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In  a re cen t issue of th e  B ritish  m agaz ine  “ W ireless W orld ,”  is a sh o r t p a ra g ra p h  w hich 
d raw s a tten tio n  to th e  la te  L ord D erby, and  th e  fa c t th a t  a s  P o stm aste r-G enera l, in th e  y ea r 1904, 
he w as responsib le  fo r  se ttin g  a p receden t fo r  w hich a m a te u r  tra n sm itte rs  th ro u g h o u t the  E m pire  
should  be e te rn a lly  g ra te fu l. The occasion w as th e  p ass in g  by th e  H ouse of Comm ons of th e  first 
W ireless T eleg raphy  Bill, and th e  noble lo rd ’s w ords du ring  h is second read in g  speech a re  w orth  
q u o ting : “The class w ith  whom I have th e  g re a te s t  sy m p a th y ,” he said, “a re  those w ho w ish  to  go 
in f o r  experim en ts in th is  science, and  I have been able to  f ra m e  a  clause w hich w ill give abso­
lu te  freedom  in th a t  d irection , m ere ly  req u irin g  re g is tra tio n  on th e  p a r t  of those who w ish to  engage 
in experim en ts. In a  m a tte r  o f th is  descrip tion  th e  H ouse Will doubtless desire  th a t  th e  A ct should 
be adm in istered  as libera lly  as possible, and I  sh a ll c e rta in ly  do m y b es t in  th a t  d irection . F o r 
w h a t i t  is w orth  I w ill g ive an  u n d e rtak in g  th a t  no req u es t fo r  a licence fo r  experim en ts be re fu sed  
un less th e  re fu sa l has been approved  by  me personally .” ,

These w ords m ig h t w ell be te rm ed  th e  M agna C a rte r  of th e  am a te u r  tra n sm itte r . N eedless to  
say , th e  o rig in a l de lig h tfu lly  sim ple s ta te  of a ffa irs  has n o t been re ta in ed , b u t i t  is im p o rta n t to  note 
th a t  th e  p rin c ip a l has n o t changed  a t  all. T he ad d itiona l re s tr ic tio n s  th a t  have been placed on a m a teu r 
ac tiv itie s  have p e rh ap s  been  re g re tta b le , and  no doubt call fo r th  some nosta lg ic  sighs from  
m any  “H am s” w hose m em ories a re  n o t even as long as  1904, b u t th e  fa c t rem ain s th a t  th ey  have 
been essen tia l, in  a w orld w here rad io  com m unication  has becom e such a v ita l service th a t  every  
availab le  kilocycle of th e  spectrum  is needed. W e a re  p rone  in  these  tim es to  bem oan every  add i­
tiona l re s tr ic tio n  in  an  ever m ore reg im en ted  w orld , b u t th e  fa c t  rem ains th a t  w ith  th e  frequency  
req u irem en ts  of the na tions so v a s t, am a te u rs  a re  lucky to  have any  space le f t  to  them  a t  all. L e t it  
no t be in fe rred  th a t  th is  jo u rn a l does n o t believe th a t  am a te u rs  a re  w o rth y  of every  consideration . 
In  th e  p a s t, am a teu rs  have rendered  v e ry  g re a t  serv ice  to  th e  nation , bo th  in  peace and in  w ar, and 
i t  w ould be a  v e ry  u n ju s t th in g  if  a m a te u r  a c tiv ity  w ere to  be p reven ted  because of re s tric tiv e  
leg isla tion . On th e  o th e r  hand , am a te u rs  should n o t fo rg e t th a t  th e y  possess th e ir  p re sen t f r e ­
quency bands by w ay  of p riv ilege , and  n o t as o f r ig h t, and  th a t  g iven th e  ap p ro p ria te  conditions, 
th ey  can be p u t off th e  a ir  by  leg isla tion , as su re ly  a s  th ey  occupy th e ir  p re se n t position  by 
v ir tu e  o f o th e r leg isla tion . In  tim e  o f w ar, a m a te u r  rad io  h as to  be suspended fo r  a num ber of 
reasons, and  i t  should be th e  co n stan t concern of o rgan ised  am a teu rs  to  see th a t  th e ir  m em bers 
them selves g ive no cause fo r  peace-tim e re s tr ic tio n  of th e ir  priv ileges.

T here  is a  la rg e  body o f am a teu rs  w hose in te re s t  in  tra n sm itt in g  is n o t technical, b u t cen tres  
ra th e r  round  th e  m ak ing  o f conversation  w ith  o th e r  am ateu rs , and  fo rm ing  “over the a ir ” fr ie n d ­
ships. N o one would say  th a t  those  w ho go in  fo r  th is  so r t of am a te u r  ac tiv ity  should be d is­
couraged. Indeed such a recom m endation w ould be h igh ly  undem ocratic. B u t som e of these 
“ta lk e rs ,” a s  w e m ay call them  fo r w an t o f a b e tte r  te rm , a re  a n y th in g  b u t an  o rn am en t to  am a­
te u r  rad io .1 T he ir conversation  and o p e ra tin g  p rac tice  is on th e  a ir  fo r a ll to  hear, and m any  
n o n -am ateu rs  w ith  all-w ave dom estic se ts do lis ten  to  th e  am a te u r  bands. I t  follow s, th e re fo re , th a t  
th e  “ta lk e rs ” a re  those am ong th e  “H am ” f r a te rn i ty  w hose ac tiv ity  comes m ost befo re  th e  public 
view, if  only fo r  the  reason  th a t  they  spend m ore tim e  on th e  a ir  th a n  m any w hose in te re s ts  a re  
elsew here. U n fo rtu n a te ly , how ever, som e o f th e  w o rs t o p e ra tin g  p rac tice  comes from  am ong th e ir  
ran k s , and  some of i t  sounds fa ir ly  d read fu l even to  o ther am a teu rs , le t alone to  th e  g enera l 
public. A gain , th e  “ta lk e rs” a re  prone to  long spells a t  th e  m icrophone, v ery  o ften  w ith  q u a lity  o f 
tran sm issio n  th a t  leaves a  good deal to  be desired . This so r t o f th in g  does n o t m ake them  p o p u ­
la r  w ith  o th e r am ateu rs , p a r tic u la r ly  w hen th e  bands a re  so crow ded, and  i t  is qu ite  u n d ers tan d ­
able w hen in consequence, th ey  a re  tak en  to  ta s k  in  th e  a m a te u r  li te ra tu re  fo r  th e ir  lack  of con­
sidera tion  fo r  o th e r users of the bands.

E ven  a casual search  round  th e  80-m etre  band these  days g ives one cause to  reflect th a t  
am a te u r  rad io  is no t w h a t i t  w as. A t one tim e  th e  people who cam e on th e  a i r  and  ta lk ed  abou t 
an y th in g  b u t rad io  w ere fa i r ly  few  and  f a r  betw een, because th e  m ain  bond betw een  am ateu rs  w as 
th e ir  comm on technical in te re s t. M uch o f the technical ta lk  th a t  used to  be h ea rd  w as ill-in form ed, 
b u t a lm o st all of i t  w as ch a rac te rised  by  an  obvious desire  to  lea rn , and those  am a te u rs  w hose 
techn ical know ledge w as ra th e r  g re a te r  th a n  th e  av e rag e  w ere keen ly  sough t a f te r  by  th e  less 
know ledgeable. T his so r t of th in g  seem s to  us to  be m uch n e a re r  to  th e  kind o f am a te u r  w hom  L ord 
D erby had  in m ind w hen he fram ed  his 1904 leg isla tion . H e could n o t have fo rseen  th e  “ ta lk e rs ,” 
a fo resa id , and  the  p o in t w e w ish  to  m ake here  is  th a t  he m ig h t have been horrified  if  he had  been 
able to!

The m oral o f a ll th is  is th a t  those responsib le  fo r  con tro lling  am a teu r rad io  by  th e  g ra n tin g  
of licences, and th e  ad m in is tra tio n  and f ra m in g  of a m a teu r reg u la tio n  do n o t have to  foresee  a n y ­
th in g  of th e  kind, because i t  is th e re  fo r  th e  h ea rin g , and  if  a  sufficiently la rg e  num ber of people 
am ong those  in  au th o r ity  should decide th a t  an y  section  o f rad io  am a teu rs  is sufficiently litt le  of 
an o rn am en t n o t to  be considered useful, i t  is n o t a long step  to  th e  re s tr ic tio n  of a m a teu r rad io  
p riv ileges, and  n o t necessarily  in  a w ay  th a t  can  be ascribed to  th e  exigencies o f e th e r  space.
Page  2 Australian Radio and Electronics, May, 1951
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An Easily Constructed Instrument for 
Measuring R.F. Resistance and Other 

Important Quantities
JI/f^ATF radio workers, both amateur and professional, frequently have cause to 

■‘■V*- lament the lack o f expensive instruments such as the Q-meter, but there is an 
excellent way of making many of the measurements that the Q-meter can perform at 
considerably lower cost, and with gear that is readily available. This way is described 
in the present article, and the construction of suitable gear is outlined also. The equip­
ment would form a useful addition to any laboratory, and yet is within the pocket and 

the capabilities of more amateurs to build.
IN TRO D U C TIO N

The designer, th e  servicem an, th e  a m a teu r t r a n s ­
m itte r  and th e  a m a teu r co n stru c to r all fee l th e  
need a t  som e tim e or an o ther, o f an  in s tru m en t 
w hich w ill m easu re  the various q u an titie s  associ­
a ted  w ith  rad io  frequency  tuned  circu its , and  m ore 
o ften  th a n  not, a re  unable to g e t th e  m easurem en ts 
th e y  need th ro u g h  non-availab ility  of the  necessary  
equipm ent. T his is due m ore th a n  an y th in g  else 
to  the very  h igh  cost of la b o ra to ry  in s tru m en ts  such

sess these  undoubted ly  usefu l in s tru m en ts . Som e­
w h a t the sam e considerations app ly  to  R .F . b ridges, 
and  also to  m ost o th e r in s tru m en ts  fo r  m ak ing  R .F . 
m easurem en ts. How, then , is the  re la tiv e ly  im pe­
cunious individual, o r o rg an isa tio n  to  m ake R .F. 
m easurem ents th a t  a re  o ften  e ssen tia l to  the w ork  
in hand? A comm on p rac tice  is to  ob tain  access 
to  a lab o ra to ry  w hich possesses th e  coveted equ ip­
m ent, b u t th is  is never a  very  s a tis fa c to ry  solution, 
since i t  m eans re ly in g  on som eone elses generosity ,

a s  Q -m eters, and R .F . b ridges. The fo rm er is a 
v e ry  ve rsa tile  in s tru m en t, since in addition  to  
m easu rin g  the Q of a  c ircu it d irec tly , i t  is able to be 
used fo r  accu ra te  m easu rem en t of sm all capacities, 
th e  inductance of coils, and m any  o th e r th ings, 
including ac tu a l R.F. resistance . The only difficulty 
ab o u t the com m ercial Q -m eter is its  v e ry  h igh price, 
w hich alw ays ru n s  in to  some hundreds o f pounds. 
In  addition , its  accuracy  is no t very  s ta r tl in g , h igh 
price o r not, so th a t  only a few  of th e  m ost lavishly- 
equipped lab o ra to rie s  w ill g en e ra lly  be found  to  pos- 
Page 4

and  also en ta ils  ta k in g  th e  job to  the  in s tru m en t, 
in s tead  of vice versa .

I t  is s tran g e , th e re fo re , to  rea lise  th a t  th e re  is a  
very  sa tis fa c to ry  w ay  of m ak ing  m any  R .F . 
m easurem en ts w ith  g e a r  th a t  is v e ry  sim ple to  
construc t, and  w hich can be bu ilt fo r  less th a n  ten  
pounds. The s tran g en ess  of th e  situ a tio n  is even 
m ore a p p a re n t w hen i t  is rea lised  th a t  m any  rad io  
m en have never heard  of the  m ethod, and th a t  its  
scope is a t  le a s t as g re a t as th a t  o f th e  Q -m eter, 
w hile fo r some purposes, its  accuracy  is consider- 
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ably b e tte r . The sim plicity  o f th e  equ ipm en t is 
a lm o st un rivalled , too, since i t  consists only of a 
modified d y n a tro n  oscilla to r. The u sefu lness of 
th is  device h as been publicised fo r m any  y ea rs  by 
M. G. Scroggie, in  h is successive ed itions of “Radio 
L ab o ra to ry  H andbook,” b u t even so its  v ir tu e s  seem  
to  have b lushed unseen by the m a jo rity  of radio  
m en.

R eaders w ill no doubt w ish to know , a t  th is  stage , 
w h e th e r th ; r e  is a  “ca tch ” in  it, b u t we can solem nly 
assu re  them  th a t  th e re  is not. The d y n a tro n  is the  
m ethod we have used in  ou r own lab o ra to ry  fo r  the 
la s t  five y ea rs  fo r  m easu ring  inductance, dynam ic 
im pedance, R .F. res is tance , self-capacity , etc., of 
R .F . c ircu its , and th e  com pleted in s tru m e n t’s fro n t 
panel is th e  cover p ic tu re  fo r th is  issue.

W H A T  T H E  D YNATRON M E A SU R E S
The basic m easu rem en t th a t  is m ade by  th e  

dy n a tro n  osc illa to r is th a t  o f the dynam ic im pedance  
of p a ra lle l-tuned  c ircu its, and no t th e  Q of the c ir­
cuit, though  th is is closely re la ted  to  the  dynam ic 
im pedance. A ctually , th e  dynam ic im pedance, o r 
th e  p ara lle l res is tance  a t  resonance, a s  i t  m ay  also 
be described, is in  m any  w ays a m uch m ore useful 
th in g  to  m easure  th a n  th e  Q. I t  g ives a  d irect 
m easu rem en t of the g a in  th a t  can  be expected, re la ­
tive  to  th a t of an o th e r coil fo r the sam e frequency, 
w hen e ith e r is used in an am plifier stage , and is 
ac tu a lly  a  b e tte r  “goodness fa c to r” th a n  Q fo r m ost 
purposes. The Q -m eter, as its  nam e im plies, 
m easu res  Q d irec tly , b u t from  th is  and  a m easu re­
m en t of inductance, th e  dynam ic im pedance can be 
calcu lated . In  fac t, th e  Q -m eter and th e  dynatron  
a re  s im ila r in  th a t  each can only m ake one basic 
m easu rem en t from  w hich, w ith  th e  aid o f one or 
m ore add itional m easurem en ts, o th e r q u an titie s  can 
be evaluated . W ith  th e  dynatron , th e  dynam ic im pe­
dance is m easured  d irec tly , and w ith  a fu r th e r  
m easu rem en t of inductance, the Q can be calculated . 
On th is  score, then , th e re  is li t t le  o r no th ing  to 
choose betw een th e  two, w ith , if  an y th in g , a  slig h t 
ad v an tag e  in fav o u r o f the dynatron , since it is 
u sua lly  m ore im p o rtan t to  know  the  dynam ic im ­
pedance th an  th e  Q. W ith  both  in s tru m en ts , the 
o th e r q u an titie s  listed  have to be found by calcula­
tion from  tw o or m ore m easurem en ts w ith  the 
in s tru m en t itse lf , o r w ith , say, a capac ity  bridge. 
B u t th e  la t te r  is n o t a  very  expensive item , and  is 
one found in  any  labo ra to ry , and  in  m any  a m a teu r 
w orkshops. I t  can  be seen, th e re fo re , th a t  the 
d y n a tro n  is by no m eans to  be sneezed a t, since 
i t  w ill do p rac tica lly  all th a t  th e  trem endously  ex­
pensive Q -m eter can, and ju s t as quickly.

P R IN C IP L E  O F T H E  D Y N ATRON
M ost read ers  will, no doubt, be fam ilia r  w ith  the 

dynatron  o scilla to r, a t  le a s t in  nam e. I t  w as the 
f irs t device to  be discovered t h a t ’ex h ib its -n eg a tiv e  
re s is tan ce , and possib ly  th e  f irs t tw o-te rm ina l oscil­
la to r  c ircuit. I t  re lies fo r  its  opera tion  on a ch arac­
te r is t ic  of the early  screen-g rid  valves th a t  w as in 
th e  firs t in s tance  som ew hat of a nuisance, and arises 
because  of secondary  em ission w ith in  th e  valve. 
R eaders w ill a ll have seen the p la te  ch a rac te ris tic  
curves of such valves as the 224, 235, 32, etc., 
w hich w ere in use a s  R .F . am plifiers befo re the 
adven t o f the  R .F. pentode. E ach  curve on the 
fam ily  had a shape like th e  one illu s tra te d  in F ig . 1, 
w hich can  be explained a s  follows.

Im ag ine  the, valve as hav ing  its  norm al screen 
vo ltage , say  100 volts, its  norm al g rid  b ias of, say, 
Australian Radio and Electronics, May, 1951

— 3 vo lts, and fo r a s ta r t ,  zero p la te  vo ltage . U nder 
these  conditions th e re  w ill be no p la te  cu rren t, since 
all th e  elec trons from  th e  cathode will be a tt ra c te d  
to  the screen-g rid  and w ill flow in th e  screen circuit. 
Now  if  th e  p la te  vo ltage  is g rad u a lly  increased  from  
zero, a few  of* the  e lec trons w hich p ass  th ro u g h  
th e  m esh of th e  screen will be a ttra c te d  to  i t  and  a 
sm all p la te  c u rre n t w ill flow. A t firs t, th e  p la te  cu r­
re n t w ill be app ro x im ate ly  p ropo rtiona l to  th e  p la te  
voltage, b u t soon th e  p la te  c u rre n t s ta r ts  to  rise  
less rap id ly , as is show n by th e  curve becom ing 
less steep . The reason  fo r th is  is to  be found in  
th e  occurrence o f secondary  em ission a t  th e  p la te . 
Some of th e  elec trons s tr ik in g  it  dislodge o th e r elec-

Ef= —  
Fig. I

tro n s from  it. These dislodged, o r secondary  elec­
trons, e ith e r  fa ll back on to  the p la te , in w hich case 
th ey  do no t affect the  p la te  cu rren t, o r else being 
a ttra c te d  by th e  h ig h e r positive po ten tia l of the 
screen, trav e l tow ards i t  and land  upon it. E lec­
tro n s  w hich do th is  increase  th e  screen  cu rren t, b u t 
decrease the p la te  cu rren t, so th a t  th is  is less th an  
i t  w ould have been if  secondary em ission did not 
tak e  place. A s the p la te  vo ltage  is increased , so a 
po in t is reached w here th e  increase o f p la te  cu rren t 
due to  th e  h ig h er p la te  vo ltage  exac tly  equals th e  
decrease due to  secondary  em ission from  th e  p la te , 
so th a t  th e re  is no increase  o r decrease o f p la te  
cu rren t as the vo ltage  is a lte red  over a sm all range. 
T his po in t is m arked  by th e  firs t ve rtica l dashed 
line on F ig . 1. A s th e  p la te  vo ltage is still fu r th e r  
increased , the secondary  em ission increases m ore 
rapidly th an  the norm al p la te  cu ri'en t does, so th a t  
th e  p la te  cu rren t ac tu a lly  decreases as th e  p la te  
vo ltage  is increased. This is the dow nw ard-sloping 
po rtion  of the  curve of F ig . 1, and is th e  one p a r t  of 
i t  th a t  we a re  in te res ted  in p rac tica lly , fo r  th is  
behav iour co n stitu te s  n eg a tiv e  res is ta n ce . An 
o rd inary , or positive re s is tan ce , is a  com ponent 
in  w hich the c u rre n t in creases a s  th e  v o ltage  across 
i t  increases. T h a t is to  say , it  absorbs en erg y  from  
th e  vo ltage  source. A nega tive  res is tance , on the 
o th e r hand, is any  device in  w hich an increase  in 
vo ltage  across i t  d ecreases the  c u rre n t th ro u g h  it, 
and m u s t th e re fo re  ac tu a lly  supp ly  en e rg y  itself.

N ow  le t us see w h a t would happen  if  we con­
nected a  negative  res is tan ce  across a  tuned  c ircu it. 
W e know  w h a t happens if  a  positive res is tan ce  is 
so connected. I t  absorbs energy  from  th e  circuit, 
and causes th e  dam ping  to  be increased . A n eg a­
tive  resistance , on th e  o th e r hand, decreases th e  
dam ping  on th e  circu it, and th e re fo re  reduces the 
en erg y  losses. A h igh  positive res is tan ce  connected 
across a c ircu it w ill m ean a sm all loss of energy , 
and in th e  sam e w ay, a h igh negative  resistance  
w ill m ean a sm all add ition  of energy .
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I f  we im agine th a t  the  value  of our nega tive  r e ­
s is tance  can be varied  a t  w ill (and th is  can be 
done) an in te re s tin g  s itu a tio n  arises. Suppose, fo r 
exam ple, th a t  we have a tuned  c ircu it w hose dynam ic 
im pedance is 200,000 ohm s, and  th a t  we have a 
neg a tiv e  res is tance  of 400,000 ohms w hich we con­
nect across it, in  p ara lle l. The question  is, w ha t is 
th e  re s u lta n t ac tu a l re s is tan ce?  Since we know  
th a t  th e  connection of n eg a tiv e  res is tan ce  across 
th e  c ircu it reduces th e  en erg y  losses, th e  answ er 
m ust be a positive res is tan ce  h ig h e r in value th an  
the  o rig ina l 200,000 ohm s. I f  we use th e  o rd in ary  
fo rm u la  fo r  res is tances in  p a ra lle l, b u t tak in g  ac­
count o f the signs o f the res is tan ces, we find th a t  
th e  answ er w orks ou t to  a positive res is tance  of 
400k. I f  now we m ake th e  nega tive  re s is tan ce  
sm aller— say  300k., the answ er fo r th e  tw o in  p a ra l­
lel w orks ou t to  a  positive res is tan ce  of 600k. B ut 
w h a t happens if  we m ake th e  nega tive  res is tance  
low er still— say  200k. ? T his tim e the an sw er comes 
to infinity-—and th is  m eans th a t  th e re  a re  no losses 
a t  all, fo r  an  infinite res is tan ce  connected across 
a n y th in g  canno t in troduce any  loss. B ut if  we have 
a tuned  c ircu it in which- th e re  a re  no losses, we 
know  th a t  once s ta rted , i t  w ill go on osc illa ting  con­
tinuously— and th is  is ju s t  w h a t happens in  th e  
dyn a tro n  oscilla to r. The c ircu it consists of a 
screen-g rid  valve in w hich th e  screen  v o ltage  is 
h ig h e r th an  th e  p la te  vo ltage , in  th e  r ig h t ra tio  to  
pu t us on th e  negative  res is tan ce  p a r t  of th e  ch a rac ­

te r is tic . Then we use th e  con tro l g rid  b ias as a  
contro l of the am ount of negative  res is tance . We 
connect our tuned  c ircu it in series w ith  th e  p la te  
lead, and th e re fo re  in pa ra lle l w ith  the  p la te  cathode 
p a th  of th e  valve, and  th u s  in  p a ra lle l w ith  th e  n eg a­
tive re s is tan ce  produced by th e  valve. The g rid  b ias 
is ad ju s ted  to  th e  po in t w here th e  c ircu it ju s t  oscil­
la te s  and no m ore, and in th is  condition we know 
th a t  the positive para lle l im pedance of the tu rned  
c ircu it is exac tly  balanced by th e  nega tive  r e s is t­
ance g iven hy the valve. If  we can now m easure  
the am oun t of negative  res is tance  th e  valve is g iv ­
ing, we w ill know the im pedance of the tuned  c ir­
cuit. This, briefly , is th e . princip le  upon w hich th e  
d yn a tro n  w o rk s  as a  m easu ring  in s tru m en t.

B efore we leave the m echanism  of the dynatron , 
we should p erhaps explain  how i t  is th a t  th e  n eg a ­
tive res is tan ce  ch a rac te ris tic  does n o t p e rs is t over 
the w hole ran g e  of p la te  voltage. A s th e  p la te  
vo ltage  is increased , th e  nega tive  re s is tan ce  de­
creases to  its  m inim um  value, a s  show n by th e  
m axim um  slope o f th e  neg a tiv e  res is tance  p a r t  of 
th e  curve, ap p rox im ate ly  in th e  m iddle. H ow ever, 
as th e  p la te  becom es m ore positive, m ore and  m ore 
of th e  secondary  elec trons a re  a tt ra c te d  back  to  th e  
p la te , in s tead  of go ing  to  th e  screen , and th u s  th e  
negative  res is tan ce  increases again , and a t  some 
poin t d isap p ea rs  a lto g e th e r. This is th e  r ig h t-h an d  
one m arked  w ith  the  do tted  line, so th a t  th e  c ircu it 

Continued on Page 20
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Audio Frequency Distortion Measurements
Part I-Methods of Measurement

B y the Engineering Department, A erovcx Corporation
This is P a r t  I of a series of tw o a rtic le s  w hich 

will deal w ith  audio frequency  d is to rtio n  m easu re­
m ents. P a r t  I I  w ill g ive deta ils of a sim ple, p ra c ­
tica l in s tru m en t designed to m easure  d is to rtion  in  
audio am plifiers.

The acoustical q u a lity  of an  audio am plifier is re ­
la ted  to  th e  am oun t of d is to rtion  p rev a len t in  th e  
am plifier. I f  conform ing  to  tru e  C lass A operation , 
th e  ou tp u t p ia te  c u rre n t w aveshape of th e  am plifier 
should duplicate  th e  w aveshape of th e  g rid  vo ltage 
inpu t. Such n o t be ing  th e  ease, th e  am plifier has 
a  ce rta in  p ercen tag e  of harm onic d is to rtio n  which, 
if  excessive, d e te r io ra te s  th e  audio qu a lity  and be­
comes annoying  to  the lis tener.

D ISTO RT IO N  IN 
N O N -L IN E A R  A M P L IF IE R

F IG . i

T Y P E S O F D ISTO R TIO N
T here a re  th ree  types of d is to rtio n  found  in  an 

am plifier: (1) am plitude d is to rtio n ; (2) frequency  
d is to rtio n ; and (3) phase  sh ift. In  am plitude  d is to r­
tion , th e  fund am en ta l p lus harm onics a re  observed in 
th e  output. F requency  d is to rtion  is caused by the 
am plifier’s in ab ility  to  am plify  a ll frequencies 
equally . Phase  sh if t is p re sen t w hen the  ampli^ 
fier h as  d iffe ren t delays fo r  a ll frequencies. The 
am otin t o f d is to rtio n  increases a s 't h e  tube  is  oper­
a ted  outside of th e  lin ea r po rtion  of the  tube  charac­
te r is t ic  curve, as show n in F ig . (1).

EXTERNAL AMPLIFIER
AUDIO UNDER

OSCILLATOR TEST

T E S T  S E T -U P  U S IN G  
FIG

In  addition  to  harm onic d is to rtion , th e re  is in te r­
m odulation  d is to rtio n  in  audio am plifiers. B oth 
a re  caused by n o n -linearity  in  th e  am plifier. I n te r ­
m odulation  re su lts  in  the production  of frequencies
Australian Radio and Electronics, May, 195?

equal to  the sum s and differences of a low and high 
frequency  (and harm on ics). The in term odu la tion  
p roducts of fund am en ta l frequencies F I  and  F2, are  
as follow s: The in term odu la tion  products do not r e ­
sem ble th e  o rig inal tones in  the inpu t.

F I  +  F2 and F I  — F2 
2F1 +  F2 and 2F1 —  F2 

F I  +  2F2 and F I  —  2F2, etc. 
In te rm odu la tion  d is to rtio n  m easurem ents m ore 
closely correspond to  th e  non-linear d is to rtio n  de- 
detec ted  by th e  av e rag e  rad io  lis ten e r th a n  does 
a  m easu rem en t of to ta l harm onic d is to rtion . I t  is 
in te re s tin g  to  no te  th a t  in te rm odu la tion  d is to rtion  
can be observed even a f te r  no harm onic d is to rtio n  is 
m easurab le .

The p e rcen tage  of to ta l harm onic d is to rtion , rep re ­
sen ted  as th e  d iso rtion  fac to r, is equal to :

/ — Sum  of squares  of harm onic am plitudes V Sum of squares of fund am en ta l and X 100 
harm onic am plitudes

and  is m easured  on the distdrtiojn m eter. The d is­
to r ted  w aveshape can be rep resen ted  by  th e  F o u rie r 
se ries, and  th e  re la tiv e  values of th e  te rm s  o f th e  
series ind ica te  th e  am plitudes of the  harm onics in 
th e  com plex wave.

The harm onic con ten t of the signal includes a ll of 
the  com ponents w hich a re  h ig h er in frequency  th an  
th e  fundam en ta l. S ignal com ponents w hich a re  
low er th a n  th e  fundam en ta l, such as noise  from  the 
pow er supply , a re  n o t u su a lly  m easured . T o ta l h a r ­
monic d is to rtio n  m easu rem en ts a re  m ost freq u en tly  
m ade a t  400 or 100 cycles per second. E ven though  
th is  is th e  s tan d a rd  prac tice , add itional d is to rtion  
w ill usually  be p re sen t a t  the low er frequencies. 
The F ed era l C om m unications Com m ission recom ­
m ends a m easu rem en t of harm onics in audio equip­
m en t a t  frequencies o f 30, 50, 100, 400, 1000, 5000, 
7500, and  15,000 cps.

D IST O R T IO N  M E T ER
Audio frequency  d is to rtio n  m easu rem en ts can be 

m ade by  using  d is to rtio n  m eters, harm onic w ave 
ana ly sers , ahd in term odu la tion  ana ly sers. The d is­
to r tio n  m e te r w ill be discussed first.

A  d is to rtion  m e te r g ives the  p e rcen tag e  of to ta l 
harm onic con ten t and  does no t show how  m uch of 
each harm onic is p re sen t in  th e  ou tpu t. A block 
d iag ram  of th e  m e te r is show n in  F ig . 2 B asically ,

I DISTORTION M ETER  
I____________________________________I

D ISTO RT IO N  M ET ER

.2
i t  consists o f a  nu ll b ridge and a vacuum  tube  v o lt­
m eter. The null b ridge is tuned  to  the  fundam en ta l 
such as 400 cycles per second and th e  bridge is 
balanced a t  th is  frequency  to  en tire ly  rem ove th e
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fu n d am en ta l. The vacuum  tube  vo ltm e te r w ill then  
m easure  only the am plitude  of th e  harm onics. F o r 
accu ra te  m easurem ents, th e  oscilla to r g en e ra tin g  
th e  fu nd am en ta l te s t  frequency  should be com pletely 
f re e  o f harm onics. In  addition , the  VTVM should 
rep re sen t the  RMS vo ltage  as tru ly  as possible. 
T h is  can be in su red  by  o p era tin g  the VTVM in a 
m an n e r such th a t  th e  square  roo t of th e  p la te  
cu rre n t versus g rid  v o ltage  is a  linear function .

The m ost com m only know n w ave a n a ly se r is th e  
heterodyne type. A block d iag ram  is show n in F ig . 
3 and is rep re sen ta tiv e  of a  com m ercial analyser. 
The incom ing audio signal is heterodyned  w ith  the 
frequency  from  a v ariab le  frequency  osc illa to r and 
th e  re s u lta n t frequency  is am plified by th e  n arro w  
bandw idth  IF  am plifier and  read  on a  vacuum  tube 
vo ltm eter. W hen th e  difference betw een the  oscil­
la to r  and the in p u t s ignal frequency  is 50 kc/sec.,

Input
--- ATTENUATOR AM PLIF IER

HETERODYNE
OSCILLATOR

BA LA N CER
MODULATOR

50  KC. I.F. 
(C ry sta l 
f  i Iter),

DET.
AM R V.T.VM.

BLOCK D IAGRAM OF WAVE AN ALYZER  
FIG. 3

The d is to rtion  m e te r does n o t ind ica te  w hich f r e ­
quencies a re  p resen t in th e  com plex-distorted  wave 
and  the  re la tiv e  am p litude  of each. In  addition , 
ce rta in  random  noises m ay  be v ery  d is tu rb in g  to  th e  
lis ten e r and y e t show o n l y  a sm all ind ication  on th e  
m eter. T herefore , as in  m any  te s t  m easu rm en ts, 
th e  o p e ra to r m ust show sufficient skill to  tra n s la te  
th e  re su lts  obtained  w ith  th e  m e te r in to  useful 
d a ta .

A  typ ica l com m ercial d is to rtio n  m e te r has a  f r e ­
quency ran g e  from  50 to  15,000 cps. The d is to rtion  
p ercen tage  is read  d irec tly  from  a  m e te r w ith  cali­
b ra ted  fu ll-sca le  deflections of 0.3 p e r  cent., 1 p e r 
cen t., 10 per cent., and 30 p e r cent, d is to rtion . A 
diode vacuum  tube vo ltm e te r is used fo r m easu ring  
the  p e rcen tage  of to ta l harm onic d is to rtion . The 
scale is also ca lib ra ted  in decibels. A 100,000 ohm 
unbalanced and  a 600 ohm balanced b ridge in p u t 
c ircu it a re  provided. D isto rtion  m easu rem en ts a re  
m ade on th is  in s tru m en t w ith  an  accuracy  of 
approx im ate ly  5 per cent. A d is to rtio n -free  sine 
w ave osc illa to r should be used w ith  th e  m eter. O ther­
w ise a res idua l read in g  w ill be m easured  w hich 
rep resen ts  the  oscilla to r d is to rtio n  ra th e r  th a n  th a t  
o f th e  am plifier o r o th e r audio device being tes ted . 
T here should be no d is to rtion  even a t  th e  v e ry  low 
audio frequencies.

H ARM ONIC W A V E A N A LY SER
U nlike the d is to rtion  m eter, the  harm onic w ave- 

an a ly se r is a precision m ethod of m easu ring  d is to r­
tion  and ind ica ting  sep a ra te  com ponents. The 
w ave-analyser te lls  th e  o p e ra to r w hich frequencies 
o ther th a n  th e  fu ndam en ta l a re  in  th e  com plex w ave­
fo rm  and also  g ives th e  am plitude of each harm onic.

Since th e  an a ly se r m u s t de term ine  th e  fu n d a ­
m en ta l frequency  and all of the harm onics, i t  is 
necessary  th a t  th e  in s tru m e n t be capable of tu n in g  
to  each of these frequencies and of m easu ring  the 
am plitude of each. The an a ly se r is rea lly  no th ing  
m ore th a n  a h igh ly  selective vacuum  tube vo ltm ete r, 
and is s im ila r to  th e  conventional superheterodyne 
receiver excep t th a t  th e  in te rm ed ia te  frequency  is 
m uch h ig h er th a n  the in p u t audio signal under ob­
servation . The w ave an a ly se r has a  v ery  narrow  
bandw idth , o therw ise m easu rem en ts  o f harm onic 
com ponents a t  th e  very  low audio frequencies would 
be im possible.
Page 8

th e  s ignal w ill be tuned to  th e  IF  am plifier and  th e  
am plitude can be m easured  on th e  VTVM. The 
th ree -c ry s ta l filte r inco rpora ted  in th e  IF  am plifier 
assu res  a very  h igh  se lectiv ity . A response curve of 
the c ry s ta l filte r is show n in F ig . 4. The heterodyne 
oscilla to r covers a frequency  ran g e  of 34.000 to  
49,980 cycles p e r  second b u t th e  d ial is ca lib ra ted  
from  0 to  16,000 cps. A ssum e th a t  th e  incom ing 
signal is 500 cps. This would correspond to  an 
osc illa to r frequency  of49,500 since 49,500 plus 500 
c.p.s. equals 50 kilocycles. A difference frequency  
F I  —  F2 (49,500 —  500) canno t be am plified. The 
bandw idth  is only fo u r cycles and harm onics can 
be m easured  easily  a t  th e  low est audio frequen ­
cies. The in p u t im pedance is one m egohm , w hich 
is sufficiently h igh  to m ake loading effects neglig ib le. 
The VTVM is; d irectly  ca lib ra ted  in volts and  deci­
bels and a 5 p e r  cent, vo ltage  accuracy is obtained  
on all ran g es  from  300 m icrovolts to  300 vo lts fu ll 
scale. The frequency  ca lib ra tion  is accu ra te  
to  ± 2% —  (1 cycle).

A no ther com m ercial w ave-analyser has th e  fea tu re  
o f variab le  se lec tiv ity  fo r  rap id  ana ly s is  o f the  com­
plex  w ave. W here th e  harm onics a re  spaced f a r  
ap a rt, the  bandw id th  m ay be increased , thus m aking  
i t  easie r to  m ake m easurem en ts. I f  th e  ha rm o n ics: 
a re  closed spaced, a s  a t  th e  v e ry  low  frequencies, 
the  in s tru m en t m ay  be m ade m ore selective, to  sep ­
ara te  harm onics 30 cycles a p a rt . A response curve 
of th is an a ly se r is shown in F ig . 5.

The opera tion  of a w ave an a ly se r involves first 
tu n in g  th e  o sc illa to r dial to  th e  fu ndam en ta l and

Australian Radio and Electronics. May, 1951

^ 00 
o  80

L  60in
o 40

8 6 4 2 0 2 4 6 8  
CYCLES OFF RESONANCE

C R Y ST A L  F ILT ER  C H A R A C T E R IST IC  
F I G .4



ELECTRONIC

A & R
EQUIPMENT

This month we illustrate the outer limits of our 
transformer range. The item on the right is a 
5 KVa High Tension Transformer, and the illus­
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th en  a d ju s tin g  th e  a tte n u a to r  u n til th e  m e te r reads 
fu ll scale. Then th e  harm onics a re  found  b y  ch an g ­
ing  th e  o sc illa to r frequency  dial and  reco rd ing  th e  
am plitude of each.

In  addition  to  its  use fo r  m easu rin g  th e  d is to rtion  
in  an  am plifier, th e  w ave-ana ly ser can be used fo r 
m easu rin g  d is to rtio n  in osc illa to rs , tra n sm itte rs , and

—a  v o ltage  ra tio  of 4 to  1. The o u tp u t o f th e  
m ixer is fed  to  th e  am plifier under te s t  and  its  
harm onics. The re s u lta n t signal, w hich is 7,000 
c.p.s. m odulated  by  100 c.p.s., is am plified and  de­
m odulated  by th e  rec tifier. I t  is th en  fed  to  a  low  
pass filte r to  e lim inate  7,000 c.p.s., and  th e  o u tp u t 
is fed  to  a  VTVM w here th e  in term odu la tion  p ro -

V A R IA B L E  S E L E C T IV IT Y  R E S P O N S E  C U R V E S  
FIG. 5

&
telephone system s. I t  can  also be used to  determ ine 
th e  harm onics in  pow er m ach inery  and to  analyse 
noise charac te ris tics .

T H E  IN TER M O D U L A T IO N  A N A LY SE R
A block d iag ram  o f a  typ ica l com m ercial in te r ­

m odulation  d is to rtion  m e te r is shown in F ig . 6. The 
am oun t of d is to rtion  is m axim um  a t  th e  h ig h es t and 
low est tra n sm itte d  frequencies. H ow ever, th is  d is­
cussion w ill be concerned m ain ly  wij;h in te rm odu la­
tion  d is to rtion  m easurem en ts a t  the v e ry  low audio 
frequencies. A t low frequencies, m axim um  pow er 
ou tp u t from  a tube is n o t rea lised  because of im pe­
dance changes in  tra n sfo rm e rs  and reactances. The 
pow er o u tp u t is sim ilarly  reduced a t  the h ig h e r f r e ­
quency because of increased  leakage and d is tribu ted  
capacity .

In  operation , tw o frequencies show n on the d ia­
g ram  (F ig . 6) as 100 and 7,000 c.p.s. a re  combined in 
the m ixer. The purpose of the 7,000 c.p.s. s ignal is 
to  ac t as a  c a rr ie r  fo r  the low frequency  com ponents. 
These tw o frequenc ies a re  com m only used, b u t a 
low er frequency  ra tio  m u s t be used if  th e  am plifier 
under observation  has insufficient bandpass. F o r 
b es t sensitiv ity , th e  am plitude of th e  low est f r e ­
quency should be 12db. above th e  h ig h er frequency  
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ducts a re  p re sen t and th e  p e rcen tag e  o f in te rm odu­
la tion  d is to rtio n  is read  d irec tly  fro m  th e  m eter.

T here  is no d irec t re la tionsh ip  betw een  the  p e r­
cen tage  of to ta l harm onic co n ten t and th e  p e rcen tag e  
of in terinodu la tion  d is to rtion . W ith  a  12 db ra tio  
fo r th e  above frequencies, some au th o ritie s  claim  
the percen tage  in term odu la tion  d is to rtion  is equiva­
len t to j

(h i  h2 h3 . . . hn ) X (n)
w here h i ,  h2, e tc., a re  th e  harm onics and  is th e  
order o f harm onics. A s an  exam ple, 10 p e r  cent, 
in term odu la tion  d is to rtion  is o ften  equ ivalen t to  
about 2.5 p e r cent, to ta l harm onic d is to rtion . Since 
th e re  a re  no definite s tan d a rd s  fo r  these  m easu re ­
m ents, any  figure of in term odu la tion  d is to rtion  m u s t 
be accom panied by a  s ta te m e n t o f te s t  conditions.

I t  is hoped th a t  th is  b r ie f  d iscussion of audio f r e ­
quency d is to rtion  m easurem en ts w ill be helpfu l in 
c la rify in g  th e  g en era l sub jec t d is to rtion  m easu re ­
m ents. The n e ^ t a rtic le  w ill be especially  help fu l to  
those who w ish  to  co n stru c t a sim ple m e te r fo r rap id  
m easu rem en t of th e  percen tag e  of to ta l harm onic 
d is to rtion  and inden tification  or harm onic w ave com ­
ponents.

(To be continued)
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A  VERSATILE RANGE OF AMPLIFIERS 
COVERING ALL GENERAL SO U N D  REQUIREMENTS

SPECIFICATIONS— MODEL XV25
INPUTS, h igh  im pedance, 
gram o .5 meg., m icrophone 
.1 meg.
SENSITIVITY, gram o .25 
volt, m icrophone .002 volt.

POWER OUTPUT, 25 wts. 
Noise level—46 db. 
DISTORTION, m axim um  
5% at fu ll output.

OPERATING VOLTAGE, 
b a tte ry  12 volts or AC 240 
volts.
OUTPUT IMPEDANCE. 
600, 3Q0, 150, 75, 37.5, 18.75 
ohms.
VALVES, 2/6AU6. 1/6SN7- 
GT, 2/807, 2/6X5GT. 
DIMENSIONS: 16in. x  10 
in . x  81/4in.

NOTE: This am plifier is designed fo r use from  either 
b a tte ry  or A.C. m ains. Changeover fo r e ith er operation 
is m ade by  sim ply changing connecting cables supplied 
w ith  am plifier.

PRICES ON APPLICATION

Details o f Special T ype  A m plifiers, L A R G E  Power, etc., on request.

INPUTS, h igh  im pedance, 
gram o .5 meg., m icrophone 
.1 meg., rad io  .5 meg. 
SENSITIVITY, gram o .25 
volt, m icrophone .002 volt, 
radio  .25 volt.
POWER OUTPUT, 15 wts. 
Noise level—50 db. 
DISTORTION, m axim um  
5% a t fu ll output.

OPERATING VOLTAGE, 
AC 220, 240, 260 volts. 
OUTPUT IMPEDANCE. 
600, 300, 150, 75, 37.5, 18.75 
ohms.

VALVES, 2/6 AU6, 1/6SN7- 
GT. 2/6V6GT, 1/5V4G. 
DIMENSIONS: 13V4in. x  
9J,2in. x  S ^ in .

SPECIFICATIONS— MODEL X15

SPECIFICATIONS— MODEL X30
INPUTS, h igh  im pedance, 
gram o .5 meg., m icrophone 
.1 meg., radio  .5 meg. 
SENSITIVITY, gram o .25 
volt, m icropnone .002 volt, 
rad io  .25 volt.
POWER OUTPUT, 30 w ts. 
Noise level—50 db. 
DISTORTION, m axim um  
5 % a t fu ll output.

OPERATING VOLTAGE, 
AC 220, 240, 260 volts. 
OUTPUT IMPEDANCE. 
600, 300, 150, 75, 37.5, 18.75 
ohms.
VALVES, 2/6AU6. 1/6SN7- 
GT. 2/807, 1/5V4G. 
DIMENSIONS: 16in. x  10 
in . x  S ^ in .

422 KENT STREET, SYDNEY :: 'Phones: M A  9537 - M A  9538
O pen  on S a tu r d a y  M o rn in g s .  9.30-12 N oon .

V ic t o r ia n  F a c t o r y  R e p re se n ta t iv e :  J O H N  L. H A R R O V N / E R ,  71 L it t le  L o n sd a le  St., M e lb ou rn e .
P h o n e : C e n tra l 8519
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Some W ave Forms and How to Make Them
PA R T  II

N O M E N C L A TU R E  O F P U L S E S
A t th e  end o f th e  f irs t in s ta lm en t of th is  a rtic le , 

w e w ere d iscussing th e  n a tu re  o f pu lses, as d is tin c t 
from  square-w aves, and saw  th a t  an  ap p ro p ria te  
definition can be m ade by  reg a rd in g  pulses a s  spe­
cial cases of square  w aves, in w hich th e  po rtions 
above and below th e  d a tum  line a re  n o t equal in 
am plitude. The difficulty th a t  som etim es causes 
confusion to  th e  new com er is th a t  d ifferen t w rite rs  
call w h a t ap p ea r to  be iden tical w ave-form s by 
d iffe ren t nam es. T here is a c e r ta in  am oun t o f ju s ti­
fication fo r  th is , because a  w ave like th a t  of F ig . 1 
(fa) can  ju s t  as easily  be called a  positive-going  
pulse, or a negative-go ing  square-w ave if  th e  datum  
line is no t in serted . F o r  exam ple, a s  we have d raw n  
i t  in F ig . 1 (b ) , i t  could h a rd ly  be called an y th in g  
b u t a positive-going pulse, b u t if  a D.C. com ponent 
is added, i t  is possible to  sh if t th e  datum  line up 
to , say , th e  tops of the  n a rro w  portions. In  th is  
case, i t  m ig h t be m ore ap p ro p ria te  to  call i t  a  n eg a ­
tive-go ing  square  w ave, because th e  opera tive  p o r­
tion  of the w ave is now th e  longer, negative-go ing  
portion  ra th e r  than  th e  sh o rte r  positive b it, and  be­
cause the idea of sh o rtn ess  in h e ren t in the nam e 
“pu lse”, is th en  m issing. In  th e  li te ra tu re , one is 
liable to  come across e ith e r te rm  fo r  w h a t w ill 
som etim es ap p ea r to  be th e  sam e th ing , because of 
the  com m on, b u t undesirab le  h a b it of leav ing  ou t 
the  datum  line, and th u s  show ing m erely  th e  shape 
o f th e  wave. H ow ever, fo rew arned  is fo rearm ed, 
and  if  th is  .fa c t is rea lised  in advance, m uch con­
fusion w ill be saved the s tu d en t who is new  to th e  
subject.

F o r  in stance , one m ig h t ju s t  as easily  call (b) 
a  positive pulse, o r a n eg a tiv e  square-w ave. In  
genera l, w h a t i t  is called, w ill depend n o t only on 
its  shape, b u t on how i t  is to  be used. The difficulty 
is increased  som ew hat because v e ry  o ften  th e  datum  
line is a rtific ia lly  sh ifted  by in se rtin g  a  D.C. com­
ponent, so th a t  th e  te rm  “pu lse” becom es in ap p ro ­
p ria te  because o f th e  in h e ren t m ean ing  of “ sh o r t­
n e ss” th a t  belongs to  the  word. H ow ever, if  th is  
difficulty is rea lised  by  th e  read e r, he w ill find de­
sc rip tions m uch easie r to  un d ers tan d  as, fo r  ex­
am ple, when a w ave like (c) is changed by b rin g ­
in g  th e  datum  line down to  the  tip s of th e  nega- 
tive-go ing  portions, and  y e t th e  w rite r  re fe rs  to  i t  
as a  neg a tiv e  pulse still.

U SE S  O F SQ U A R E-W A V ES AND P U L SE S
The uses of square-w 'aves and pulses a re  a lm ost 

unlim ited. I t  can be said  briefly  th a t  th ey  a re  used 
in any  app lication  w here th e  tim ing  of opera tions 
is requ ired , on a reg u la r, re c u r re n t basis. The m ost 
obvious app lica tion  is th a t  of synchron ising  the  re ­
ceiver tim e-bases in a  TV receiver w ith  those  a t  
th e  tra n sm itte r . A no ther im p o rtan t app lica tion  is 
th e  synchron ising  of th e  severa l opera tions th a t  
tak e  place in a  ra d a r  system . Y et an o th e r is th e  
estab lishm en t of accura te  tim e in te rv a ls  in pulse- 
m odulated  m ultip lex  te lephony  system s, n o t to  m en­
tion  th e  use of th e  pulses, m odulated  in som e w ay, 
fo r ac tu a lly  conveying th e  several se ts  of in te lli­
gence.

A llied to  tim ing  opera tions a re  sw itch ing  opera- 
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tions. F o r  th is  purpose, square-w aves a re  usua lly  
em ployed, as in  th e  elec tron ic  sw itch used fo r  
m ak ing  tw o p ic tu res  v isib le a t  once on th e  screen 
of the  sam e cathode ra y  tube. E lectron ic  sw itches 
have also been used in  r a d a r  fo r  au to m atica lly  feed ­
in g  th e  o u tp u ts  of severa l ae ria ls , in  a  definite tim e 
sequence, to  the  one receiver, and  a t  th e  sam e tim e 
fo r sw itch ing  the  C.R.T. d isp lay  c ircu its  so th a t  th e  
signals from  each ae ria l can  be seen sep a ra te ly , and 
identified..

E lectron ic  sw itches have also been used fo r a u to ­
m atica lly  a rra n g in g  fo r th e  s tro n g e s t signal from  
a  num ber o f a e r ia ls  to  be heard  in  a  se t of d iversity  
receivers, and  fo r  au to m atica lly  p roducing  rep e titiv e  
sequences o f even ts such a s  the operation  of signal 
lig h ts , etc. ,

Square-wraves, in com bination  w ith  saw -too th  
w aves, a re  used fo r m easu ring  sm all tim e in te rv a ls , 
from  m icro-seconds upw ards, and fo r  perfo rm in g  
a m u ltitu d e  of functions too num erus to  m ention. 
The exam ples given in th is  p a ra g ra p h  a re  only a 
few  th a t  sp rin g  read ily  to  m ind w ith o u t an y  spe­
cial th o u g h t. They a re  enough, how ever, to  ind i­
ca te  th a t  p rac tica lly  all th e  non-radio  uses o f valves 
find som e app lica tion  fo r  square-w aves and  th e ir  
g en e ra tin g  c ircu its. They a re  to  be reckoned a  topic 
of m a jo r im portance  to  anyone who asp ires to  know  
an y th in g  of e lectronics, a s  d is tin c t from  sim ple 
linear am plifiers and rad io  receivers, w hich th e m ­
selves a re  no m ore th a n  a  special kind of lin ea r 
am plifier.

M ETH O D S O F  G E N E R A T IN G  TH EM
P erh ap s  th e  f irs t  im p o rtan t th in g  abou t th e  g en ­

era tion  o f non-sinusoidal w ave-form s is th e  ques­
tion  of w h a t th ey  a re  m ade from . In  genera l, th ey  
can be m ade in  one or tw o w ays, each of w hich is 
im p o rtan t, end  has its  own uses. The firs t w ay  is 
to g en e ra te  them  d irec tly  by  m eans of special oscil­
la to rs , w hile th e  second is to  s t a r t  off w ith  a  sine- 
wave, and  m odify, o r d is to r t it, u n til th e  w ave shape 
is th e  one r.eeded fo r  th e  purpose in hand. The 
m ain  ad v an tag e  o f th e  firs t m ethod is th a t  i t  usually  
needs few er valves, w hile th e  second m ethod has 
the ad v an tag e  th a t  w hile severa l step s a re  needed, 
and severa l valves, i t  is o ften  possible to use in te r­
m ediate w ave-form s th ro u g h o u t th e  chain fo r p u r­
poses req u iied  by the com plete equ ipm ent fo r  w hich 
th e  square-w aves o r pu lses a re  being g enera ted . 
These w ave-fo rm s a re  seldom an  end in them selves, 
b u t a re  u su a lly  m eans of m ak ing  an equ ipm ent p e r­
fo rm  its  p a r tic u la r  functions. The sam e th in g  can 
be said  of th e  s ignals from  a m icrophone, in  th a t  
th e  e lec trica l o u tp u t of th e  m icrophone is sim ply  a 
m eans w hereby  th e  use o f am plifiers is m ade pos­
sible, since am plifiers a re  needed to  o pera te  loud 
speakers.

V ery  o ften , a  com bination of bo th  m ethods is 
used, in w hich a sine-w ave is used as a frequency  
s tandard , and  a p a r tic u la r  po in t on each cycle as a 
tim e re fe rence  point. In  th is  case th e  ac tu a l square - 
w aves used m ay  be m ade by  m u ltiv ib ra to rs  of one 
so rt or ano ther, synchronised by m eans of pu lses 
derived from  th e  o rig inal sine-w ave fo r th a t  specific 
purpose. In  th is  a rtic le , how ever, i t  is in tended  to  
deal w ith  th e  second m ethod, as read e rs  o f th is  
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jo u rn a l w ill have become reasonab ly  fa m ilia r  w ith  
th e  sim ple m u ltiv ib ra to r. B esides, these  in te re s tin g  
c ircu its  a re  them selves m a te ria l fo r  severa l artic les! 
Indeed, th& w hole sub jec t o f non-sinusoidal w aves 
and  th e ir  g en e ra tio n  is one abou t w hich la rg e  and  
w eigh ty  volum es have been w ritten . I t  is th u s  
n o t possib le in  an  a rtic le  o f th is  kind to  do m ore 
th a n  skim  th e  su rface .

H.T.+ i  

\ Rc

Output

Fig. 2

T H E  D IST O R T IN G  A M P L IF IE R

P erh ap s th e  m ost w idely used m ethod of g e n e ra t­
in g  w ave-form s fro m  sine-w aves is to  use  an  am pli­
fier, designed and  a rran g ed  to d is to r t th e  sine-w ave 
in  a  p a rtic u la r  m anner. Those who have looked 
a t  th e  o u tp u t of an  audio am plifier using  an  A .F. 
o sc illa to r and  a n  oscilloscope w ill h av e  m ore th a n  
a  clue as to  how th is  is done. I f  a  valve is biased 
in  th e  cen tre  o f th e  s tra ig h te s t  p o rtion  of its  
c h a rac te ris tic , and  if  th e  in p u t vo ltage  is k ep t w ith in  
ce rta in  p rescribed  lim its , th e n  th e  A.C. o u tp u t v o lt­
ag e  is an  a lm ost d is to rtion less rep roduction  of the 
in p u t w ave, reg a rd le ss  o f its  shape. Of course, 
am plification  is ob tained  a t  th e  sam e tim e, and fo r 
o rd in a ry  purposes th is  is the  desired  end. B u t if  th e  
in p u t vo ltage  is increased , tw o th in g s  happen. The 
n eg a tiv e  half-cycles sw ing th e  g rid  of th e  am plifier 
valve p a s t its  cut-off vo ltage, and  th e  positive h a lf­
cycles sw ing  i t  positive, so th a t  the  c u rre n t th rough  
th e  valve no lo n g er increases w hen th e  g rid  vo ltage  
goes m ore positive still. Now bo th  th ese  occurrences 
cau se  the o u tp u t vo ltage  to  lose all resem blance to  
a  sine-w ave, and  i t  w ill be found  th a t  if  th e  A.C. 
in £ u t vo ltage  is increased  sufficiently, th e  o u tp u t 
w ave w ill resem ble F ig . 1 (a ) m uch m ore closely 
th a n  i t  resem bles th e  o rig inal sine-w ave.

T his, v e ry  briefly , is th e  princip le  on w hich square- 
w ave and pu lse  g en e ra to rs  w ork. T here  is a  good 
deal m ore to  th e  question  th a n  th a t ,  how ever, and 
a c tu a l pu lse  g en e ra to rs  a re  specially  designed fo r 
th e  purpose, and n o t ju s t  overloaded am plifiers. B ut 
th e  princip le  o f th e  over-driven am plifier is th e  basic  
id ea  behind a w hole fam iiy  of im p o rta n t c ircu its , 
•which we w ill discuss in  th e  n e x t in s ta lm en t of th is  
a rtic le .

One o f th e  sim p lest d is to rtin g  am plifier c ircu its 
is  th a t  show n in F ig . 2. H ere  we have a  sm all 
tr io d e , such as a 6Cg, 6J5, o r h a lf  o f a  6SN 7; in  the  
p la te  c rcu it th e re  is a load re s is to r, R l, th e re  is no 
g rid  b ias, and  th e  in p u t is supplied fro m  a  t r a n s ­
fo rm er, th ro u g h  a series g rid  re s is to r, Rs.
Australian Radio and Electronics, May, 1951

T he action  of th is  c ircu it is as follow s. W ith ­
ou t any  s ignal inpu t, th e  valve w ill n o t d raw  ex­
cessive cu rren t, in sp ite  o f th e  f a c t  th a t  th e re  is no 
b ias, because of th e  re la tiv e ly  h igh  value  of load 
re s is to r. The in p u t tra n s fo rm e r provides app rox i­
m a te ly  lOOv. R.M.S. a t  its  secondary  te rm in a ls , and 
th u s  each half-cycle  has a  p eak  value of a p p ro x i­
m a te ly  141 vo lts. T he g rid  o f th e  valve, in th e  
absence o f Rs would th u s be d riven  betw een the 
lim its of p lus 141 vo lts  and  m inus volts once in  each 
cycle o f th e  in p u t voltage. F i r s t  o f all, le t us see 
w h a t happens on» the  nega tive  h a lf  cycles. The 
valve does n o t d raw  g rid  c u rre n t a t  th is  tim e, be­
cause the g rid  is negative  w ith  re sp ec t to  cathode 
fo r  th e  d u ra tio n  of the  h a lf  cycle. B ecause of th is , 
th e re  is no vo ltage  drop in Rs, and th e  fu ll negative  
v o ltage  o f th e  in p u t is applied to  th e  g rid . Because 
of the  la rg e  in p u t vo ltage, how ever, th e  valve b e ­
com es cu t off a f te r  a very  sh o r t tim e, b u t du ring  
th e  period in w hich th e  valve is s till conducting, 
th e re  w ill be a  sh arp  rise  in  p la te  vo ltage , c o rre ­
sponding to  th e  rap id  fa ll in  g rid  vo ltage , and ac tu ­
a lly  being an  am plified version  of th is  p a r t  o f the 
in p u t voltage.- H ow ever, as soon as  th e  in p u t w ave 
tak es  th e  g rid  to  cut-off, conduction ceases, and  so 
does the rise  of p la te  voltage. A t th is  poin t, th e  
p la te  vo ltage  is equal to  th a t  of th e  H.T. line, be­
cause since th e re  is no p la te  cu rren t, th e re  can be 
no vo ltage  drop in  th e  load re s is to r. F ro m  now  on, 
th e  valve rem a in s cu t off w hile th e  in p u t w ave com ­
p le tes the negative-go ing  quarter-cycle , and reaches 
its  m axim um , or peak  negative  value. T he vo ltage  
th en  s ta r ts  to  rise  once m ore, b u t u n til i t  reaches 
th e  cut-off b ias  fo r  th e  valve, th e  la t te r  rem ains 
a t  cut-off. N ow  as long as th is  happens, the p la te  
vo ltage  rem ains s ta tic  and equal to the H.T. voltage, 
so th a t  d u ring  th is  cut-off period, th e  o u tp u t w ay  is 
a  ho rizon ta l s t ra ig h t line, fo llow ing  the  v ery  quick 
rise  m entioned above. B ut as soon as the in p u t 
vo ltage  reaches cut-off w hile p roceeding  in  th e  up ­
w ard  d irection , th e  valve s ta r ts  to  conduct ag a in , 
and th is  it  does fo r  th e  whole of th e  rem ain d er ot 
th e  cycle. B ut w hile the  in p u t is trav e lin g  up from  
cut-off to  th e  g rid  c u rre n t po in t, th e  valve am plifies 
once m ore, and th is  tim e, th e  o u tp u t is a rap id ly  
fa llin g  p la te  vo ltage, and is an  am plified version  of 
the p a r t  of th e  in p u t cycle v/hich is crossing- th e  
grid -base  of the  valve. This process is illu s tra ted  
g rap h ica lly  by  F ig . 5, w hich g ives a physica l p ic tu re  
of w hat is h appen ing  over th e  w hole cycle of the 
in p u t voltage. T his d iag ram  show s the g rid  
v o lts /p la te  c u rre n t ch a rac te ris tic  o f th e  valve, and 
th e  in p u t and o u tp u t w ave form s. The do tted  inpu t 
w ave fo rm  rep re sen ts  th e  lOOv. R.M .S. inpu t, and 
and the figure il lu s tra te s  w hy, w ith  such a  la rg e  
in p u t vo jtage, th e  tim es d u ring  w hich the valve 
conducts and am plifies, a re  so v e ry  sho rt. The fu ll- 
line p a r t  of th e  in p u t w ave is th e  effective p a rt, 
fo r once the valve is cu t off (re fe rr in g  ag a in  to  th e  
negative  half-cycle), th e  shape of th e  w ave in p u t has 
no fu r th e r  effect on the shape of the  o u tp u t w ave. 
(N o te : In  F ig . 5, th e  tim e scale fo r  th e  in p u t w ave 
is from  top to  bo ttom  of th e  p ic tu re , and fo r th e  
o u tp u t w ave, from  le f t  to  r ig h t.)  I f  th e  figure is 
exam ined in conjunction  w ith  th e  descrip tion  wo 
have ju s t given, i t  w ill be possible to  v isualise  qu ite  
c lea rly  w h a t happens, and how th e  square-cornered  
positive half-cycle of o u tp u t arises.

W hat, then , o f th e  nega tive  o u tp u t ha lf-cycle? 
T his obviously occurs du ring , and  corresponds in
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tim e to, the positive half-cycle o f the  in p u t vo ltage. 
W e have a lread y  described th e  rap id  drop in p la te  
vo ltage  (A A  on th e  d iag ram ) w hich occurs w hile 
th e  in p u t w ave fo rm  is c rossing  th e  g rid -base  o f th e  
valve d u ring  th e  la t te r  po rtion  of th e  nega tive  
half-cycle and th e  beg inn ing  of th e  positive h a lf ­
cycle. I t  is im p o rta n t to  no te  th a t  the datum  line 
fo r  the  in p u t w ave is th e  zero-b ias line, since th e ra  
is no b ias on the  valve. The only portion  of the 
ou tp u t w ave le f t to  explain  is th e  po rtion  AB, in  
which th e  p la te  vo ltage is once ag a in  co n stan t fo r  a 
considerable tim e, b u t th is  tim e a t  a  v e ry  low value. 
I t  w ill be seen th a t  th e  valve has been show n as 
possessing  a  ch a rac te ris tic  in  which, a f te r  th e  g rid  
h as risen  to  only a few  vo lts  positive w ith  r e s p e c t ' 
to  cathode, th e  p la te  c u rre n t ceases to  rise  a t  all. 
I f  th is  is th e  case in p rac tice , then  once th e  in p u t 
w ave h as driven th e  p la te  c u rre n t to  th is  sa tu ra tio n  
value, any  fu r th e r  increase o f positive v o ltage  can 
no longer increase the p la te  cu rren t. This then  re ­
m ains co n stan t, and  h igh  in  value. T here  is th u s a 
la rg e  and co n stan t vo ltage  drop th ro u g h  th e  p la te  
re s is to r, g iv ing  th e  po rtio n  AB of th e  o u tp u t w ave, 
un til th e  in p u t w ave-fo rm  re tu rn s  on its  dow nw ard 
jo u rn ey  to  com plete th e  positive half-cycle.

1

L, -------Ar-------8 ............

Output
Wave-5hope

I n p u t  . . . . . . .
Valve  ; ; W a v s - S h a p e
Cut OffN ■ 1 . . y - - - " '

Valve C o n d u c t in g  
H e a v i l y

Fig. 5

The purpose  o f th e  series g r id  re s is to r  h as  y e t to  
be explained, how ever. The ch ie f reason  fo r  its  
p resence is th a t  some m eans m u s t be provided of 
p rev en tin g  a v e ry  heavy, d am ag ing  flow of g rid  
cu rren t from  occurring  d u ring  th e  positive h a lf ­
cycle o f th s  in p u t vo ltage. Obviously few  valves 
w ill s tan d  positive g rid  vo ltag es o f over 100 vo lts  
fo r  long w ith o u t the g rid  becom ing overheated  
th ro u g h  excessive g rid  cu rre n t; th e  in se rtio n  of th e  
series re s is to r  a c tu a lly  p rev en ts  a  v e ry  h igh  positive 
g rid  vo ltage  from  occurring  in  an y  case, w hile hav ing  
no adverse effect on th e  o u tp u t w ave-form . F rom  an  
exam ination  of F ig . 5, i t  can  be seen th a t  a s  long as 
th e  g rid  v o ltage  goes th e  few  vo lts  positive th a t  
a re  needed to  drive i t  in to  th e  sa tu ra te d  condition, 
any  fu r th e r  positive vo ltage  on th e  g rid  is unneces­
sa ry . T hus, R s is in se rted  to  ac t a s  a vo ltage  
d iv ider, b u t only d u ring  th e  positive half-cycles. 
M ore s tr ic tly , th e  v o ltage  d iv ider ac tion  tak es  p lace 
only w hile th e  valve  is d raw in g  g rid  cu rren t. W hen 
th is  happens, th e  g rid -ca thode c ircu it inside th e  
valve ac ts  as a  low  res is tance  of only a  few  th o u ­
sand  ohm s. I f  R s is m ade h igh  in  value, i t  acts, 
to g e th e r w ith  a g rid -ca thode res is tan ce  as a  vo ltage  
div ider, so th a t  only a sm all fra c tio n  of th e  in p u t 
Page 14

F ig. 6 .
voltage  is ac tu a lly  applied to  th e  g rid  w hile g rid  
c u rre n t is pass ing . The n e t re s u lt is th a t  c o n tra ry  
to  f irs t expecta tions, the valve never has i t s  g rid  
m ore, th a n  a very  few  volts positive, so th a t  th e  
h ig h ’ positive in p u t vo ltage  does no harm . N eedless 
to  say, th e  vo ltage  div id ing action  does n o t tak e  
place once g rid  c u rre n t ceases, and  th u s Rs has abso­
lu te ly  no effect on the nega tive  v o ltage  applied  d u r­
ing  th e  nega tive  half-cycle, and thus , no effect on 
th e  shape of th e  o u tp u t w ave d u rin g  th is  tim e.

T his c ircu it can  be seen to  produce an  o u tp u t very  
s im ila r to  F ig . 1 (a ) , in  th a t  the  positive and  n eg a ­
tive  half-cycles a re  o f a lm o st equal du ra ton . W ith  
th is  a rra n g e m e n t th ey  a re  n o t qu ite  equal, because  
as can be seen from  F ig . 5, the  da tum  line fo r  the  
in p u t w ave is n e a re r  th e  sa tu ra tio n  g rid  v o ltage  
th a n  cut-off. The nega tive  half-cycle o f th e  in p u t 
w ill th e re fo re  affect th e  p la te  c u rre n t fo r  a  s ligh lty  
sh o r te r  period  th a n  w ill th e  positive in p u t h a lf­
cycle. T his w ill m ake th e  o u tp u t postive half-cycle 
s lig h lty  sh o r te r  th a n  th e  nega tive  one, b u t only 
very  s lig h tly  sh o rte r . The la rg e r  th e  in p u t vo ltage , 
th e  sm alle r w ill be th e  tim e difference betw een the 
len g th  o f the  half-cycles.
PR A C T IC A L  PE R FO R M A N C E  O F T H E  C IR C U IT

In  o rd e r to  d em o n stra te  th e  ac tu a l p erfo rm an ce  
of some of the  c ircu its  about Which we a re  w ritin g , 
te s t  c ircu its  w ere constructed , and  th e  ac tu a l w ave­
fo rm s fro m  them  w ere  pho tographed  on the  oscil- 

( Continued on Page 26)
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Recordists:
Special Line o f Blanks:

6in ., 1 /9 ; 7in., 2 /6 ;  8in., 3 /9 ;  10in., 5 /- . A ll 
prices subject to sales tax.
A ll Recording Accessories:

Cutting Heads, Styli, Sapphires, Labels, Strobo­
scopes.

Transversing Equipment.
Turntables, etc.

W rite for Price Catalogue

Manufactured by:

PLAYBAC K  R E C O R D IN G  
SUPPLIES

291 Exhibition Street, Melbourne
Central 5970

Postal: Box 5041Y, G .P.O ., Melbourne

FERRANTI METERS
New 21 " Square Flush Mounting Ferranti Meters. 
Supplied with eleven scales covering the following 
ranges' of D.C. current and voltage:— Milliamperes: 
0-5, 0-25, 0-50, 0-100, 0-250. Voltage: 0-10, 0-25, 
0-50, 0-100, 0-250, 0-500.
2 %  Shunts and Multipliers for any of the abov8 
ranges can be supplied. The meter is at present 
fitted with a multiplier and scale covering 0-20 volts. 
Printed directions supplied with each meter.
Prices as follows:—
Meter with eleven scales ............... ..............  27/6
2 %  Shunts for current ranges ................  ea. 3/6
Multipliers for voltage ranges ................  ea. 2/9
Meter with the full set of eleven scales, five

shunts and six multipliers .................... ea. 55 / -
Postage and Packing 1 / 6  extra.

Paragon Radio, Box 14, P.O., Haberfield, N.S.W.

100 Clarence St. Sydney BX4451 Box 5000 G.P.O. Sydney

U w e c t a t i t i
(supplies of everything for the amateur 

radio and record enthusiast)

. THE BRS MODEL R33 PORTABLE 
RECORDER

Complete with microphone, amplifier, and two 
speaker, enclosed in an attractive carrying case, 
•this unit is capable of performing the following 
functions.

(1) R E C O R D IN G  F R O M  M IC R O P H O N E
(2) R E C O R D IN G  F R O M  R A D IO  O R  P IC K U P
(3) P L A Y B A C K  F R O M  R A D IO
(4) P L A Y B A C K  F R O M  C O M M E R C IA L  R E C O R D IN G S
(5) A  S M A L L  PU BL IC  A D D R E SS  SYSTEM

ON D EM O N STRAT IO N  AT  
100 CLARENCE ST. X  I f t O

Easily operated by 
non-technical users

£146
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NOVICE SET BUILDING
A  SECTION FOR THE BEGINNER  

sponsored by 
LEVENSON’S RAD IO  PTY. LTD., SYDNEY.

GETTING STARTED -  Part 3
W HAT IS RADIO?

The first question to w hich m any w ill desire an answ er is: “W hat ARE radio w aves anyw ay?” This, thougfo a very 
reasonable request, is, strangely enough, very  difficult to answ er. The only REAL answ er is the  one w hich was given to 
the w orld by a very  fam ous m athem atician , C lerk M axwell, bu t it is quite im possible to set it ou t here, for none of our 
readers would understand  it if we did. A t least, no t unless th ey  w ere m athem aticians. However, it  was M axw ell’s m athe­
m atics th a t caused radio to be likened to w aves in  the  first place, fo r he proved th a t in m any ways, w hat we know7 as 
radio, behaves m uch as do w aves on the  surface of a sheet of w ater. (This w as all the m ore rem arkable, since, in C lerk 
M axw ell’s day, no one h ad  discovered practically  th a t any such things as radio  waves could be produced, le t alone be 
used for com m unicating betweeiy rem ote places!)

So we have it  th a t radio  w aves are  like w aves in w ater, but they  are  very  different from  w ater w aves because they  
can be neither seen nor felt. This is w here the  radio set com es in. Its job is to allow us to detect the  radio  waves. 
O rdinarily  the set does th is by transform ing  them  in to  m echanical v ibrations w hich  cause sounds th a t can  be heard  by 
our ears.

Using a Valve Instead of the Crystal

S L ii. V1

These tw o c ircu its  show how' a  c ry s ta l d e tec to r 
can be rep laced  b y  a  tr io d e  valve connected  as a  
diode. A ll th a t  is needed is a  b a tte ry  to  lig h t th e  
filam ent, and  a  valve socket. F o r  o ld-fash ioned  2- 
vo lt valves a  l i  vo lt to rch  cell can  be used , and  
fo r  4-volt valves a  4 |-v o l t  to rc h  b a tte ry . The le f t-  
h and  c ircu it shows C rysta l s e t No. 3 a lte red  to  use 
th e  valve, and  th e  rig h t-h an d  one, c ry s ta l se t No. 
2. In  the  la t te r  a sw itch has been  added  to  tu rn  
th e  valve filam ent on a n d  off.

V I  can  be an y  of th e  valves show n in th e  tab le .

164-GT 30 etc.
T h ese  d iagram s show  
the p in s to w hich the  
v ariou s e lem en ts o f  
th e  v a lv es g iv e n  in  the  
tab le  are connected .

N .C . stan ds for No  
C on nection , a n d  is 
used  w hen  the pin is  
presen t, but has n o th ­
in g  in sid e  the va lv e  
con n ected  to it.

B- A+ B+

The above c ircu it show’s a m ore sensitive one- 
valve a rran g em en t, w hich uses a  B b a tte ry  as w ell 
as th e  filam ent o r A  b a tte ry . The fo rm e r can  b e  
a  45-volt B b a tte ry , o r  can  be m ade fro m  a  few  
4 i-v o lt to rch  b a tte r ie s  in  series. T h ree  of them , 
g iv ing  1 3 1 volts, w ill g ive v e ry  good Results. L I ,  
L 2, sam e as a e ria l an d  tu n in g  coils in  an y  o f th e  
c ry s ta l sets. C2 0.00025 to  0 .0005 m fd . C l  sam e 
as tu n in g  condensers in  c ry s ta l sets. V I , an y  
of the  valves show n in th e  tab le  below.

Tube Fil. F il. T ype of
Type V oltage C u rren t Base

1G4-GT .......... ..........  1.4 0.05 am p. O ctal
1H4-G ............ .........  2.0 0.06 am p. O ctal
30 ...................... ........ . 2.0 0.06 am p. 4-pin
A -415 .............. ........... 4.0 0.06 am p. 4-pin
A -409 ............ ............ 4.0 0.06 am p 4-pin
PM 2DX ..........  2.0 0.06 am p. 4-pin

N O T E — The la s t th ree  types a re  old Philips o r 
M ullard  b a tte ry  valves, w hich m ay  som etim es be 
bo u g h t qu ite  cheap ly  second-hand. E ven  if  v e ry  
cheap, they  should  be te s ted  b e fo re  buying.
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CIRCUIT DIAGRAM S A N D  SYMBOLS
I f  we se t ou t to  bu ild  an y th in g  a t  all, m uch  the 

b es t w ay is to  have a p lan  o r a  d raw ing  of w hat 
we a re  going to  build . W h e th e r w e a re  co n stru c t­
ing  a bookcase, a  m odel aerop lane , o r a  rad io  se t, 
does n o t m a tte r  —  a p lan  o f th e  a r tic le  is essential. 
T his is because we do n o t alw ays bu ild  th ings 
w hich we design ourselves, and  also because  plans 
and  d iag ram s can  convey in a  v e ry  sm all space 
in fo rm a tio n  w hich w ould tak e  thousands o f w ords 
to  describe  if  i t  w ere n o t possible to  d raw  a plan.

F o r in s tance , to  bu ild  th e  se t w e a re  ab o u t to  
describe, all th a t  an  experienced  c o n stru c to r w ould 
need  w ould  be a  c ircu it d iag ram  an d  a  sh o r t lis t 
g iv ing  th e  exact specifications of th e  p a r ts  shown 
in the d iagram .

To one who has n ev e r b u ilt a  se t, it  is neces­
sa ry  to  explain  w hat th e  sym bols o f th e  d iag ram  
m ean , b u t a f t e r  he has m aste red  a few  sim ple 
fac ts , he, too , w ill be ab le  to  look a t  a  c ircu it 
d iag ram  and  know  w h a t it  m eans in  te rm s o f the 
ac tu a l com ponents w hich go to  m ake up th e  set.

W HAT IS A CIRCUIT DIAGRAM?
A c ircu it d iag ram  is sim ply an  e lec trica l plart 

o f any  device w hich is m ade up o f e lec trica l com­
ponents. In  it no a tte m p t is m ade to  show w hat 
th e  com pleted  a rtic le  ac tu a lly  looks like. In  the 
case o f rad io  sets, th is  w ould be a lm ost im possible, 
ow ing to  the fa c t th a t  th e  ac tu a l size an d  shape 
of m ost e lec trica l com ponents have v e ry  little  to 
do w ith  th e ir  e lec trica l specifications. T hus, in 
c ircu it d iag ram s all condensers o r w h a tev e r o th er 
types of com ponents a re  show n re p re se n te d  by  a 
sym bol th e ir  e lec trica l size o r cap ac ity  is show n 
by  w ritin g  th is a longside th e  sym bol. I t  can  be 
seen, th e re fo re , th a t  a  c ircu it d iag ram  te lls  us (a ) 
w h a t com ponents a re  used, (b )  th e i r  e lec trica l 
specification , and  (c ) how  th e  com ponents a re  con­
nected  to g e th e r by  m eans o f w ires.

T he c ircu it d iag ram  does no t te ll us such th ings 
as how  th e  various p a rts  a re  m oun ted , o r  how 
th e y  a re  p laced on th e  base  b oard  o r  m eta l chassis 
o f th e  set. These th in g s can be show n by  pho to ­
g rap h s o r  o rd in a ry ' plans.

(R E F E R  CIR C U IT SY M B O L S —  P A G E  1 8 .)

(Advertisement)

SPECIALS!

P orce la in  E g g  In su la to rs  9d. ea.

A d ju stab le  H igh-T one
B uzzers ........................... 1 0 /-  ea.

E ng lish  G erm anium  F ixed
C rysta ls ........................  1 2 /6  ea.

In su la ted  W ire (u sed
ex-A rm y) ....  2 / -  p e r  100 f t .

B row n’s E ng lish  H ead ­
p hones (2000ohm s) 4 3 /6  ea.

H ead-Phones (150  ohm s) 1 5 /-  ea.

G lass B a rre l C ry sta l D etec­
to r , w ith  C ry sta l and  
C ats-w hisker ................. 8 / -  ea.

E ng lish  G alina C rysta ls,
w ith  C ats-w hisker ....  2 /6  ea.

M etal S p ring  T erm ina ls  ... 6d. ea.

E lec tric  S o ldering  Iro n s  (60  
w a t t ) ,  2 0 / - ;  (80  w a t t ) ,  2 2 /6 ;  

flex an d  p lug  ex tra .

LEVENSON’S RADIO Pty. Ltd.
226 P I T T  S T R E E T ,  S Y D N E Y .

G am es, H ob b ie s, N ove lt ie s,  an d  S lo t  M a c h in e  Sp e c ia lis t s .  
E v e r y  t h in g  fro m  A  to Z  in R a d io  a t S a n e  P ro f it  P r ice s. 

P h o n e  M 2525and  2526-7.

E nglish  Sp orts B inocu lars, 
a d ju stab le  focu s, precision  
g r o u n d  m atched len ses, 
3 4 /6 .  A dd 1 / -  posting.

2 4 x 25. S c ien tifica lly  
designed . F ixed  F ocu s, 
p lastic  len ses, 2 0 / - .  
A dd 9d. posting.

E nglish  D u x M ovie P ro jec ­
tor, w ind-up m echanism  and  
b a t t e r y  operated . A n y  
y o u n g ster  can op erate  it, 
£ 3 / 1 0 /3 .  B ty s., 1 / 8  extra; 
F ilm s, 2 /1 1  ea. ( la rg e  var­
ie t y ) .  A dd 1 / -  postin g .

B A Y K O  P L A ST IC  B U IL D ­
IN G  SE T S. A  b ea u tifu l  
ed u cation a l to y  fo r  boys  
and girls. H undreds o f  d if ­
fe re n t m odels can be bu ilt  
w ith  th ese  sets. No. 0 , 2 2 /9 ;  
No. 1, 3 2 /6 ;  No. 2, 5 3 /6 ;  
N o. 3, 8 9 / - .  C onverting  
S ets, OX, 1 0 /6 ;  IX , 2 3 /6 ;  
2X , 3 7 /6 .  A dd 1 / 3  posting.
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WOOD OUTPUT:
TRAW,R. F. '.CHO kfDOWEL

OYNAM »:

:.iwoopf»eoe

COUPLEO
COILSwindmq

FORM DOUBLE ■ “ -• 
BUTTON mitf&HQH#:

CATWISKER

IYSTAL

"A* BATTERY
VOLTS

NO JOINT

WIRES
GROUND

IOINT

How To Read RADIO CIRCUIT SYMBOLS

p ‘c

O 0

4 >©tNT SWITCH

K j T b 5-

CRYSTAL DETECTOR

O n ce  y o u  u n d e r s ta n d  m e a n in g s  o f  s c h e m a t ic  s y m b o ls  p ic tu r e d  in  tw o  v e r t i c a l  c e n te r  c o lu m n s  a b o v e , r a d io  
c i r c u i t  d ia g r a m s  w ill n o  lo n g e r  b e  a  m y s te r y .  P ic t o r ia l  s k e tc h e s  a r e  s h o w n  a t  r i g h t  o r  l e f t  o f  e a c h  
s y m b o l, w ith  l e t t e r s  to  s h o w  p r o p e r  c o n n e c t io n s .  R e m e m b e r  t h a t  s h o r t  b a r  o n  b a t t e r y  s y m b o l is  a lw a y s  
n e g a t iv e .  U se  t e r m in a ls  A  a n d  B fo r  v a r i a b le  r e s i s t o r ;  a l l  th r e e  fo r  p o te n t io m e te r .  B  o n  p o te n t io m e te r  

'  i s  a lw a y s  m o v a b le  c o n t a c t .  P a r a l l e l  l in e s  a lw a y s  in d i c a t e  i r o n  c o re .
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BEFORE YOU BUILD . . .
your new circuit o r your next experi­

mental rig, make sure you have the BEST  
com ponents available to fit the specifications. 

You won’t have to look past R.C.S. for  
technical perfection and electrical depend­

ability when it comes to high standard
perform ance.

Audio
tran sfo rm er

C onnector strip s

I.F.
tran sfo rm er

Low loss coil 
lacquer

Radio freq u en cy  
choke

B roadcast and 
A erial coils

Cross section of R.C.S. 
intermediate transformer

PIE 
WINDINGS 

SPfClAL 741 LITZ 
TROPICALLY SEALE 0 

WITH LIQUID 

POIYSTBYEME

STREAMLINED IMPACT 

ALUMINIUM SHIELD OF. 
MINIMUM DIMENSIONS

2 '/2"high x iVs'dia.

WIRES SPOT WELDED 
TO CONDENSER...Will 
NOT LOOSEN WHEN -

S01DEAIM0.

MOULOED IN

CH AN NELL FOR SEALING 
WITH POIYSTRYENE 
UQUIO R.C.S. TYPE KH34 

2’8 80 IT IE .
8AASS INSERT MOULDED IN 
...CANNOT STRIP THREAB.

s p s c ia i  loose c u r
THREAD ON IRON CORE 
ADJUSTING SC REW ... 
NEVER STICKS. . .  SEE 
SEALING INSTRUCTION*

IF YOUR LOCAL DEALER 
CANNOT SUPPLY
If you have been unable to purchase R.C.S. 
components from your local retailer, icrite 
us, and whilst we cannot supply you direct, 
ive will arrange for your retailer to receive 
supplies immediately, or advise you ichere 
supplies can be obtained.

651 FOREST ROAD, BEXLEY, NSW. ■Phone: LW 3491
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C A P A C IT A N C E

2 CTH 310/W  

2 C T H 3 T 0 /w

2 C T H 3 1 0 /W

2CTH 422/v7

3 CTH  315 / V/

^ c n T i i T / v ^
2CTH 422/W

“ H l - K ” M u l t i p l e  B y - P a s s  C e r a m i c  C a p a c i t o r s
W IRE-LEAD TYPE— also available in screw-fixing type

. , * Unilator K.3000 dielectric has, for
The development of Un-la die|ectric con-
the first time, combined a_ V 9 stance a+ a|| 
stant (3000) with a high insulat o e)rfended
working temperatures, maintain., temperatures.

,!fe tests at induct-

A lso  available

.  t o l e r a n c e  o f  « K S , cS r «

7 2r c  r“ t  W .  ! « •  «  “  S-

100° c.
•  W O R K IN G  VOLTAGE: 500V. D.C. or 250V. R.M.S.

^ 0 - 6 0 )  between any two connections.

•  TEST VOLTAGE: 1500V. D.C.

•  D IE LE C T R IC : Unilator K.3000.

★  UNITED CAPACITOR CO PTY. LTD.
433 P unchbow l R oad, E nfield , N .S .W . Associated w ith  Tecnico L im ited of A ustralia  and  Telegraph Condenser 

P o s ta l:  Box 19, Enfield. P h o n e : L F 3511 C°' Ltd- B ritish  Insulatedco .a LW d o f ' E n g la n d .Ltd' and Un“ ed In" r 
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d isp lays n eg a tiv e  res is tan ce  only w hen  th e  p la te  
v o ltage  lies betw een th e  values rep re sen ted  b y  the 
do tted  lines. In  p rac tice , th e  cen tre  o f th e  nega tive  
re s is tan ce  reg ion  is u sua lly  in  th e  v ic in ity  o f 45 volts, 
so  th a t  we find th e  valve w orked w ith  a  p la te  vo ltage  
o f th is  value, and a  screen  vo ltage  of 90 to  100 volts. 
T he screen  v o ltage  should n o t be h igher, because 
th e  screen  c u rre n t u n d er some circum stances can 
becom e ra th e r  la rg e , and dam age th e  valve.

R.F. R ES ISTAN CE  METER (From Page 6)

Ttmed
Circuit

In  F ig . 2 is show n a  p rac tica l c ircu it fo r  a 
d y n a tro n  oscilla to r, w ith  b a tte ry  supplies fo r  p la te , 
screen, and contro l g rid . T his c ircu it is som etim es 
passed  as a stab le  osc illa to r, and is th e  basic  one 
fro m  w hich th e  deta iled  c ircu it of th e  te s t  in s tru ­
m en t is derived, by  m eans of various qu ite  sim ple 
additions.

H OW  N E G A T IV E  R E S IS T A N C E  IS  
M EA SU R ED

In  o rd e r to  tu rn  th e  d y n a tro n  osc illa to r in to  a  
m easu rin g  in s tru m en t, i t  is necessary , as we have 
m entioned,1 to  be able to  m easure th e  ac tu a l n eg a ­
tiv e  re s is tan ce  obtained. T here  a re  tw o m ain  
m ethods of doing th is. One m akes use o f a special 
b ridge  circu it, w hich could be b u ilt in to  th e  m easu r­
in g  equipm ent, and th e  o ther, know n as th e  in c re ­
m en ta l m ethod, is th e  one used here . The idea is to  
m ake a s lig h t change in the p la te  vo ltage , and to  
m easu re  th e  change in  p la te  c u rre n t th a t  resu lts . 
A lte rn a tiv e ly , we can increase  th e  p la te  vo ltage  
un til we have a specified decrease in  p la te  cu rren t. 
The increase  o f th e  p la te  vo ltage  is th en  m easured, 
and th e  nega tive  res is tan ce  is w orked ou t from  
O hm ’s L aw  in th e  o rd in a ry  w ay. I t  is  necessary  
to  exercise a ce rta in  am o u n t o f ca re  w hen  th is  
m ethod is used, because, fo r  th e  answ er to  be exact, 
th e  p la te  c u rre n t and  v o ltage  changes w ould need 
to  be in fin ite ly  sm all. H ow ever, as long as th e  
changes a re  v ery  sm all— especially  th a t  in  p la te



c u rre n t—-there w ill be no g re a t  e rro r  involved. In  
o u r  own in s tru m en t, we have fixed on a  s tan d a rd  
p la te  c u rre n t change of 10 m icro-am ps. This is 
q u ite  sm all enough fo r  a ll p rac tica l purposes, and 
i s  n o t too sm all to  m easure. The accuracy  of 
m easu rem en t depends la rg e ly  on th e  p recision  w ith  
w hich th e  c u rre n t and vo ltage  change can be 
m easu red . T hus i t  is b e s t to  use as sensitive  a  
m e te r  as possible fo r  m easu ring  the  p la te  cu rren t 
change.

I t  is n o t im possible to  e s tim a te  th e  n ecessary  10 
u am p s change even if  a  0-1 m a. m e te r is used, b u t 
n o t w ith  any  g re a t  accuracy, because th e  m ovem ent 
o f th e  p o in te r is so sm all. W e have used  a  0-100 
uam p . m ovem ent, so th a t  th e  10 uam ps on th is  rep re ­
se n ts  a  te n th  of th e  fu ll-sca le  deflection and  can be 
judged  qu ite  accu ra te ly , The volt-metei*, w hich 
m easu res  the increase in  p la te  vo ltage  h as a  ran g e  
o f  0-5v. This, in  conjunction  w ith  a m easured  
change of 10 uam ps, gives a read in g  w hich can be 
in te rp re te d  d irec tly  as hundreds of thousands of 
ohm s. T h a t is, a read in g  o f 4v. ind icates a res is tance  
o f 400,000 ohm s, and o f lv ., 100,000 ohm s.

C O N D ITIO N S A F F E C T IN G  A 
PR A C T IC A L  M E T ER

The c ircu it of F ig . 2 is qu ite  p rac tica l, in so f a r  as 
i t  w ill ac t as an  osc illa to r as i t  s tands, b u t fo r  a 
p rac tic a l m easu ring  in s tru m en t a num ber of fa c il­
it ie s  have to  be provided, as the above p a rag rap h s  
-will have shown. The essen tia l fe a tu re s  w hich m ust 
be added a re :—

(1) A  m eans of v a ry in g  th e  g rid  b ias sm oothly go 
as to  provide a  sm ooth  contro l over th e  n eg a ­
tive  resistance .

(2) Some m eans of ba lanc ing  o u t th e  s teady  
p la te  cu rren t, so th a t  th e  100 uam p. m e te r on 
w hich th e  sm all cu rren t change is re ad  will 
no t read  th e  to ta l p la te  cu rren t, b u t only the 
sm all change.

(3) A  pro tec tive  device w hich w ill p rev en t 
la rg e  changes of p la te  cu rren t, w hich will 
occur w hile th e  c ircu it is being  ad ju s ted ; from  
overloading and  dam ag ing  th e  sensitive  m eter.

(4) A schem e fo r  adding  sm all increm en ts of 
p la te , and o f m easu rin g  these  increm ents.

(5) A sw itch ing  a rra n g e m e n t w hich will discon­
nec t a ll b a tte r ie s  and p rev en t them  from  
d ischarg ing  w hile th e  in s tru m e n t is n o t in 
use.

(6) B ypassing  betw een  th e  “cold” end of the p la te  
c ircu it and  th e  cathode of the  valve so th a t  
all R .F. is confined solely to  th e  tuned  c ir­
cuit.

(7) A convenient m eans of connecting tuned  c ir­
cu its to  th e  p la te  c ircu it w ith  as li tt le  lead  as 
possible.

A ll these  fe a tu re s  a re  incorpora ted  in  th e  m ain 
c ircu it d iag ram . The pane ls a t  the  bo ttom  of th is  
d iag ram  re p re se n t te rm in a l s trip s , one of w hich is 
used to  te rm in a te  th e  w iring  from  th e  c ircu it to  the 
b a tte r ie s  and th e  o ther, fo r  the  b a tte r ie s  them selves, 
to g e th e r w ith  th e  2.5v. h e a te r  tra n s fo rm e r fo r  the

Continued on Page 28
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SH O ES and SHIPS “The time has come.” the ]\'aJms said, 
“To talk of many things. . .

By Special A rran g em en t w ith  th e  W alrus 
SOME H IN T S ON A P P E A R A N C E  N am e p la te s  and po ten tio m ete r p la te s  if  cu t

M ost servicem en and  co n stru c to rs  have a t  some 
tim e or o the i bu ilt am plifiers o r radio  equipm ent 
w hich calls fo r  a  panel b earin g  th e  necessary  contro ls 
such as “volum e,” “b ass ,” “ treb le ,” etc. T his in 
i t  se lf does n o t p re sen t a  g re a t  problem  and  p rob ­
ab ly  th e  job tu rn ed  ou t successfu lly  to  th e  com plete 
sa tis fac tio n  of th e  builder. H ow ever, befo re  long 
one w ill see  a p ro fessionally  b u ilt in s tru m en t de­
signed to  do th e  sam e job and  th a t  n ig g lin g  litt le  
dem on re a rs  its  head and says “w hy doesn’t  m ine 
look like th a t . :”

The answ er is rea lly  obvious and can be sum m ed 
up th u s— atte n tio n  to  d e ta il and  balanced  layout.

F o r in stance , w hen fittin g  g rad u a ted  g a in  p la tes 
over volum e contro ls don’t  ju s t p u t the  p la te  on 
and screw  up th e  nut. The chances a re  th a t  the 
p la te  w ill tw is t a t  some odd ang le  and  will very  
likely  g e t scored by  th e  sp an n er and  a lm o st c e rta in ly  
by the  nut. The p roper p rocedure is to  p u t a  n u t on 
th e  p o ten tio m ete r before  in se rtn g  i t  in  th e  panel, 
then  p u t on th e  gain  p la te  and  screw  the  .top n u t 
down finger tig h t. The p la te  m ay  th en  be s t r a ig h t­
ened up, if  necessary  w ith  a  square , and  then  tighten, 
the  r e a r  n u t behind th e  panel. I t ’s so sim ple b u t 
so m uch m ore effective! In  cases w here i t  is no t 
possib le on account o f the  chassis  shape to  g e t a t  
th e  re a r  n u t p u t a volum e contro l w ash er betw een 
th e  gain  p la te  and th e  top  n u t and hold th e  p la te  

I firm ly  in  position  w hile tig h ten in g . H av ing  g o t 
th is  f a r  i t  w ill be p robably  n ecessary  to  tak e  i t  all 
to  pieces ag a in  since the u sua l fa u l t w ill occur!
W hen th e  p re ssu re  on th e  n u t is increased  i t  d raw s 
th e  cen tre  of th e  p la te  in  t ig h t  a g a in s t th e  pane ls 
and pu lls  th e  o u te r edges aw ay. T his, o f course, 
is u n w o rth y  of th a t  “ su p e r job” so a litt le  ca re fu l 
p re s su re  w ith  th e  fingers on th e  p la te  to  g ive i t  a 
slig h tly  convex shape before  fittin g  m akes all th e  
difference since th e  locking n u t now  p resses th e  
o u te r edge of th e  p la te  down h a rd  on th e  panel. 
S im ple b u t ju s t an o th e r w orthw hile  point!

In  cases w here  sm all screw s a re  used to  fix e scu t­
cheons and nam e p la tes  in  'position  a good w rink le  
to  enhance th e  appearance  of y o u r p ro d u c t is to  line 
all th e  screw  heads w ith  th e  slo ts fo r  th e  screw ­
driv er a ll fac in g  the  sam e w ay. Yes, i t  does tak e  
a  litt le  longer b u t you a re  g a in in g  th a t  p ro fessiona l 
touch.

square  in  a gu illo tine can  g en era lly  be im proved 
by ru n n in g  a file over th e  co rners to  round  them  
off.

Now  fo r  balanced layou t. P rac tic a lly  ev ery th ing  
in rad io  is a  com prom ise, v e ry  ra re ly  can a  m an  say  
he has constructed  som eth ing  w hich he considers is 
perfec t. Som ew here o r o th e r he has had  to d efe r 
to av a ilab ility  o f m a te ria l o r fo r  convenience sake  
include a  piece of c ircu itry  he would have p re fe rred  
to leave out. -If, then , W'e have to  do th is  we can  
su re ly  com prom ise a  li tt le  w ith  w h a t is good in 
th eo ry  fo r  th e  sake of ga in ing  a  lo t in eye appeal.
T herefo re , in s tead  of p u tt in g  th a t  m ike gafn  contro l

as close as possible to th e  m ike pre-am plifier (good 
p ractice  th eo re tica lly ) g roup  i t  n icely in  th e  cen tre  
of th e  panel w ith  th e  o th e r con tro ls. P rovided i t  is 
ca re fu lly  done and th e  leads a re  extended th ro u g h  
shield ing b ra id , v e ry  little  need be sacrificed. H um  
is m uch m ore likely  to  be incu rred  th ro u g h  ind is­
crim ina te  e a r th in g  of g rid  leaks, b ias re s is to rs , and 
condensers, etc. O ur d iag ram  il lu s tra te s  w h a t is 
p robab ly  good fo r e lec trica l convenience b u t w h a t a 
h o rro r i t  looks a g a in s t o u r balanced  am plifier w hich 
will m ore th a n  likely  opera te  ju s t  as well.

In  th e  ease w here an  odd num ber of control's 
m akes g ro up ing  difficult, add som eth ing  to  c rea te  
balance. F o r exam ple, if  am plifier No. 2 had on ly  
a phonograph  inpu t, volum e contro l, bass and  treb le  
contro ls and  no m ike in p u t add e ith e r a  m ains 
togg le  sw itch  o r jew el lam p ind ica to r to  even th in g s 
up. A nd now  just, an  odd no te  on an  aw kw ard  
point. W hen you have to  m ark  ou t a new  cab ine t fo r  
a rad io  a su re fire  w ay  of d rillin g  th e  f ro n t panel co r­
rec tly  is to  p u t a  sm all blob of w hite  p a in t on ‘th e  
cen tre  of each contro l s h a f t (volum e, tun ing , tone, 
e tc .) , and slide th e  se t in to  th e  back of th e  cab inet 
push ing  i t  up a g a in s t th e  f ro n t pane l hard . N ice 
c lea r m ark s should ■ re su lt. I f  th e  sh a f ts  a re  of 
d ifferen t len g th s  d rill ou t th e  m ark s m ade by th e  
longest ones f irs t then  push  th e  chassis in ag a in  
fo r  th e  sh o rte r  ones. H av ing  g o t th e  con tro ls posi­
tioned th e  d ial cu t-ou t is easily  m easured  off from  
them  w ith  a ru le r. T his m ethod is g u a ran teed  to- 
tak e  th e  trem b le  from  your hand  w hen a tta c k in g  
th a t  b eau tifu l polished pane l w ith  your d rill and  
saw.
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HAM ACTIVITIES
C onducted by  

J . A. HAM PEL, V K 5B J

/ T’S  certainly good to receive those occasional letters from  you chaps who 
are enjoying reading this monthly potpourri on your fellow-hams’ doings. 

A n interesting one in the mail this month zuas signed by a very spicy call—  
H A 4A . I t  belongs to Andre Domjan who recently arrived here and is now 
anxious to see i f  a V K  call can be obtained.

N ’AUSSIES
O ther N ew  A u stra lia n s  have asked  th e  sam e 

q u ery  recen tly  so an  official enqu iry  h as been m ade 
on th e  sub ject. The rep ly  should be availab le  by 
n e x t issue. T hese m en a re  s ta r t in g  off on th e  r ig h t 
fo o t too, by seek ing  m em bership  in  th e  W .I.A .—we 
th e  old A u s tra lian s— or V K ’s in  th e  lan g u ag e  w hich 
is  th e  sam e. W herever H am s m eet— welcome you.

CALLING C.Q.
A n o th e r welcome no te  cam e fro m  Les M allinson, 

V.K4LM, w ho has tak en  th e  se lf-appo in ted  ta s k  of 
VK4 corresponden t and the  idea could w ell be 
em u la ted  by  some en th u s ia stic  chaps in  o ther 
s ta te s .

SONIC TEST EQUIPMENT
The la te s t  QST shows how  deep A m ateu r Radio 

can become and  how  m uch i t  m eans to  a blind 
person— like W 2IJO . T his zealous ham  has bu ilt 
up  a  com plete se t of te s t  equ ipm ent u s in g ' th e  
sonic principle. A ll m easu rem en ts a re  ind icated  by 
sounds n o t valves o r m eters . The new s of th is 
la te s t  developm ent in  the elec tronic fie ld  w ill su re ly  
be g ree ted  en th u s iastica lly  by  those  chaps w ith  a 
p re s e n t handicap in th is  direction .

TVI
In  th e  sam e m agaz ine  is d em onstra ted  w h a t a 

lo t of ballyhoo has been m ade of TVI and ju s t  how 
e a s ily  i t  can be suppressed . A 600 w a tt  suppressed  
r ig  had  its  an ten n a  connected d irec tly  in p ara lle l 
w ith  th e  sam e line feed ing  a TV  rece iver and  NO 
T R A C E of H A R M O N IC S could be ’ detec ted j

DX
S till over in W -land, W 1FH  holds h is lead  as the 

top  DX m an in  the  s ta te s . He has 236 countries 
confirm ed on c.w. w ith  196 confirm ed on phone. 
These Y anks seem  to find coun tries we never even 
find on the  m ap. I t  is in te re s tin g  to  no te  th a t  the 
n e x t fo u r lead ing  DX m en are  outside th e  USA 
a n d  the  honours go to  X E1A C, L U 6A J, VQ4EOR 
and  E I2C K  descending in th a t  order.

F o r  th e  n ex t few  w eeks CM9AA w ill be o p e ra t­
in g  on 10 and 20 from  G uadeloupe Is . w ith  the  call 
FG 7X A  w hils t h is X YL w ill be th e re  using  FG7XB. 
T h e ir period of s ta y  on th e  is land  is unknow n. 
Austra l ian  Radio and Electronics, May, 1951

VK3 CONVENTION
H ere  a re  some im p o rta n t d a tes  fo r  som e of you 

to  rem em ber:—
In  VK3 th e  n e x t C en tra l W este rn  Zone convention 

is a t  A ra ra t  on 23rd S eptem ber; th e  E a s te rn  Zone 
w ill be a t  W arrag u l on 3 rd  and  4 th  N ovem ber.

AROUND THE SHACKS
E ig h ty  m e tre s  is th e  band  fo r th e  choice ones 

now  th a t  th e  sh o r te r  days a re  w ith  us. S P 1 JF  has 
been one of th e  r a r e  one causing  pan ic  on th e  
band recen tly . I f  you w a n t to  be sold 80— see 5KO 
who picks off the E u ropeans as th ey  queue up to  
w ork  him .

4W B, Bill, p u t up a v e rtica l and g o t tire d  of 
wra itin g  fo r  20 m x. to  open up to  tr y  i t  ou t so he 
p u t th e  r ig  on 40 m x and  using  th e  v e rtica l is 
g e tt in g  good rep o rts  fro m  around  VK.— .— .

John , 3A JI, w as supposed to  have trav e lled  to  
A delaide la s t E a s te r  (com plete w ith  an  SCR-522 
too !) b u t so f a r  no one has been able to  find him . 
I f  John  doesn’t  show up soon th e re  w ill be one 
less VK5 going  on 2 m etres . I  have been w atch ing  
those “ W an ted” signs outside th e  cells b u t none 
of the  faces a re  fa m ilia r  .— .— .

R uss, 4PN , is go ing  s tro n g  on 40 and  20 m eeting  
m any old friends. R uss has been off th e  a ir  fo r 
20 y ea rs  and h as ju s t  m ade a com eback, m ak ing  
up fo r lo s t tim e .— .— .

3H K  is using f.m . around  40 w ith  v e ry  nice 
re su lts . The a .m . rece ivers don’t  seem  to  m ind 
v e ry  m uch . — . — .

3YW is an o th e r experim en ter who h as appeared  
on 80 u sin g  S.S.S.C. b u t so f a r —no con tac ts . — . — .

4CI recen tly  re tu rn e d  to  his home tow n a f te r  
th ree  w eeks in  Sydney w here he opera ted  portab le . 
A lex took back w ith  him  quite a supply  of disposals 
g ea r, in  fac t, too m uch; a sk  the tax i d riv er who 
had  to  drive A lex p lus all the junk  hom e from  
B risbane s ta tio n  .— .— .

4NC is v e ry  busy  a t  th e  m om ent oil a  new  th ree  
elem ent beam  so DX boys, look ou t fo r  com petition  
now  . — . — .

Sad w as th e  new s th a t  Luke, 5LL, w as g iv ing 
up H am  radio  and w as QRT fo r  once and  all. 
H ow ever those o ld -tim ers who know  L uke too well 
and w ill alw ays recall h is jok ing  voice on th e  bands 
up to  tw en ty  y ea rs  ago  a re  b e ttin g  p re t ty  h a rd  
on h is re tu rn  to  th e  a ir  ’ere  long. ’ A lthough  his 
licence has lapsed th e  u rg e  w ill be too s tro n g  to 
keep -this OT silen t . — . — .

( Continued on Page 25)
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M IC R O P H O N E  
INSERTS

S ingle B u tto n  C arbon  M ike In se r ts  
B ra n d  New , 2/6d.

D ynam ic  M ike In se r ts  
B ra n d  N ew , 7/6d.

P ICK UP ARM S
Sh'efi moving- coil p ick  up  fo r  h igh  
q u a lity  rep ro d u c tio n . W o rth  £ 4 /1 9 /0 . 

O ur p rice , £2 /15 /0 .

EELDEN SHIELDED  
W IRE

A vailab le  in 1000 ft. Coils. 
£ 4  each.

FIXED CRYSTAL  
DETECTORS 
Type W.X. 6.

S u itab le  fo r  u se  a s  c ry s ta l d e te c to r
01 "diode. B ra n d  new. M ade in 

E n g la n d . O nly 6/ 6d.

VERNIER DRIVE 
TUN IN G  UNIT

T ype M.C. 125. A. v e rn ie r  d riv e  
tu n in g  u n it, w ith  35 to  1 ra tio . R obust 
C o n s tru c tio n , C rack le  F in ish . S u itab le  
fo r rem o te  cable  d rive , o r  v ern ie r  

/ on se t. P ric e , 7/6d.

SW ITCH ES
P u sh  P u ll sing le  pole w ith  sing le 

hole m o u n tin g .
W o rjh , 3/6d.
P ric e , l /3 d .

SW ITCH  W AFERS
will su it  a n y  O ak sw itch^ 3 pole 

3 position  o r 2 pole 2 position .
O ur p rice  only  l / - d .  each . 

S ingle Pole 2 w ay  Toggle S w itches, 
N ickel p la te d  sing le  hole m o u n tin g  
m ade' in U.S.A. an d  b ran d  new. 
E asily  w o rth , 5 /- . O ur P ric e , 2/6d.

DIAL GLOBES
6.3 vo lt g lobes su ita b le  fo r a ll m odern  

rad io  s e ts  screw’ in type.
U sual P rice , l/5 d . each .

O ur P ric e , only 9d.

A.T. 300 
TRANSMITTERS

T h is R a d a r  T ra n s m itte r  u se s  p a r ts  
lis ted  below  an d  is va lu ab le  fo r s t r ip ­
p in g  a s  w ell a s  fo r u se  in its  

p re se n t fo rm . P a r ts  inc lude:
2 A.V. 11 V alves
2 C yc la tro n  V alves
2 4 C eram ic  S o ckets
1 24 V olt M otor
2 .01 5,000 V olt w o rk in g  C ondenser
1 .02 10.000 V olt w ork in g  C ondenser 
1 .001 5,000 V olt w ork ing  m ica  Cond.
3 T ra n s fo rm e rs  (H eav y  D uty)
1 0-100 V olt A.C. M eter wrh ich  is an 

0-1 M.A. m o v em en t witj,i 1 M.A. 
D ry  m e ta l rec tifie r  fitted.

1 0-5 M.A. D.C. M eter, 
a n d  m an y  o th e r  p a r ts  su ch  a s  s ta n d  
off in su la to rs , coils, e tc ., easily  w o rth  

£20. O u r p rice  only, £ 4 /1 0 /6 .

CATHO DE RAY IND ICATOR  
UNIT TYPE A.l

p
T h is is an  ideal u n it  to  be co n v erted  
to  an  oscilloscope or s tr ip p ed  fo r th e  
ex ce llen t p a r ts . V alves, e tc . P a r t s  a re :

1 5. B. P. 1 V alve C om plete  w ith  
so ck e t and  n ew -m e ta l sh ield .

6 6 A c.7 (1852) V alves.
3 6. H .6. V alves.

12 P o ten tio m e te rs .
10 Block . C ondensers.
40 1 W a tt .  I.R.C. R esisto rs.
1 3 P o sitio n  2 B a n k  swritch .
1 Toggle Sw itch .

All enclosed  in n e a t  m e ta l case a s  
illu s tra te d . E a s ily  w o rth  £25.

O ur P ric e , £8 /1 0 /0 .

BUZZER REPEATER
& KEY UNIT
(As i l lu s tra te d )

E x  B ritish  N av y  E q u ip m e n t in c lu d ed  
is :—

1 M orse K ey 
1 H ead  P h one 
1 L am p H o lder 
1 T oggle S w itch  

J u s t  th e  th in g  fo r th e  b eg in n e r to  
lea rn  th e  code, ro b u stly  c o n s tru c te d  
a n d  efficient in o p era tio n . E a s ily  

w o rth  £ 2 /1 0 /0 . O ur p rice  12/6d.

NOTICE
All p a rce ls  w ill be se n t re g is te re d  
P o st u n less o th e rw ise  s ta te d . F re ig h t 
o r p o sta g e  m u s t be included  w illi 

o rders .

547 ELIZABETH STREET, MELBOURNE
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HAM ACTIVITIES
( Continued from  Page 23)

5KB has been seen in A delaide on a b rie f  resp ite  
fro m  Mt. G am bier. A fra id  th e re  w asn ’t  any  oppor­
tu n ity  to  ta lk  H am  rad io  w ith  P e te r  as bo th  p a rtie s  
w ere handieapped to  s t a r t  on the sub jec t due to 
Y L presence! The M ount’s 144mc hook-up on Mon­
day  n ig h ts  is now  down to  only tw o m em bers— 
5CH and 5CJ . — . — .

Cec 5BZ, has p u t aw ay  his p o rtab le  Type II I  fo r 
ih e  w eek-ends now th e  colder days a re  here  and 
is  devoting  h is tim e to  a six m etre  r ig  so he w ill 
T)e ready  fo r  all th e  sporadic stu ff n e x t sum ­
m e r . — . — ,

4F E , who is ex -V K lF E , has been p lay ing  w ith  
an te n n a s  since a rr iv in g  home. A r th u r ’s home is on 
th e  bank  of th e  B risbane R iver so th a t  h is y a rd  is 
v e ry  steep  and any  an ten n a  he e rec ts is alw ays 
abou t 20ft. b eneath  th e  shack ’s level. A rth u r  w ishes 
he w as back on H eard  Is land  w here one CQ w as 
su ffic ien t to  ra ise  a  dozen countries. (A rth u r  m ust 
have been lucky as  one VK1 w as h eard  to  call CQ 
fo r  n ea rly  tw o hours one n ig h t b u t he never ra ised  
one s ta tio n !)  . — . — .

Don, 5DL, has a rr iv ed  in B risbane looking fo r  a 
flat— also w aiting  on a new  VK4 call . — . — .

Z L3FL, A llan G eorge of C hris tchurch  is going 
to B risbane to  live. H e told VK4LM in a recen t 
QSO th a t  he is b rin g in g  over a ll h is g e a r  except, 
of course, th e  beam  . —  .■— .

By the  tim e th is  is read  4PR w ill be hau n tin g  
th e  Sydney disposals counters and sign ing  portab le  
w hile th e re  on annua l leave. J im  has 180 DX 
coun tries confirm ed— nice w ork . ■— .

4GG has ju s t  re tu rn e d  from  a  tr ip  to  YK2 too. 
G eorge is on 80 m e tres  a lm ost n ig h tly  and looks 
fo r  even m ore con tac ts as he. believes in th is 
“populate  or p e rish ” theory . Sam e th eo ry  applies 
to  the v.h.f. bands . — . — .

4PX, A rth u r , has reb u ilt his f in a l now  using  an  
813— on 20 and 10 . — . — .

W ell th is  m onth  I ’ll say  no th ing  abou t w an ting  
new s from  th e  various s ta te s , n o r w ill I  a sk  fo r 
an y  v .h . f .  new s e ither! M aybe I ’ll g e t a su rp rise  
in th e  m ail box— M aybe! W h a t’s th e  ad d ress?  Box 
1589M, GFO, A delaide. Cheerio chaps.

J .A .H .

0

Hare YOU Obtained Your Copy Of 
“R.&E. DIGEST OF CIRCUITS”

A U STR A L IA N  EDIT ION

ON SALE NOW 
Price 37-

RADIO and ELECTRONICS (N.Z.) LTD.
(P U B L ISH E R S—-IN CO RPO R ATED IN  N E W  Z E A L A N D )

Australian Reg. Office: 17 BOND STREET, SYDNEY, N.S.W.

T he "R. 8C E. Digest o f Circuits'’ is something that no radio 
man, whether Serviceman, "H am ” or Home-constructor, 
should be without.

VARIED  SUBJECT  MATTER
Circuits will be found in the "Digest” for everything from the 
simplest Crystal Sets to Eight or T en Valve Receivers, O scillo­
scopes, Audio Amplifiers o f varying costs and complexities, 
and other circuits of special interest to amateur transmitters.

BUY YOUR CO PY  N O W  from
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WAVE FORMS ( From Page 14)

loscope screen. The photos re a la tin g  to th e  c ircu it 
of F ig . 2 a re  show n in Fig-. 6. T here a re  th ree  pa irs  
o f w ave-fo rm s in  th is  pho tog raph . E ach  p a ir  w as 
tak en  a t  th e  sam e tim e w ith  th e  aid  of an  electronic 
sw itch . By th is  m eans, i t  w as possible to  d isp lay  
th e  o rig ina l sine-w ave on one trace , and th e  derived 
w ave-form  fro m  th e  te s t  c ircu it on the  o ther, th u s 
show ing the  tim e re la tio n sh ip s betw een th e  m an u ­
fac tu red  w aves, and  th e  o rig ina l one. In  each p a ir  
of w ave-form s, the low er tra ce  is th e  o rig ina l sine- 
wave, w hile th e  upper ones a re  the  derived w ave­
fo rm s. A t th e  top , w e have th e  w ave-form  a t  th e  
second of th e  tra n sfo rm e r. I t  w ill be noted th a t  i t  
is la rg e r  in am plitude th a n  th e  o rig ina l sine-w ave, 
and a lso  th a t  th e  tra n s fo rm e r h as d is to rted  i t  som e­
w hat. The m iddle p a ir  show th e  w ave-fo rm  a t  th e  
g rid  o f th e  valve. This dem o n s tra te s  th e  clipping 
ac tion  of th e  g rid -cu rren t, in conjunction  w ith  th e  
series g rid  re s is to r. The u p p er po rtions of th e  
positive half-cycles have been lost, and i t  can  be 
seen th a t  only the  n eg a tiv e  half-cycles a re  le ft. 
The bo ttom  p a ir  shows th e  o u tp u t w ave-form  on 
th e  u p p er trace ,, and severa l po in ts can be seen. 
F i r s t  o f all, i t  is c lea r th a t  th e  “v e rtic a l” p o rtions 
o f th e  w ave a re  v e ry  steep , b u t a re  c e rta in ly  no t 
v e rtica l, especially  n ea r th e  cut-off and g rid  cu rren t 
po in ts. T his is because th e  ch a rac te ris tic  o f th e  
valve does n o t have p e rfec tly  sh a rp  tra n s itio n s  a t  
e ith e r place, and  ind ica tes th a t  th e  o u tp u t wave

can only app roach  th e  th eo re tica l ideal, and  n o t 
ac tu a lly  reach  it. A ctually , m uch b e tte r  w ave­
fo rm s can be gen era ted  by th is  m ethod, b u t in ta k in g  
these  p h o tog raphs, th ey  w ere purposely  m ade w orse  
th an  th e  c ircu it is capable of, in  o rder to  show  ju s t 
how a  p rac tica l c ircu it’s p e rfo rm ance  d iffers from  
the  ideal. A ll th a t  w as done in  th is  re sp ec t w as to  
reduce th e  in p ^ t vo ltage  som ew hat, so th a t  the  t r a n ­
sitions w ould be slow er, and m ore easily  seen. F o r 
exam ple, i t  can  read ily  be observed th a t  th e  sides 
o f th e  w ave a re  s teep es t in  th e  cen tre , w here th e  
valve ch a rac te ris tic  is s teep est, and  th a t  th e  slope 
becom es som ew hat less, appreciab ly  befo re  th e  ex ­
trem es o f vo ltage  a re  reached. E xam ina tion  w ill 
show  th a t  th e  positive fla t p o rtions a re  approached  
m ore g rad u a lly  th a n  the nega tive  ones, ind ica ting  
th a t  th e  c u rv a tu re  o f th e  ch a rac te ris tic  neat* cut-off 
is m ore g rad u a l th a n  th e  cu rv a tu re  n e a r th e  g rid - 
cu rre n t po in t A  com parison betw een th e  in p u t and  
o u tp u t w aves in  the bo ttom  photo  shows th a t  th e  
n eg a tiv e  half-cycle of o u tp u t a rise s  from  th e  posi­
tive half-cycle of inpu t, and  vice v e rsa— in sho rt, 
a  dem onstra tion  of th e  p hase-reversing  p ro p e rty  
of th e  am plifier valve. I t  is also  possible to  see 
th a t  th e  positive fla t po rtions a re  ac tu a lly  f la t te r  
th a n  th e  n eg a tiv e  ones. The fo rm er come fro m  
th e  valve being cu t off, w hile the  la t te r  occur w hile 
g rid  c u rre n t is passing . The s lig h t rounding  of the 

Continued on Page 32

COMPLETE 8 VALVE RADIOGRAM UNIT
*  8 VALVE WORLD-RANGE RADIOGRAM CHASSIS.
★  MATCHED DUAL SPEAK ERS— 12in. A N D  8in.

CLASSIC RADIO PARRAMATTA ROAD, HABERFIELD.
Phone: UA2I45

FREIG HT EX T R A  COMPARE THESE FEATURES
E ight valve w orld range chassis w ith push-pull output. Uses new P h ilips ECH33 converter valve 
fo r b e tte r long distance reception. H igh gain audio w ith inverse feed back and tone control gives 
you the  best reproduction  from  your favorite  recordings. R adiogram o switch com bined w ith short- 
wTave switch. A.C. switch incorpora ted  w ith tone control. Large calib rated  edge lit d ial w ith m am  
stations in  each State in prom inen t type', w ith  counterw eight drive. Provision for F.M. or te le­
vision tuner. P erm atuned  iron  cored coils and in term ediates.

£ 3 1 /1 0 /-
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Short W ave Review
Conducted by L . J. Kenst

7 Fitzgerald Rd., Ermington, N.S.W. 
Phone: W L  1101

A L L  T I M E S  A R E  A U S T R A L I A N  E A S T E R N  S T A N D A R D

NOTES FROM MY DIARY
Mr. Anderson Still Brings Them In

T h e re  h a s  been so  m a n y  a lte ra t io n s  in  sch e d u le s  a n d  
su c h  a n u m b e r  of new  fre q u e n c ie s  b ro u g h t  in to  use  th a t  
I am  p r in t in g  in  t h is  is su e  the  la te st  list  rece ived  b y  
a irm a il.

Daylight Hours  %
D X - e r s  w ill notice  from  now  on m a n y  o v e rse a s  sta t ion s,  

p a r t ic u la r ly  L o n d o n  and  E u ro p e a n  t ra n sm it t e r s  w ill be 
heard  w e ll d u r in g  d a y lig h t  hou rs. In  the  M a y  is su e  I 
w ill p r in t  a list  of som e  o f the  m ost  l ik e ly  to be heard.

Errata
U n d e r  the  h e a d in g  “ T h e  D o c to r  C o m e s  to T o w n ” in 

F e b r u a r y  is su e  a t y p o g ra p h ic a l e rro r  c re p t  in. It  is m y  
fa u lt  a s  w h e n  c h e c k in g  m y  typ ed  notes I o ve rlooked  I 
h ad  sh o w n  D r. G ad e n  a s  h a v in g  a r r iv e d  a t M a n ila .  It 
sh o u ld  have  re a lly  been M a n ild ra .  T h e  lo cation  of 
M a n ild r a  a s  g iv e n  is co rrect.

THE MONTH
R A D IO  SW EDEN

me. met.

10.00-11.30 a.m. S D B - 2 10.78 27.83
3.15-5.35 p.m. S B T

S B O
S B T

15.155 
6.065

15.155

19.80 
49.46
19.80

5.35 p.m .-1.15 a.m. S B  P 
S B T

11.705
15.155

25.63
19.80

1.15-4.00 a.m. S D B - 2
S B T

10.78
15.155

27.83
19.80

4.00-4.30 a.m. S B O
S D B - 2

6.065
10.78

49.46
27.83

4.30-5.00 a.m. S D B - 2 10.78 27.83
4.30-5.00 a.m. S B O 6.065 49.46
5.00-8.00 a.m. S D B - 2

S B O

R A D IO  CEYLO N

10.78
6.065

27.83
49.46

B .B .C . B r o a d c a s t s a re  a s  fo llo w s :—  

me. met.

6.25- M id n ig h t 17.73 16.92 D ire c te d
C h in a  and

to  H o n g k o n g ,  
Jap an .

12.10-3.05 a.m. 15.12 19.84 D ire c t  to In d ia  a n d  
stan .

P a k i -

6.25 p.m.-3.G5 a.m. 21.62 13.88 D ire c te d  to F re n c h  In d o - 
.C h in a , B u rm a  &  M a la y a .

6.45 p.m .-7.00 p.m. 17.73 16.92 ) T o  
21.62 13.88 j

F a r E a s t

K IER  SP R IC H T  LO N DO N

B .B .C .  P ro g r a m m e s  fo r  G e rm a n y :—

met. met. met.
4.00-5.45 p.m. 49.59 41.21
7.00-7.15 p.m. 49.59 41.21
M id n igh t-1 2 .3 0  a.m 40.98 31.17 25.15
3.00-3.15 a.m . } 
3.45-4.15 a.m . J 49.59 40.98 31.17
5.15-5.30 a.m. 49.59 40.98
6.00-8.15 a.m. 49.59 40.98
10.00-10.15 a.m. 49.59 40.98
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M r. A n d e rso n  of P a d d in g to n ,  N .S .W ., w r ite s :  —
“ I am  a fra id  th is  m o n th ’s  lo g g in g s  h a ve  not been the  

best. H o w e v e r  here a re  the  few  I h ave  lo gge d :
P C  J on 15.22 a t 9.15 p.m. E n g lish .
S A IG O N  on 11.83 a t  8.00 p.m. E n g lish .
M A D R I D  on 9.585 at 6.15 a.m. E n g l i s h .
R O M E  on 15.12 at 6.15 p.m. E n g lish .
O IX 4  F I N L A N D  15.19 at 9.45 p.m. F in n i s h  u n t il

10.00 p.m. then  E n g lish .
“ O n  a recent S u n d a y  a fte rn oon  I a lso  h ea rd  H C J B  in 

15.115 me. a t 2.00 p.m. in an  E n g l i s h  se s s io n .
“ I am  e n c lo s in g  the  la te st  sch e d u le  from  R a d io  C e y lon  

fro m  w h o m  I rece ived  a v e r y  n ice  v e r if ic a t io n  le tte r th is  
w eek, b r in g in g  m y  to ta l to 24 v e r ie s  fo r  a to ta l of 15 
co un tie s.

“ W e ll, I g u e s s  th a t  is  a ll fo r  th is  m on th  an d  keep  up  
the  good  w o rk  in A .R .  &  E. w h ic h  is s t il l the  o n ly  
m a g a z in e  I b u y .’'

■s LOGGINGS
IC I  LO NDRES

B .B .C . P ro g ra m m e s  fo r  F r a n c e :—

met. met. met.
5.30-5.45 p.m. 48.54 41.61
6.00-6.15 p.m. 48.54 41.61
7.00-7.30 p.m. 48.54 41.61 30.53
10.30-10.45 p.m. 41.61 30.26 25.49
11.30-11.45 p.m. 41.61 30.26 25.49
3.00-3.15 p.m. 48.54 41.61 30.26
5.30-8.00 a.m. 41.61 48.54

RA D IO  N EW  ZEA LA N D
Z L 8 — W E L L I N G T O N .  9.62 me., 31,19 m et: 4.00 a .m .-6.45 

a.m. to A u s t ra l ia .  S ta t io n  o n  a ir  t ill 5.00 p.m.

2 L 1 0 — W E L L I N G T O N .  15.22mc., 19.72 m et: 7.00 a .m .-4.45 
p.m. to  A u s t ra l ia .  C lo se s  w e ek  d a y s  8.30 p.m. S a ts .
9.20 p.m. S u n d a y s  8 p.m.

Z L 3 — W E L L I N G T O N ,  11.78 me. 25.46 m et: 4.00 a .m .-6.45 
a.m. to P ac ific  Is. C lo se s  w eek  d a y s  8.30 p.m. Sa ts .
9.20 p.m. S u n d a y s  8.00 p.m.

Z L 4 — W E L L I N G T O N ,  15.28 me. 19.64 m et: 7.00 a .m .-4.45 
p.m. to P a c if ic  Is. S ta t io n  on  a ir  till 5.CO p.m.

THE EAST.

Formosa.

B E D 3 2  and  B E D 9 ,  T ia p e h , T a iw a n ,  3.22mc. 93.16 m et:
R e p o rted  by  A r th u r  C u sh en  a s  h e a rd  from  9 p.m . E n g lish / 
C hinese lesson b ro a d c a s t on S a tu rd a y s  9.00—9.30 p.m . 
S ignal s tr e n g th  is  fa ir .

Philippines.

D Y H 4 ,  D a m a g u e te , 6.055mc. 49.55 m et: O p era te s  from  
8.00—11.00 p.m . fro m  S il l im a n ,  U n iv e rs it y ,  N e g ro s
O rien ta l, p ro g ra m m e s  a re  m a in ly  C h r is tia n  M issionary  
Serv ices. R e p o rted  by  A r th u r  C ushen .
D Z H -5 ,  M a n ila ,  9.69mc. 30.96 m et: S till a n o th e r  E a s te rn  
s ta tio n  re p o rte d  by  A r th u r  C ushen  w ith  a  s logan  “V oices 
of C a tho lic  P h ilip p in e s” o p e ra tin g  from  th e  U n iv e rs ity  
of S an to  T om as. P ro g ra m m e s  a re  n o n -co m m erc ia l an d  
s ta ff  a n n o u n ce rs , e tc ., a re  a m a te u rs  o f th e  U n iv e rs ity .
D Z H -8 ,  M a n ila ,  15.30mc. 19.61 m et: 8.00—11.00 p.m . 

Continued on Page 29
Page  27



R.F RES ISTAN CE  METER
( From Page 21)

224 th a t  is used as th e  dyn a tro n  valve. This 
m ethod of d raw ing  has been used to  sim plify  the 
wiring- up process, since th e re  a re  six  d ifferen t b a t­
te ry  u n its , an d  a  pu re ly  th eo re tica l d iag ram  m akes 
i t  necessary  to  do a considerable am oun t o f so rtin g  
o u t of b a tte ry  connections. Since b a tte rie s  a re  used, 
and no t a  pow er supply  from  th e  m ains, i t  is e s se n ­
tia l to  have th in g s a rra n g e d  so th a t  i t  is easy  to 
change b a tte r ie s  w hen th is  becomes necessary . W ith  
an a rra n g e m e n t like th e  one shown, it  is a  sim ple 
m a tte r  to  have a  series of tag g ed  leads, tw o fo r each 
b a tte ry  un it, so th a t  th e re  is no need to  m ake cross- 
connections a t  b a tte ry  te rm in a ls . T his rem oves a 
f ru itfu l source of e rro rs  in connecting  up new  b a t­
te rie s . I t  w ill be noticed th a t  the  c ircu it is ea rth ed  
a t  one po in t only, and is b u ilt o therw ise com pletely 
in su la ted  from  the  m etal chassis. T his helps to  give 
a sa tis fa c to ry  R .F . circuit, w ith o u t any  g round  loops 
w hich m ig h t cause losses th a t  could be a ttr ib u te d  
w rong ly  to  th e  c ircu it under te s t. I t  also enables 
the c ircu it to be grounded a t  an unusual po in t, so 
th a t  th e re  is very  little  r isk  of th e  o p e ra to r g e ttin g  
a  shock w hen connecting o r  disconnecting  a te s t 
c ircu it from  th e  te rm ina ls. C o n tra ry  to  th e  belief 
o f m any, 90 volts of good b a tte ry  can give one a 
v ery  n a s ty  nip, no t a t  a ll to  be despised. The c ircu it 
show s th a t  bo th  the screen , and the  “cold” end of 
the te s t  c ircu it a re  care fu lly  bypassed  to  th e  cathode 
of th e  valve. Because of th is , R .F . is excluded from  
the "whole of th e  m easu ring  c ircu it, w hich becomes, 
in p rac tice  a s  well as in princip le, a pu re ly  D.C. 
affair. This, inciden tally , is one of the advan tages 
of th e  m ethod, in  th a t  a ll m easu rin g  is done w ith  
D.C. in s tru m en ts , w hich a re  in h e ren tly  m ore 
accu ra te  th an  any  A.C. m e te rs  o f reasonab le  price. 
Double bypass ing  is used, because th e  0.1 u .f conden­
sers w ill n o t be com pletely effective a t  h igh  radio  
frequencies, w hich a re  th en  tak en  care of by the 
sm all m ica condensers, w hich have considerably  less 
inductance th a n  o rd in ary  p ap e r tu bu la rs .

T H E  C IR C U IT  IN  D ET A IL  
I t  m ig h t sim plify  m a tte rs  if  i t  is s ta ted  a t  th e  . 

o u tse t th a t  th e  sw itches S I to  S5 a re  all on two 
double-pole th ree-position  w afe rs , and ai’e used fo r 
sw itch ing  the b a tte rie s  ou t of c ircu it w hen the in ­
s tru m en t is ou t o f use, o r on “ s tand -by” w hen all 
th a t  is le f t on is the h e a te r of th e  valve. In  the 
d iag ram , all a re  shown in th e  “ on” position.

( Continued on Page 30)
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N.H.V. KITS
AMPLIF IER

CA B IN ETS

These streamlined amplifier foundation units con­
sist o f a standard chassis 3in. deep with removable 
top in aluminium. Fitting over the top is, a re­
movable cover which has louvres on all sides and 
handles welded to the ends. Colour, Grey.

C a ta lo g u e  No. w D H
P ric e s  p lu s 
Sales Tax

AC1 10" 5” 9" £ 1 8  9
AC2 12 7 9 £1 15 9
AC3 17 7 9 £2 3 0
AC4 17 10 9 £3 0 0
AC SF 1059 10 5 7i £1 15 9
AC SF 1279 12 7 91

9'-
£1 19 0

AC SF 1779 17 7 £2 11 0
AC SF 17109 17 10 9i £3 5 0

Metal Utility 
Cabinets

This line o f Cabinet 
is for housing elect­
ronic equipment of 
all types. It has a 
fixed hack and re­
movable front. Col­
our, Grey.

C a ta lo g u e  No. D w H
P ric e s  p lus 
Sales Tax

MC66G 0 6 6 8 /3
MC596 5 fi 9 9 /4
MC7810 7 8 10 13/9
MC6712 6 7 12 13/9
MC81010 8 1!) 10 17/—
MC81112 8 11 12 2 1 /—
MC7915 / 9 15 21/ —
MCSF776 Vi- 7 0* 11/6
MCSF796 "1 9 6A 13/9
MCSF116 n 11 (H 1 6 /-
MCSF8138 8+ 13 8" 19/3
MCSF101810 10+ 18 10 31/3

N.H.V. KITS
97 Marriott Street, Redfern, N.S.W. 

MX 3764
An Associate of R. H. Oxford & Son Pty. Ltd.
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UNITED STATES IN TERN AT IO N AL  B R O A D C A S T IN G  STAT IO N S  

A N D  OVERSEAS RELAY ST AT IO N S

SHORT WAVE REVIEW
( Continued from  Page 27)

M / C Met.

6.04 49.66

6.06 49.50

6.08 49.34
6.095 49.21
6.10 49.15

6.12 49.02

6.14 48.86

6.16 48.70
6.17 48.62
6.185 48.54
7.20 41.69
7.214 41.58
7.25 41.38
7.27 41.27
9.515 31.53
9.53 31.48

9.54 31.45

9.55 31.41
9.56 31.38

9.57 31.35

9.60 31.25
9.615 31.23

9.65 31.09

9.67 31.02
« •

9.68 30.99
§.70 30.93

11.71

11.73

11.77
11.78
11.79

25.62

25.58

25.48
25.47
25.44

A .E .S .T .

4.00-8.30 a.m.
10.00 a .m .-1.00 p.m.
2.30-4.03 p.m. ( T u - S a t )
5.45 p.m .-12.15 a.m.
5.15-6.45 p.m.
7.00 p .m .-1.45 a.m.
7.00-8.30 a.m.
1.15 a .m .-6.00 p.m.
5.15-7.45 a.m.
8.15 a .m .-1.45 p.m.
2.00-2.15 p.m.
2.45-1.45 p.m.
7.00 p.m .-1.45 a.m.
8.00 a .m .-12.15 p.m.

6.15 p.m .-12.45 a.m.
1.15 p.m .-2.00 p.m.
11.30 p .m .-1.45 a.m.
4.00 a .m .-4.45 p.m.
7.00 p.m .-1.45 a.m .
2.30-4.00 p.m. (T u e - S a t )
11.00 p .m .-M  idn i§ h t
2.00-1.45 a.m.
3.00-8.30 a.m.
7.00 p .m .-1.45 a.m.
9.00-10.00 a.m. (T u e - S a t )
10.00 a .m .-1.00 p.m.
6.15 p.m .-12.45 a.m.
1.30-5.00 a.m.
5.15-8.15 a.m.
2.00-2.15 p.m.

5.00-8.45 a.m.
6.00-8.30 a.m.
2.30-4.00 p.m. (T u e - S a t )
7.00-9.30 p.m.
10.00 p .m .-1.45 a.m.
11.00 a.m .-6.45 p.m.
7.00 p.m .-1.45 a.m.
12.15-5.30 a.m.
6.00-8.30 a.m.
2.00-2.15 p.m.
10.00 p.m .-1.45 a.m.
4.30-8.30 a.m.
N oon -1 .00  p.m. (T u e -S a t )

2.30-6.45 p.m.
7.00 p.m .-12.15 a.m.
10.00 a.m .-1.00 p.m. (T u e - S a t )
10.30 a.m. N oon
6.00-7.00 a.m.
5.45 p .m .-12.15 a.m.
12.15-2.45 a.m.
6.15-8.30 a.m.
10.00 a .m .-1.00 p.m.
2.30-4,00 p.m. (T u e - S a t )
7.15-11.45 p.m.
4.15-7.15 a.m.
8.00-8.15 a.m.
10.00 a .m .-N o o n  
N oon -1 .00  p.m. (T u e - S a t ) ,

4.00-6.45 p.m.
7.00 p.m .-1.45 a.m.
4.00-8.30 a.m.
6 .00 -7X0  a.m.
2.45-3.30 p.m.
5.15-6.45 p.m.
7.00-11.00 p.m.
12.15-8.15 a.m.
9.00-10.00 a.m.
10.15-10.30 a.m. (T u e - S a t )

10.30 a .m .-N o on  
N oon -1 .00  p.m. (T u e - S a t )

S T A T IO N B E A M

T A N G I E R - 4 E U R O P E
W  L  W O - 1 W .S .  A M E R I C A
W L W O - 7 N . A F R I C A
K C B R - 2 E. A S I A
K R C A - 2 H A W A I I / A U S T -
K R C A - 2 H A W A I I /  A U  S T .
T A N G I E R - 9 E U R O P E
M U N IC H - 3 E U R O P E
M U N IC H - 2 E U R O P E
M U N IC H - 2 E U R O P E  '
W R C A - 3 E U R O P E
M U N IC H - 2 E U R O P E
M A N I L A - 3 E . A S I A
M A N I L A - 3 E. A S I A

M U N IC H - 5 E U R O P E
M U N IC H - 5 E U R O P E
H O N O L U L U - 1 E. A S I A
M U N IC H - 1 E U R O P E
K R C A - 1 P H I L / E .  IN D IE S -
T A N G I E R - 1 0 M I D D L E  E A S T
T A N G I E R - 1 0 N . A F R I C A
M U N IC H - 4 E U R O P E
T A N G I E R - 3 E U R O P E
K R C A - 3 E. A S F  A
W G E O - 1 E .S . A M E R I C A
W G E O -1 E .S . A M E R I C A
M U N IC H - 3 E U R O P E
M U N IC H - 2 E U R O P E
T A N G I E R - 2 E U R O P E
M U N IC H - 2 M I D D L E  E A S T
W R C A - 4 E U R O P E  ( A F R S >
T A N G I E R - 1 E U R O P E
W L W O - 8 N. A F R I C A
K W ID - 1 S. P A C I F I C
K W ID - 1 W . A S I A
K W I D - 2 A L A S K A / A L E U
K C B R - 1 P H I L / E .  I N D I E S
T A N G I E R - 9 E U R O P E
W R C A - 1 E U R O P E
W R C A - 1 E U R O P E
H O N O L U L U - 2 P H I L / E .  I N D I E S
W A B C - 1 E U R O P E
W A B C - 1 S. A M E R I C A
K G E I - 1 M I D - P A C I F I C
K G E I - 1 M A R I A N A S / P H I L .
W R C A - 3 E .S . A M E R I C A
W R C A - 3 E.S . A M E R I C A
T A N G I E R - 9 E U R O P E
K C B R - 3 E. A S I A
T A N G I E R - 3 E U R O P E
W  R C A  -5 E U R O P E
W L W O - 8 W .S . A M E R I C A
T A N G I E R - 9 M I D D L E  E A S T
T A N G I E R - 3 E U R O P E
W R U L - 2 E U R O P E
W R U L E U R O P E
W L W O - 5 W .S . A M E R I C A
W L W O - 5 W .S .  A M E R I C A
K G E I - 2 M I D - P A C I F I C
K G E I - 2 M I D - P A C I F I C
W R C A - 2 E U R O P E
W R U L - 5 N. E U R O P E
K R C A - 2 E. A S I A
K R C A - 1 E. A S I A
H O N O L U L U - 1 E. A S I A
T A N G I  E R -1 0 E U R O P E
W R U L - 1 C A R I B B E A N
W R U L - 1 E .S . A M E R I C A
W R U L - 1 E .S . A M E R I C A
W R U L - 1 E .S . A M E R I C A

Continued on Page 31 
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RF. R ES ISTAN CE  METER (From Page 28)
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F ir s t  o f all, a t  th e  le f t o f th e  d iag ram , is th e  g rid  
c ircu it. T his consists o f a  10k. g rid  s topper in  series 
w ith  th e  g rid  lead, to  p rev en t th e  occurrence of 
p a ra s itic  oscillations, and  a  500-ohm po ten tiom eter, 
one side of w hich is re tu rn e d  to  th e  cathode of th e  
valve. A 9-volt C b a tte ry  is connected acro ss th e  
p o ten tiom eter, and th is  is sufficient to  b ias  th e  valve 
to  cut-off, o r v e ry  close to  it. A  good w ire-w ound 
p o ten tio m eter m u s t be used here , and  i t  m u s t have 
a  la rg e  easily-m oving a d ju s tin g  knob, so th a t  very  
sm ooth and fine ad ju s tm en t of g rid  b ias can  be 
m ade. Since th e  ac tu a l va lue  of th e  b ias is n o t of 
im m ediate  concern, th e re  is no necessity  to  m e te r 
the  g rid  b ias. N ex t to  th e  r ig h t we have th e  h e a te r  
tran sfo rm er. One side of th e  h e a te r  is connected to  
the  cathode, and  sw itch ing  is pe rfo rm ed  in  the  
p rim a ry  c ircu it of th e  tra n s fo rm e r  in o rder to  avoid 
sw itch ing  th e  heavy  h e a te r  c u rre n t w ith  th e  lig h t 
con tac ts of a  w a fe r  sw itch. I t  w ill be no ted  th a t  
th e  h e a te r  is le f t  ru n n in g  on positions 2 and  3 o f th e  
sw itch, th e  fo rm er being  th e  s tand -by  position , and 
th e  la t te r ,  of course, th e  m easu rin g  position . P osi­
tion  1 is “Off.’ N ex t a long  th e  line we have tw o 
45-volt B b a tte r ie s  in  series. T hese give 90 vo lts  
fo r  th e  screen, and  45 fo r  th e  p la te  of th e  valve. 
These b a tte r ie s  a re  sw itched in  th e ir  com m on n eg a ­
tiv e  lead , so th a t  i t  w ill n o t be possib le to  pu rposely  
leave th e  screen  vo ltage on w ith o u t p la te  vo ltage
P c g e  30

4 - 5  V  

B
6  V

M-W-
3 V

applied  a t  th e  sam e tim e, and  also to  avoid the  
necessity  fo r  a  fu r th e r  sw itch  section. So f a r  th e  
c ircu it is  v e ry  sim ple, and  th e  only com plication  
comes in th e  p la te  circuit. H ere, we have tw o add i­
tiona l sm all b a tte rie s . The f irs t of six  volts, is used 
to  prov ide th e  contro llable  am o u n t of add itional 
p la te  vo ltage , w hile th e  th ree -v o lt b a tte ry  is used as 
a  bucking, o r ba lanc ing  b a tte ry  fo r  ba lanc ing  ou t 
th e  m a jo rity  o f th e  p la te  c u rre n t from  th e  100 
uam p. m eter.

In  o rd e r to  sim plify  th ings, th is  p a r t  o f th e  c ir­
cu it has been  illu s tra te d  sep a ra te ly  in  F ig . 3.

The te rm in a ls  to  w hich th e  tuned  c ircu it is 
a ttach ed  a re  show n short-c ircu ited , because th e  c ir­
cu it should be rem oved, and a  sh o rtin g  b a r  su b sti­
tu ted  befo re  th e  ac tu a l m easu rem en t o f th e  n eg a ­
tive  re s is tan ce  is m ade. The m e te r  show n is th e  
sensitive 100 uam p m ovem ent, and  across i t  is con­
nected a  b a tte ry  in  series w ith  a  rh eo s ta t. The 
p o la r ity  of th e  b a tte ry  is such as  to  deflect th e  
p o in te r backw ards, so th a t  a  deflection caused b y  th e  
p la te  c u rre n t is cancelled out. Then, by a d ju s tin g  
th e  rh e o s ta t, th e  c u rre n t th ro u g h  th e  m e te r can  be 
reduced to  a va lue  th a t  allow s th e  m e te r to  re ad  
ap p rox im ate ly  half-sca le . In  th is  condition, i t  is 
possible to  read  d irec tly  a  sm all change in p la te  
cu rren t, such as th e  10 uam ps w e a re  in te res ted  in.

Continued on Page 32 
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SHORT WAVE REVIEW
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M /C M et. A .E .S .T . S T A T IO N B E A M
11.81 25.40 5.00-5.30 a.m. W A B C - 6 E U R O P E

11.15 a.m .-5.30 p.m. K C B R - 3 E . A S I A
11.830 25.36 7.15 p.m -3.45 a.m. T A N G I E R - 4 E U R O P E

4.00-8.30 a.m. W G E O - 2 E U R O P E
9.30-9.45 a.m. (M o n .  &  W ed .) W A B C - 1 S. A M E R I C A
9.45-11.00 a.m. W A B C - 1 S. A M E R I C A

11.86 25.29 7.00 p.m .-12.15 a.m. K W I D - 2 E . A S I A
11.87 25.27 2.15-3.00 a.m. M U N IC H - 1 M I D D L E  E A S T

3.00-3.45 a.m. M U N IC H - 1 E U R O P E
4.00-8.30 a.m. W  B O S - 1 E U R O P E

11.89 25.23 7.00 p.m .-1.45 a.m. M A N I L A - 1 E. A S I A
5.00-8.45 a.m. W R C A - 3 E U R O P E

11.895 25.22 8.00 a .m .-1.00 p.m. M A N I L A - 1 E . A S I A
11.90 25.21 2.30-6.45 p.m. K W I D - 1 S. P A C I F I C
15.105 19.86 N oon -12.15  p.m. K G E I - 2 P H I L / E .  I N D I E S

2.45-3.30 p.m. K G E I - 2 P H I L / E .  I N D I E S
15.13 19.83 7.15-7.45 p.m. T A N G I E R - 1 E U R O P E

2.00-8.30 a.m. W A B C - 5 E U R O P E
10.00 a.m.-1.0D p.m. K R C A - 2 S. A M E R I C A
2.45-6.30 p.m. K R C A - 1 E. A S I A

15.15 19.81 5.00-8.45 p.m. W R C A - 6 E U R O P E
15.21 19.73 4.00-6.30 p.m. K R C A - 3 S. P A C I F I C

7.15 p.m .-5.00 a.m. T A N G I E R E U R O P E
6.30-8.15 a.m. W A B C - 6 E U R O P E

10.00-10.30 a.m. (T u e - S a t ) W R C A - 6 E .S .  A M E R I C A
10.30 a .m .-N o o n W R C A - 6 E .S .  A M E R I C A

15.23 19.70 2.00-4.15 a.m . W R U L - 1 E U R O P E
15.24 19.69 12.15-2.15 a.m. T A N G I E R - 1 E U R O P E
15.25 19.68 7.00 p.m .-1.45 a.m. M A N I L A - 2 E . A S I A

2.00-8.30 a.m. W L W O - 5 N . A F R I C A
8.00 a .m .-6.45 p.m. M A N I L A - 2 E. A S I A

15.27 19.66 2.00-8.15 a.m. W A B C - 2 E U R O P E
8.40-8.50 a.m. W A B C - 2 M E X I C O
9.30-9.45 a.m. (T u e - S a t ) W A B C - 2 S. A M E R I C A
9.45-1.00 p.m. W A B C - 2 S. A M E R I C A

15.28 19.63 5.15 p.m .-12.15 a.m. M U N IC H - 1 E U R O P E
2.30-5.30 a.m. T A N G I E R - 1 E U R O P E

15.29 19.62 9.00-10.00 a.m. W R U L - 5 C A R I B B E A N
15.31 19.60 2.00-4.00 a.m. W R U L - 3 E U R O P E

8.00-10.00 a.m. K C B R - 1 E. A S I A
11.15 a .m .-5.30 p.m. K C B R - 2 A L A S K A / A L E U

15.33 19.57 1.15-8.30 a.m. W G E O -1 E U R O P E
9.00-9.45 a.m . (T u e - S a t ) W G E O - 2 S. A M E R I C A
10.00 a .m .-N o o n W L W O - 6 W .S .  A M E R I C A
N oon -1.00  p.m. (T u e - S a t ) W L W O - 6 W .S .  A M E R I C A
1.00 p .m .-6.30 p.m. M A N I L A - 3 E. A S I A

7.00-9.45 p.m. H O N O L U L U - 2 P H I L / E .  I N D I E S
15.34 19.56 5.45' p.m .-1.15 a.m. M U N IC H - 2 E U R O P E
15.35 19.54 11.15-11.30 p.m. W L W O - 5 W .S .  A M E R I C A

4.30-8.15 a.m. W R U L - 1 E U R O P E
8.45-10.00 a.m. (T u e - S a t ) W R U L - 2 M E X I C O
11.00 a .m .-N o o n W R U L - 2 C E N T .  A M E R IC A .

17.75 16.90 2.00-8.30 a.m. W R U L - 4 E U R O P E
17.76 16.89 2.15-8.45 a.m. W G E O - 3 E U R O P E

10.00 a .m .-1.00 p.m. K W ID - 1 S. A M E R I C A
* 17.77 16.88 8.00-10.00 a.m. K C B R - 3 P H I L / E .  I N D I E S

17.78 16.87 2.00-6.00 a.m. W R C A - 5 E U R O P E
9.30-9.45 a.m. (T u e  &  T h ) W R C A - 5 S. A M E R I C A
9.45 a .m .-1.00 p.m. W R C A - 5 S. A M E R I C A
1.15-6.45 p.m. M A N I L A - 1 E . A S I A

17.80 16.83 3.15-3.45 a.m. # W L W O - 8 N. A F R I C A
4.15-7.15 a.m. W R U L - 3 E U R O P E
10.00-11.00 a.m. W L W O - 2 W .S .  A M E R I C A

* N oon-12.15  p.m. K R C A - 3 E. A S I A
2.45-3.30 p.m. K R C A - 3 P H I L / E .  I N D I E S
5.15-6.45 p.m. H O N O L U L U - 1 P H I L / S . E .  A S I A

17.83 16.82 1.15-8.30 a.m. W A B C - 3 E U R O P E
8.40-8.50 a.m. W A B C - 3 M E X I C O
9.00-10.00 a.m. (T u e - S a t ) W A B C - 3 S. A M E R I C A
10.15-10.30 a.m. (W .S a t ) W A B C - 3 E .S .  A M E R I C A
10.30- N oon W A B C - 3 E .S . A M E R I C A

21.46 13.98 10.00 a .m .-1.00 pan. K R C A - 1 S. A M E R I C A
21.50 13.95 2.00-4.30 a.m. W A B C - 6 E U R O P E
21.52 13.94 1.15-8.30 a.m. W L W O - 3 N O R T H  A F R I C A
21.57 13.91 2.00-4.15 a.m. W A B C - 1 E U R O P E
21.59 13.90 1.15-3.45 a.m. W G E O - 2 E U R O P E
21.61 13.88 2.0D-6.00 a.m. W R C A - 1 E U R O P E
21.65 13.86 2.00-8.30 a.m. W L W O - 7 N O R T H  A F R I C A
21.73 13.81 2.15-4.30 a.m. W R C A - 3 E U R O P E
21.74 13.80 8.00-10.00 a.m. K C B R - 2 E. A S I A

Noon -12 .15  p.m. K G E I - 1 M I D - P A C I F I C
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RF. RES ISTAN CE  METER
(From Page 30)

The rem ain d er of th e  c ircu it is the  a rran g em en t 
fo r  add ing  sm all increm en ts of p la te  vo ltage . A 
sm all b a tte ry , se p a ra te  from  and add itional to  th e  
45-volt p la te  section  of th e  H.T. b a tte ry , is connected 
across a low -resis tance p o ten tiom eter, and  th e  m ov­
ing  a rm  of the  la t te r  is tak en  off to  the p la te  c ircu it 
as th e  final supply  lead. The negative  te rm in a l of 
the  b a tte ry  is connected to  th e  45-volt ta p  on th e
H.T. b a tte ry . W ith  th is  a rran g em en t th e  p o ten tio ­
m e te r is ab le to  provide any  am oun t of add itional 
voltage, from  zero up to  th e  fu ll vo ltage  o f th e  
e x tra  b a tte ry . The p o ten tio m ete r in troduces a sm all 
ex tra  res is tance  in to  th e  p la te  c ircu it, b u t th is  is 
quite neg lig ib le  in com parison w ith  the ac tua l n eg a ­
tive p la te  res is tance , and  in  no w ay affects th e  r e ­
su lts . N o t show n on E ig. 3 is th e  m ethod of m easu r­
ing  th e  add itional p la te  vo ltage, b u t th is  consists 
m ere ly  in connecting  a v o ltm e te r across th e  low er 
po rtion  of th e  po ten tiom eter, from  the 45-volt b a t­
te ry  ta p  to  th e  m oving arm . Since th is  is a p e r­
m anen t connection, any  effect on th e  vo ltage  caused 
by sh un ting  th e  v o ltm eter across the  vo ltage  source 
is of no consequence, since a t  all tim es th e  v o lt­
m e te r read s  th e  ac tu a l vo ltage  added. F o r th is 
reaso n , too, i t  is no t advisable to  t r y  and use an  
ex te rn a l vo ltm e te r in  th is  position . A n ex te rn a l 
m e te r could be used, b u t would d e fea t its  own 
object, since i t  could n o t be used fo r  any  o th er 
purpose in th e  c ircu it by chang ing  its  position.

Com ing back  to  th e  ac tu a l c ircu it, w e find th a t  
th e  a rra n g e m e n t used is s lig h tly  d ifferen t from  th a t  
show n on F ig . 3, fo r  th e  balancing.

The th ree -v o lt ba lanc ing  b a tte ry  is connected 
across a  10k. po ten tiom eter, p roviding a con tin ­
uo u sly  v ariab le  source of vo ltage , ra th e r  th a n  a  
fixed source w ith  a v ariab le  series re s is to r. Then, 
a  fixed series re s is to r  of 3000 ohms is used betw een 
th e  m oving a rm  of th e  p o ten tiom eter and  th e  n eg a ­
tiv e  te rm in a l of the m eter. The reason  fo r  th is  
c ircu it change is to  be found  in  the  p ro tec tive  device 
th a t  is used to  p rev en t the m e te r from  being over­
loaded. T his w as no t show n on F ig . 3, and  consists 
of the 25-ohm re s is to r, in  series w ith  th e  sw itch, 
,S6. T his sw itch is e ith e r a no rm ally  closed p u sh ­
bu tton , opening w hen pressed, and re tu rn in g  au to ­
m atica lly  to  th e  closed positon  w hen released , o r a  
togg le  type , w ith  a s im ila r action  i.e., one w hich 

Lhas to  be held in  th e  opera ted  position, and  sp rin g s 
;back if  released . The 25-ohm re s is to r  is sim ply  a 
shunt, w hich reduces th e  sen sitiv ity  of th e  m e te r 

^except w hen th e  push -b u tto n  is operated . Thus, 
unbalanced cu rren ts  up to  th e  fu ll p la te  c u rre n t of 
th e  valve can  be passed  th ro u g h  th e  m e te r c ircu it 
w ithou t dam age, as long as th e  b u tto n  is n o t pressed . 
The p rocedure fo r  ba lanc ing  the m e te r is to  ob tain  
a  balance w ith  th e  10k. p o ten tiom eter, th e  sh u n t be­
ing  still in circu it. Then, w hen the b u tto n  is pressed , 
; th e re  w ill be only a  sm all cu rren t le f t  flowing 
th ro u g h  the  m eter, and th e  balance contro l can  now 
be used to  m ake th e  m e te r read  a t  any  conveniest 
position  on its  scale. I t  is b es t n o t to balance ou t 
the c u rre n t com pletely, b u t to  allow  about half-sca le  
.deflection, p re fe rab ly  w ith  th e  p o in te r se t exac tly  to 
one of the m a jo r scale divisions. The ac tu a l b a l­
a n c in g  c ircu it used h as th e  advan tage  th a t, unlike 
th e  sim ple one of F ig . 3, th e  opera tion  of th e  p ro ­
tec tiv e  sh u n t does n o t have an  appreciab le  effect on 
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the  balance position  as i t  is c u t in  and ou t. I t  
also keeps a la rg e  res is tan ce  alw ays in series wTith  
th e  m eter, so th a t  th e re  canno t be any  appreciab le  
e r ro r  in  read in g  th e  p la te  c u rre n t change, ow ing to  
th e  sh u n tin g  of th e  m e te r by  th e  ad ju s tin g  re s is to r.

The add itional H.T. contro l is exac tly  as show n 
in F ig . 3, w ith  th e  addition  of th e  vo ltm e te r M2. The 
series re s is to r  has been le f t unm arked  as 'to  value, 
because th is  w ill depend on the, m e te r m ovem ent 
used. I t  is sim ply  a m u ltip lie r re s is tan ce , a rran g ed  
to  m ake th e  m e te r M2 read  0-5v. P lease no te  th a t  
i f  a n y  o th e r scale is used, i t  w ill not be d irec t-read ­
ing, as explained above, and  a  sm all sum  w ill have 
to be w orked o u t every  tim e a read ing  is m ade. I t  
does n o t m a tte r  m uch w h a t so r t o f m e te r m ovem ent 
is used, a s  long as i t  is a  good one. A 1 nta. m ete r, 
of good m ake w ould be qu ite  sa tis fac to ry , b u t th e re  
w ould be no h a rm  in using  a less sensitive m eter, 
as long as its  read in g s a re  accu ra te . In  o u r case a 
w a r su rp lu s 0-500 uam p m ovem ent w as used, w ith  
very  sa tis fa c to ry  resu lts , so th a t  in  th is  case the 
m u ltip lie r requ ired  w as 10k., less th e  500-ohm re ­
sistance  of th e  m e te r itse lf, g iv ing  a  m u ltip lie r of 
9500 ohm s. (To be continued.)

CLASSIFIED ADVERTISEMENTS
Readers! H ave you anything to Sell, Buy or Ex- 

cnange? Then use this column. Classified advertise­
ments cost 1 /6  per line, based on approximately 7 words 
to the line. (Minimum, 3 lines.)

~  W A VE  FORM S
(From Page 26) 

lim itin g  action  of th e  g rid  c u rre n t is n o t perfec t, 
so th a t  th e  g rid  does go v e ry  s lig h tly  m ore positive 
a t  th e  peak  of th e  in p u t half-cycle. This il lu s tra te s  
very  effectively th e  second reason  fo r em ploying th e  
g rid  stopper, Rs. I t  is th a t  w ith o u t th is  com ponent, 
th e  bo ttom  of the o u tp u t w ave w ould be an y th in g  b u t 
flat, owiijg to  th e  fa c t  th a t  m odern  valves do n o t 
rea lly  have a s a tu ra tio n  value of p la te  c u rre n t a t  
all. This is due to  th e  oxide-coated cathodes th a t  
a re  used  today. One fe a tu re  of them  th a t  is no t 
p roperly  understood, even ye t, is th is  v ery  fac t. A s 
the g rid  vo ltage  is m ade m ore and  m ore positive, 
th e  p la te  c u rre n t curve never qu ite  f la tten s off, b u t 
continues to  rise  slowly. A s a re su lt, if  the posi­
tive g rid  vo ltage  w ere n o t lim ited  by th e  g rid  
s topper to  a  sm all va lue, th e  bo ttom  of th e  w ave 
would be qu ite  rounded, and n o t “ squared  off” a t  all. 
H ence th e  use o f the g rid  stopper. A s w ell a s  p ro ­
te c tin g  th e  g rid  from  excessive cu rren t, i t  ac tu a lly  
im proves th e  o u tp u t w ave-form . E ven so, th e  
fla tte s t po rtion  of the w ave is th e  top , because once 
the valve is cu t off, i t  can never be “m ore cu t off,” 
how ever n eg a tiv e  the g rid  m ay  go.

D IF F E R E N T  T IM E  RA TIO S
The c ircu it we have described is freq u en tly  used 

w here th e  square  w ave requ ired  is w an ted  to  have 
th e  positive and  nega tive  half-cycles a lm ost equal 
in  du ra tion . I t  req u ires  a low -im pedance source 
(viz., th e  tra n s fo rm e r secondary) if  i t  i s ’ to  a c t in 
ju s t th is  w ay, how ever, and  we w ill see w hy w hen 
we come to  exam ine th e  n ex t c ircu it, w hich is de­
signed to  produce a square-w ave in w hich th e  posi­
tiv e  and neg a tiv e  half-cycles a re  nq t of equal d u ra ­
tion. (To be C ontinued)
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Ir»;ffie competitive days ahead, better 
service wiJI psy off—handsomely, 
essential units enable quick and effecti 
of a ltrioio problem* . . . combined th 
impressive showing, yet, individually sel 
each is readily portable for outside se

PA LEC M ODEL V.T.M. 
(Probe) M U L T IM E T E R

Ranks as m ost versatile and v a lu ­
able single piece of tes t apparatus. 
Checks and tests all circuits. R.F.. 
A.F., A.V.C., under operating  con­
ditions w ithou t disturbance.
Capable of quickly locating m ost ob­
scure and elusive of in term itten t, 
noisy, open or short circuits.
Checks all com ponent parts  and tests 
fo r h igh  resistance insulation  leaks. 
Used w ith  Model M.O. oscillator or 
equivalent, traces signal and d e te r­
m ines stage gain in  every  channel 
from  m ixer to speaker.
Ranges: (1) R .F.-A .F. six -range v o lt­
m eter: 0-2.5-10-25-100-250-1000 volts 
A.C.' F itted  w ith  polystyrene bushed 
probe operating on frequencies up  to 
300 M.C. accuracy plws 0.5 db. to 100 
M.C. Inpu t cap., 10 uuf., loading equal 
to 6 megohms. (2) High resistance 
D.C. six range vo lt-m eter: 0-2.5-10-25- 
100-250-1000 volts D.C. Total load 11 
m egohm s—giving over 4 megohms per 
volt on lowest range. (3) Ohm m eter, 
six-range—from  0.5 ohm s to 1000 
megohms.
D etachable co-axial leads, 20 page in ­
struction  book supplied. Employs 4 
valves.
Capacity

PA LEC SIGNAL 
G EN ERA TO R M ODEL S.G.I.
Frequency Coverage: 150 K c/s. to 30 
Mc/s, in six overlapping ranges. A c­
curacy, 1%. Indiv idual coils p e r­
m eability  tuned and fitted w ith  air 
d ielectric trim m ers. V ernier dial. 
O utpu t: From  0.5 m icrovolt to 1 volt. 
A ccuracy w ith in  2 db a t all freq u en ­
cies. D etachable un iversal dum m y 
antenna.
M odulation: In te rn a l—400 cps., v a r i­
able 0-100%. E xternal—U niform  re ­
sponse w ith 1 db from  30 to 10.000 
cycles, 2 volts requ ired  for 30% m odu­
lation, 5 volts 400 cycles signal avail­
able ex ternally  w ith  less th an  2% dis­
tortion. F requency m odulation 
negligible.
Leakage: Less than  0.5 m icrovolt a t 
30 M e/s., decreasing a t low er freq u e n ­
cies. T riple shielding incorporated. 
A tten u a to r: Ladder type of unique 
construction, w ith  10 ohm nom inal 
im pedance on all b u t th e  highest o u t­
p u t ranges. A ttenuator has negligible 
effect on ca rrie r frequency.
Valves: 2-6SN7; 1-1852; 1-6X5. D im en­
sions of case: 14 ins. x 8% ins. x 8V2 
ins. W eight: 29 lbs. A vailable fo r 220- 
260 volt A.C. and ex ternal v ib rato r 
operation.

N E W  PA LEC  VALVE 
TESTER, M ODEL V.C.T.-2

A new  Valve and C ircuit Tester—
10,000 ohms per volt—is a w orthy  suc­
cessor to the w ell-know n Model VCT 
w hich since 1937 has been A ustra lia’s 
best-selling rad io -test instrum ent. A.C. 
operated e ith er from  200-260 volts or 
operated from  the  b a tte ry  by using 
ex ternal v ibrator.
F ea tu res
F itted  w ith  large six-inch, 100 m icro­
am p sector type m eter. A new  release. 
Housed in  our standard  size steel case 
to m atch o ther instrum ents in the 
Palec range for a n ea t bench display. 
Also portable for outside work.
Full floating elem ent selector sw itch­
ing obsolescence free.
H eater voltages catered  for up to 117 
volts.
Neon shorts Test for leakage a t a low 
voltage (50 v. Max.) to safeguard 
against electrostatic a ttrac tion  shorts 
developing. P articu la rly  necessary for 
testing  1.4 volt series for valves. 
Com prehensive valve data  booklets 
supplied testing  over 800 types of 
valves.
D.C. Volts (a t 10,000 ohms per volt) 
1C-50-250-1000 volts.
A.C. Volts (a t 10,000 ohms per volt) 
10-50-250-1000 volts.
D.C. M illiamps 0.1-1-10-50-250 M illi- 
amps.
Ohms (in te rnal ba ttery  operation) 
0-500-50,000-5,000,000 ohms.

0.001-0.1 and 0.1-10 MFD.

M an u fa ctu re rs o f all T ype s o f R a d io  & EJactrical T*s» Equ ip m e nt J> M e le r i.

“Foresight—R em em ber Palec In s tru ­
m ents are Australian  m ade and backed 
by Australian  Factory  Service.”

90-94  V I C T O R I A  STRtET, A S H F IE L D .  S Y D N E Y  
Tell.: U A  5266  (5 linos). Telegram,: " P a l e c ."



P R E S E N T I N G -------------

THE MAGIC OF

“Sound Q uality ”  

Products

MICROGROOVE

DUAL SPEED TURNTABLE

PORTABLE DUAL SPEED 
M IC R O G R O O V E  RECORDER

A N D  PLAYBACK  UNIT

SUPER-SILENT

. . . Developed primarily for the discriminating enthusiast, 
the T-25 is the quality instrument of the playback field. 
No rumble . . .  no flutter . . .  no “wow” . . . just a 
continuous flow of smooth power for both microgroove 
and standard recordings.

R-12-D 
DUAL SPEED

M IC R O G R O O V E  RECORDER  

A N D  PLAYBACK  UNIT
For easy coupling to your existing amplifier or high 
grade radio receiver. Records microgroove discs and 
plays back commercial pressings too!

V
8 D O R C A S  STREET, SO U TH  MELBOURNE, V IC TO R IA .

Where there's a three pin power socket—there’s your 
recording studio. Completely self-contained micro­
groove disc recording unit with five functions:—

1. Record from Microphone
2. Record from External Source (Radio Tuner)
3. Reproduce from External Source
4. Reproduce from Recordings and Commercial Press­

ings.
5. Public Address System—Reproduce from Micro­

phone.

Interstate Representatives:—
W m . J . M cL ellan  & 

Co. P ty . L td ., 55 
Y ork  S t., Sydney. 
BX2508.

D is tr ib u to rs ’ C o rp o ra ­
tio n  P ty . L td ., 403 
B o u rk e  S t., M el­
bo u rn e , C .l. MU3208, 
MU390S.

A. E . H arro ld , 123 
C h a rlo tte  S t., B r is ­
b an e . B2729.

C arly le  & Co. L td ., 
915 H a y  S t., P e r th . 
B9371.

L. S. W ise & Co., 14 
P irie  S t., A delaide. 
£818

N E W  * Z EA L A N D : 
Sw an E le c tr ic a l Co. 

L  t  d ., W elling ton , 
C h ris tc h u rc h , A u ck ­
lan d , D unedin .

G iles & E llio tt  L td ., 
W elling ton .


