 
p a ra s itic  trouble.

So you w ill ap p rec ia te  th a t  a  
ce rta in  am oun t o f experim en ting  
is im pera tive  if  you have to  deal 
w ith  a  s tubbo rn  case.

T he m a tch in g  of th e  sp eak er by

m eans of th e  o u tp u t tra n s fo rm e r 
is a n o th e r p o in t to  w atch , an d  
qu ite  d ifficult to  check if  you don’t  
know  th e  fu ll h is to ry  of th e  am pli­
fier. O ften  enough i t  is found  
th a t an  am plifier is designed to 
su it a  sp eak er w ith  a  15 ohm  voice 
coil. T hen  a t  some s tag e  of its  
life  someone m ay  rep lace th e  
speaker w ith  one hav in g  a  2 ohm 
voice call, b u t w ith o u t chang ing  
the tra n s fo rm e r. Such an  exam ple 
w ill lead  to  poor perform ance. 
The cause m ay be quite d ifficu lt to 
track .

I f  you know th e  co rrec t load fo r 
the  valve o r valves used in  th e  o u t­
p u t s tag e  of th e  am plifier a n d  th e  
im pedance ra t in g  o f th e  voice coil 
o f th e  sp eak er you can  ca lcu la te  
th e  co rrec t tra n s fo rm e r  ra tio  by 
ta k in g  th e  sq u are  root o f th e  ra tio  
betw een load and  voice coil im ped­
ance. F o r  exam ple, to  give 
p ro p er load ing  to  a  valve re q u ir­
ing  a load of 5000 ohms, and  a 
voice call o f 2 i  ohms, you will 
need a  tr a n s fo rm e r  w ith  a  ra tio  
of th e  sq u are  roo t of 2000, w hich 
is abou t 45 to  1.

You can check th e  ra tio  o f th e  
sp eak er tr a n s fo rm e r  by  feed ing  an
a.c. vo ltage  of, say , 21 volts in to  
the secondary , and  th en  re a d  th e  
vo ltage  developed across the 
p rim ary . By sw itch ing  you r a.c. 
m e te r from  p rim a ry  to  secondary  
you should be able to  g e t a  f a i r  
idea o f th e  ra tio . B u t don’t  a sk  
me how to  check th e  m otional im ­
pedance o f th e  voice coil o f an  u n ­
know n loud speaker. I t  is m uch 
easie r to  find th e  m ak e r’s nam e 
and th e  type  num ber o f th e  
speaker and  th en  tak e  th e  m ak e r’s 
w ord  fo r  it!

A n o th e r t r a p  w ith  a n  unknow n 
am plifier is in  re g a rd  to  by-pass 
condensers w hich m ay  h ave  been 
fitted  a t  some tim e o r o ther. U n­
less you know  th e  am plifier an d  its  
fu ll h is to ry , you should go over 
th e  c ircu it to  see if  by-pass con­
densers have been added. A t one
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A M E R IC A N  T E L E V IS IO N

T elevision developm ent has beeii 
b rough t to  a standstill in th e  U. S.
A. by a decision of the F edera l 
C om m uniiations Com m ission not 
to issue any fu rth er licences until a 
decision has been reached reg a rd ­
ing suitable eng ineering standards.
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tim e it  w as fash ionab le  to  have 
boomy bass reproduction . To g e t 
th is  effect th e  h ighs w ere lopped 
by fittin g  .02 m fd. condensers 
across th e  speaker, from  p la te  to  
e a rth , both  a t  the  o u tp u t s tag e  and 
a t  th e  p la tes  o f e a r lie r  am plifiers. 
T he am plifier w ill never sound 
b rill ia n t w ith  these by-pass con­
densers in  place.

A no ther v ita l fa c to r  in  th e  final 
q u a lity  o f an y  am plifier is the  b a f­
flin g  of th e  loud-speaker. W ith ­
o u t a  baffle an y  sp eak e r is useless 
fo r q u a lity  reproduction . M any 
cab inets have resonance effects 
w hich m ake all low notes come ou t 
a t  th e  sam e frequency . N o t bad 
to dance to , b u t im possible if  you 
a re  in  search  of music.

T hen th e re  is th e  m a tte r  o f field 
energ iz ing  fo r  th e  speaker. I f  th e  
speaker is o f th e  p e rm agnetic  type  
th e re  is n o th ing  to  w o rry  about, 
b u t if  i t  is o f th e  electro-dynam ic 
type  you m u s t check, by  m easu re ­
m en t a n d /o r  ca lcu la tion  th a t  the  
field is g e ttin g  enough w a ttag e . 
Ten w a tts  is th e  m inim um  fo r  
q u a lity  rep roduction , even w ith  a 
sm all speaker, and  b ig  speakers 
should be fed  w ith  so m uch pow er 
th a t  th ey  s t a r t  to  g e t qu ite  ho t 
a f t e r  an  h o u r’s run n in g . Some 12- 
inch speakers w jll s tan d  20 w a tts  
in th e  field. N ea rly  a ll o f them  
w ill s ta n d  from  12 to  15 w a tts .

S U B S T IT U T IO N

One o f  th e  qu ickest and  su re s t

(C o n tin u e d  on n e x t page)
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★  RADIO CONTROL FOR MODELS ★
ANSW ERS

( Continued J

w ays to  te s t  am plifiers, an d  rad io  
se ts, too, is by  th e  su b s titu tio n  
m ethod. I f  you can  borrow  the  
necessary  equipm ent i t  is so much 
ea s ie r to  rep lace one u n it a t  a  tim e 
an d  th e reb y  ju d g e  its  condition. 
F o r  exam ple, if  you g e t tw o pick­
ups and  sw itch  quickly  fro m  one 
to  th e  o th e r you can  soon decide 
w hich one you like best, o r w hich 
one is deficient. V alves and 
speakers also lend  them selves to  
th e  idea of su b s titu tio n , provided 
th a t  you tak e  p a in s  to  m ake su re  
th a t  th e  item  being  su b s titu ted  is 
su itab le  fo r  th e  app lica tion .

Now  to  ge t on to  th e  final po r­
tion  of your query . W h a t do we 
th in k  o f th e  6V 6 as  a g a in s t the 
6 A3?

W hen i t  comes to  q u a lity  rep ro ­
duction  i t  is o u r policy to  recom ­
m end triodes, such as  th e  6A3. I t  
is possible to  g e t good q ua lity  
fro m  th e  6V 6, w hich is a  m ore 
sensitive and  m ore efficient ty p e  
of valve. B u t to  do so calls fo r  
th e  app lica tion  of inverse-feed- 
back. U nder p ro p e r conditions 
th e  feedback am plifier w ith  beam  
pow er valves can  g ive good q u a l­
ity , b u t th e re  is a lw ays th e  pos­
sib ility  o f th e  feedback n o t w ork­
ing  ju s t  a s  you expect an d  i t  is 
qu ite  a  d ifficult ta s k  to  check fo r  
s^ch  troubles. T he am plifier does 
no t sound qu ite  a s  good as  you ex­
pected it  should, b u t you can ’t  find 
t 'ie  trouble. T h a t seem s to  be th e
i  >e w ith  feedback c ircu its  only 
t j j  often . W e can  recall only too 
\\ eil th e  se t we deta iled  in  th e  

:ne, 1941, issue. I t  h ad  a  p a ir  
6V 6 in  th e  o u tp u t, w ith  a  

c . cct- coupled phase  chan g er and
___ se feedback. (W ell ahead  of
. J..Ve in  ii;..ny w ays.) Q uite a 
.. o i these  w orked to  perfec tion  

:.;uilt accord ing  to  c ircu it, 
i.is v/ere no t too good a t  a ll 
.i a iiiic;: condenser o f .00025

A N in te re s tin g  phase  of the  
rad io  gam e, w hich ap p ea rs  
to  have become po p u la r in  
o ther p a r ts  o f th e  w orld, 

seem s to  have been sad ly  neglected 
in  A u s tra lia . T h is  is  th e  contro l 
of m odels by  m eans of rad io  sig ­
nals.

I f  th e  w orld  ever sees an y  m ore 
w a rs  i t  is alm ost c e rta in  th a t  rad io  
contro lled  a ir c ra f t ,  subm arines 
an d  m issiles o f v a rio u s k inds w ill 
be d irec ted  by rad io  contro l. I t  
seem s a  p ity  th a t  some of ou r 
b r ig h te r  young rad io  en th u s ia s ts

iiiiiiiiiiiiu iiiiiiiiiiiiiim H iiiiiiii iiiii iim iiiim m iiiim m iiiiii iiiii iiii iiiim iii

w as ru n  from  th e  p la te  of one of 
th e  o u tp u t valves to  e a r th , and  i t  
w asn ’t  a lw ays th e  sam e valve, 
e ith e r!  W hat effect th is  conden­
se r had , theo re tica lly , w e could 
never fu lly  exp lain , b u t i t  m u s t 
have corrected  some phase d is­
p lacem ent o f some kind.

P robab ly  th e  h an d ie s t type  of 
valve fo r  a fa i r ly  big am plifier is 
th e  807. R eally  a  tra n sm itt in g  
tube , th e  ty p e  807 is ava ilab le  a t  
low price, even cheaper th a n  
e ith e r  6V 6 o r  6A3, can  be used 
e ith e r  a s  tr io d e  o r beam  pow er 
valve and  w ill s ta n d  a  lo t of 
abuse. I f  you h ave  a  good pow er 
su p p ly  w hich can  be a d ju s ted  to 
give you 400 vo lts to  450 volts a t  
ab o u t 150 m illiam ps, th e n  I th in k  
you w ould be b e tte r  off w ith  a  p a ir  
o f 807’s th a n  e ith e r  o f th e  types 
you m ention . You c a n  p lay  
a round  w ith  th e  807’s an d  ex p eri­
m en t w ith  v arious fo rm s of feed­
back. T hen  change them  over to 
tr io d e  connection and  decide fo r  
yo u rse lf w hich you p re fe r.

do no t find tim e  to  d irec t th e ir  a t ­
ten tio n  to  th e  sub ject. T h ere  m ay 
come a tim e w hen th e re  w ill be a  
sudden dem and fo r  rad io  engi- 

. neers w ith  a t  le a s t a n  e lem en tary  
know ledge of rad io  contro l u n its .

A t th e  recen t W ireless In s titu te  
convention in  M elbourne, a  d isp lay  
of a  rad io-contro lled  m odel ae ro ­
p lane  w as scheduled, b u t those 
who a tten d ed  w ere d isappo in ted  in 
th is  reg a rd , as th e  m odel w as no t 
in  evidence. E xcuses offered 
abou t a c lash  of d a te s  w ith  a  
model ae rop lane  con test w ere 
r a th e r  inadequa te , a s  th e  rad io - 
contro lled  model w as no t seen a t  
th is  contest, e ither.

In  A m erica a  con test fo r  rad io- 
contro lled  m odels is a  fe a tu re  of 
the N a tio n a l C ham pionships fo r  
petro l-pow ered m odel aerop lanes. 
Q uite a  num ber o f com m ercially- 
b u ilt u n its  fo r  rad io  contro l a re  
also availab le  in  th e  U .S.A .

In  E n g lan d , th e  M ercu ry  model 
ae rop lane  people collaborate  w ith  
the  C ossor rad io  fa c to ry  to  offer 
a  com plete rad io  contro l un it, in ­
clud ing  tr a n sm itte r , receiver, an d  
re lay  fo r  a p rice  o f 124 gu ineas, 
com plete w ith  a ll equipm ent, in ­
clud ing  valves and  aeria l.

T he M ercury-C ossor u n it p ro ­
vides contro l fo r  th e  ru d d er, eleva­
to r , and  eng ine sw itch. . In  E n g ­
lan d  i t  is sold w ith  th e  claim  th a t  
no techn ical know ledge of rad io  is  
req u ired  to  op e ra te  it , and  no 
licence is requ ired . T he ran g e  is 
from  abou t h a lf  to  one mile. A l­
th ough  p rim a rily  designed fo r  th e  
contro l o f m odel aerop lanes o f  
about six-foot span , th e  u n it can  
also  op e ra te  ode! boats , su b m ar­
ines and  rockets.
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LATEST IN  C IRCUITRY

Phase Splitter Designs
*  ~  —  ►

As promised in last month's issue, here is an article on the subject 
of the various forms of phase-splitting circuit arrangements which 
are being used to provide push-pull operation with resistance- 
capacity or direct couoling.

I t  has long been appreciated  
th a t there  are m any advantages to 
push-pull opera tion  of ou tpu t val­
ves. T he  schem e gives greater 
pow er ou tpu t w ith low er d is to r­
tion. O rig inally  it seem ed tha t 
push-pull was en tirely  a m a tte r 
fo r transfo rm er-coupled  circuits 
as the push-pull tran sfo rm er con­
sisted sim ply of an ord inary  audio 
tran sfo rm er w ith a cen tre-tapped  
secondary.

But about the year 1932, w hen 
resistance-capacity  coupling had

com pletely  ousted transfo rm er 
coupling from  all ord inary  single­
ended applications, technicians 
sta rted  to  w ork ou t schem es for 
g e ttin g  push-pull operation  w ith 
resistance-capacity  coupling. As 
the years roll by the num ber of 
different phase-sp litting  a rran g e­
m ents becom e m ore and m ore nu­
m erous and it is easy to  under­
stand  w hy our readers become 
over-aw ed and seek our advice as 
to  w hich of them  are to  be reco m ­
mended.

F irs t of all, and the sim plest of 
all is to  have back-to-back  a rran g e­
m en t consisting  of a push-pull 
audio stage driving the push-pull 
o u tp u t stage, w ith either d irect 
coupling or resistance coupling. 
T he  input can then  be obtained in 
push-pull form  to drive the first 
tw o grids by a rrang ing  an artificial 
cen tre-tap  across the pick-up by 
m eans of tw o one-m eg resisto rs. 
T h is w orks ou t fine w ith  crystal

(Continued on next page)

10.000A
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3000n o
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15.000 a 
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LOAD

30 H. 100m A. 1,000 f t  F.C.
. 200a  iow .

1 2 5 ft 
. 3 W.

4 0 0  V . 100  M A
— V-
12 5 f t ,  3W.

R A D IO T R O N  1 3  W A T T  A M P L I F I E R

6 J 7 - G 6 J 7 - G 6 V 6 - G

INPUT

12,000 ft

6V6-G

5 V 4 - GM O V. 50 O i.g

‘ FOR CAPACITANCE SEE TEXT
^  WITH A TRANSFORMER RATED AT 385 V. RMS ' OMIT 12snRES.
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PH ASE-SPLITTERS
( C on tinued ) '

pick-ups with high voltage out­
put, as no hum trouble it likely to 
be encountered, although neither 
side of the pick-up can be earthed. 
W ith low-output types of pick-ups 
it is necessary to have a centre- 
tapped secondary to the transfor­
mer which couples the pick-up to 
the amplifier. For radio use a push- 
pull output can be obtained from a 
diode detector with split load. N o ­
body seems very keen about this 
simple scheme, yet my own work 
on it has convinced me that it is 
quite foolproof and capable of g iv­
ing the highest performance. A  di­
rect-coupled circuit can be built up 
along these lines without any con­
densers at all, except the usual fil­
ter condensers to the power sup­
ply.

T H E  F L O A T E R

Possibly the best-known and 
most-used phase-splitter circuit is 
shown in the circuit of the Radio- 
tron AS04 amplifier, detailed in our 
July 1941 issue. Various forms of 
this circuit have appeared from 
time to time, with both triode and 
beam power valves and with and 
without feedback. The idea is to 
split the load between plate and 
c.athode circuit, which is left with­
out a by-pass condenser in order 
to get a certain amount of feed­
back. This phase-splitter is cap­
able of giving good results in spite

G—•
• 5 s.*—£-vw\|

6C5 r " ‘
e t c ^ K •1
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50000
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of rumours that hum trouble may 
be encountered if the cathode and 
heater circuits are at a difference 
o f potential of a hundred volts or 
so, as in the case cf the valve used 
as phase-splitter in this circuit. 
Others have claimed that capacity 
effects between cathode and earth 
can cause an upset to the balance, 
but in practice it seems to work 
out fairly well. There is no actual 
gain in this phase-splitter circuit, 
but it hands on the signal from the 
first valve at about a one to one 
ratio. By using a scree?i-grid tube 
for the first stage, with a gain of 
about a hundred, there is no 
trouble to drive the output grids 
fully from a signal input to the first 
valve of half a volt or less, accord­
ing to the feedback used.

As we have just said, there is no

gain in a phase-splitter of this type, 
but we might qualify it as having 
no gain if the input is between 
grid and earth. I f  the input is be­
tween grid and cathode, as can be 
done by using a crystal pick-up 
and allowing it to float at a poten­
tial of a hundred volts or so above 
earth, then the full gain of the 
valve is obtained and quite a good 
arrangement results for gramo­
phone work only.

To make this point clearer; if 
you take the AS04 circuit but eli­
minate the first 6J7G and all its 
associated components you can re­
place the 1 megohm grid-leak of 
the second 6J7 with the volume

pick-up with a pair of one-meg. 
resistors.

control potentiometer of a crystal 
pick-up. You will find that you 
have a good gramo amplifier with 
plenty of power and good tone.

Direct-coupled phase-splitter's 
are mostly of the same fundamen­
tal type as the floater just detailed, 
but with a direct connection be­
tween plate of first valve and grid 
of the actual phase-changer. This 
gives even wider frequency res­
ponse, greater gain, better transient 
response and less phase displace­
ment. In a nutshell, it has plenty 
of attractive features anl is de­
servedly popular.

An early example of the direct- 
coupled phase-splitter is shown, 
with a 6B6 and a 6J7G. This was 
used in several amplifiers and sets 
described in the 1940-1941 period, 
and was used by Kriesler in their 
factory-built sets. It works out 
fine in practice, and has ample 
drive for push-pull beam power 
valves, such as 6V6 and pentodes 
such as 6F6, but it is doubtful whe­
ther there is enough reserve of 
drive for push-pull triodes. The 
actual bias on the 6B6 is only a 
volt or so and it will not accept 
the full output of a crystal pick­
up. Still, it is a good circuit and 
one we can recommend.

T H E  P A R R Y P H A S E
An interesting phase-splitter 

scheme was outlined py a contri­
butor named Parry in our June 
1941 issue. It  did not evoke much 
interest at the time but it had its 
points. An almost exactly similar 
scheme was hailed by an English

Page 22 Australasian Radio World, March, 1948



10000
30000

30000

valve fac to ry  in one of the ir tech­
nical bulletins issued only a few 
m onths ago. T he  basis of the idea 
is to use the tw o sections of a con­
v e rte r valve, one as driver and the 
o ther as phase-splitter. T he  schem e 
could be used w ith tw in  triodes 
equally well, bu t w ith low er gain.

T H E  M O U L IC  D E S IG N
A nother in teresting  circuit is one 

w hich resem bles the 6B6 version 
m entioned above, bu t has a differ­
en t feed connection  for the p lats 
of the 6B6. I t  com es from  a hand­
book issued about 1944 in A m erica, 
and has the advantage of o p e ra t­
ing the 6B6 w ith h igher applied 
p late  voltage. C onsequently  it can 
accept a h igher input signal and 
deliver a h igher driving signal for 
push-pull triodes. My slight ex­
perience w ith it, how ever, has not 
alw ays been happy; each amplifier 
using it seem s to  need individual 
se tting  of the resisto rs and I can 
only recom m end it if used w ith an 
ad justab le  bias res is to r w hich can 
be set. e ither by ear, o r by check­
ing the bias voltage on the 6B6 to 
m ake sure th a t it ge ts a vo lt o r 
tw o of bias.

C A T H O D E -C O U P L E D
P A R A P H A S E

In  the English  “W ireless W o rld ”

6SN7 CT

•125

~  OVERSEAS CIRCUIT 
( NOT RECOMMENDED ) 3 0 0 V .

for D ecem ber 1946 there  was an in­
te re stin g  circuit for w ide-range 
tone contro l, using a phase split­
te r of ra th er different type. I t  can 
be considered as being a modified 
form  of cathode-coupled paraphase 
amplifier. In  this type of am pli­
fier a cu rren t change in the first 
half of the valve causes a change 
in the com m on cathode voltage, 
thereby  producing  an approxim ate­
ly equal and opposite change of 
cu rren t in the second half. As will 
be seen from  the circuit, the  way 
in w hich the grid  of the second 
half of the valve is “earthed ,” from  
a signal point of view, th rough  the 
.05 mfd. condenser, gives the im-

A  re c o m m e n d e d  d ire c t -c o u p le d  a r ­

ra n g e m e n t, take n  f ro m  a series o f 

a r t ic le s  by P arry w h ich  we ran in  1941.

pression  th a t the operation  m ust 
be som ew hat sim ilar to  the old 
“ B arnes M ystery” circuit, w here 
the grid  is directly  earthed. T he 
difference can be readily  detected, 
how ever, by sh o rting  ou t the con­
denser w hen the outfit is in opera­
tion. I t  m ight be said, how ever, 
th a t the use of the condenser 
tnakes the circuit one w hich is not 
tru ly  d irect-coupled; im pedance of 
the condenser com ing in to  the 
question of frequency response. In 
practice  this is no t noticeable, and 
the arrangem en t gives splendid 
frequency response and general 
perform ance, w ith a fair bit of gain 
and an ability  to  handle a reason­
able signal. T he input signal, how ­
ever, should be fed in betw een 
g rid  and ground, so the a rran g e­
m ent is only tru ly  suitable fo r use 
as a second stage. As a com bina­
tion phase-sp litter and -wide-range

6SN7CT

50000 ;

25000 <

ifer; ; 2 5 0 0 0

UQlW
FEB. 1 9 4 8  

IS S U E
3 0 0  V.

The b a s ic  a rra n g e m e n t o f  th e  d ire c t -  
c o u p le d  p h a s e -s p lit te r  w h ich  we used 

in  th e  " W o r ld  S ta n d a rd "  and  in  the  

" H a m le t "  a m p lif ie r  (F e b ru a ry  issue).

tone con tro l it is a fine circuit and 
one w hich we can strong ly  recom ­
m end.

D uring 1947 and 1948 a num ber 
of c ircuit designers have been 
w ork ing  along the lines of this 
phase-sp litte r, and they  have 
evolved som e sligh tly  different a r ­
rangem ents. O ne of these seems 
to  have been boom ed along in 
overseas m agazines, E nglish, B el­
gian and especially in one m aga­
zine from  N ew  Z ea 'and. W hy  is 
m ore than  I can understand , as the 
a rrangem en t seem s to have a 
couple of the nastiest cha rac te ris t­
ics you  could wish to come across.

If  you look a t this circuit you 
will see tha t the cathode of the 
phase-sp litte r is kep t “up in the 
a ir” by the p late cu rren t flowing 
th rough  a fairly high value of bias 
resisto r. Bias is then  w orked in 
by keeping the grids above earth  
to a slightly  less degree by ru n ­
ning them  to a point on a voltage 
divider across the high tension sup­
ply. O ne of the traps into w hich 
the designers of these circuits have 
fallen is in im agining th a t an 8 mfd. 
e lec tro ly tic  condenser has infinite
d.c. resistance. T he 8 mfd. in the 
circuits is d irectly  in paralle l w ith 
a res is to r of 100,000 ohm s w hich 
is p art of the voltage divider n e t­
work. Now  in practice  it m ay be 
found th a t an 8 mfd. e lectro ly tic 
has an in ternal resistance of a l­
m ost any th ing  from  5,000 to  100,000 
ohm s. E ither w ay it w ill com plete-

c o n t in u e d  on n e x t page)
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A  p o w e rfu l a m p lif ie r  f o r  use w ith  c ry s ta l p ic k -u p .  N o te  th a t  th e  c ir c u it  
d ra u g h ts m a n  has le f t  o u t th e  150 ohm . b ias  re s is to r w h ich  runs f ro m  th e  307 

c a th o d e s  t o  e a r 'l l.

pHASE SPLITTERS
(C o n tin u e d )

ly  upset the voltage on th e  grids, 
fo r even if a t the h ighest figure, it 
will halve the effective resistance 
of the 100,000 ohm  section  of the 
voltage divider. I f  the in ternal re­
sistance is 5,000 ohm s the vo ltage 
on the grids will be low ered m any 
h u nd reds of per cent.

O U R  R E C O M M E N D A T IO N
Of all the phase-sp litters we have 

tried , and we have tried  every one 
we have ever heard  of our read 
about, we still like the one which 
we used in the recen t “W orld  
S tandard” and in the “ H am le t” 
am plifier in last m on th ’s issue. 
T his seem s to  be com pletely  fool­
p roof, gives a wide frequency 
range, little  phase displacem ent, 
and can handle quite a solid signal. 
I t  gives a gain of about 20 and 
will accept a tw o-volt input signal, 
and deliver a 40 volt signal to  the

grids of a pair of ou tpu t valves. 
E ven w ith  807’s on high vo ltage 
ra tings th is input is sufficient to 
get a pow er ou tp u t of 30 to 40

w atts. I t  has the added a ttrac tio n  
of tak ing kindly to the application  
of feedback in its sim plest form , 
from  voice coil to  cathode.

E GI
MANUFACTUR ING COMPANY

This Month We F e a t u r e ...........................

Im m ediate Frequency  
Tr a n*f« rmer*
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In a d d it io n  th e re  are 

ten  o th e r  ty p e s , in ­

c lu d in g  A i r  C ore , 

Iro n , e tc .,  and spec ia l 

10.7 fo r  FM  w o rk .  

F e a tu re s  in c lu d e  n o n ­

m e lt in g  L o L o s s  base, 

ro u n d  A lu m in iu m  can, 

S i I v e r -p la te d  P ins,

. . . C o ils  doped  in 

S pe c ia l T ro lu to l.

A v a  la b le  f ro m  se le c t­

ed w h o lesa le rs  

th ro u g h o u t  A u s t ra lia .
A E G IS  V a r ia b le  S e le c t iv ity  

T y p e  N o. J13 

( T e r t ia r y  W in d in g )

S .P .D .T .
S w i tc h

A . V . C .



3l.CS. fPxice Hitt fm, 1949
IN T E R M E D IA T E
T R A N S FO R M E R S
STANDARD 455 K.C.
N EW  T Y P E

1F 170 1st Stage Permatune Iron Core 
I F  171 2nd Stage Permatune Iron Core 
1F 172 1st Stage Permatune Iron Core . . 
1F 173 2nd Stage Permatune Iron Core 
1F 174 Low Gain Permatune Iron Core . .

Standard 460 k.c.
I F I  62 1st Stage Perm. Iron Core ..
IF183 2nd Stage Perm. Iron Core ..
IF164 Low Gain Perm. Iron Core .. ..

Standard 175 k.c.
IE74 1st Stage Perm. Iron C o r e .............
(E75 2nd Stage Perm. Iron C o r e .............

s. d.
13
13
13
13
13

13
13
13

13
13

F.M. IN T E R M E D IA T E  
T R A N S FO R M E R S

ROUND CAN D IM EN SIO N S 21x1-3/8
IF  180 10.7 MEG. Iron Core P e r m . ............. 13 0
IF  181 Ratio Detector Iron Core Perm. . 1 7  6

M A G N A S O N IC  IN T E R M E D IA T E  
TR A N S F O R M E R S

Dimensions 2- n. x 1-in. Round
F 163 Midget Iron Core Perm. 1 s t ............. 12 6

IF169 Midget Iron Core Perm. 2 n d ............. 12 6

M ID G E T  M A G N A S O N IC  
B R O AD C AST  C O ILS

Dimensions 1-in. x 1-in. Round
E352 Iron Core A e r i a l ..................................... 6 6
E353 Iron Core R .F ............................................  6 6
E354 Iron Core Osc........................................... 6 6
E355 Iron Core Osc. 6SA7 V a l v e ..............  6 6

S T A N D A R D  SU PE R H E T. C O ILS

Dimensions 2-in. x 1-3/8-in. Square
E342 A ir Core H. Gang Aerial Coil 6 6
E343 A ir Core H. Gang R .F . C o i l ............. ...6 6
E344 A ir Core H. Gang Osc. Coil 6 6
E345 Iron Core Perm. H Gang Aerial Coil 8 6
E346 Iron Core Perm H Gang R .F . Coil .. 8 6
E347 Iron Core Perm. H Gang Osc. Coil 8 6 
E348 Iron Core Perm. H Gang Osc. Coil,

6SA7 Valve .. ..........................................8 6

N EW  T Y P E
ROUND CAN D IM EN SIO N S 2-in. x 1-3/8-in.

E  356 Iron Core Perm. A e r ia l ........................ ...7 6
E  357 Iron Core Perm. R . F . ........................ ...7 6
E 353 Iron Core Perm. O s c illa to r .................7 6

F.M. C O ILS
s. d.

E 362 A e r ia l.......................................................  2 6
E  363 Aerial C o u p lin g ....................................  2 6
E  364 O s c illa to r ................................................ 2 6

T.R.F. C O ILS

T81 A ir Core H Gang Reinartz Coil .. .. 5 6
T82 A ir Core H. Gang Reinartz Coil in Can 6 6 
T87 A ir Core H. Gang R .F . w ith Reaction

C o i l ..................................................................6 6
T88 A ir Core H. Gang Aerial C o i l .............  6 6
T89 A ir Core H. Gang R .F . C o i l .............. 6 6

L O O P  A E R IA L  C O ILS

F125 Standard 6-in. Diam............................ 7 6
F126 Midget 4-in. D ia m . .................... . 7 6

S H O R T  W A V E  C O ILS
13 to 42 Metres 

H121 Iron Core Perm. Aerial Coil . 
H122 Iron Core Perm- R .F . Coil . 
H123 Iren Core Perm. Osc. Co!l

5-BAND S H O R T  W A V E  
& B R O AD C AST  C O ILS

H124 1Cm. A e r i a l ........................................... .....4 6
H125 10m. R .F .................................................... ...4 6
H12o 10m. Osc......................................................4 6
H127 20m. A e r i a l ........................................... 4 6
H I28 20m. R . F . .................................................. 4 6
H129 20m. Osc..................................................... ..4 6
H130 40m. A e r i a l ............................................. ..4 6
H131 4Cm. R .F ..................................................... ..4 6
H132 40m. O s c . ................................................. 4 6
H133 80m. A e r ia l ............................................. ....4 6
H134 80m. R .F .................................................... 4 6
H135 8Cm. O s c . ............................................... .... 4 6
H136 B ’cast A e r i a l ..............................................5 6
H137 B'cast R .F ..................................................5 6
H128 B ’cast O s c . ............................................ .... 5 6

C O IL  K IT S

K118 Standard Personal Coil K it  .. .. 2 2 0 
K 117 Standard 4/5 Dual Wave Coil K it

(complete with I.F .’s ) .......................... ...2 19 0
K113 Midget Per. Coil K i t .................... ...1 19 6
K119 Midget B/C Coil K i t ...........................1 18 0

C O IL  K IT S
K 120 5 Band Coil K it 
K 121 4/5 B/C Coil K it 
K 122 5 6 B  C Coil K it

3 10 6 
2 3 6 
2 11 5

R A D IO  F R E Q U E N C Y  CH O KES
s. d.

RF81 Silk Honeycomb R .F .............................. 1 9
RF82 3 pie 1.7 M/H R .F .................................. 4 6
RF83 4 pie 2.5 M/H R .F .................................. 4 6
RF34 5 pis 4.0 M/H R .F ......................... .. 4 6
RFS5 6 pie 7.0 M/H R .F ..................................  4 6
R F 86 Cotton Honeycomb R .F ........................  1 6
RF106 Vibrator Low Tension R .F .................  4 3

L IN E  F IL T E R  C O IL

RF15 Line F ilte r C o i l s .................................11 0

D U A L  W A V E  U N IT S

DW29 Standard 4/5 Dual Wave Units 
DW38 Standard 5 6 with R .F . Stage

1 14 
6 10

C O IL  FO RM ERS
1.24 6-Pin Plug in U-in. Diam.
1.25 6-P n Plug in 1J-in. Diam.

SW IT C H ES
SW17, 5 Band S w i t c h ...............................  3 0 0

5 0 L O W  LOSS C O IL  LA C Q U E R
5 0
5 0 KH34 T y p e ........................................................ 2 6

3 3 
3 5

D IA LS

DA7 D/W Portable K it Dial .....................11 0

F IL T E R  CHOKES

TC60 100 M/A 30 Henries 250 ohms D.C.
Res......................................................................13 6

TC65 50 M/A 30 Henries 400 ohms D.C. Res. 13 6
TC80 150 M/A 30 H e n r ie s ......................... 1 1 0
TC81 200 M/A 30 H e n r ie s ......................... 1 5  0
TC6S 60 M,/A 20 Henries 650 ohms D.C. Res. 10 0

A U D IO  CHOKES

TA4 100 Henries 1003 ohms D.C. Res. 25 
M/A ............................................................. 1 8  6

F IV E -IN -O N E  T R IM M E R

CG19 four-2 plate and one-3 p l a t e .............  4 6

(Continued on page 28 
____________________ -L-)

If Y O U R  L O C A L  D E A L E R  C A N N O T  S U P P L Y
If you have been unable to purchase R.C.S. components from your local 
retailer, write us, and whilst we cannot supply you direct, we w ill arrange 
for your retailer to receive supplies immediately or advise you where 

supplies can be obtained.

R.C.S. Radio Ply. lid.
174 C an terbury  Rd., C an terbury , N .S .W ’
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P o te n t :o m e te r
P a d d in g  Condenser

D A 7 D ia l

Jl.C.S. puce £idt fax

Tf
1

R a d io  F re q u e n c y  C h oke

( M
IJII

^ 3 §

RjCSj 
* i ‘ i

!*'
UflKI
in uw»r

L o w  Loss C o il L acq ue r

1

9

4
R es is tance  S tr ip F ila m e n t  T ra n s fo rm e r A u d io  T ra n s fo rm e r

R a d io  F re q u e n c y  C h oke
Speaker T ra n s fo rm e r R e p la ce m e n t 

C o ll

9
C o il F o rm e r

IF YOUR LOCAL DEALER CANNOT SUPPLY
I f  you  have  been u n a b le  to  purchase  R .C .S . co m p o n e n ts  f ro m  y o u r  lo c a l 
re ta i le r ,  w r i t e  us, and w h i ls t  w e  c a n n o t s u p p ly  yo u  d ire c t ,  w e w i l l  a rra n g e  
fo r  y o u r  re ta i le r  to  re ce ive  s u p p lie s  im m e d ia te ly  o r  a dv ise  you  w h e re  

s u p p lie s  can  be o b ta in e d .

■ '& 
Page 26

R.C.S. Radio Ply. ltd.
174 Canterbury Rd., Canterbury, N.S.W.

A u s tra la s ia n  R a d io  W o r ld ,  M a rch , 1949



S ta n d a rd  B ro a d ca s t C o il R esis tors

5 Band C o il

3 t.C S . puce

•Vs. X -x L̂T ̂

i mm <?
D u a l W ave U n its

M id g e t V a r ia b le  C ondenser

/

9
F i l te r  C hoke

S h o rt W ave C o il
T r im m in g  C ondenser F .M . C o il

T ra n s p o s it io n  B lo c k
4

V o lta g e  D iv id e r

I f

9
In te rm e d ia te  F re q u e n c y  T ra n s fo rm e d

L o o p  A e r ia l C o il

YOUR LOCAL DEALER CANNOT SUPPLY
I f  yo u  have been u n a b le  to  purchase  R .C .S . co m p o n e n ts  f ro m  y o u r  lo c a l 
re ta i le r ,  w r ite  us, and w h i ls t  we c a n n o t s u p p ly  yo u  d ire c t ,  w e w i l l  a rra n g e  
fo r  y o u r  re ta i le r  to  rece ive  s u p p lie s  im m e d ia te ly  o r  adv ise  you  w h e re  

s u p p lie s  can be o b ta in e d .

R.C.S. Radio Ply. Ltd.
174 Canterbury Rd., Canterbury, N.S.W.
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Jt.CS,. ZPjtice £foi fox 1949
V IB R A T O R  C H O K E S
TC58 L o w  T e ns ion  3 A m p s  50 M /H  .5

o hm  D .C . Res...............................................................15 0
TC70 H ig h  Tension  50 H e n rie s  450 ohm

D .C . Res., 75 M / A ................................................ 15 0

F IL A M E N T  T R A N S F O R M E R S
TP1 2.5 v o lts ,  2 A m p s  7 W a t t .........................11 6

TP2 4 v o lts , 1 A m p  7 W a t t ................................11 6

TP 3  6.3 v o lts ,  3 A m p s  7 W a t t .........................11 6

TP55 6 3 v o lts , 3 A m p ?  15 W a t t ..................14 6

V IB R A T O R  T R A N S F O R M E R S
TP81 135 v o lt ,  6 v o l t .............................................. 17 6

A U T O  T R A N S F O R M E R S
TP3Q 6.3 v o lt ,  4 v o lt  and 2.5 v o l t .................11 6

S P E A K E R  T R A N S F O R M E R S
TS23 S in g le  L o w  Im pedance  T r ic d e
TS24 S in g le  H ig h  Im pedance  T rio d e  
TS 25 Push P u l l L o w  Im pedance  T r io d e
TS26 Push P u l l H ig h  Im pedance  T r io d e
TS27 S in g le  L o w  Im pedance  P en tode  ..
TS28 S in g le  H ig h  Im pedance  P en tode
TS29 Push P u l l L o w  Im pedance  P en tode
TS30 Push P u ll H ig h  Im pedance  P en tod e  10

A U D IO  T R A N S F O R M E R S
TB42 A  Class s in g le  R a tio  3 to  1 . . . .  1 
TB43 A  C lass Push P u ll R a t io  3 to  1 . 1
TB44 B C lass Push P u ll R a tio  1J to  1 . .  1

D IA L  D R IV E  D R U M S
M 08  D ia l D r iv e  D ru m , co m p le te  w ith  

screws, s p rin g s  and  c o r d .........................

S P E A K E R  T R A N S F O R M E R  
R E P L A C E M E N T  C O IL S
F132 S in g le  L o w  Im pedance  T r io d e  . .  ..
F133 S in g le  H ig h  Im p ed a nce  T r io d e
F134 Push P u ll L o w  Im p e d a n c e  T r io d e
F135 Push P u l l  H !g h  Im p ed a nce  T r io d e
F136 S in g le  L o w  Im pedance  P en tod e  . .
F137 S in g le  H ig h  Im pedance  P e n to d e  . .
F138 Push P u l l L o w  Im pedance  P en tod e
F139 P ush P u l l H ig h  Im pedance  P en tode

L IN E  F IL T E R S
LF 20  L in e  F i l te r ,  .75 a m p s . ......................... 1 7 0
LF21 L in e  F i l te r ,  3 a m p s ...............................  2 2  0
LF22 L in e  F i l te r ,  5 a m p s ...................................  3 0 0
LF23 L in e  F i l te r ,  10 am ps. (2 re q .) ,  each 3 0 0

A E R IA L  F IL T E R  

AF21 A e r ia l F i l te r

C E N T R E  T A P P E D  R E S IS T O R S
10, ;o,  30, 75. 105 and 200 o h m s ..................  1 0

W IR E  W O U N D  R E S IS T O R S
0 ohm s to  1500 ohm s, 100 M / A ........................ ....1 0
1500 ohm s to  2500 ohm s, 50 M / A ................. ... 1 2
2EK0 ohm s to  10000 ohm s, 25 M / A ................ ... 1 2
1G90 ohm s F ie ld  R e p la c e m e n t ..........................  4 0

^T R IM M IN G  C O I-ID E N ^E R S
CG15 2 - p l a t e ....................................................................  1 0

R.C.S. V O L T A G E  D IV ID E R S
VD25 15003 ohm s 2 v a r ia b le  c l i p s .................  5 6

VD 28 25000 ohm s 2 v a r ia b le  c l i p s .................  5 5

P O T E N T IO M E T E R  A N D  
R H E O S T A T S

P A D D IN G  C O N D E N S E R S
P21 460 K . C . .................................................................2 6

P22 262 K .C .......................................................................3 0
P23 175 K .C ........................................................................3 0

M ID G E T  V A R IA B L E  
C O N D E N S E R S

M .C . T y p e , w ith  Face and B a c k  S upports .^
Type
CV41 ...................
C V 4 2 ..................
C V43
C V 4 4 ..................
CV45
C V 4 5 ..................
C V 4 7 ..................

R E S IS T A N C E  S T R IP S
MS7 X 25 124-in . lo n g , 25 lu gs  per s ide  . 3 6  
IV1S8 H - in .  w id e — any le n g th s  p e r in c h  H d .  
MB1 A n c h o r S t r i p ...................................................  3d.

T R A N S P O S IT IO N  B L O C K
A F 12  S et o f e i g h t ...............................................

m m fd P la te s P r ic e
10 2 7 3
15 3 7 9
?5 4 8 4
35 5 9 0
50 7 9 6
70 9 10 0

100 14 11 3

Type O hm s M /A P ric e

1 0 PT40 ................... 6 250 7 6

2 S PT38 10 250 7 6

1 0 PT3S . .................................. 20 250 7 6

PT34 . 30 250 7 6

PT46 .................................. 4C0 50 7 6

PT47 ............................... 1000 35 7 6

FT49 .................................. 2500 30 7 6

3 3 PT51 ..................................50C0 30 7 6

PTC2 ..................................100G3 20 7 6

MIDGET VARIABLE

5 6
CONDENSERS

5 6 S ta r T y p e  w ith  Face S u p p o rt
5 6 Type mm fd P la te s P ric e

CV34 ..................  10 2 4 0
5 8 CV35 ..........................  15 3 4 3
5 0 CV36 25 4 4 6
5 0 CV37 . 35 5 4 9

CV38 50 7 5 3
5 6 CV39 ..........................  70 9 5 10
5 6 CV40 ................................100 14 6 6

5 6

M A G N E T IT E  FE304 
IR O N  C O R E S
M O I 3 /8 - in . per 100 .................. . . . 2  0 0
IVI02 7 /1 6 -In . per 1 C O .........................................  2 0 0
M 03  4 -in . p e r 100 ................................................ 2 0 0
Mi04 9 /1 6 - in . p e r 100 ..................................... 2 0 0
M 0 5  l - i n .  p e r 100 ................................................... 2 0 0

S O L D E R  L U G S
SL3 S in g le  ended per 10G0 10 0
SL4 P ear-shaped per 1000 ...................................... ..10 0
&L5 D o ub le -e nd e d  per. 1 0 3 0 .................................10 0

6-P IN  C O IL  P L U G S
1.27 1 i- in .................................  ....................................... 1 3
1.28 H -in ................................................................  1 3

D IA L  S P IN D L E
K1 D  a l S p i n d le ............................................................  2 0

C L E A R  P O L Y S T Y R E N E  
T U B IN G
M 016 2 1 /8 -in . lo n g  x  1 i- in .  d ia m . 
MC17 2 1 /8 -in . long  x . H - in .  d ia m .

1 3 
1 3

I P  YOUR LOCAL DEALER CANNOT SUPPLY |  A  ^  | |  fc’ H # H  I I f f
I B 1 I f  you have been u n a b le  to  purchase R .C .S . co m p on en ts  fro m  y o u r lo ca l I  ^  l l l l l l l l i  W r m m  - 1 ^ 1
1 S re ta i le r ,  w r ite  us, and w h i ls t  we ca n - io t s u o p ly  you d ire c t,  we w i l l  a rra ng e  ■  B B ILh  %f! 1 Igy 1  1  J  ® «  I  U  +

fo r  y o u r  re ta i le r  to  rece 've  su pp lie s  im m e d ia te ly  o r  advise  you  w h e re  L  *
s u p p lie s  can be o b ta in e d . 174 C sntfirbury rvG»« C E nt6rb liry , N»S«\nr •
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A  JE N S E N  T EC H N IC A L  M O N O G R A PH

Reproduction of Speech
Our policy is to give technical articles of a popular type in an 
easily-read form. But, every now and then, we like to offer an 
article of deeper significance. Here is a complete survey of the 
problems associated with the clear reproduction of speech. It is 
surely one of the finest articles ever written on this subject. A  
similar article on the subject of the reproduction of music appeared 
in our issue for October, 1948. It has been noticed in our mail 
that many subscribers said that the one article was, alone, worth 
more than the cost of a full year's subscription.

In this monograph we are con­
cerned mainly with the physical 
characteristics of speech which are 
of importance in the design of 
systems and components for its 
transmission and reproduction. 
Our interest centres on the com­
ponent frequencies and their am­
plitudes and powers in speech 
after its production by the vocal 
mechanism. When speech is re­
produced the acoustic waves pro­
duced by the talker are converted

um m iM m iiiiim uiiiim m m m im im m im m m m iim m im m iiim m im iii

By
Technical Service Dept.,

Jensen Radio Manufacturing Co., 
U .S.A .
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into the electrical state by a micro­
phone, amplified and reconverted 
to the acoustic state and radiated 
by means o f a loud speaker sys­
tem, or delivered direct to the ear 
by means of a telephone receiver.

There often will be additional 

transmission circuits involved, 

such as wire lines and radio links. 

Data regarding the physical cha­
racteristics of speech provide us 
with important information for 
the design, selection, and opera­
tion of microphones, amplifiers, re­
ceivers, loud speakers, modulators, 
and the many other components of 
speech systems.

Two quite different types of per-
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SPEECH

(Co itinue i )

fo rm ance m ay  be requ ired  of a 
speech tr a n sm itt in g  system , de­
pending  on th e  fu n d am en ta l p u r ­
pose to  be served. T hey a re :

1. The reproduced  speech m ay 
be requ ired  to  app ro ach  the 
ch a rac te ris tic s  of th e  o rig ­
ina l sound, and  we m ay spe­
cify  how close th e  ap p ro x i­
m ation  shall be. T his is a 
fidelity  requirem ent.

2. The reproduced  speech m ay 
be requ ired  to  convey sa tis ­
fac to rily  th e  m essage from  
th e  ta lk e r  to  th e  listener. 
The qu a lity  o f th e  repro- 
duced voice in  th is  case m ay 
be of litt le  o r no im portance, 
and the  idea o r in telligence 
to  be conveyed is a ll-im p o rt­
an t. H ere  re la tiv e ly  low 
fidelity  is perm issib le, even 
essen tia l, in  m any  ap p lica ­
tions, fo r  economic and  phy­
siological reasons w hich will 
be developed in  th is  m ono­
g rap h .

F requency  R anges in Speech
The en tire  frequency  ran g e  of 

speech can  be determ ined  by ob­
jec tive  physical m easurem ents in 
w hich peak and  average  p ressu res
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REFERENCE FREQUENCY , K ILO CYCLES 
(UPPER L IM IT  OF B A N D )

F ig . 2. Frequencies fo r  One 
L im in a l U n it P lus or M inus a t 

<■. H igh  F requency E n d  o f B and

a re  counted in  a series of f r e ­
quency bands covering th e  com­
plete  spectrum , and  by sub jec tive  
te s ts  in  w hich reproduced  speech 
is listened  to  over a  h igh -qua lity  
wide ran g e  system  in w hich th e  
cut-off frequencies m ay be ex tend ­
ed u n til th e re  is no fu r th e r  im ­
provem ent in observed quality . A 
review  of th e  p rin c ip a l li te ra tu re  
on th e  sub jec t leads to  th e  con­
clusion th a t  th e  com plete f r e ­
quency ran g e  of speech probab ly  is 
only s ligh tly  less w ide th a n  th a t  of 
music, w hich ex tends from  40 to
15,000 cycles p e r  second. W e 
know, how ever, th a t  such an  ex­
trem e ran g e  canno t be u tilized  e f­
fectively  o r econom ically u nder 
the conditions w hich p reva il a t  
m ost lis ten in g  locations. F le t­
cher1 has concluded th a t  u nder 
average  lis ten in g  conditions a  f r e ­
quency ran g e  from  100 to 7000 
cycles p e r second will afford p ra c ­
tica lly  com plete fidelity  fo r 
speech.* F u rth e rm o re , o u r ob­
jec tive  is no t a lw ays th e  m ost 
fa i th fu l  reproduction , fo r  f r e ­
quently  w h a t is requ ired  is the 
m ost e ffective com m unication  
u nder a ll th e  ex is ting  conditions. 
A s we shall see la te r , re s tr ic ted  
frequency  ran g es  a re  a c tu a lly  ad ­
van tageous in th e  la t te r  case.

L im in a l F requency B ands

The m inim um  discernible changes 
in band  w id th  fo r  m usic and  
speech have been dete rm ined .2 
F o r speech i t  h as  been found  th a t  
changes in  band  w id th  (u p p e r  f r e ­
quency lim it) could be detec ted  up 
to 15 kc. (15,000 cycles per 
second), a s  w as th e  case fo r  
music. H ow ever, above 5 kc. 
changes in  band  w id th  w ere tw ice 
as  read ily  detec tab le  on m usic as 
on speech. These te s ts  w ere m ade

* The fac to rs  w hich lim it th e  perceivable 
frequency ran g e  are n o t se t fo rth  in  de ta il 
here. An analysis fo r th e  case of m usic, 
presented  in  th e  O ctober, 1948, issue, illu s ­

tra te s  th e  procedure fo r de term in ing  th e  
lim its  se t m y m asking  and hearing .

on a v a rie ty  o f spoken p ro g ram m e 
m a te ria l w ith  d irec t com parison 
betw een th e  bands being judged . 
A n av e rag e  of six teen  observers, 
who w ere eng inee rs accustom ed to  
ju d g in g  p rogram m e quality , w ere 
used fo r  th e  te s ts . The difference 
lim en w as ta k e n  as th e  difference 
in  band  w id th  (i.e.. d ifference in  
h igh-frequency  cut-off) w hen 75 
per cent, of th e  observers co rrec tly  
identified th e  w ider o f tw o bands 
p resen ted  fo r  com parison. I t  is 
reasoned th a t  th e  difference lim en 
is equ iva len t to  ( 1 ) th e  difference  
in band w id th  w hich is ac tua lly  de­
tectable to h a lf the observers  o r  
(2 ) the thresho ld  difference in  
band w id th  fo r  w hich there is an  
even chance o f its  d iscernm en t by  
a listener. T he sensa tion  due to  
a change of one difference lim en is 
defined as  one lim inal u n it, fo r 
which we have used th e  sym bol 
LIM . The u p p e r frequency  lim its, 
correspond ing  to  one lim inal u n it 
(L L .I) betw een them  a re :  15.0,
7.6, 5.3, 4.4, 3.6, 3.0, 2.7, and  2.4 
kc. These a re  il lu s tra te d  in  F ig . 
1. The frequency  of 150 cycles in ­
d icated  fo r  1 LIM  a t th e  low er end 
of th e  band is co n jec tu ra l and  has 
no t been estab lished  by te s t, a l­
though  i t  a p p ea rs  to  be a reaso n ­
able value.

F ig . 2, derived from  th e  G an n e tt 
and  K erney  d a ta  shows, fo r  any  
re fe rence  frequency , th e  u p p er 
frequency  lim it w hich w ill in tro ­
duce a  change of p lus o r m inus 1 
LIM , assum ing  tran sm issio n  down 
to  a very  low frequency . T hus, 
suppose a  system  tra n sm its  speech 
frequencies to  6 kc. and  i t  is de­
sired  to  increase  th e  band  w id th  a 
ju s t-p e rcep tib le  am ount. F o r  a 
re fe rence  frequency  of 6 kc. we 
find th e  value  to  be 9.4 kc. on the 
p lus 1 LIM  curve. O r suppose the 
system  tra n sm its  to  4 kc. and  i t  
is desired  to  reduce th e  band  by 
no t m ore th a n  a  ju s t  percep tib le  
am ount. A t 4 kc. on th e  m inus 1 
LIM  curve we ob ta in  th e  value  

sough t, w hich is 3.4 kc.
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For any reference frequency, 
the upper limiting frequencies cor­
responding to plus 1 L IM  and 
minus 1 L IM  give us the fre ­
quency tolerances of the ear to 
changes in band width for a sys­
tem transmitting speech uniformly 
down to very low frequencies. It  
must be remembered that these 
values were obtained under the 
conditions most favorable fo r de­
tecting band width changes, that 
is, at high reproduction level, low 
noise level, and with direct com­
parison possible between the 
bands. For less favorable con­
ditions, larger frequency changes 
undoubtedly would be indicated. 
To recapitulate, under the most 
favorable conditions fo r critical 
judgments, there is only an even 
chance that a listener would detect 
a change in upper cut-off fre ­
quency from 15,000 cycles to 7600 
cycles, or from 7600 cycles to 5300 
cycles, etc. The considerable re­
duction o f band width in the first 
liminal step (15,000-7600 =  7400 
cycles) confirms the known fact 
that there is very little speech 
energy in the region. A t  an upper 
frequency limit o f say 3000 cycles, 
a change of one L IM  is produced 
by a reduction o f only 300 cycles, 
indicating that appreciable speech 
energy is present and that it is 
highly important to the speech 
characteristics as appraised by the 
ear.

Spectrum Levels in Speech

The manner o f presenting data 
regarding the frequency distribu­
tion o f intensity, power, or pres­
sure in speech depends on the pur­
pose for which the data is to be 
used. I t  must be remembered that 
the amplitude and frequency in 
speech is changing continuously, 
and that there are pauses between 
syllables, words, and sentences. 
Moreover, there are- characteristic 
differences between the speech of 
men and women, and, individuaf 
variations are considerable. Under 
these conditions, the problem must

e approached statistically. The 
methods by which the sampling is 
performed in frequency bands and 
in the whole frequency range can­
not be described here in detail be­
cause of space limitations.

Briefly, however, the equipment 
involves a microphone, suitable 
amplifiers, and sampling and an­
alyzing equipment. The sampling 
and analyzing apparatus for peak 
determinations includes a series o f 
gas tubes arranged to fire at suit­
able level intervals covering the 
range of levels o f interest. Each 
time a particular tube fires, the 
counter in its output circuit regis­
ters the occurrence. A  particular 
pressure peak in the speech will 
produce a proportionate peak volt­
age in the analyzer system. A ll 
tubes having firing levels equal to 
or below the particular speech 
peak voltage will fire and advance 
their counters by one number. 
The process is repeated in alter­
nate 1-8-second or i-second inter­
vals. A t  the end o f the run the 
distribution of peaks may be com­
puted from the counter readings. 
The analysis is performed on un­
filtered speech, and on selected 
frequency bands with the aid of 
suitable filters.

Fig. 3 gives peak pressure data 
for conversational speech from the 
work of Dunn and White.° These 
values were obtained from a large 
number of samples in one-eighth 

.second intervals taken on connect­
ed speech for six men and five 
women. The lines are drawn to 
connect pressure levels observed in 
the individual filter bands for the 
indicated percentage o f intervals. 
The 1 per cent, values (which are 
exceeded only 1 per cent, o f the 
rime) may be taken as a measure 
o f the maximum peaks o f prac­
tical significance, while the 50 per 
cent, values are representative of 
the most probable peaks. I t  will 
be noted that all peak values are 
greatest in the 210-200 cycle band. 
As would be expected, the peak

F ig . 3. Peak pressures in Speech 
in Frequency Bands. . The Per­

centages are the Proportion  of the 
Intervals in which the Indicated 

Pressures are Exceeded.
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values for the entire frequency 
range (unfiltered) are greater 
than those in any band. This is 
because the peaks in two or more 
bands sometimes are in phase and 
add up.

Peak values cannot be inter­
preted directly in terms of hearing 
phenomena. However, they are of 
great importance in determining 
the overload point o f electro­
acoustic devices and amplifiers.

Data similar to Fig. 3 could be 
given for the r.m.s. pressures (root 
mean square) which are indicative 
o f the power in speech. However, 
the equivalent information can be 
conveyed by a plot o f peak factor, 
or ratio of peak to r.m.s. pressures 
as given in Fig. 4, in conjunction 
with the peak pressure data of 
Fig. 3. It w ill be seen that the 
long interval peak factor for both 
men and women is approximately 
20 db fo r unfiltered speech while 
fo r short intervals it is approxi­
mately 10 lb. This can be imme­
diately applied in amplifier load­
ing problems. Suppose an ampli­
fier is rated at 15 watts with the 
usual sine-wave test signal. The 
peak instantaneous power at the 
crest of the sine wave for full

(Continued on next page)
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(C o n tin u e d )

r a t in g  is 30 w a tts  and  th is  m ax i­
m um  pow er can p robably  n o t be 
exceeded w ith  an y  in p u t wave 
fo rm  w ithou t in cu rrin g  excessive 
d is to rtion . L et us assum e, then , 
th a t  th e  am plifier is o p era ted  so 
th a t  th e  m axim um  peak  p ressu re  
in  th e  speech re su lts  in  th e  peak 
in s tan tan eo u s  pow er of 30 w a tts . 
T he av e rag e  pow er w ill be below 
th e  in s tan tan eo u s  m axim um  peak 
pow er by th e  am oun t o f th e  peak 
fa c to r. F o r  one-eighth  second in ­
te rv a ls , th e  peak  fa c to r  is 10 db, 
w hich ind ica tes a n  av e rag e  pow er 
one-ten th  o f th e  peak  pow er, o r  3 
w a tts . In  long in te rv a ls  involv­
in g  a  num ber of w ords, and  in ­
clud ing  th e  pauses betw een speech 
sounds, w ords, an d  sentences, th e  
peak  fa c to r  rises  to  ab o u t 20 db, 
so th a t  th e  pow er av e rag ed  over 
th e  long in te rv a l is only one one- 
h u n d red th  of th e  peak  pow er, or 
0.3 w a tts . To sum  up , i f  a  15 
w a tt  am plifier is o p era ted  on 
speech in p u t so th a t  on th e  peaks 
o f speech th e  in s tan tan eo u s  m ax i­
m um  pow er is 30 w a tts  ( th e  ra ted  
peak  in s tan tan eo u s pow er fo r  sine 
w ave in p u t)  th e  ind iv idual speech 
sounds a re  likely to produce 
powei's of abou t 3 w a tts , b u t the  
av e rag e  pow er over a  period  of 
tim e w ill be only abou t 0.3 w a tt. 
T his does no t a t  a ll ind ica te  th a t  
an  am plifier of th e  low er o rder 
pow er ra t in g  could be used, fo r  it  
is necessary  to  p rev en t non linear 
d is to rtion . H ow ever, th e  re la tiv e ­

SPEECH

F i'j. 5. T o ta l P ow er and P ow er  
S p ec tru m  fo r  Speech.

ly  low average  pow er m any  be 
ta k e n  in to  account advan tageously  
in  th e  design  of loud speaker 
volum e contro ls, line a tte n u a tio n  
devices, an d  o th e r com ponents 
w hich a re  tem p era tu re -lim ited  in  
th e ir  ra tin g s .

I f  we w ish  to  o b ta in  th e  f r e ­
quency d is trib u tio n  of speech 
pow er o r energy  on a  spectrum  
basis, th is  m ay  be ca lcu la ted  from  
m easu red  r.m .s. sound p ressu res  
in  th e  frequency  bands and  re ­
duced to  a  per-cycle basis. The 
re su lt is show n in  F ig . 5 a s  g iven 
by D unn and  W h ite .5 Included 
also is th e  to ta l pow er occu rring  
below a n y  p a r t ic u la r  frequency , 
expressed  in  p e r  cent, o f th e  pow er 
in  th e  e n tire  frequency  range . I t  
w ill be noted  th a t  95 p e r cent, of 
th e  pow er is below 1000 cycles 
and  ab o u t 65 p e r  cent, is in  th e  
reg ion  below 500 cycles. I t  w ill 
be im p o rta n t to  consider th e  f r e ­
quency d is tr ib u tio n  of speech 
pow er in  connection w ith  th e  effect 
of frequency  ra n g e  on articu la ­
tion , w hich is th e  m easu re  o f in te l­
lig ib ility , and  th is  w ill be discussed 
la te r .

In te n s ity  Levels in  C ritical 
F requency B ands

A ll o f th e  fo rego ing  d a ta  deals 
w ith  th e  pu re ly  physical aspects 
of th e  s ta tis tic a l acoustic p re s­
su res  and  pow ers, and , w hile use­
fu l fo r  o th e r pu rposes, fu rn ish e s  
no d irec t in fo rm a tio n  as to  the 
m an n e r in w hich th e  e a r  eva lua tes  
speech sounds. E x ten siv e  study  
of th e  h ea rin g  precess by F le tch e r 
and  h is colleagues h as led to  the 
conclusion th a t  th e  e a r  in te g ra te s  
th e  v a ry in g  sounds in  speech over 
an  in te rv a l o f ab o u t i  second, and  
th a t  th e  in te g ra te d  sound energy  
in  a c ritica l band over th is  period 
of tim e w ill sound as  loud a s  a 
p u re  tone in  th e  sam e frequency  
band  w hich produces th e  sam e 
sound en erg y  in  each i-second in ­
te rv a l.15.1 W ith  our d a ta  in  th is  
fo rm , we can  express th e  in ten sity  
levels o f speech on th e  sam e basis

F ig . 4- P eak F acto r in  Speech  in  
D ifferen t F requency  R egions in  

L ong and S h o r t In te rva ls .
(A f t e r  D unn and  W h ite .)

as th e  h e a rin g  con tours w hich a re  
p u re  tone th resho ld s, in v es tig a te  
m ask ing  due to  noise, and  com pute 
th e  loudness u nder v arious condi­
tions.

F le tch e r has g iven  th e  m ax i­
m um  in ten s ity  levels in  c ritica l 
frequency  bands fo r  conversa tion ­
a l speech of m en and  w om en an d  
fo r declam ato ry  (loud) speech1 
and  these have been reduced to  th e  
ind ica ted  d is tances and  a re  p lo tted  
in  F ig . 6 along w ith  th e  m edian 
popu la tion  h e a rin g  con tour u n d e r 
conditions o f no noise. T he cor­
respond ing  m ost p robable  in te n s ity  
levels, w hich a re  exceeded 50 p e r  
cent, o f th e  tim e, have been com­
pu ted , and  a re  also show n in  F ig .
6 because they  a re  th o u g h t to  be 
th e  m ost rep re sen ta tiv e  “av e rag e” 
levels u n d e r th e  assum ed condi- 
tion.w  I t  w ill be noted  th a t  they  
a re  from  7 to  16 db below th e  
m axim um  levels. The cross-hatch- 
ed po rtion  o f th e  d iag ram  re p re ­
sen ts  th e  loss o f au d ito ry  a re a  due 
to  th e  m ask ing  effect o f th e  ave­
rage  re s iden tia l noise level of 43 
db.* Sounds w hose in ten s ity  
levels fa ll in to  th e  cross-hatched  
a re a  w ould no t be h ea rd  due to  
m asking . Levels w hich lie below 
th e  th resh o ld  h e a rin g  con tou r w ill 
not be audib le  to  th e  av e rag e  lis­
ten e r. I t  w ill be observed th a t  
both h e a rin g  and  m ask ing  lim it 
th e  perceivable frequency  ran g e  a t  
th e  h igh -frequency  end som ew hat 
fo r  th e ’ assum ed sp eak in g  levels 
and  d istances. A s th e  speak ing  
level is low ered, th e  effect is to
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sh if t  th e  curves corresponding ly  
low er in  the  d iag ram  w ith  increas­
ing  lim ita tio n  o f th e  h igh -fre ­
quency range.

I t  is ev iden t from  an  inspection  
of th e  in ten sity  level curves of 
F ig . 6 th a t  th ey  can  be re p re se n t­
ed qu ite  well by s t ra ig h t lines 
d raw n  so as to average  th e  devi- 
a tionsj especially  in  th e  sign ifican t 
po rtion  of the . ran g e  above abou t 
300 cycles. The slopes o f these 
lines a re  v e ry  n ea rly  th e  sam e and  
va lues fo r  th e  e n tire  frequench  
ind ica te  th a t  th e  in ten sity  levels 
fa ll, on th e  average , from  5.3 to
6.5 db per octave as th e  frequency  
increases. A s we shall see la te r , 
th is  fa llin g  c h a rac te ris tic  c rea tes  
a  special problem  w hen it  is neces­
sa ry  to  reproduce in tellig ib le  
speech in  th e  p resence of very  
h igh  noise levels.

A rticu la tio n

In  ana lyz ing  th e  effects of f r e ­
quency ran g e  on th e  c h a ra c te r is ­
tic s  o f speech, i t  is im p o rta n t to  
exam ine th e  m a tte r  o f in te llig i­
b ility , w hich is th e  a t t r ib u te  of 
speech w hich p erm its  its  recogni­
tion  an d  u n d e rs tan d in g  by  th e  lis­
tener.

One of th e  m ost used and 
p e rh ap s th e  m ost sign ifican t single 
m easu re  o f in te llig ib ility  is the 
syllable articu la tion  u su a lly  re fe r­
red  to  sim ply a s  the  “a r t ic u la ­
tio n .” A  system  is  tes ted  fo r  sy l­
lable a rticu la tio n  by  hav in g  a 
ca lle r rec ite  m eaning less lis ts  of 
sy llab les covering th e  fu n d am en ta l 
sounds of speech. T he lis tener 
w rite s  dow n each sound a s  he 
h e a rs  it, an d  th e  num ber co rrec tly  
identified, expressed  in  p e r  cent., 
is the  syllable a rticu la tio n . A ny 
ty p e  of d is to rtio n  in  th e  system  
tends to  reduce th e  a rticu la tio n , 
an d  ex tensive te s ts  have  been c a r­
ried  o u t to  de term ine  these effects. 
In  th is  discussion  we lim it our 
consideration  to  th e  effect upon 
a rticu la tio n  o f frequency  range .

F ig . 7 shows th e  m an n er in  
w hich syllable a rticu la tio n  is gov­
erned  by lim iting  th e  frequency  
ran g e  a t  e ith e r  th e  low- o r high-
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frequency  end of th e  band. F o r  
th e  curve m arked  “h igh  p a ss” all 
frequencies above the  abscissa 
w ere tra n sm itte d ; fo r  the  “low 
p a ss” curve, a ll frequencies below 
th e  abscissa. I t  w ill be seen th a t 
th e  a rticu la tio n  is h a rd ly  affected 
u n til th e  low er cut-off frequency  
is ra ised  to  400-500 cycles. Sim i­
la rly , th e  u p p er cut-off frequency  
can  be reduced to  5000-6000 cycles 
before  th e  a rticu la tio n  beg ins to 
fa ll off. The a rtic u la tio n  is about 
70 p e r cent., w h e th er a ll freq u en ­
cies above o r below  1000 cycles a re  
tran sm itted .

T he co rre la tion  betw een discreet 
and  d iscreet sentence articu la tion  
and  sy llab le  articulation '? a re  
show n in  F ig . 8 . E ven  th ough  
some of th e  sounds w hich m ake up 
a  w ord m ay  not be ind iv idually  
recognized, th e  associa tion  of 
th ese  sound g roups p erm its  th e  
m ind to  m ake an  overall recogn i­
tion . F o r  th is  reason , th e  d isc ree t 

•w ord  a r t ic u la tio n  is v e ry  m uch 
h ig h e r th a n  th e  syllable a r t ic u la ­
tion , p a rt ic u la r ly  a t  low syllable

F ig . 6. In te n s ity  L eve ls in  1-second 
In te rv a ls  in  C ritica l F requency  

B ands fo r  T yp ica l Speech.
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a rtic u la tio n  percen tages. L ike­
w ise, th e  m ind g ra sp s  th e  com plete 
th o u g h t o f a  sentence even though  
some of th e  w ords m ay  be ind is­
tin c t, and  hence th e  d isc ree t sen­
tence a rtic u la tio n  is h ig h e r th a n  
th e  d isc ree t w ord a rticu la tio n . 
T hus, even a t  a  sy llab le  a r t ic u la ­
tio n  of 30 p e r  cent, we find 65 
p e r cent, w ord a r tic u la tio n  and  87 
p e r  cent, sentence a rticu la tio n .

C om m unication  B ands 
I t  would be desirab le  to  have 

a rtic u la tio n  d a ta  as th e  tr a n s m it­
ted  band  w id th  is sim ultaneously  
narrow ed  a t  both  ends. I t  m ay  be 
speculated  th a t  th e  a rticu la tio n

(C o n tin u e d  on n e x t page) 
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d is c r e t e  w o r d  o r  s e n t e n c e
AR TIC U LA TIO N  , PERCENT

F ig . 8. C orrela tion  betw een  
Syllab le  A r ticu la tio n  and D iscreet 
W ord and  Sen tence A rticu la tio n .
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SPEECH (Continued)
u n d e r band  pass conditions is p ro ­
bably of th e  o rder o f th e  p roduct 
of th e  se p a ra te  a rticu la tio n s  fo r 
th e  h igh- and  low -pass conditions 
fo r  sm all reductions in  a r t ic u la ­
tion, and  of course fa lls  to  zero a t  
zero band  w idth . The m an n e r in  
w hich a rtic u la tio n  fa lls  a s  th e  
band  w id th  becomes n a rro w  is 
very  u n ce rta in , b u t i t  can  be seen 
from  th e  a rticu la tio n  carv es th a t  
i t  w ill depend on th e  position  of 
th e  band  in  th e  frequency  range . 
P resum ab ly  th e  b es t re su lts  fo r 
very  n a rro w  speech bands from  an 
a r tic u la tio n  s tan d p o in t w ould be 
ob tained  by cen tre in g  th e  band on 
ab o u t 2000 cycles. T h ere  is evi­
dence th a t  usefu l speech can  be 
tra n sm itte d  in  th is  reg ion  w ith  a 
band  as  n a rro w  as 1000 cycles, a l­
though  a r tic u la tio n  w ould be unde­
s irab ly  low  fo r m ost purposes. 
The qu a lity  o f th e  speech w ould 
also  be sh rill and  u n p leasan t. As 
th e  band  w id th  is w idened, the  
system  can  be m ade to  have b e tte r  
quality , b u t th e  band  m u s t be p ro ­
p e rly  placed in  th e  frequency  
scale. F o r  exam ple, th e  e a r  a p ­
p ra ise s  a  3 kc. system  in  th e  ran g e  
from  200 to  3200 cycles (rep re sen ­
ta tiv e  o f a  telephone system ) as 
possessing  fa ir ly  good qua lity , y e t 
a  3 kc. system  in  the  ra n g e  from  
1000 cycles to  4000 cycles is p ro ­
bably  ou tside th e  lim its  o f accep t­
ab ility  even fo r  special com m uni­
ca tions pu rposes because of its  ex­
cessively th in , h igh -p itched  qu a lity  
even th ough  such a system  w ould 
provide fa i r ly  good a rticu la tio n .

T he p u re ly  acoustical fa c to rs  
-w hich  b e a r on th e  choice of f r e ­
quency band  to  be reproduced  fo r 
com m unications pu rposes include 
( 1 ) th e  w eigh t assigned  to  re la ­
tive ly  n a tu ra l  (o r a t  le a s t unob­
jec tionab le) qua lity , (2 ) th e  ch a­
ra c te r  and  level of th e  acoustical 
noise, and  (3) a rticu la tio n . P h y ­
sical lim ita tio n s on rep roduc ing  
and  am p lify in g  equ ipm ent en te r  
on th e  o th e r side of th e  p ic tu re . 
A s we have seen from  th e  peak

pow er and  pow er spec trum  curves 
(F ig s . 3 and  a ) ,  th e  requ ired  am ­
plifier pow er is rap id ly  reduced as 
th e  low er cut-off frequency  is 
ra ised . M oreover, loud speakers, 
o th e r th in g s  being equal, can  be 
less bulky if  th ey  a re  no t requ ired  
to  rep roduce th e  v e ry  low freq u en ­
cies. T here  a re  o th e r  techn ical 
fa c to rs  w hich tend  to fav o r the  use 
of fa ir ly  h igh  low -frequency lim its 
from  th e  s tan d p o in t o f loud 
sp eak er design, especially  w here 
very  h igh  rep roduction  levels a re  
involved and  ruggedness is a n  es­
sen tia l ch a rac te ris tic .

S y s te m s  fo r  Speech and M usic

W here both  speech and  m usic 
a re  to  be reproduced, th e  system  
m ay be designed fo r  best re su lts  
on one or th e  o ther, o r a  com pro­
m ise solu tion  m ay  be adopted. A 
frequency  band  su itab le  fo r  m usic 
(see Jen sen  T echnical M onograph 
No. 3) w ill provide good q u a lity  
and  a rtic u la tio n  on speech in  low 
and  m edium  noise levels w here 
h igh  level rep roduction  is no t re ­
quired . A  h ig h  fidelity  system  fo r  
m usic, by v ir tu e  of its  re la tiv e ly  
-wide frequency  ran g e , w ill afford 
h igh  fidelity  rep roduc tion  of 
speech. A s th e  noise .level be­
comes h igher, as i t  is in  in d u s tr ia l 
locations, m ask ing  tends to  reduce 
th e  perceivab le  frequency  ran g e  
on m usic, and  lim its th e  effective­
ness of speech un less excessively 
h igh  rep roduction  levels a re  em ­
ployed. T herefo re  a t  m edium  and  
h igh  noise levels, th e  system  is 
m ost freq u en tly  designed to give 
“ good” re su lts  on speech and  
“f a i r ” re su lts  on m usic i f  both 
m u s t be accom m odated.

Speech  R eproduction  in  H igh  
N oise Levels

In te n s ity  levels o f th e  o rd e r of 
120 db a re  considered to  be a t  th e  
th resho ld  o f pain, and  fo r  th is  
reason  th e  m axim um  in ten s ity  
levels in  c ritic a l frequency  bands 
of speech should n o t exceed th is  
value. In d u s tr ia l noise levels a re

F ig . 9. The E ffec t o f T ra n sm is­
sion C haracteristics on the  

M asking  o f D eclam atory Speech  
by N oise.

i i i i i i i i i i i i i i i i i i m i i i i i i i i i i i i i i i i i i i i i i i i i i im i i i i i i i i i i i i i i i i i i i i i i i i m i i i i i i i i i i i i i i i i t i

occasionally  encountered  w hich re ­
su lt in  m ask ing  levels close to  th e  
pain  th resho ld . T he problem  of 
rep roduc ing  in tellig ib le  speech 
u n d er these  circum stances can  be 
v isualized  by reference  to  F ig . 9A. 
T he cu rve m arked  “m ask ing  level” 
is th a t  obtained  by ass ig n in g  
typ ica l sp ec tra l d istribu tion^ to a 
noise w hich would produce a  sound 
level m eter read in g  of 115 db,* and  
th en  ca lcu la tin g  th e  m ask ing  
levels from  these spec trum  levels.9 
The m axim um  in ten s ity  level 
cu rv e  fo r  declam ato ry  speech has 
been sh ifted  u p w ard  u n til its  
m axim um  level is 120 db. T h is is 
a t  100 cycles. I t  w ill be seen th a t  
th e  cu rve  fo r th e  m axim um  levels 
is below the  m ask ing  level except 
fo r  th e  p a r t  o f th e  ra n g e  from  100 
to  600 cycles. U n d er these condi­
tions th e  speech is su b s tan tia lly  
com pletely m asked. N ow if  the 
low frequencies a re  cut’ off a t  500 
cycles a s  ind icated  in  F ig . 9B, the 
in ten s ity  levels above th is  fre -
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quency can  be increased  about 11 
db. T h is b rin g s  th e  m axim um  
levels su b s tan tia lly  above th e  noise 
level, a lthough  th e  m ost probable 
levels (exceeded 50 p e r cent, of th e  
tim e) a re  m asked 2 to  3 db in  the 
im p o rta n t p a r t  o f th e  frequency  
ran g e . T h is m eans th a t  the 
r.m .s. in ten sity  levels w ill exceed 
th e  m ask ing  level som eth ing  less 
th a n  h a lf  th e  tim e. F ro m  experi­
ence we know th a t  such a  system  
w ould be usefu l and  w ould have 
fa ir ly  good a rticu la tio n . A  th ird  
possib ility , and one w hich has 
p roven  to be of g re a t  p rac tic a l ad ­
v an tag e  w here th e  h ig h es t noise 
levels a re  involved, o r w here the 
m axim um  loudness efficiency is r e ­
qu ired , is show n in F ig . 9C. I t  
w as pointed  ou t p rev iously  th a t  
th e  r.m .s. in ten sity  levels in  c r i ti­
cal frequency  bands fo r  speech 
slope dow nw ard w ith  in c rea s 'n g  
freq u en cy  a t  a  r a te  w hich ave­
ra g e s  6 db p e r  octave. Now  if  
th e  a ir - to -a ir  tran sm issio n  ch a rac ­
te r is t ic  (i.e., from  sound p ressu re  
a t  th e  m icrophone to  sound p re s ­
su re  a t  th e  lis ten in g  position) is 
m ade to  have an  inverse  o r up­
w ard  slope a t  a  ra te  o f 6 db per 
octave, i t  is obvious th a t the rep ro ­
duced in ten s ity  levels in  critica l 
frequency  bands w ill be un ifo rm  
w ith  frequency  on th e  average . 
T he re su lt is th a t  i t  is possible to 
ra ise  th e  in ten sity  levels in  the 
frequency  reg ion  above 1500 cycles 
to  levels h ig h e r th a n  those o b ta in ­
able from  th e  schem e of F ig . 9B, 
w hile s till avoiding in tru s io n  on 
th e  th resho ld  of pa in . A nd, since 
th is  frequency  region con tribu tes 
im p o rta n tly  to  bo th  a rticu la tio n  
and  loudness, th e  rep roduction  is 
v ery  effective.

I t  m ay  occur to th e  re ad e r th a t

t i li iiiiiiiiiiiiiiiiiiiiiiiiiiiit i: :; iiiiiiiii(m i( iiiiitm ii{riiiift i!m ii[t((u iiit im iiii

* The 115 db read ing  w ould be obtained 
■with th e  40 db w eigh ting  netw ork  of the  
sound level m eter. This m anner of s ta tin g  
th e  level is th a t used by  H o tb , and th e  
abso lu te spectrum  levels are  identified in  th is  
way. O rd inarily  a t  such a level, th e  m eter 
w ould be used w ith  fla t response and a  h igher 
noise level w ould read. The m asking  curve 
is based on correc tion  to  fla t response.

ra c te ris tic s  w hich il lu s tra te  com­
m ercial o f th e  overall a ir - to -a ir  
tran sm issio n  ch a rac te ris tic s  w hich 
w ere discussed above a re  show n in 
F ig . 10. F ig . 10A is a re la tive ly  
w ide-range app ro x im ate ly  “ f l a t” 
system  fo r h igh  q u a lity  speech re ­
production . F ig . T0B is a  system  
w ith  re la tive ly  f la t  tran sm ission , 
b u t cu ttin g  off a t  abou t 500 cycles. 
F ig . 10C is an  em phasized system  
w ith  an  average  slope of ap p ro x i­
m ate ly  6 db per octave. These 
ch a rac te ris tic s  w ould be m easured  
by  m ak ing  a n  overall response 
frequency, ru n  on th e  com plete sys­
tem  (inc lud ing  m icrophone, am pli­
fiers, and  loud s p e a k e r ) . T he re ­
su lt m ay  be s ta ted  in  te rm s  of the 
sound p ressu re  from  th e  loud 
sp eak er w ith  c o n stan t p re ssu re  in 
th e  sound field a t  th e  m icrophone.

(C o n tin u e d  on n e x t page)
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SPEECH
(C o n t in u e d )  .

I t  m ay occur to  th e  re ad e r th a t  
m ore effective equaliza tion  of th e  
in ten s ity  levels could be accom­
plished, th u s  p e rm ittin g  th e  ave­
ra g e  in ten sity  levels to  be in ­
creased  s till fu r th e r  w ith o u t ex­
ceeding th e  120 db p a in  th resho ld . 
I t  is doub tfu l if  such a  conclusion 
would be w a rra n te d  in  th e  genera l 
case because of che u n c e rta in ty  as 
to th e  ac tu a l p a in  th resh o ld s of 
ind iv iduals. M oreover, v a ria tio n s  

' in th e  spectrum  levels o f speech 
from  ind iv idual to  ind iv idual and 
from  tim e to tim e, a re  know n to 
be considerable.

I
Com parison o f F la t and E m p h a s­

ized S y s tem s

I t  has been sa id  th a t  th e  6 db 
upw ard  sloping tran sm iss io n  sy s­
tem  (w hich we have called an  
“em phasized’’ system ) provides 
h igh  a rticu la tio n  and  requ ires re ­
la tive ly  low pow er com pared w ith  
one w hich affords un ifo rm  t r a n s ­
m ission fo r  a ll o f th e  im p o rtan t 
speech frequencies. W hile we 
canno t eva lua te  th e  a rticu la tio n  of

th e  em phasized system  except by 
e labo ra te  te s ts , its  effectiveness 
has been adequa te ly  dem onstra ted  
in  th e  field. W e can, how ever, 
com pute th e  pow er and  th e  loud­
ness of both  types of speech and  
estim a te  th e  q u a lity  an d  p e rfo rm ­
ance u n d er noise cond itions..

F ig . 11 show s th e  to ta l pow er in 
a  speech band w ith  e ith e r f la t  
tran sm issio n  o r 6 db p e r octave 
up w ard  em phasis, a t  v arious low er 
cut-off frequencies. T he pow er in 
em phasized speech w as com puted 
by in te g ra tin g  th e  pow er spectrum  
d a ta  in  F ig . 5 fo r m ale speech, 
correc ted  fo r  th e  slope of 6 db per 
octave, and  assum ing  th e  spectrum  
levels to  be th e  sam e ,a t  2000 
cycles. The reproduced  band is 
assum ed to  ex tend  u p w ard  to  5000 
cycles in  o rd e r to  include v ir tu a lly  
a ll th e  pow er in  th e  speech. R e­
p roduction  of th e  fu ll ran g e  down 
to  60 cycles fo r  m ale conversa tion ­
al speech requ ires 34 m icro -w atts  
(100 p e r cen t.) a t  a  norm al level.5 
The em phasized speech, how ever, 
req u ires  a to ta l acoustic  pow er of 
only 2.6 m icrow atts , o r  7.64 per 
cent. I f , in s tead  of th e  fu ll range ,

LOW-FREQUENCY CUT-OFF OF BANO

F ig  11. R e la tive  P ow er in  R epro­
duced Speech fo r  F la t T ra n sm is­
sion and  6 db p er O ctave U pw ard  

E m phasis.
m m iitiiiim sirucnm iii

th e  f la t  rep roduction  is cu t off a t  
500 cycles, only 40 p e r  cent, as 
m uch pow er is needed. E ven  so, 
the  em phasized system  w ill requ ire  
only 19 p e r  cent, of th e  pow er 
needed fo r th e  f la t  system  w ith
500 cycle cut-off.

W e m ust also consider th e  re la ­
tiv e  loudness and  q u a lity  o f th e  
speech and  the  ab ility  of th e  sy s­
tem  to  cope w ith  th e  noise. T h is 
m ay  be done by m ak ing  loudness 
com puta tions1-9 of th e  speech a t  
v arious levels, and  of th e  noise.

T A B L E  1
Loudness o f A m plified  D eclam atory Speech, 35 db above norm al level a t 20 f t . ,  based on 50 per  

cent, r.m .s. in te n s ity  levels in  critical frequency  bands, l-second in terva ls. N oise corresponding to 
75 db sound level m eter readying (40 db w e ig h tin g ) .

F L A T  R E S P O N S E  
Loudness U n its  in  B and  (L U )

N et above
B and Speech Noise noise

125-500 _ _ 38,300 11,700 26,600
500-1000 31,900 14,700 17,200

1000-2000 _ _ ... 31,200 18,250 12,950
2000-4000 ... _. i _ 36,800 16,900 19,900
4000-8000 ......  ._ 16,400 12,700 3,700

|

All B a n d s _____ ... 154,600 74,250 80,350
A ll B ands above

500 cycles ... ... 116,300 74,250 42,050
(Speech)

Speech pow er, all bands: 108,000 m ic ro w a tts . (0.7i  n e t L U  per m ic ro w a tt) .  
Speech pow er above 500 cycles: £2,100 m icrow atts. (1.0 n e t L U  per m ic ro w a tt) .
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E M P H A S IZ E D  R E S P O N S E  

(6 db p e r octave, 0 db a t  2000 cycles) 
Loudness U n its  in  B and  (L U )

B and Speech

125-500 16,500
500-1000 19,100

1000-2000 27,400
2000-4000 45,100
4000-3000 26,600

All B ands 134,750

Speech pow er, a l l  ban d s : 2U,200 m icrow atts . 
R ela tive  loudness e ffic iency . O ver 125-8000 

response-. 2.5.

Noise
N et above 

noise

11,700 4,850
14,700 4,400
18,250 9,150
16,900 28,200
12,700 13,900

74,250 60,500

(2.5 n e t L U  per m icrow att.)  
cycles f la t  response: 3.38 over 5C0-8000 cycles, f la t

F ig . 12 shows th e  p lo ts on the 
F le tcher-M unson  loudness com pu­
ta tio n  c h a r t9 fo r  declam ato ry  
speech on Doth types of tra n sm is ­
sion system s, tak in g  th e  in ten sity  
levels to  Le th e  sam e a t  2000 cycles 
and  35 db above th e  no rm al level 
show n in  F ig . 6, and  using  the 
m ost probable (50 p e r  cent.) 
values. The noise m asking' is  th a t  
co rrespond ing  to  a sound level 
m e te r read in g  of 75 db (w ith  40 db 
w eigh ting ) and  ty p ica l spec tra l 
d is trib u tio n . The loudness in 
loudness u n its  (L U ) is p ro p o rtio n ­
ed to  th e  a re a  u n d e r th e  curve. 
W hen noise is p resen t, th e  loud­
ness of the speech co rresponds to  
th e  a re a  above th e  m ask ing  cu rve 
fo r  th e  noise. T he loudness u n its  
( LU)  a re  num bers w hich re p re ­
sen t th e  m agn itude  of th e  sensa­
tion  due to sound.6 I f  th e  sound 
in ten s ity  is increased  so as to 
double th e  num ber of loudness 
u n its , it  w ill sound tw ice as loud 
as before. To a id  th e  re ad e r in  
co rre la tin g  these num bers w ith  
sensory  im pressions, i t  m ay  be 
noted th a t  th e  tick  of a  w atch  
close to  th e  e a r  h as a loudness of 
1000-2000 LU . C onversational 
speech is comm only experienced a t  
loudness ran g in g  from  p e rh ap s 
2000 to  25,000 LU. Sounds w hich

a re  so in tense  as to  be p a in fu l 
have loudnesses o f the  o rd e r of
200,000 LU.

F o r convenience, th e  com ponent 
con tribu tions to  to ta l loudness in 
each case have been com puted fo r 
tieq u en cy  Dands w ith in  th e  ran g e  
from  125 to 8000 cycles and  a re  
item ized m  T able 1.

ih e  m uch h ig h er re la tiv e  loud­
ness efficiency of th e  em phasized 
system  is ev iden t from  the iigu res 
o f 2.5 and  3.38 com pared w ltn  the 
n a t  system  c u ttin g  off a t  500 
cycles and  lu l l  ran g e , respectively, 
r h is  is because the  loudness o f ohe 
empnasii-ed speech is only abou t a 
fo u r th  less th a n  th a t  obtained 
from  ihe fu ll ran g e  f la t  system , 
and  h a lf  a g a in  as m uch as  th a t  of 
th e  f la t  system  c u ttin g  off a t  500 
cycles, w hile th e  pow er in  th e  em ­
phasized speech is only  abou t one- 
io u r th  and  one-half, resnectivelv.

I t  is know n from  experience th a t 
th e  em phasized speech sounds 
“th in "  and  som etim es “h a rs h .” 
W hen th e  level is only sligh tly  
above th e  m ask ing  due to  noise, i t  
is c h a rac te ris tic  to  h e a r th e  com­
m ent th a t  the  speech ap p ea rs  to 
“cu t th ro u g h ” th e  noise ra th e r  
th a n  to “override” i t  (a n  ex p res­

sion commonly app lied  to  f l a t  re ­
production  su b s tan tia lly  above the 
noise level). The reasons a re  evi­
den t from  a study  of T able 1 and  
F ig . 14.

In  th e  system  w hich is f l a t  down 
to 125 cycles (an d  th u s  provides 
quite fa i th fu l rep roduction ) th e  
loudness con tribu tion  below 1000 
cycles is a lm ost th e  sam e as th a t  
due to frequencies above 1000 
cycles. The s itu a tio n  is n ea rly  
th e  sam e fo r  th e  speech in  th e  ab­
sence of th e  noise. T h is provides 
a  clue to  th e  loudness balance 
w hich th e  e a r  identifies as “n a tu ­
ra l .” W ith  500-cycle cut-off, th e  
to ta l n e t loudness of th e  speech is 
reduced to n ea rly  h a lf  th a t  fo r  the 
fu ll ran g e  an d ' only about 
one-th ird  of th e  loudness is due to  
frequencies below 1000 cycles. 
Such a system  w ill sound som e­
w h a t “h igh  p itched .”

I t  is ev iden t th a t  th e  em phasized 
system  is even m ore “h igh  p itch ­
ed ,” fo r here  only a little  m ore 
th a n  one-eighth  of th e  n e t loud­
ness is due to  the  frequency  reg ion  
below 1000 cycles. The re s u lt is 
quite u n n a tu ra l and  th e  sh rill 
q u a lity  is o ften  considered s tr id e n t

(C o n tin u e d  on n e x t page)
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(C o n t in u e d )

and  annoying. On th e  o th e r hand, 
i t  is c lea r th a t  em phasis o f th is  
ty p e  m akes i t  possible to deliver 
v ery  effective, a r t ic u la te  speech in  
th e  presence of v e ry  h igh  noise 
levels, and  th is  is accom plished 
w ith  re la tiv e ly  li tt le  acoustic and  
elec trica l pow er.

A m p lifie r  R a tin g s
W hile we have show n th a t  in ­

c reas in g  th e  low er cut-off f r e ­
quency of a  f l a t  system , o r em ­
phasiz ing  th e  h ig h e r frequencies 
a t  a  ra te  o f 6 db p e r  octave re ­
duces the acoustic  pow er in  speech 
and  increases th e  loudness effici­
ency re la tiv e  to  a  w ide ran g e  f la t  
system , i t  is im p o rta n t to  consider 
w h a t th is  m eans in  te rm s  of am ­
p lifier ra tin g s .

In  th e  f irs t place, i t  m ust be re ­
m em bered th a t  we have  been deal­
ing  exclusively w ith  th e  acoustic 
pow er in  th e  speech an d  th a t  the  
frequency  ch a rac te ris tic s  re fe rred  
to  a re  a ir- to -a ir , o r  overall ch a rac ­
te r is tic s . I f  th e  e lec trica l coun te r­
p a r t  o f th e  speech a t  th e  g rid s  of 
th e  am plified o u tp u t s tag e  is a 
fa ith fu l copy of th e  acoustic p re s ­
su res  a t  th e  m icrophone, th en  th e  
o u tp u t s tage  m u s t hand le  the  fu ll 
ran g e  of peak values no m a tte r  
w h a t m odification of th e  frequency  
ch a rac te ris tic  a re  c a rr ied  ou t in  
follow ing p a r ts  o f th e  system  (i.e., 
in  o u tp u t netw orks, loud-speakers, 
e tc .) . On th e  assu m p tio n  th a t  
non-linear d is to rtio n  m u s t no t be 
perm itted , increased  economy in 
th e  o u tp u t s tag e  o f th e  am plifier 
m eans th a t  th e  g rid  sw ing  w hich 
i t  accom m odates m u s t be reduced. 
C onversely, th e  effective pow er 
'output on speech can  be increased  
in  a  g iven em plifier as th e  peak 
vo ltages a re  decreased.*

R e fe rr in g  to F ig .3 , i t  w ill be 
seen th a t  th e  m axim um  peaks fo r  
m ale  speech a re  in  th e  250-500 
cycle region. Now, i f  som ew here 
betw een th e  o rig ina l sound and

SPEECH th e  g rid s  of th e  o u tp u t stage , the 
tran sm issio n  ch a rac te ris tic  is 
g iven a n  u p w ard  slope of 6 db p e r  
octave, and th e  g a in  is so ad ju s ted  
th a t  th e  tran sm iss io n  is the sam e 
a t  2000 cycles, th en  the  m axim um  
peak vo ltage w ill be reduced about
4.5 db and  i t  w ill occur in  th e  
3000-4000 cycle region. As com­
pared  w ith  the  f l a t  ch a rac te ris tic , 
th e  am plifier s tag e  could be re ­
duced in  ra t in g  (and  in  cost) to  
one ju s t  capable  o f han d lin g  th e  
reduced g rid  sw ing. O r, w h a t is 
p e rh ap s of g re a te r  p rac tica l im ­
portance , th e  in sertio n  of the  em ­
phasiz ing  ch a ra c te r is tic  ahead  of 
th e  o u tp u t g rid s  w ould m ake i t  
possible to  ra ise  th e  acoustic in ­
te n s ity  level a t  2000 cycles by 4.5 
db w ithou t overload ing  th e  am pli­
fier. I t  w ill be recalled  th a t  th e  6 
db p e r octave em phasis yields 
p rac tica lly  u n ifo rm  in ten s ity  
levels in  c ritica l frequency  bands 
over th e  en tire  frequency  range . 
A ssum ing  m axim um  g rid  sw ing  in  
both  cases, th e re  is, th e re fo re , a
4.5 db ad v an ta g e  in  a g iven am pli­
fier w hen th e  em phasis is in tro ­
duced ahead  of, r a th e r  th a n  fo l­
low ing, th e  o u tp u t stage . T his is 
equ ivalen t to  a pow er ra tio  of 2 .8 .

T heoretically , if  o u r peak  d a ta  
w ere t ru ly  rep re se n ta tiv e  of an  
av e rag e  ta lk e r , i t  could be shown 
th a t  a  3 db p e r octave slope ahead  
of th e  o u tp u t s tag e  would provide 
an  ad v an ta g e  o f ab o u t 7 db. H ow ­
ever, some u n c e rta in ty  a s  to  th e  
m ag n itu d e  and  location  in  the  f re ­
quency ran g e  of th e  peaks of in ­
d iv idual ta lk e rs , and  th e  im possi­
b ility  o f a t ta in in g  an  absolu tely  
lin e a r ch a rac te ris tic  th ro u g h  th e  
m icrophone u p  to  th e  o u tp u t stage , 
m akes i t  doub tfu l th a t  such an  ad ­
v an tag e  could be realized  in  p ra c ­
tice.

I t  can  be seen by inspection  of 
F ig . 3 th a t  th e  low -frequency cu t­
off o f a  f la t  system  m u st be placed
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* The use of e lec tron ic  p ea k  lim itin g  de­
vices is ano ther m eans for accom plish ing  th is .

FREQUENCY.CYCLES PER SECOND

F ig . 12. F letcher-M vM son Loud­
ness C om puting  C hart w ith  P lots  
fo r  D eclam atory Speech  (F la t and  
6 db per O ctave E m phasized  
T ransm ission ) 35 db A bove N o r­
m al In te n s ity  L eve l a t 2000 
Cycles. N oise C orresponding to 
75 db Sound  L evel M eter R eading  
(w ith  UO db W e ig h tin g ) .
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in  th e  v ic in ity  o f 700 cycles to  ac­
com plish th e  sam e reduc tion  of th e  
peak  level. T h is is cited  m erely  
fo r  com parison, fo r i t  m ay  be de­
sirab le  to  p lace th e  cut-off else­
w here in  th e  frequency  ran g e  fo r 
o th e r reasons.

Practical C onsiderations

How m ay th e  slop ing  em phasis 
and  low -frequency cut-off ch a rac ­
te r is tic s  be a tta in e d  econom ically 
and  conveniently? T h ere  a re  
m any c iic u it possib ilities o f w hich 
only a few  w ill be m entioned.

C erta in  ty p es  of m icrophones, 
p a rt ic u la r ly  th e  c ry s ta l v a rie ty , 
can  be ob tained  w ith  slop ing  cha­
ra c te r is tic s  of th e  r ig h t o rder. 
The sloping ch a ra c te r is tic  can  also 
be a tta in e d  by use o f an  a p p ro p r i­
a te  corrective netw ork  betw een th e  
o u tp u t of any  ty p e  of m icrophone 
and  th e  in p u t of th e  am plifier. The 
in te rs ta g e  coupling elem ents of 
th e  am plifier m ay  be so designed 
a s  to  achieve th is  re su lt. Some 
o r  all o f th e  em phasis m ay  be in ­
h e re n t in  the  response  c h a ra c te r is ­
tics  o f  ce rta in  ty p es  of loud speak­
ers.
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T A B L E  2

A P re fe r re d  Series of A udio F requency  

Cut-off F req .
B and  —----------------------------
No. Low  H igh

1 ..  40 ..  15,000
2 ..  80 . .  7,600
3 . .  110 . .  5,300
4 . .  130 . .  4,400
5 ..  160 ..  3,600
6 • ■ 200 . .  3,000
7 ..  220 ..  2,700
8 . .  250 . .  2,400

N o te : A u ra l balance w ill probably be sa tis fa c to ry  
sub s titu ted .

A high-pass filte r m ay  be used 
to cu t off th e  low er frequencies. 
Such a filte r in  fa c t  m u s t be used 
w ith  a  f la t  in p u t system  if  th e  
loud speaker is designed fo r ope­
ra tio n  in  the  h igh  frequency  ran g e  
only. O ther m eans of achieving 
th e  low frequency  cut-off include 
in te rs ta g e  coupling, tran sfo rm ers , 
and  com binations of severa l of 
these  m ethods.

I t  m u s t be rem em bered th a t  all 
of th e  com ponents o f th e  com plete 
system  con tribu te  to th e  overall 
tran sm issio n  ch a rac te ris tic  and  
th e  achievem ent o f an y  p a rtic u la r  
frequency  ch a rac te ris tic  m u s t take  
in to  account a ll p a r ts  of th e  sys­
tem .

i t  is not possible to  la y  down 
rig id  ru les fo r  th e  design of 
speech com m unication system s be­
cause of th e  m any  fa c to rs  w hich 
a re  involved, and  th e  fo regoing  
discussion is in tended  only as a 
gen e ra l guide w hen efficiency, 
h igh  noise levels and  s im ila r con­
sid e ra tio n s  a re  involved.

A  P re ferred  Series o f Speech  
R eproduction  B ands

A series of aud io-frequency 
bands fo r  speech w hich provide 
ju s t  d iscernible differences to  th e  
e a r  is a usefu l concept w hich a ids

B ands fo r Speech R eproducing  System s 

A rticu la tio n , P e r  Cent.

Syllable W ord Sentence
98 99.7 100
98 99.7 100
97.5 .. 99.5 ' 100
96 99 100
93 98.5 100
38 97.5 100
85 96.5 100
80 95 100

i f  the  low frequency  cu t-o ff in an ad jacen t band is

ple te  fidelity  fo r speech. I t  h as  
been found  th a t  th e  m inim um  d is­
cern ib le  differences in  band  w idth , 
assum ing  tran sm iss io n  down to a 
v e ry  low frequency , co rrespond  to  
u p p er cut-off frequencies o f 15.0,
7.6, 5.3, 4.4, 3.6, 3.0, 2.7, and  2.4 kc. 
F rom  th is  d a ta , i t  is possible to  
p red ic t th e  change in  th e  u p p er 
frequency  lim it fo r  an y  p a r tic u la r  
speech band  w hich w ill re su lt in  a 
ju s t  perceivable difference to  th e  
lis ten e r, and  th is , in  effect, e s tab ­
lishes th e  to lerance  of th e  e a r  to 
changes in  frequency  ran g e  fo r  
speech.

T he d is tr ib u tio n  of peak  p re s ­
su res  in speech in  frequency  
bands, th e  pow er sp ec tru m  levels, 
and  th e  in ten sity  levels in  c ritica l 
frequency  bands a re  given. The 
peak p ressu re  d a ta  a re  im p o rtan t 
in  de te rm in ing  th e  overload level 
o f am plifiers, w hile th e  peak  fac ­
to r , o r ra tio  o f peak  to r.m .s., 
p re ssu re  in  long and  sh o r t in te r ­
vals , ind ica tes th e  re la tionsh ip  of 
peak  to  average  power. In  sh o rt 
in te rv a ls , th e  average  pow er is 10 
db below th e  peak  pow er, w hile fo r 
long in te rv a ls  it  is 20 db belov,’ th e  
peak  pow er. T his re la tionsh ip  is 
im p o rta n t in d e te rm in in g  the load-

(C o n tin u e d  on  n e x t page)

* See O ctober, 1948, issue.

in  a p p ra is in g  th e  fidelity  o f sys­
tem s on a  basis of band  w id th . A 
s im ila r series o f bands fo r  inusic 
w as described in  Jen sen  Mono­
g ra p h  No. 3.

T able 2 p resen ts  e igh t bands 
whose u p p er cut-off frequencies 
d iffer by one lim inal u n it, and  
whose low er cut-off frequencies 
a re  determ ined  from  th e  au ra l 
balance le la tio n sh ip  prev iously  de­
scribed fo r  m usic.10* Such a  re la ­
tionsh ip  has been found  to  hold 
ap p rox im ate ly  fo r  speech. F la t  
tran sm issio n  betw een th e  cut-off 
frequencies affords rep roduction  
w hich sounds balanced to  th e  ear, 
and  is n e ith e r “h igh -p itched” nor 
“boom y.'’ The q u a lity  is h ig h es t 
fo r band  1 and  decreases in  a p ­
prox im ate ly  ju s t  percep tib le  steps, 
i t  is probable th a t  a  band  m u st be 
changed  by  tw o num bers i f  a  re a l­
ly m arked  change u n d er o rd in a ry  
lis ten in g  conditions is sought. The 
ap p ro x im ate  a rtic u la tio n  afforded 
by each band is also s ta ted .

SU :.IM A R Y
T he en tire  frequency  ran g e  of 

speech is  probably  only  s lig h tly  
less w ide th a n  th a t  of m usic w hich 
ex tends from- 40 to 15,000 cycles 
p e r  second. U nder av e rag e  lis ten ­
in g  conditions, a  ran g e  of 100 to  
7000 cycles is sufficient fo r  com­
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(C o n t in u e d )

ing  of tem p era tu re -lim ited  com­
ponents of speech system s. The 
pow er spectrum  show s th a t  m ost 
of th e  pow er in  speech lies below 
1000 cycles.

W hat th e  e a r  h e a rs  is d e te r­
m ined by th e  r.m .s. in ten s ity  levels 
in  1-second in te rv a ls  in  c ritica l 
frequency  bands, and  these a re  
show n fo r  th e  conversa tional 
speech of m en and  women and  fo r 
declam ato ry  speech. On th e  ave­
rage , these in te n s ity  levels fa ll off 
w ith  in c reasin g  frequency  a t  a 
ra te  of 6 db p e r  octave.

The effect on syllable a r t ic u la ­
tio n  of re s tr ic tin g  th e  h igh  and  
low frequency  ran g es  is show n, a s  
w ell as th e  co rre la tio n  betw een 
sy llab le  a rticu la tio n  and  d iscree t 
w ord  sentence a rticu la tio n .

I t  is poin ted  ou t th a t  u n d e r­
s tandab le  speech can be tr a n s m it­
ted  in  a  band  w hich m ay  be a s  
n a rro w  as 1000 cycles if  th e  band  
is p ro p erly  located in  th e  f r e ­
quency range. A  band  3000 cycles 
w ide w ill produce qu ite  good q u a l­
ity  (rep re sen ta tiv e  o f a  te lephone) 
w hen covering th e  ran g e  from  
about 200 to  3200 cycles. How­
ever, a  band of th e  sam e w id th  in 
th e  ran g e  of 1000 to  4000 cycles 
w ould probably  have unacceptab le  
q u a lity  and be considered “h igh 
p itched’' and  “sh r ill .”

A system  w hich gives good q u a l­
ity  rep roduction  of m usic w ill like­
w ise provide good rep roduc tion  of 
speech and a  system  affo rd ing  
h igh fidelity  m usic rep roduction  
w ill provide h igh  fidelity  rep roduc­
tion  of speech since a  n a rro w e r 
frequency  ran g e  is involved.

W hen th e  speech rep roduc ing  
system  m ust provide com m unica­
tion  in  th e  h ig h es t noise levels 
(i.e., app ro ach in g  th e  th resho ld  of 
p a in ) th e re  a re  special problem s. 
I t  is shown tH at, com pared w ith

SPEECH
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re la tiv e ly  w ide-range f la t  rep ro ­
duction , b e tte r  re su lts  can  be ob­
ta in ed  by e ith e r c u ttin g  off th e  low 
frequencies a t  500 cycles o r h ig h ­
er, o r  by p rov id ing  a n  em phasized 
ch a rac te ris tic  w ith  an  upw ard  
slope o f 6 db p e r octave. B oth of 
these  expedien ts requ ire  low er 
to ta l acoustic pow er, afford in ­
creased  loudness efficiency, and  
m ake it  possible to  su b s tan tia lly  
increase th e  a c tu a l acoustic levels. 
The re la tive  efficiences and q u a l­
ity  of rep roduction  a re  analyzed 
w ith  th e  aid of loudness com puta­
tions u nder noise conditions. The 
effect on am plifier ra tin g s  is 
shown.

A p re fe rred  series o f audio f r e ­
quency rep roduction  bands is con­
s tru c ted  w hich provide balanced 
q u a lity  as ap p ra ised  by th e  e a r  
and  ju s t  percep tib le  differences be­
tw een them . These bands a re  use­
fu l fo r  c lassify in g  th e  qu a lity  of 
speech rep roducing  system s.
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AMONG OUR READERS
N e i l ' s  and N otes  fro m  Subscribers about their Activities

T  M U ST  say I appreciate 
“  your m agazine very  much.

I t  definitely has th a t p e r­
sonal touch  lacking in m ost o ther 
rad io  m agazines.”—John  W ilson, 
C ranleigh Lodge, Bay T errace, 
W ynnum , Queensland.

*

“I have been a subscriber for 
som e years now. B eing an elec tri­
cian and radio m echanic as well as 
a radio and m echanical hobby ist in 
m y spare time, I  find a g rea t deal 
betw een the covers th a t is bo th  in­
te resting  and helpful. I w ould like 
to  g e t in touch w ith  the au th o r of 
th e  H om e R ecording H in ts in the 
D ecem ber issue. 'Record blanks 
are  a ra th e r sore po in t w ith  me. 
T he darn  th ings cost from  four to 
eight bob each, and it requ ires on­
ly a sm all am ount of over-m odu- 
lation , a m istake on the p art of 
the perform er, or a confounded 
aeroplane to  fly over, to  com plete­
ly ru in  a disc. A lso, each tim e I 
se ttle  dow n to m ake a few  tests, 
I find th a t the rub b er dam ping 
blocks in the head require  ad ju s t­
m ent, as they  harden w ith  age, arid 
th e  low er reg is te r suffers. I  groan 
inw ard ly  and say to  m yself tha t 
the re  goes ano ther do llar dow n the 
drain . D uring m y experim ental 
stages I tried  everything, bu t se ttl­
ed dowta to  the prepared  acetate  
jobs. I used X -ray  p late  w hich is 
n o t too  bad, if a sm ooth  hard  su r­
face is used underneath  it. T he  
scra tch  level is ra th e r high. I built 
m y ow n traversing  gear, bu t I 
w ould no t recom m end anyone to 
have this on as a construction  job 
unless he has tons of tim e and pa­
tience. A t the m om ent I am  ex­

perim enting w ith a w ire recorder. 
T here  are a lot of bugs to iron  out 
before I can say the job  is a suc­
cess. I t  looked so easy un til I 
really  g o t into it.”— E. J. Rains, 7 
M cK illop St., B elgian Gardens, 
T ow nsville , Q ueensland. (T he  au­
th o r of the article w as H . M. W a t­
son of 89 B otting  St., A lbert P ark , 
S.A.— E d.)

*

“ I had fully expected to  be g ree t­
ed w ith a notice of increased sub­
scrip tion  rates, and realise that, 
w ith  paper and prin ting  cost as 
they  are , you m ay yet have to  raise 
the ante. My in terest in radio  is 
m ainly m ental these days, w ith a 
w ife and three kids to  keep there  is 
no t m uch left ou t of the salary  
cheque and practically  no th in g  for 
radio parts. T h a t doesn’t p revent 
me from  taking an in terest in the 
sub jec t and keeping up-to-date . 
T h ings are m oving rap id ly  in the 
field these days and th ere  is fresh 
in terest all the  tim e. I really  w an t 
one of your con tribu tors to  say  a 
pjece on the use of electronic com ­
ponents in industrial equipm ent. 
M y experience of the use o f radio 
com ponents for industria l service 
has been m ost unfortunate . T he new 
“R ed” series of valves released in 
the U .S.A. rep resen ts a step w hich 
m ust follow  w ith o th e r parts . T he 
h it-and-m iss parts  we buy  for ra ­
dio sets ju s t w on’t do fo r industrial 
and scientific in strum ents .”—John 
L. C layton, 24 W ahcum ba S treet, 
Brisbane, Queensland.

*

“I have taken R adio W orld  for 
som e years now  and reached the 
stage w here circuits m ean little. I 
consider the main th ing  is to  have

the job  w ork ing  correctly . I sug ­
gest the finer points of balancing 
be given m ore space. A ny old job 
will sound good if w ork ing  well. 
A nyw ay, w h a t’s the use of extrem e 
h ighs and lows if they  are no t on 
th e  record  or p u t out by the sta­
tion  ? ”— V. C. E llio tt, Pom ona, 
Q ueensland.

*

“I liked your issue w ith  the sto ­
ry about the 1933 S tandard . I built 
for tw en ty  years or m ore, and 
and a.c. m odels. I t  w as a w onder­
ful set. I will build the new model 
from  the January  issue.”—Jam es 
H illhouse, VK4Z0, a t p resen t in 
M elbourne on a holiday.

*

“I have beein in terested  in radio 
for twtenty years o r m ore, and 
have been a subscriber to  A .R.W . 
for th ree years. I w ould like you

(C o n tin u e d  on n e x t page)

Servicemen — Students 
Amateurs 

BLUEPRINTS 
Now Available

A n y  c ir c u i t  d ra w n  u p  f ro m  y o u r  
ro u g h  c o p y  o r f ro m  th e  w id e  range  
on  m y  file s . P r in ts  o f  a n y  c ir c u i t  
f ro m  a c ry s ta l se t to  an F .M . o r  T e le ­
v is io n  R e ce ive r, in c lu d in g  a l l  type s  
o f te s t  e q u ip m e n t, can  be s u p p lie d  
fo r  3 /-  per p r in t ,  p os t fre e .

S pe c ia l c ir c u its  based on tho se  odd 
va lves  and co m p o n e n ts  in  y o u r  ju n k  
box des ig n ed  a nd  d ra w n  u p  fo r  6/ -  
pe r p r in t ,  p os t fre e .

R. J. WATSON
8S B O T T IN G  S T R E E T  

A L B E R T  P A R K  
S O U TH  A U S T R A L IA
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READERS
(C o n tin u e d )

to  know  th a t I am one w ho appre­
ciates you r paper very  m uch. B e­
ing a ham , I  am really  only in te r­
ested in gear of use to  ham s, bu t 
alw ays read your paper from  cover 
to  cover. T he ham  ranks are ris­
ing rapidly, here in N ew  Zealand. 
E very  half-yearly  exam ination sees 
us w ith a few m ore to  add to the 
Q R M . T h ere  is an average of 
about 40 sitting  in C hristchurch 
each time. I t  has been so tough 
since the w ar th a t a lready 50% 
g e t th ro u g h  first tim e, bu t they 
all keep a t it until th ey  do. One 
poor beggar I know  has been up 
th ree  tim es and m issed out. H e is 
giving it ano ther go nex t M arch.” 
— G. J. W ilson , Z L3K N , Papanui, 
N ew  Zealand.

“I have been g e tting  Radio 
W orld  every m onth  and find it 
good reading. I built th e  circu it 
from  the N ovem ber 1948 issue, the 
d irect-copled  version of the W ill­
iam son am plifier, as described by 
H . D. Swift. I found the quality  
very  good.” — A. E. Rickey, E thel 
S tree t, P ascoe Vale, Vic.

“P erhaps the m ost appreciated  
articles are those for the hom e con ­
structo r, bu t then  I m ust confess 
th a t m aking things is a w eakness 
w ith  me. Som ehow  I get a g rea t 
deal m ore satisfaction  from  the re ­
sults of a pick-up o r signal .gene­
ra to r, m ade during spare m om ents 
than  from  an expensive piece of 
equipm ent purchased w ith hard -

earned dough. Radio servicing, by 
the way, is a p art tim e business. 
M aitland is situa ted  on Y orke P e ­
n insular, the chief industry  is ag ­
ricu ltu ra l and pastoral. T h is little 
chip of A ustralia, incidently, grow s 
the best barley  in the w orld , and a 
g rea t p ropo rtion  of th a t g row n  in 
A ustra lia , so nex t tim e you lift tha t 
foam ing tankard , th ink  of your 
subscribers over here! W riting  to 
you is alm ost like w riting  to  an 
old friend. I t  is abou t tw enty  
years th a t I have follow ed you r 
fo rtunes w ith “W ireless W eekly ,” 
“Q .S .T .,” “R & H ,” etc. I shall 
never forget the en joym ent derived 
from  searching the e th e r on the 
short-w aves while the m idnigh t oil 
was burning, in the days of W 2X - 
A F , V K 2M E , P C J, etc.”— Vic. 
D utschke, M aitland, South  A us­
tralia.

Every transformer looks to be 
simply coils of wire on a core . . . 

but the beauty of Trimax Trans­
formers is more than skin deep 1 

Long experience and high stan­
dards of technical ability ensure 

that the unseen parts of your 
Trimax Transformer will prove 
their reliability in every test.

B R IS B A N E  
C h an d le rs  P ty .  L td . ,  

C n r. A lb e r t  and C h a r lo tte  
S tree ts
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Interstate Representatives:
A D E L A ID E  

C. N . M u lle r
W o ra n d o  B u ild in g s  

G re n fe ll S tre e t 
IN Q U IR E  FR O M  Y O U R  N E A R E S T  S U P P L IE R

P E R T H  
R . D . B e n ja m in  

197 M u rra y  S tre e t

T A S M A N IA :
W . &  G . G enders P ty .  L td . ,  

53 C am eron  S tre e t 
L A U N C E S T O N
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TESTED ! N O U R  LABO R ATO R Y

NEW M E  ON DIRECT COUPLING
-------- — __________ __________________ — — _  -------- -------- -----------------  - -------------- — — X-

For more than twenty years past the world's greatest radio 
engineers have worked on designing various forms of circuits to 
obtain the advantages of direct coupling between grids and plates 
o f audio amplifiers. Up till now most of these circuits have 

: required high voltages and have been tricky and unreliable.
Now, a completely different approach to the subject has been 
suggested by a student from the Melbourne Technical School. It 
offers endless possibilities.

*  ______________

During the C hristm as holidays 
we had a large num ber of 
visitors at our M ornington 

headquarters. Some w ere spending 
their holidays in M ornington,. 
o ther dropped in during  the day 
w hilst on a trip  dow n the P en in ­
sula.

C hatting  w ith these v isitors we 
learned m any th ings about our 
readers, their likes and dislikes, and 
fu rth er strenghened  the personal 
bond w hich is such a strong  tie 
betw een Radio W orld  and its read ­
ers.

A m ong the visitors who were 
stay ing  a t M orn ing ton  w as a young 
fellow  nam ed M ark  A tyeo, w ho 
has been a subscriber for some 
years past. M ark has been doing 
a course at the M elbourne T ech ­
nical School and has been thinking 
a lo t about direct-coupled am pli­
fiers, their advantages and dis-ad- 
vantages. H e even go t around to 
w ork ing  out a ra th e r novel d irect- 
coupler w ith tw o separa te  pow er 
supplies, thereby  dodging exces- 
sively-high voltages, and g e tting  a 
stabilised bias arrangem ent.

M ark had no t gone beyond 
d raw ing  up the circuit on paper, 
bu t we soon go t it in to  practical 
fo rm , a bit hayw ire, I suppose, but 
w ell enough to  prove th a t the am ­
plifier is quite a practical one and

will really  work. W e ran  into a 
fair b it of trouble  w ith parasitics, 
w hich possibly indicates th a t the 
frequency response is m uch b e t­
te r  than  norm al. S trangely  enough 
we had m ore trouble  w ith paras it­
ics w hen using the 807's as triodes 
than  w hen using them  as beam  p o ­
w er valves.

T o  try  to explain the a rran g e­
m ent to  anyone w ho has no t p re ­
viously studied d irect-coupled am ­

plifiers w ould be a big job,- but 
those who know  the voltage a r­
rangem ents w ith the usual types of 
d irect-couplers will soon pick-up 
the basic idea behind this design.

A separate  pow er supply is used 
for the output valves and the flow 
of cu rren t in this pow er supply is 
kep t w ith in  a closed circuit consist­
ing of these valves and the ou t­
put transform er. T he negative

(C on tinued on page 44}

The de-centralized headquarters of Australasian Radio World at 
Beleura Hill, Mornington. The whole of the upper floor is devoted 
to office, studio and laboratory.
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Experimental direct-coupled circuit using two separate power sup­
plies, which can be cheaper than one power supply of high enough 
voltage to give full power with conventional direct-coupled arrange­
ments.

IN  O U R  LAB.

(C o n tin u e d )

side of th is pow er supply is then 
kept at a potential of about 200 
volts above earth , by connecting 
th e  negative side to the tapp ing  of 
a voltage divider across the o ther 
pow er supply.

I t  should be clearly understood  
th a t there  is no cu rren t flow be­
tw een the tw o separate  pow er sup­
plies; each keeps to  its own c ir­
cuit.

Bias for the ou tpu t valves is ob ­
tained by keeping' the cathode c ir­
cuit about SO volts positive in re s ­
pect to  grids. In  o th er w'ords, SO 
volts m ore positive in respect to 
earth  than  the grids. N ow  the 
grids are tied to the plates of the 
6SN 7G T, and are about 150 volts 
positive in respect to earth . So all 
we need is to have the cathodes 
of the ou tpu t valves about 200 
volts above earth  and we h a re  p ro ­
per bias.

T aking  the circuit w hich we 
show  on this page, the p late cu r­
ren t of the 6SN 7G T triode sec­
tions is about 1J m illiam ps each, 
giving a volage drop of 150 in each 
plate feed resisto r. W ith  300 volts 
applied, the plates are 150 volts 
above earth . T he cathode resisto r 
of the 6SN 7G T carries the 3 mil- 
liam ps and gives a drop of about 
4 i volts for bias.

Cathode circuit of the ou tpu t 
- valves is tied up to a tapp ing  on a 

voltage divider across the No. 1

pow er supply. T h ere  is no cu r­
ren t flow in this divider, ap a rt from  
the bleed current, so th a t the 200 
vo lt tapping will be exactly- tw o- 
th irds of the w ay up the divider. 
I f  so desired, a divider can be made 
up by using tw o resistances and it 
w on’t m atte r m uch w hat values 
are em ployed as long as one has 
ju s t tw ice the resistance of the 
other. F o r exam ple you could use
50,000 ohm s and 100,000 ohm s. 
O nly points to  w atch will be the 
w attage requ irem en ts of the r e ­
s isto rs and the actual vo ltage of 
the pow er supply under the load 
im posed. T here  is, how ever, quite 
an am oun t of self-balance and it 
doesn’t m atte r m uch if the voltage 
of the No. 1 supply is 300 volts or

200, so long as the co rrec t bias 
voltage appears betw een grid and 
cathodes of the ou tpu t valves.

A ctually  this can best be check­
ed by checking the p late cu rren t 
flow7 th rough  the cathode circuit 
of the ou tpu t valves.

D on’t try  to put a m eter in the 
plate  circuits.

A djusting  the tapping on the 
vo ltage divider is probably  the 
sim plest w ay of setting  the p late 
cu rren t correctly . T o ta l plate  cu r­
ren t for the tw o o u tp u t valves 
With a 400 volt supply will be 
about 150 milliam ps. C urren t drain 
on the No. 1 pow er supply will be 
only about 23 m illiam ps w ith a
15,000 ohm  voltage divider, so the 
baby type of 285-volts-at-40-m il- 
liam ps tran sfo rm er should do the 
job  nicely.

Incidentally , it will be noticed 
th a t we have used a ra th e r uncon­
ventional input circuit, m aking an 
artificial cen tre-tapping  by fitting 
tw o one-m eg resisto rs across the 
ou tpu t of a crystal pick-up. N either 
side of the pick-up is actually 
earthed , bu t this does no t cause 
any undue hum  troub le  or instab i­
lity.

im i i i i i i i i i i i i iL iM i i i i i i im i im ii i i i i i im m i im i i i in i t i i i f t i im i i im m m iim im t tn im m iiM i i iM i i i i i i i i im i t i i im i i i i im i i i i i i i i im m m m ii i i i iH iM i im i i i i i i i i i im

STOP PRESS
Since this article was written, further work in our laboratory along the lines 
suggested by Mark Atyeo, has uncovered an even more attractive scheme for 
direct-coupling. This circuit should create a mild sensation in amplifier circles 
when the details are revealed in next month's issue.
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C A T A LO G U E  SECTIO N

GOOD GRAMO MOTOR
O F T E N  enough, the unsus­

pected cause of poor am p­
lifier perform ance is the g ram o­
phone m otor. U nless the tu rn tab le  
m aintains a steady speed through 
the deepest of lows and the h igh­
est of treb le , you can’t expect to 
reproduce them  correctly .

The drag  of the needle varies 
according to  the m odulation of the 
record  groove. Even if the m otor 
turns the record  at the co rrec t 78 
revolutions per m inute there  is no 
easy w ay of know ing w hether it 
slow - up m om entarily  w hen the 
needle runs into a heavy passage. 
F o r years past it has been recog­
nised th a t the best gram ophone 
m otors should have a heavy tu rn ­
table, m achined from  cast m etal, 
and driven from  the rim  so tha t no 
gears, pinions or governors are re ­
quired.

T urn tab les of this type have 
been used alm ost exclusively by 
b roadcasting  stations and reco rd ­

ing studios, but they  have been be­
yond the reach of the ordinary  m u­
sic enthusiasts.

T he English factory w hich turns 
out th a t fine little m oving-iron 
pick-up, the Connoisseur, has now 
released a rim -driven gram ophone

m otor for home use. Sam ples have 
been landed by J. H . M agrath  & 
Co.. and already  one of them  has 
been installed at our M ornington 
headquarters.

Speed variation is obtained by 
ad justm en t of a knurled  contro l 
w hich alters the position  of the 
rubber driving w heel on the u n d er­
side of the rim. A ccurate  setting  
of the speed is easy w ith the spe­
cial stroboscopic ind icator which 
is supplied with the m otor.

M ost gram ophone m otors have 
lots of ra ttle  and gallop when they 
are running, bu t it m ight be said 
th a t it is hard  to  tell w hether the 
C onnoisseur is sw itched on or off- 
W hen running it is dead silent and 
the . tu rn tab le  runs true, as m ight 
be expected from  one m achined 
out of a solid alum inium  casting, 
w eighing about five pounds.

Some people have run in to  

(C o n tin u e d  on n e x t page)Underside of the "Connoisseur" motor.

The English "Connoisseur" gramophone motor, here shown complete with 
"Connoisseur" piclc-up.
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t PRE-AMP. W ITH BASS CO M P tN SA TIO N .
H e ra  is a c ir c u i t  fo r  a p re -a m p l if ie r  to  su it lo w  o u tp u t  p ic k -u p s  o f  the  
s tra ig h t- l in e  ty p e , such as th e  Eng lish  " L e x in g to n "  and  "C o n n o is s e u r ."  I t
is based  on  a d e s ig n  issued by th e  G .E. C o m p a n y  in  A m e r ic a  fo r  use 

w ith  th e ir  su pe r-n e iu c ta n ce  p ic k -u p s .

807 AMP
of the feedback contro l R l l .  Re­
ta rd  th is  u n til oscillations p resen t 
them selves, and  th en  back off 
sligh tly . The se ttin g  of th is  con­
tro l w ill depend on th e  voice coil 
im pedence and  th e  q u a lity  o f th e  
o u tp u t tra n sfo rm e r.

A p rac tice  o ften  suggested  from  
tim e to  tim e is v a ry in g  th e  6 J7 ’s 
elem ent vo ltages to  effect a  change 
in the o u tp u t tubes p la te  cu rren t. 
T his m ethod is no t recom m ended, 
and its  use m ay cause severe d is­
to rtion  due to  incorrec t o p e ra tin g  
conditions of th e  6 J7 .

A w ord re g a rd in g  th e  selection 
of th e  o u tp u t tra n s fo rm e r. W hile 
excellent resu lts  a re  obtained  w ith  
the use of a  s ta n d a rd  ty p e  i t  is 
s trong ly  recom m ended th a t  a  h igh 
q u a lity  ty p e  be purchased . F e r ­
guson’s OP23 is an  exam ple, and  
w as used  in  th e  o rig ina l set-up. 
The app lica tion  of feedback 
a round  th is  tr a n s fo rm e r  read ily  
extends its  response, as is ev ident 
from  the p lo tted  curves. In  con­
clusion, i t  should be rem em bered 
th a t an  am plifier is only as good 
as its  associated  equipm ent, so 
th a t  re su lts  depend on th e  q u a lity  
o f both th e  sp eak er and  pick-up. 
A n in p u t o f 1-4 vo lts peak is ne­
cessary  fo r fu ll o u tp u t o f 8 odd 
w atts .

can  keep ou r d ial m easurem en ts 
read in g  in th e  sam e direction  by 
em ploying a tw o-bank sw itch, 
w hich reverses th e  po ten tiom eter 
connections co n stitu tin g  one-half 
of th e  b ridge  c ircu it w ith  re la tio n  
to  th e  o th e r h a lf , m ade up  by th e  
s ta n d a rd  com ponent and  th a t  
across the  te s t te rm ina ls.

The s ta n d a rd  condensers used in 
our c ircu it give u s  th e  fo llow ing:

Sw itch position  1 =  C x  10:

1 m m fd. to  .1 m fd.
Sw itch position  2 =  CX lOO'O: 

100 m m fd. to  10 m fd.
Sw itch position 3 =  CX 100,000: 

.01 m fd. to  1000 m fd.

A pplica tion
The com ponent i t  is desired  to 

m easure  is placed across the te s t 
te rm in a ls  and  th e  ran g e  sw itch 
ro ta ted  to  its  ap p ro p r ia te  position. 
The ca lib ra ted  d ia l is th en  ro ta ted  
u n til th e  6E5 nu ll-ind ica to r closes 
to a sh a rp  line, th e  sens itiv ity  
contro l being  advanced as balance 
is approached.
F a u lty  C om ponents

C ondensers w ith  a  h igh  pow er 
fa c to r  o r low “Q” w ill cause the 
eye to be b lu rred  on each side, the 
w idth  of th e  b lu r r  increasing  w ith 
pow er fac to r.

The eye w ill open a t  th e  le f t end 
of th e  d ial se ttin g  fo r  sh o rts , and 
a t  th e  r ig h t end fo r  opens. I n te r ­
m itten t com ponents w ill cause the 
eye to  flicker.

GRAMO MOTOR
(C o n tin u e d )

trouble w ith hum  and elec tro-static 
surface noise when using pick-ups 
w ith low output signal. These 
have been taken care of in the de­
sign of the new C onnoisseur m o­
to r, so th a t it is ideally suited for 
use w ith the la test types of high- 
fidelity pick-ups, such as the C on­
noisseur itself.

F u rth e r particu lars are ob ta in ­
able from  J. H. M agrath  & Co. 
208 L ittle  Lonsdale Street. M el­
bourne.

A u s tra la s ia n  R a d io  W o r ld , M a rch t  1949

A N  E N G L IS H  C IR C U IT  
H ere  is an in te re s t in g  c i r c u i t  f ro m  E n g la n d  w h ic h  o ffe rs  an e ffe c t iv e  pha^e- 
s p l i t te r ,  w h ic h  has w id e  fre q u e n c y  response and w o rk s  w e ll .  F o r o th a r
£  p h a s e -s p lit te r  c ir c u its ,  see page 21 in  th is  issue.

Page 46



SAoxtmaae Jleuieia CONDUCTED B Y  
L. J. K EAST

N O T E S  F R O M  M Y  D IA R Y

T H E  A U R O R A  A G A IN  
A uro ra l d is tu rb an ces on M on­

day, 7th F e b ru a ry , a g a in  p rev en t­
ed telephonic betw een N ew  Z ea­
land , Sydney and  S an  F rancisco .

R U S S IA  IS  V E R IF Y IN G  
A le tte r  from  M r. J . B. H a r ­

uni 111 i 111 m i i i i !iiiii; iiii iiiii iiiH iiiiitu iiiiiH tiiM iiiiiiiM iiiiiti it! iiii iiiii iiiiii i

A ll tim es used in  these  pages are 
A ustra lian  E a s te rn  S ta n d a rd  T im e
i im iiiii i iim im iii im m iiii i ii i ii i ii i ii ii i ii i iim iiiim iim iii i ii i ii ii i ii i ii i ii i ii i ii i

greaves confirm s th e  suggestion  I 
m ade in  J a n u a ry  issue th a t  R ussia  
w as ve rify in g  rep o rts  again .

M r. H a rg reav es  say s : “A l­
though  I do no t a s  a ru le  co rre ­
spond to  in te rs ta te  m agazines, I 
follow  your S hort-w ave N otes.

Y our rem ai-ks m  J a n u a ry  issue 
about possib ility  of th e  R ussians 
v e rify in g  w as closer to  th e  m ark  
th a n  you believed. I received one 
on th e  25th J a n u a ry  consisting  of

(C ontinued on n e x t page)

TRANSM ITTERS OF TH E R.R.C.
H E R E  IS  PR O B A B L Y  T H E 41.21 7.28 . GW N

F IR S T  C O M PL E T E L IST  O F 40.98 7.32 G RJ
B.B.C. T R A N S M IT T E R S : -
P U B L IS H E D  IN T H IS 31.88 9.41 . GRI

C O U N TR Y 31.61 9.49 G W F
31.55 9.51 . GSB

I t  should be of trem endous help 31.50 9.525 G W J
to  th e  new  lis ten e r and  also handy 31.41 9.55 GWB
to  anyone endeaou ring  to  ca lib ra te 31.34 9.57 . GWX
th e ir  receiver. 31.32 9.58 .. GSC
B and M etres M c/s Call S ign 31.25 9.60 GRY

104.2 .. 2.88 GRC 31.17 9.625 . GWO
49.92 .. 6.01 . GRB 31.12 9.64 GVZ
49.71 . 6.035 • . GWS 31.06 9.66 G W P
49.67 .. 6.04 GSY 31.01 9.675 . GWT
49.59 6.05 .. GSA 30.96 9.69 GRX
49.49 .. 6.06 .. GSX , 30.43 9.70 . GWY
49.42 .. 6.07 GRR 30.53 9.825 GRH
49.26 .. 6.03 .. GWM 30.26 9.915 . GRU
49.10 ..  6.11 . .  GSL : -
48.98
49.78
48.66 
48.62 
48.54 
48.43

42.40
42.13
41.96
41.75
41.66 
41.61 
41.49 
41.38 
41.32

19.91 15.07 GWC
19.85 15.11 GWG
19.82 15.14 G SF
19.66 15.26 G SI
19.76 15.18 GSO
19.73 15.20 GW D
19.72 15.21 . GW U
19.61 15.30 . GW R
19.60 15.31 G SP
19.51 . 15.375 G RE
19.44 15.435 . GW E
19.42 . 15.45 GRD

6.125
6.15 
6.165
6.17
6.18 
6.195

7.075
7.12
7.15 
7.185
7.20
7.21 
7.23
7.25
7.26

GW A
GRW
GW K
GSZ
GRO
GRN

GRS
GRM
GRT
GRK
GWZ
GWL
GSW
G W I
GSU

25.68 . 11.68 . GRG
25.64 . . 11.70 GVW
25.58 . . 11.73 GVV
25.53 . . 11.75 GSD
25.49 . . 11.77 GVU
25.43 . . 11.79 GWV
25.42 . 11.80 . GW H
25.38 . 11.82 . GSN
25.34 . . 11.84 . GWQ
25.30 . . 11.86 . G SE

25.23 11.89 GW W
25.15 11.93 . GVX
25.09 . 11.955 . GVY

,  24.92 . 12.04 . GRV
' 24.80 . 12.095 . . G R F

16.95 . 17.70 . G VP
16.93 17.715 .. GRA
16.92 17.73 GVQ
16.86 . . 17.79 . GSG
16.84 17.81 . GSV
16.64 18.025 . .  GRQ
16.59 . . 18.08 .. GVO
16.55 . 18.13 . G RP

13.97 . 21.47 GSH
13.93 . 21\53 .. G SJ
13.92 . . 21.55 GST
13.86 . 21.64 GRZ
13.84 . . 21.675 . GVR
13.82 . . 21.71 GVS
13.79 . . 21.75 . GVT

11.65 . 25.75 . GSQ
11.49 . 26.10 .. GSK
11.36 . . 26.40 .. GSR
11.30 . . 26.55 . GSS
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SH O RTW AVES
( C ontinued )

tw o v ery  nice postcard s of th e  Red 
S quare  and a s tre e t scene of Gorki 
S tre e t.”

Mr. H a rg reav es  gives a  very  in ­
te re s tin g  account o f how th e  le t te r  
w as addressed  to  him , b u t a s  our 
p r in tin g  p ress has no t th e  neces­
sa ry  R ussian  c h a rac te rs  I am  
a fra id  we canno t p r in t th a t  p a r t  
o f it.

Mr. H a rg reav es  has in tw elve 
m onths lis ten ing  logged 25 coun­
tr ie s  and  h as le t te rs  from  21.

(M any th a n k s  fo r yo u r le t te r  
M r. H arg reav es . W ill be pleased 
to  h e a r  fro m  you ag a in .— L .J.K .)

F E R N A N D O  PO , S P A N IS H  
G U IN E A

La Sociedad de R adiodifusion  
In te rco n tin en ta l h a s  s ta r te d  to 
co n stru c t a  200 k.w. S.W . x m tr.,

Complete Service

<55
Si

:k

3S!/K
w.
;h
s;
i$S
Si
Si
Si

s!
Si
555
• it
Si
¥Si

for the

Home Constructor

• it 
S5 
S5 
iit 
:55
W 
s iSK

C O M P R E H E N S IV E  S TO C KS  O F A L L  jg  
L E A D IN G  B R A N D S  O F  Q U A L IT Y  S i 

R A D IO  C O M P O N E N T S .
E F F IC IE N T  M A IL  O R D E R  S E R V IC E  

FO R  C O U N T R Y  A N D  IN T E R - *

aS T A T E  C L IE N T S .
T E C H N IC A L  S E R V IC E  -  A D V IC E  

A N D  G U ID A N C E  ON A L L  Y O U R  
R A D IO  P R O B L E M S  B Y  Q U A L I ­
F IE D  T E C H N IC IA N S .

D E S IG N  S E R V IC E — S P E C IA L  E Q U IP ­
M E N T  C A N  B E  D E S 'G N E D  A N D  
IF  N E C E S S A R Y  C O N S T R U C T E D  

A N D  T E S T E D . Li

S
i-i
■n
si
ai
'&■
$

N o o th e r  f irm  can o ffe r yo u  th is  ^  
se rv ice , w h ic h  is  th e  re s u lt  o f  26 
ye a rs ’ c o n tin u o u s  t r a d in g  w i t h  th e  s i  

ra d io  p u b lio .  a ;
Si 
¥  
$P R I C E  S  R A D I O

5-6 Angel Place is 
S Y D N E Y  1

*

w hich w ill be th e  m ost pow erfu l 
com m ercial b ro ad castin g  s ta tio n  in  
th e  w orld. R adio A tlan tic a  w ill 
possess a n  in itia l record  lib ra ry  
num bering  55,'000, and  its  p ro ­
g ram s w ill be in  various la n g u ­
ages. F e rn an d o  PO w as chosen 
fo r its  cen tra l position, be ing  4000 
kilom etres from  M adrid , 5000 
from  London, 7000 fro m  Buenos 
A ires, and  9000 from  N ew  York. 
The h e ad q u a rte rs  a re  a t  M adrid , 
w here all p rogram m es w ill be a r ­
ranged . T he s ta tio n  w ill be in  th e  
h ig h er frequency  bands, 13 and  17 
m etres. No fu r th e r  d e ta ils  av a il­
able.

A N D  S T IL L  T H E Y  COM E
The B.B.C. have d u rin g  th e  la s t 

few  m onths added 10 new  t r a n s ­
m itte rs  to th e ir  a lread y  fo rm id ­
able lis t, and  th u s  have 88 f r e ­
quencies on w hich th ey  can  ope­
ra te . I t  tru ly  is a  rem ark ab le  lis t, 
and I have  p rin ted  elsew here in  
these  pages, th is  m onth , th e  com­
plete lis t w hich should be of very  
g re a t  help  p a rtic u la r ly  to  th e  new  
listener.

The C anad ian  M ountie m ay  g e t 
his m an , b u t th e  B.B.C. c e rta in ly  
m eans to  g e t th e ir  lis tener.

P H IL IP P IN E  ST A T IO N S 
A D O PT N E W  C A L L -SIG N S

I am  indebted  to  “ R adio A us­
t r a l ia ” fo r  th e  follow ing in fo rm a­
tion.

New  prefixes have been a llo tted , 
nam ely, DU, DY o r  DZ, w ith  th e  
re su lt K ZFM  now uses th e  calls 
D U H -2 (6.17 m .c.) ; D U H -4 (9.615 
m .c .) ; D U H -5 (11.84 m .c .).

KZM B becomes D ZH -4 (6 m .c .) ; 
K ZSH  is now DZH-2 (9.57 m .c .); 
and KZRC ta k e s  th e  call DYH-2 
(6.14 m .c .) , K ZBU  w ill be DYH-3 
( 6.1 m .c.).

H E L P  W A N T E D

M r. A lan  B ea ttie  w rite s :
“ I w onder i f  you can  help  m e to  

so r t ou t th e  frequencies used in  
th e  11.30 p.m. new s b ro ad cas t 
from  o u r “ lib e ra ted ” fr ien d s  over

11! 11111:::::: 11:::::::: :i I i (111::: 111; i::: 111 1111111: i! 111111111111 i 1111: i <' 1111111 .* 111111111

N E W  ST A T IO N S  
GSZ, London, 6.17 m.c., 48.62 met. 
GWZ „ 7.20 „ 41.66 „ 
GWX „ 9.57 „ 31.34 „ 

'G W Y  „ 9.70 „ 30.93 „ 
GW V „ 11.79 „ 25.43 „ 
GW W  „ 11.89 „ 25.23 „ 
GWD „ 15.20 „ 19.73 „ 
GW U „ 15.21 „ 19.72 „

X N C R  and  its  re lays. T he la s t 
tim e I listened  th e  announcem ent 
w as: ‘T his is X N C R  on 40 m etres 
( th a t  w ould be 7.5 m .c.) an d  39.2 
m etres (equal to  6.96 m .c.). I t  
doesn’t, o f course, and  221.6 
m etres and  49.6 m et. Some o f th e  
frequencies I h e a r  d u rin g  the 
n ig h t announcing  a s  X N C R  a re  on 
9.39 m .c .; som ew here a ro u n d  34 
m etres, app ro x im ate ly  7.65 m.c. 
(th is  could be 39.2 m e t r e s ) ; and  a 
ra th e r  feeble s ignal on abou t 7.5

“ By th e  w ay  is H C JB ’s 24 m etre  
frequency  still 12.455 m.c., o r 
12.445, a s  m ost m agazines show

it? ”

(T ak in g  th e  la s t first, th e  a n ­
sw er is 12.455 m.c. A s re g a rd s  
XNCR, as f a r  a s  I  know  th e y  a re  
m ostly  h ea rd  on 9.39 m.c. and  
7.495 m.c., b u t th e  la t te r  v a rie s  in 
frequency. In  o th e r w ords, th e re  
is som etim es a f a i r  am oun t of 
d r if t. You m ention  7.5 m.c. I  be­
lieve XGOA w ere on th is  f r e ­
quency and  w an d erin g  about. 
D oubtless you have  h ea rd  also 
XGOA on 7.53 m.c., w hich is 
w here th ey  ap p e a r  to be “ s itt in g  
p re t ty ” a t  p resen t.— L .J.K .)

V E R IF IC A T IO N S

Miss D oro thy  S anderson  sends 
me an  in te re s tin g  no te :

T he follow ing is an  ex trao t from  
a  le t te r  of verification  received 
from  E m isso r R egional Dos A cores 
on th e  27th D ecem ber, 1948, and 
its  schedule m ay be of in te re s t :
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“ E m isso r R egional de Radiodi- 
fusao  is a local s ta tio n  o f th e  
E m isso ra  N acional de Radiodi- 
fusao , w hich has its  h ead q u arte rs  
in  Lisbon. We a re  o p e ra tin g  
p resen tly  in tw o periods of em is­
sion. The firs t from  2000 to 2100
G.M.T. (6- a.m., Sydney) on th e  
27 m etre  band  (11.090 k g s ) . The 
second from  2200 to 2400 G.M.T. 
(8-10 a.m .. Sydney) on 61.92 
m e tre s  (4845 kcs.).

“ D u rin g  th e  sum m er tim e we 
change th e  frequency  of th e  firs t 
period  to  40 m etre  band  (7016 
k c s .) .

“ (S igned) J . A SA N Y O .”

SA Y S W HO 
R ex G ille tt sends a long  a  fine 

ba tch  of in te re s tin g  no tes:
“GOA uses a 500 wra t t  tr a n sm it­

t e r  d irected  on N E /S W . I t  is a  
Telephone and  R adio  C orpora tion  
job, an d  w as m ade in  U .S .A . P re ­
sen t b ro ad cas ts  on 7.23 m.c. a re  
only of an  ex perim en ta l n a tu re , 
a n d  i t  w as expected fro m  J a n u a ry  
1st 9.61 m.c. m ay  be used. Sche­
dule is from  M /N — 1 a.m . daily , 
a n d  severa l lan g u ag es a re  used. 
A ddress is : E m isso ra  de  Goa, P o r­
tu g u ese  Ind ia . . . .

Tom V arese, of A m erican  H our 
JJO Y , U .S. C orps o f E ng ineers , 
A thens, Greece, s ta te d  m y re p o r t 
w as th e  f irs t from  South  A us­
t r a lia .  T he ‘A m erican  H o u r’ is

pu t on by th e  U .S. C orps of E n g i­
neers in  A thens. I t  consists o f 15 
m inu tes of news and  45 m inu tes of 
tran sc rib ed  m usic. I w ould like to 
em phasize th e  fa c t th a t  we a re  no t 
in  any  w ay connected w ith  th e  
A im ed  F orces N etw ork. O ur s ta ­
tion  consists of a  C ollins’ 30 kw 
tr a n s m itte r  u sin g  a  doublet a n ­
te n n a  and  a  72 ohm feeder. My 
co rrec t frequency  is 8000 k .c .; 
pow er o u tp u t app ro x im ate ly  375 
w a tts . A ddress is  D is tr ic t E n g i­
neer, G recian  D istric t, A thens, 
Greece. H ave noticed H S 8PD , 
B angkok, h as m ade a  s lig h t f r e ­
quency ad ju s tm en t and  now seems 
n e a re r  6.olm.c. N ew s is s till 
b ro ad cas t a t  9.15 p.m. (P rev ious­
ly  th ey  w ere on 5.994 m.c.—- 
L .J.K .)

“K u a la  L um pur seem s to  have 
moved, too (w hy I don’t  know ), 
and  I can ’t  decide w h e th e r they  
a re  on 6.015 o r 6.02 m.c. In te r ­
ference  is suffered  fro m  JK D . 
Radio Sario , M enado, Celebes, is 
a n o th e r to move, th is  one now be­
ing  tu n ed  on 9.72 m .c., an d  can  be 
h ea rd  s ign ing  oft' a t  10 p.m . (p re ­
viously w ere on 9.55 m.c.— L .J.K .) 
H ave h ea rd  E n g lish  fo r  f irs t  tim e 
from  N orw ay  (th is  seem ed to  be 
one of th e  few  coun tries  no t u sin g  
i t ) .  L L N , 17.825 m.c., can  be 
h ea rd  from  11 to  11.30 p.m. in  

.N orw eg ian . . . . H ow ever, two

E ng lish  announcem ents a re  u su a l­
ly m ade. LLN  announces as 
■Radio N orw ay ,’ and  asks fo r  re­
ception rep o rts . I t  is s ta ted  
tr a n sm itte rs  in  th e  19, 31, and  41 
m etre  bands a re  also in  use a t  th e  
sam e tim e.

“W h at seems to  be a  new  Mos­
cow s ta tio n  is being h ea rd  on 7.215 
m.c. I t  is h ea rd  a t  5 a.m .„ and  
also e a rl ie r  a t  3.15. A t th is  la t te r  
tim e  7.2 m.c. is in  re lay . H H 2S, 
P o rt-au -P rin ce , 5.948 m.c., is being 
h eard  from  opening a t  9.30 p.m., 
w ith  f a i r  to  good signals. Well- 
know n m usical num bers a re  p lay ­
ed u n til 9.50, w hen F ren ch  is 
spoken.

“ K E N , on 6.845 m.c., w as logged 
w hen con tac ting  BAD-21 S hanghai 
to  s ign  off a t  11.15 p.m . BAD-21 
sounded like th e  call o f th e  S h an g ­
h a i s ta tio n , b u t I am  no t su re  of 
th e  f irs t le t te r .”

B LA C K O U TS

If  you find you r se t ap p e a rs  to  
be le ttin g  you down, don’t  g e t the 
ham m er and  bash  it, a s  m aybe old
Sol h as  had  som eth ing  to  do w ith  
it.

Several keen lis ten e rs  noticed 
th a t  d u rin g  J a n u a ry  th e re  w ere 
fo u r  tim es w hen rad io  com m unica­
tion  from  London w as im possible.

|  S E 0 I 8 E  B R O W N  &  00.  P T Y .  L T O .  |
I  267 CLARENCE STREET, SYDNEY Phone: M 2544 &

D IS T R IB U T O R S  TO T H E  T R A D E  F O R

ROLA SPEAKERS O  EVERREADY BATTERIES £  
RADIO COMPONENTS A  MULLARD VALVES

AEGIS

ULTIMATE RADIOS *  I.R.C. RESISTORS X 
And All Brand Line Radio Components % 

★  AEGIS 4-VALVE and 5-VALVE KIT SETS NOW AVAILABLE ;
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S p e e d y  Q u e ry  S e r v ic e  BARGAIN CORNER
Conducted under the personal supervision o f A . G. H u ll A d v e rt is e m e n ts  fo r  in s e r t io n  in  th i#  o o tu m n

K. R. (A nnanda le) w a n ts  to 
m m tsure the curren t dra in  o f an  
m .e . operated electric radiator.

A : As you have discovered, the 
o rd in a ry  m eters  do not a tte m p t to 
cover th e  read ing  of a.c. c u rren t. 
The job is no t so easy  to do except 
w ith  a c u rre n t tra n sfo rm e r. We 
have an  a rtic le  in  hand , w hich w ill 
probably  a p p e a r  in  n ex t m on th ’s 
issue, exp la in ing  how to use a  cu r­
re n t tra n s fo rm e r  and  an  o rd in a ry  
0-1 m illiam eter to m ake up a  cu r­
ren t read in g  device fo r a.c., w ith  
several ranges . I t  is a  m ost handy  
piece of equipm ent fo r  any  rad io  
re p a ir  m an.

6 '.A . (C oburg ) is about to buy a 
soldering iron and w a n ts  to know  
w hat size he should get.

A .: M any people contend th a t  it  
is best to g e t used to  han d lin g  a 
heavy iron , as in  th e  long ru n  a 
heavy iron  m akes fo r  f a s te r  sol­
de rin g  jo in ts . Y ou need ap p ly  th e  
heavy iron  fo r  only a  sm all f r a c ­
tion  of a  second to g e t enough h ea t 
into any  o rd in a ry  jo in t. On th e  
o th e r hand , a  lig h te r iron  is easie r 
w ork if  you have a  long job  on 
hand. F o r  serious w ork you re a l­
ly need th re e  irons o f  d ifferen t 
w eight. B u t to  an sw er your 
query  m ore definitely, we w ould 
suggest a 75 w a tt  iron  w ith  a  3 /8 - 
in. bit. T h is should be OK fo r all 
round  work. L a te r, especially  if  
you bu ild  an y  baby portab les, you 
will find it  w orth  w hile to  add  a 
40-w att iron  w ith  a 3 /16 th -inch  
bit. A n o ther w ay  is to  have in te r ­
changeable  b its  fo r th e  one iron.

B.G. (C a n te rb u ry ) is a s tuden t, 
and, finds the subscrip tion  ra te  a 
bit s t if f  on his pocket m oney, but 
doesn’t w a n t to m iss an  issue.

A .: Radio W orld  h as  a  h e a r t 
aijd soul, and  is not ju s t  B ig B u si­
ness. In  any  cases w here h a rd ­

sh ips a re  claim ed we w ill be 
p leased to m eet you w ith  special 
te rm s. In  your p a r t ic u la r  case, 
since you a re  only 14 y ea rs  old we 
will be p leased  to  le t you tra v e l a t  
ha lf-p rice , in  o th er w ords p u t your 
nam e on o u r subscrip tion  lis t fo r  
h a lf  th e  u su a l ra te .

M.C. (Ip sw ich ) is in te rested  in  
the A eg is  5-band coil assem bly, 
but is a bit surprised  a t the price.

A .: T he price seem s b ig  com­
p ared  to  w h a t you m ay pay  fo r  a 
sm all dual-w ave b racke t, b u t the 
A egis assem bly  includes tw o 3- 
g an g  condensers, tu n in g  d ia ls and  
a  lo t o f su n d ry  com ponents, as 
well a s  th e  ac tu a l coils and  sw itch­
ing. A s you say , it  m ay  cost you 
a lm ost £50 by th e  tim e you g e t the  
se t com pleted and  housed, b u t 
w here w ill you buy a  s im ila r type  
of se t fo r  an y th in g  like th is  price? 
I t  is a  re a lly  fine pe rfo rm er, and 
should be ideal fo r  yo u r purpose.

A . D. (C am perdow n) w a n ts  to 
know  w h a t becomes o f the se ts  we 
build u p  fo r  photograph ing  fo r  the  
artic les we publish .

A .: In  th e  p a s t i t  h a s  been our 
custom  to  pu ll them  dow n ag a in  
and  use th e  b its  in  an o th e r se t o r 
p u t them  back into th e  sto re . We 
do find, how ever, th a t  i t  is a  
ra th e r  w aste fu l ro u tin e , and  so 
have in  m ind to  consider selling  
some of th e  se ts and  equipm ent 
from  tim e to  tim e. W atch  the  
B a rg a in  C orner fo r  item s in  fu ­
tu re , o r if  you a re  p a rtic u la r ly  in ­
te re s te d  in  an y th in g  you see pub­
lished, d rop  us a  line  as soon as  
possible, a f te r  the  publica tion  of 
th e  artic le . The set you m ention 
h a s  a lread y  been d ism antled , b u t 
w e could le t you have  th e  m ain  
com ponents, a s  th ey  a re  s till ly ing  
a round  u n d e r th e  bench, som e­
where.

are a ccep ted  fre e  o f charge  f ro m  readers w h o  

are d ire c t  su bsc r ibe rs  o r w h o  have a regular 

o rd e r p laced  w ith  a new sa g en t. O n ly  on* 

a d v e rt is e m e n t per issue is a llo w e d  to  any 

s u b s c r ib e r. M a x im u m  16 w o rd s . W hen  

se nd in g  in  y o u r  a d v e rtis e m e n t be sure to 

m e n tio n  th e  nam e o f  th e  a g e n t w i t h  whom 

you  have y o u r  o rd e r p lace d , o r  your re c e ip t 

n u m b e r i f  you  are  a d ire c t  s u b s c r ib e r.

FOR SALE : A R K  receiver, complete 
with instruction book, also University 
multimeter, type MVA, with latest in­
strument. Both £8/10/- each. 3 Kings­
ley Crescent, Mont Albert, Vic. 
W X 4059.

FOR S A L E : Imported R C A  12" speaker,
7,000 field coil. Fine job. £3. Apply 
No. 8497, C /o  Radio World, Morning­
ton, Vic.

FOR SALE : Induction voltage regulator, 
G E type MSIR of 2 kva. capacity, 
110/240/480, single phase, 50 cycle. 
£60. Write to No. 8498, C /o  Radio 
World, Mornington, Vic.

W ILL  SELL : "Radio World," Feb. '45 to 
date, "R. & H." Nov. '43 to date, all 
as new, also 32 earlier issues. Best 
offers, whatever they are, to K.C.M ., 
5 Aberfeldie Street, Essendon, Vic.

W AN TED : 32 volt power pack, suitable 
for operating radio from 32 volt house 
lighting plant, new or second hand. 
Trade or private replies appreciated.
E. H. Cowled, "Balgowlah," Bethungra 
N.S.W .

FOR SALE : Electric gramophone motor, 
good running.order, £3. Write to No. 
8499, C /o  Radio World, Mornington, 
Vic.

FOR SALE : Two high-voltage block con­
densers, I mfd. at 4,000 volts working 
and 4 mfd. at 2,000 volts working. £1 
each. No. 8500, C /o  Radio World, 
Mornington, Vic.

W ANTED : Palec valve and circuit tes­
ter, type VCT. Will pay £15 for in­
strument if in good order. No. 8501, 
C /o  Radio World, Mornington, Vic.
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■  M l I

RED LINE

TRANSFORMERS OF DISTINCTION *

H IG H  T E N S IO N  PLATE SUPPLY TRANSFORMERS
The u n its  lis te d  in  th is  S e c tio n  a re  h ig h -te n s io n  t ra n s fo rm ­
ers fo r  fu l l-w a v e  re c t if ie r  c ir c u its .  V a lv e  h e a te r w in d in g s  
a re  n o t  in c o rp o ra te d , as th e y  a re  designed  fo r  use in  
a m a te u rs ’ t ra n s m it te rs ,  la rg e  p u b lic  address and  p a g in g  
in s ta lla t io n s ,  and m any o th e r  a p p lic a t io n s  w h e re  i t  is neces­
sa ry  to  b re a k  th e  B p o s it iv e  D .C . s u p p ly  lin e  f o r  “ s ta n d -b y ”  

o p e ra t io n .
IT E M  20 T Y P E  No. 27/600

P rim a ry : 200-230-240v............................................... 150 vA 50 cps.
H .T . 600/500/500/600. 250 mA Choke Inpu t
Base: 5x5x4-5/8 in. H ..................................................... YVgt. 13 lb .
M n tg .: V 1 5 .................................................................... “ S”  is 2-inch
D.C. V O L T S  C H O K E  IN P U T
866 .................................................................. (A ) 515v. (B) 415v.
5 Z 3 ...............................................................(A) 415v. (B) 310v.
IT E M  21 T Y P E  No. 27 880

P rim a ry : 200-230-240v.............................................. 250v.A 50 cps.
H.T. 880/710/710/880v. 275 mA Choke In p u t
B ase: 5x6x4-5/8-inch. H .............................................. W gt. 18 lb.
M tn g .: V 1 5 ...................................................................  “ S” is 3-inch
D.C. V O L T S  C H O K E  IN P U T

..................................................... (A )  765v. (B )  615v.

T Y P E  No. 4/1250
866A .......................................

IT E M  2 2
Prim ary . 20G-230-240v. 500 vA. 50 cps.
H .T .: 1250/1250v. 40» mA Choke Inpu t
Base: 6Jx6x65-inch H (app .) ..................................... W gt. 27 lb.
M n tg .........................................................................................N ot Shown
D.C. V o l t s ............................................................lOOOv. 866 Rectifier

IT E M  2 3  T Y P E  No. 4 / 1 4 0 0
P rim a ry : 200-230-240v. 5 7 5 v A ........................................... 50 cps.
H .T .: 1400/1400v. 400 m A ......................................... Choke Input
Base: 6£x61x6L-inch H ( a p p . ) ...................................W gt. 30 lb.
M u te . ....................................................................................... N ot Shown
D .C . V o l t s .....................................................................  1250v. 866 Rectifier

C H O K E S
T he C hokes covered in  th is  S ec tio n  a re  tes ted  u nder 
m easured in d u c ta n ce  va lues w i t h  ra te d  D .C . f lo w in g , as th e  
m e an ing less  "30 H e n r y "  va lues are m is le a d in g  to  th e  u n in ­
it ia te d ,  and ig no re d  by th e  e n g in ee r. T h ey  are  s m o o th in g  
in d u c ta n ce s  fo r  use as the  f ir s t  choke  in  condenser in p u t 
system s, o r, o f course, as th e  second choke  fo r  ch oke  in p u t  

c ir c u its .
A l l  in d u c ta n c e s  are s u ff ic ie n t ly  h ig h  fo r  e ffe c tiv e  f i l te r in g ,  
w h ile  D .C . res is tance  va lues a re  m ade lo w  to  m a in ta in  good 

re g u la t io n .

IT E M  2 4  T Y P E  No. 3 0 6 8
M axim um  D irect C u r r e n t ....................................................60 mA
D.C. Resistance ..................................................................... 400 ohms
V oltage D r o p .........................................................................24 V olts
M aximum I n d u c ta n c e ............................................................. 25 Hys.
M inim um  I n d u c t a n c e ..............................................................15 Hys.
Base: 3 |x2x2 |-inch  H ........................................W gt. 1 lb . 8 ozs.
M ntg .: M H 1 ................................................................. ‘*S”  is 1-inch
I n s u la t io n ...........................................................................................  600v.
IT E M  2 5  T Y P E  5 0 8 2 5

M axim um D irect C u r r e n t .......................................................80 mA
D.C. R e s is ta n c e ......................  ........................................ 500 ohms

V oltage D r o p ........................................................................... £0 V olts
M aximum I n d u c ta n c e .............................................................30 Hys.
M inim um Inductance ........................................................... 18 Hys.
Base: 3x3x2|-inch H .................................... W gt. 2 lb . 10 ozs.
M ntg .: V 2 ....................................................................“ S”  is 14-in.
I n s u l a t i o n ..........................................................................................  750v.

IT E M  26 T Y P E  N o . 301214
M axim um  D irect C u r r e n t .................................................... 125mA
D.C. R e s is ta n c e ........................  ........................................ 300 ohms
V oltage D r o p .............. .............................................................. 38 volts
M axim um Inductance .. ...................................................30 Hys.
M inimum I n d u c ta n c e .......................... .................................... 12 Hys.
Base: 3|x3x23-in. H ..........................................W gt. 3 lb. 2 ozs.
M ntg .: V 2 ........................................................................ “ S”  is li - in .
I n s u la t io n ...........................................................................................Y50v.

IT E M  27 T Y P E  No. 201515
M axim um D irect C u r r e n t .......................................................175mA
D.C. R e s is ta n c e ......................................................................  200 ohms
V oltage D r o p ............................................................................. 35-volts
M axim um Inductance ...........................................................25 Hys.
M inim um In d u c ta n c e ............................................................... 12 Hys.
Base: 3 |x3x2i-in . H ............................................. W gt. 4 lb. 4 ozs.
M ntg .: V 1 4 ..................................................................... “ S”  is ii - in .
I n s u la t io n ...........................................................................  . .. lOOOv.

IT E M  2 8  T Y P E  1 0 2 5 1 2
M aximum D irect C u r r e n t ..................................................... 250 mA
D.C. R e s is ta n c e .....................................................................100 ohms
V oltage D r o p ..............................................................................2o volts
M aximum Inductance (j2> lOv. A.C ................................. 15 Hys.
M axim um Inductance (q) 80v. A.C......................................20 Hys.
F u ll Load Inductance (d) lOv. A.C...................................... 7 Hys.
F u ll Load Inductance (ft) 80v. A.C..................................... 10 Hys.
B ase: 31x2-7/8-in.-x3J-in. H ............................W gt. 5 lb. 4 ozs.
M n tg .: V 1 4 ....................................................................“ S” is 2-in.
Insu la tion  . .  ................................................................................. IOOOv.

IT E M  29 T Y P E  No. 5735
M aximum D irect C u r r e n t ...................................................  300 mA
D.C. R e s is ta n c e ........................................................................CO ohms
V oltage D r o p ............................................................................. 18 volts
M aximum Inductance (g) lOv. A.C......................................10 Hys.
M axim um Inductance (g) 80v. A.C......................................14 Hys.
F u ll Load Inductance (5) lOv. A .C...................................... 5 Hys.
F u ll Load Inductance @) 80 v. A .C......................................7 Hys.
Base: 4x3-7/8-in.-x 4-in. H .........................  W gt. 7 lb. 12 ozs.
M ntg .: N ot S h o w n ......................  ............................. “ S”  is  2-in.
I n s u l a t i o n ............... ........................................................................ IOOOv.

IT E M  3 0  T Y P E  No. 3 5 2 1 5
M axim um D irect C u r r e n t ......................................................... lo  mA
D.C. R e s is ta n c e ....................................................................... 350 ohms
M aximum I n d u c ta n c e .............................................................30 Hys.
M inim um  I n d u c t a n c e ..............................  ........................15 Hys.
Base: 2xl-3/8-in. H .............................................. . .. W gt. 8 ozs.
M n tg .: M H O ............................................................. “ S”  is 11/16-in.

IT E M  3 1  T Y P E  No. 2 9 4
M axim um  D irect C u r r e n t .............. ...................................... 1 Amp.
F ilam en t Choke .................................................... •.............. 4 m /H y
Bas<>: 2x l-l/8 -in . H ....................................................... W gt. 8 ozs.
M ntg .: M H O ............................................................  ‘S”  is 11/16-in.
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THE MODEL EVA ELECTRONIC VOLTMETER . . .
is th e  ideal form  of vacuum -tube vo ltm ete r for rad io  service and experi­
m en ta l work. I t is re liab le , sim ply operated , accura te , and  is ruggedly  ■'! 
construc ted  in a com pact m etal case, m aking i t  a perfec t portab le  in s tru ­
m ent. O peration  is  from  240 volt. A.C. pow er m ains. C onsistent accuracy 
is  assured by th e  use of a balanced bridge c ircu it w ith  a high degree of 
negative feedback, m ak ing  i t  alm ost independent of line voltage changes 
o r ageing  of tubes.

D.C. V O L T S . I ts  high in p u t resistance of 11 m egohm s on 
a ll D.C. voltage ranges enables th e  accu ra te  ’m easurem ent 
of A .V.C., bias, screen and p la te  voltages, even in  c ircu its  
con tain ing  h igh  values of resistance. It- can measure' posi­
tive  or negative voltage w ith  respect to  a receiver chassis 
w ithout the  necessity of reversing  te s t  leads o r rese ttin g  to  
zero A ccuracy on D.C. vo ltage  ranges plus or m inus 2 per 
cent, on fu ll scale value.
A .C . V O L T S . . The in p u t resistance on a ll A.C. voltage
ranges is 1 megohm  A ccuracy a t  50 cycles is plus or 
m inus 2 p e r  cent, of fu ll sca le .v a lu e . F requency response 
varies from  the  50 cycle value by no m ore than  plus or 
m inus 3 per cent, or .25 decibel betweefi 30 and 20.000 
cycles. This mean^ .ha t th e  in s tru m en t can take  frequency 
response curves of gram ophone p ick-ups o r audio am plifiers. 
The in s tru m en t is- com pletely  elec tron ic  on a lte rn a tin g  
vo ltages; no> copper oxide rectifie r being . used. U nlike 
sim pler and less effective in strum en ts i t  responds to  th e  
“ m ean”  value of bo th  half cycles of an a lte rn a tin g "  wave 
and consequently  does not sufi'er from  “ tu rn o v e r”  effect. I t 
is ca lib ra ted  in effective values of- a sine wave and, due to  
the m uch m ore constan t relationship- betw een m ean and 
effective values than  betw een peak and effective valives, any 
e rro r in troduced  by d is to rted  signals w ill be m uch less than  
w ith  the  sim ple halt-w ave peak read ing  type.
O H M S . Six ohm s ranges are  provided covering  values from  
0.2 ohm to  1,000 m egohm s. The extensive coverage is n o t 
only ideal for all o rd inary  resistance te sts , b u t a lso  for 
condenser leakage, and insu la tion  te stin g . No ex te rna l 
ba tteries  are  requ iw d  and a  single ad ju stm en t to  zero on, 
any ohm s range is eq.i-illy effective on a ll o th e r ohms ranges. 
D .C . M IL L IA M P S . Six ranges of D.C. m illiam ps cover 
values up to  one am pere. The m illiam p  ranges- do n o t 
requ ire  connection’ of the  in s tru m en t to  pow er mains.
R .F . VOLTS. An in p u t socket is prov ided ,.on  th e  case 
to ffllow an ex ternal p lug-in  diode re'ctifier ,probe* to  be 
connected fo r the  m «asurem ent of R .F . vo ltages up - to  100 
volts a t  frequencies as  high as 100 m egacycles. This probe 
is ava ilab le  as an  e. era.
RANGES. D.C. V oits. 0/3, 10, 30, 100, 300, 1000. R e­
sistance 11 m egohr s on a ll ranges. A ccuracy p lu s  or 
m inus 2 per cent. fu ll scale value. A.C. and O u tpu t - 
V olts. 0 /3, 10, 30, 100, 300, 1000. Resistance 1 megohm  
on a ll ranges. A ccuracy a t  50 cycles p lus o r m inus 2 per 
cent, of fu ll scale value. F requency effect w ith in  3 per 
cent., o r 0.25 db of 50 cvcle value from  30 to  20,000 cycles. 
Oirfns. .2-1000, 2-10,C00, 20-100,000, 200-1 m egohm , 2000-10 

megohm s, 200,000-1000 megohm s. D.C. M illiam ps, 0-3, 10, 30, 300, 1000. ‘A com plete 
f 2t  of shielded leads, special te s t probes, ord inary  te s t  probes and fu ll opera tin g  * 
in s tru c tio n s  a re  supplied. R .F . V olts, 0-3, 10, 30, 100 a t h igh  in p u t im pedance w ith  

.special p robe*ava ilab le  as an extra.

RADIO A \ l !  ELECTRONIC TEST EQUIPMENT
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