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L E V I S I O N
Television in Australia is now fact. In the near future an 
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Amalgamated Wireless (Australasia) Limited, is commencing

a Television Course in September. W rite and
t-

enquire for details to

ol o f
wireless

Conducted by
AMALGAMATED WIRELESS (AUSTRALASIA) LTD.

AUSTRALIA'S N A T IO N A L WIRELESS O R G A N IS ATIO N

POST THIS COUPON

THE MARCONI SCHOOL OF 
WIRELESS 

BOX 2516, G.P.O., SYDNEY, N.S.W.
BOX I674N. G.P.O.. MELBOURNE, VIC.

Please fo rw a rd  w ithou t o b lig a tin g  me in  
any way, d e ta ils  ko*r I  m igh t q u a lify  fo r  ®  

position  meni'-O 'ed bereaoder.

□  M a r in e  W i r e less O ^ c e r .
□  A i r c r a f t  R a d ‘-c 0 ~  ce r.
□  A e ra d io  O p e ra -c r .
□  A e ra d io  T e c h ra o a r .
~  A i r c r a f t  R a d io  TecJr~ c an .
~  B ro a d c a s t S te la m  T e c S - ic ia n .
3  G ene raJ  R a d io  T t d r i c i a n .
□  S e rv ic e  S - p e r r ' jc ^ .  n A -n a te u r  R a c 'c
H  T e le vH Io n -

N a n e _____________________________________________

A d d re rs  _________________________________________



AUSTRALIAN

Radio and Electronics
incorpofating

AUSTRALASIAN RADIO WORLD

Vol. 15 FEBRUARY, 1951 No. 7

CONTENTS
Page

O u r Cover 1

E d ito ria l 2

R . & E. Television Project fo r H om e
C onstruction  .........................................  4

A  Straightforw ard N arrow -B and F.M.
Exciter ....................................................  9

D irect-R eading M eter for M easuring
A udio  Frequency ..............................  17

V ideo I.F. A m plifier Design, by the
E ngineering D ept., Aerovox Corp. 22

“H am ” Activities ...........................................  25

Short W ave Review 29

Classified Advertisem ents ............................ 32

SUBSCRIPTION RATES
1 2  I s s u e s .............................  1 8 / -

PO ST FREE

Published by the Proprietors:
RADIO & ELECTRONICS (N.Z.) LTD.

(P u b lish e rs  —  In c o rp o ra te d  in  N .Z .)
17 BOND STREET, SYDNEY, N.S.W.

OUR FRONT COVER
Loudspeaker Response curves are rapidly and accu
rately plotted with the aid of this curve tracing  
equipment used in the Rola Company laboratory. 
The speaker under test is mounted on a baffle and 
placed in the sound pressure room. A signal o f  
progressively varying frequency is fed  into the test  
loudspeaker from the Beat Frequency Oscillator and 
power amplifier shown in the upper portion of the 
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Sound from the loudspeaker is picked up by a 
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A USTRALIA DAY—January 26th, 1951— officially 
ushered in the Jubilee o f the Commonwealth 

o f Australia, which was celebrated throughout the 
Continent by processions and pageants depicting ( 
the various changes that have taken place in our 
civil and commercial life  during the period 1901 
to  1951.

A m ongst these marched the science of Radio 
and Electronics and today we have our Radio and 
Electrical Industry as one o f the three largest 
secondary industries in the Commonwealth, produce 
ing  hundreds of thousands of pounds worth of 
essential equipment for our modern w ay of life, and 
em ploying directly and indirectly thousands and 
thousands of skilled and sem i-skilled workers.

We have viewed many and varied changes from  
the old spark transm itter and crystal set days to 
modern Radio as we know it, which has given man
kind the m arvels of Radar, untold numbers of 
electronic devices and last, but by no means least, 
TELEVISION.

Home recording on disc, wire, tape, etc-, is also 
practised by many enthusiasts, and really excellent 
recordings can be made by the average person  
(w ithout any technical knowledge w hatsoever) due 
to  the high standard reached by commercial manu
facturers of these units.

Most of the old hands in the game, started their 
careers in the crystal set era, and your Editor can 
still recall his first variable condenser— which 
consisted o f one aluminium “billy can” covered with  
w axed brown paper, sliding inside another one of 
sligh tly  larger diameter. Compare that crude device 
with the modern gang condenser of today . ■ . . such 
is  progress!

Television is w ith  us to stay, in both black and 
w hite, and colour, and although it  may be some 
tim e before T.V- is actually transm itted in A ustra
lia , we feel, it  our duty to a ss ist those interested, 
by providing them with such practical data that 
w ill enable the enthusiast to understand “what it  
is  all about.”

Even in America, there are not enough skilled  
T.V. engineers or servicemen, so that it behoves us 
to  assist in the training to provide skilled television  
personnel for the Industry— hence, our decisioh to  
proceed with the R. & E. Television Project.

One thing we m ust also face is the effect of dis
ruptions to our Industry through strikes, blackouts, 
shortages of m aterials, go-slow  methods, etc.

It is indeed heart-breaking to see one’s plans 
knocked from  pillar to post, through reasons beyond

individual control, when we have the skill, equip
ment and enterprise, unsurpassed by anyone in th e  
world, and an increasing population to absorb our  
products at reasonable cost.

Therefore, le t  “the powers that be” take another  
good look at the ridiculous 25% Sales Tax applied  
to Radio, which has been classified as a luxury.

Radio is NOT a luxury by todays standards, but 
is a necessity to our every day life, as through i t s  
m edium ,' our p h ysica l,. mdffel, m ental and cultural 
w ell being is fostered. If it  was good enough during- 
war time to exem pt certain trained service person
nel to keep domestic receivers and the like working- 
and allow  the production of domestic receivers and 
parts, surely it  is just as desirable in peace tim e  
to produce the requirements of the nation at a  
price comm ensurate w ith the liv ing standards o f  
the day.

Less industrial strife, plus greater production  
is the answer which would provide more revenue 
at the normal tax rate, through greater volume o f  
sales, but apparently, this is beyond those respon
sible, and the easiest w ay out is to “slam on extra  
tax ,” and place our industry in the luxury category* 
which is altogether ridiculous.

If by virtue of the high Sales Tax, sales of radio  
receivers and parts to the public are made prohibi
tive purchases, it does not need much reasoning to  
see that certain m anufacturers w ill close down, and  
skilled personnel w ill then drift into other indus
tries.

Should this be so, what would be the position i f  
we had to urgently gear up the radio industry for  
defence purposes ?

Sales o f compor.er.: parts to “H am s,” H om e  
Constructors, Servicemen, etc.. cannot be classed a 
luxury either, as building radio and electronic  
equipment at home, m ust provide technical training: 
to  the party concerned, which could be used to  
advantage in tim es o f need. This was proved by 
the Signals Personnel o f  the Armed Forces, the  
m ajority o f whom were recruited from the wide 
circle of “Ham s,” Radio Servicemen and enthusiasts 
during the last war.

This journal adds its voice to the official body 
representing the Radio Industry, and would like to  
record .our disapproval o f the M inisters’ action, and  
commend a realistic attitude by reverting to the  
normal 8 Sal es  Tax, and rem oving the classifi
cation of radio as a non-essential luxury.

Our reason is , that we. am ongst many others, 
consider RADIO TO BE A PUBLIC N EC E SSITY .
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The "R.  & E." Amateur Television Project 
for Home Construction ' ; *_i iii-

P A R T  II  
T H E  LINE A N D  FRAME TIME-BASE U N IT

In  Part I  o f this series o f articles the principle of the flying-spot scanning system  zvas described 
in  general terms, and the equipment units that uo u ld  be needed in order to put the system  into 
operation were outlined. This month’s instalment describes some of the difficulties that w e can 
expect to meet, how it is proposed to overcome theyn, and then describes the circuit o f the line and 

frame time-bases that have already been developed fo r  this purpose in our laboratory.

D ia g ra m m a tic  represen tation  o f  the schem e to be used, sh o ttin g  lion one cathode ray  tube, 
to g e th er n i th §a transparency an d  a P .E . cell,, p ro d u ces a lid e o  signal zchich is reprodu ced  on

the “receiving"  C .R .T .

SOME D IFFICU LTIES THAT CAN BE  
EXPECTED

As readers w ill probably have realized before 
now, the principle of the arrangem ent for trans
m itting still transparencies is really quite simple. 
There are, however, certain things that w ill not be 
too easily  overcome in practice, owing m ostly to 
the fact that it is intended to use, as far as pos
sible, standard parts. For instance, the performance 
of the whole system  will depend to a large extent 
on the quality of the cathode ray tubes used. If 
the supply of gear were no difficulty, the proper 
w ay to tackle the job would be to use m agnetically  
deflected tubes w ith white screens. In short, stand
ard receiving tubes as used in TV sets- U nfortun
ately, these are as yet unavailable, and even if they 
were, they would probably be rather expensive for  
the amateur experim enter to purchase two of them  
easily. The alternative, of course, j s  to use ordinary 
oscilloscope tubes, with green screens and electro
static deflection. These are certainly available ,*,t 
prices within the amateur experim enter’s pocket, 
which is, perhaps the first essential. U nfortunately, 
however, the characteristics of the screen m aterial 
are not all that could be desired for the purpose in 
hand. We do not refer to the geeen colour of the 
trace, which can be tolerated, especially if  the reso
lution is good enough to g ive a high-definition 
picture. The trouble is due to the persistence 
characteristic- The various m aterials used to coat 
the screens o f cathode ray tubes differ most mark
edly in their colour, and in their persistence. By the 
latter is meant the rate at which the light from  ths

screen decays after the electron beam has passed  
on to another part of the screen. Ideally, o f course, 
there should be no persistence at all, the light de
creasing im m ediately to zero as soon as the stim ulus, 
in the shape o f the electron beam, has been removed. 
The w hite-screen m aterials used for proper TV  
tubes has a short persistence, and the light blue 
screens of tu b e s . specially designed for observing  
high-speed waveform s that are not recurrent, have a  
shorter persistence still. In fact, of all the usual 
types of screen material, the one used in the com
mon green tube has the longest persistence- W hat, 
then, is the effect i f  we use a long-persistence  
screen, and how. if  at all, does this degrade the  
im age?

Just how can easily  be seen by anyone who has 
an oscilloscope. If the tube is adjusted to g ive a 
spot, undeflected by any time-base or other voltage  
applied to the deflecting plates, it is possible to  
move the spot reasonably fa st by taking the sh ift  
control and rotating it quickly. When this is done, 
the persistence of the screen, together with the per
sistence of vision, makes the spot look rather like- 
a comet w ith a ''tail'’ rather than just a m oving 
spot. As a result, if  such a tube is used to produce 
moving im ages, there w ill be what is usually called1' 
a “trailing ghost" when the im age moves. How
ever, for still transparencies, the effect ju st  
mentioned will be absent, because the im age does 
not move. It will thus be a m atter for experim ent 
to see whether the greer.-screen tubes w ill g ive  
satisfactory results- At this juncture, we would 
like to ask readers not to take to heart too much

Transparency

B r i g h t  R a s t e r  
as L i g h t  Source

Reproduced
Im a ge

Control
G r i d
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the so-called difficulties that we are describing. 
W hen we say “difficulties” we do not mean that 
th ey  w ill prevent us from  getting a picture at all. 
For experim ental work of this kind we will be more 
than satisfied if  we get a result even half as good 
as a standard TV picture, because we realize that 
the equipment we are working w ith is not really  
designed for the purpose for which we will use it- 
E ven so, there are certain saving graces that lead 
us to believe that our efforts w ill be far from  wasted. 
For example, those who read E nglish  radio period
icals w ill no doubt have been struck by the fact 
th a t certain firms regularly advertise TV kits for 
constructors’ use that feature the well-known VCR97 
as the receiving tube- If the results on the standard 
transm issions of the B-B.C- are not .reasonably 
satisfactory even w ith these tubes, which are 6 in. 
ones w ith the ordinary green screen m aterial, it is 
hardly likely that the kits would continue to find 
a sale.

Another difficulty of which the proof w ill, as it 
w ere, be in the eating, is that o f obtaining a suffi
ciently high signal-to-noise ratio to get a sa tisfac
tory picture. N ow  this aspect of the problem  
depends on two things. F irst, the strength of the 
ligh t source, and secondly, on the sensitiv ity  of the 
P-E. cell used to pick up the video signal. As can 
readily be appreciated, the light source w ith which 
w e have to deal is the spot of the transm itting  
cathode ray tube, and this is a very weak source 
indeed in the ordinary way. N or is there very  
much we can do about making it stronger. The 
other factor is a m ost im portant one, and it appears 
that it may possibly be the lim iting factor with 
which we w ill have to contend. However, time and 
laboratory work w ill tell, and we hope to have the

fu ll story at a later date- The trouble is that the 
photocells that it is possible to use are very in
sensitive. These are of the vacuum type; gas-filled  
cells,' such as are used in talkie projectors are 
im practicable, because their frequency response is 
not nearly wide enough. Their response starts to  
fa ll off inside the audio frequency range, so that 
there is no chance at all o f using them here, where 
they are asked to respond to frequencies of several 
m egacycles per second. The vacuum phototube, on 
the other hand, has a frequency response that is 
limited alm ost solely by transit tim e, so that no 
difficulty need be expected on that score. The only 
trouble is, that their sensitivity is several tim es 
sm aller than that of the gas phototubes which 
cannot be used- The current sensitiv ity  of alm ost 
all vacuum cells is of the order of 20 microamps 
per lumen, which is itse lf not a very great quantity 
of light. The amount of light output from  the 
C.R.T. spot is only a very very minute fraction of a 
lumen, so that when th is varies in accordance with  
the light and shade of the scene being scanned, the 
variation in the output current of the cell can be 
expected to be only a very sm all fraction of a 
microampere.

In order to convert this current change into an 
output voltage, we do the obvious thing and con
nect the cell in series w ith a load resistor, so that 
the change o f cell current through th is resistor pro
duces a voltage across it. This voltage is then  
applied to the grid of the fi’rst video amplifier tube, 
and if  we have a very high-gain amplifier, it 
should be possible to obtain enough output voltage 
from the last amplifier stage to modulate the grid 

' o f the receiving cathode ray tube. There is only 
one snag to this, however, and it is that the original
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voltage to be amplified is  so sm all as to be likely  
to be masked by the amplifier noise. In other 
words, the required amplifier gain  is likely  t6 be 
so  high th at valve noise, and therm al agitation noise 
arising in the load resistor of the photocell, may  
be o f the sam e order o f amplitude as the voltage  
w e are trying to am plify. One obvious w ay out 
of th is dilemma is to increase the size of the orig
inal voltage from  the P E . cell by increasing the 
in tensity  o f the ligh t source until the output voltage  
is  much greater than these two kinds o f noise. 
Another w ay is to  produce out o f the hat a photo
cell which has a much greater sensitivity, but little  
or no increase in noise output- Such a photocell is 
the electron-m ultiplier type of photocell. This tube 
has an ordinary vacuum type of photocell inside it, 
but in addition, it  has a nine-stage secondary em is
sion amplifier built into the sam e envelope. This 
type of amplifier has a much better signal-to-noise  
ratio than a conventional valve amplifier o f equi
valent gain , because it  uses no resistors which can 
generate noise, the amplification arising purely 
through the action of the stream  of electrons, which  
gets larger and larger as it  passes through each 
secondary em ission stage. It is this kind of tube, 
therefore, that is used in commercial film scanners, 
used in TV broadcast stations for transm itting film 
instead of direct camera scenes. U nfortunately, 
these m ultiplier phototubes, as they are called, are 
extrem ely expensive in the ordinary way— about £12 
to  £15 each— so th at they, too, would appear to be 
com pletely ruled out on the score o f expense. Luck
ily  however, it  appears that great numbers of them  
were used for special purposes during the war, with  
the result that both in  Britain and Am erica they  
are available from  w ar surplus stocks at about 
30s. each. The tubes w e are referring to are the 
R.C.A. 931A. W ith the follow ers of this Project 
in mind, we are arranging for som e importers to 
bring in some of these tubes so that they w ill be 
available for those who w ish to build the gear we 
w ill be describing. However, before they arrive, we 
intend to see just to what extent it m ay be possible 
to use an ordinary vacuum photocell, together with  
a h igh-gain video amplifier.

In doing this, it  is also intended to tackle the 
problem from  the other end at the same time. It 
is  alw ays possible to increase the brilliance of the 
spot o f a  cathode ray tube by putting an increased  
E-H.T- voltage on the final anode. The VCR97s 
that w e w ill use for our own experim ents (since  
these are considerably better than 5 B P ls) are rated  
to  take a maximum voltage o f 2000 volts. Now, 
the alm ost identical C.R-T.s that have been produced 
since the w ar under individual firm’s type numbers 
are rated to take 5000 volts on the final anode, and 
2500 on the first anode. It m ay be, therefore, that 
the VCR97s w ill quite w ell take the some voltages. 
I t  is h igh ly  probable that for Service purposes, they  
w ere rated rather lower than necessary, in v iew  of 
the fact th at they were carried in high-flying air
craft, where the reduced atm ospheric pressure would 
impose low er voltage lim its on the insulation in  the 
bases of the tubes. Thus, it  does not seem  likely  
that in ordinary use, the VCR97 w ill not stand an 
anode voltage of 5000- It is also a common practice 
to  over-volt some oscilloscope tubes in order to 
brighten the spot for observing high-speed traces. 
Thus, we should be able to g e t  a much brighter 
light source by increasing the E-H-T. voltage, and it  
does not seem  likely  that the cathode ray tubes

w ill come to any harm. It w ill not be necessary to  
increase the voltage on the receiving tube, which  
can be run under ordinary conditions.

From the above, it  w ill be seen that there are 
plenty of things to think about if  the project is 
to be fu lly  successful. However, several aspects 
of the project present very little  difficulty, and on 
the constructional side, the first piece of equipment 
to be tackled successfully  has been the tim e-base 
unit.

AND ELECTRONICS February, 1951

Fig. 2— Block diagram o f the deflecting and blanking 
circuits shown in detail on Page 7.

THE TIM E-BASE U N IT
The first piece of circuitry that has been devel

oped to date is the tim e-base and deflection amplifier 
unit, whose circuit is printed here. The scheme of  
the unit can perhaps be better appreciated from  
the block diagram , Fig. 2. The job of the tim e- 
base and amplifier unit is to produce the raster on 
the face of the transm itting tube, and in the first 
instance it  w ill also be used to deflect the receiving  
tube at the sam e time, as indicated on the schem atic 
diagram, F ig . 1.

The unit subdivides itse lf  readily into two main  
portions. These are the horizontal tim e-base and 
amplifier circuit, and the vertical tim e-base and 
amplifier circuit respectively. In addition, there are 
two extra valves whose job it  is to provide a black
out voltage, which is applied to the C.R.T. control 
grid, in the case o f the transm itting tube only. 
Both horizontal and vertical deflecting voltages are 
of the usual saw -tooth w aveform , and while steps  
have been taken to make the flyback in each case  
as rapid as possible, it  is not difficult to arrange 
that the flyback in  each deflection w ill be invisible. 
This is a refinement in the present case, but one 
that w ill be found w ell worth-while. In standard  
television transm ission it  is not regarded as any
th ing but a necessity , and is alw ays done- In TV  
receivers it is not necessary to do anything about it , 
because the transm itted video signal perform s th e  
black-out function autom atically when the receiver’s  
tim e-bases are locked to the transm itted synch, 
pulses, as they m ust be for proper operation o f the  
set.
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F ig . 3.— C om plete  c ircu it f o r  the fra m e  and line d e flec tin g  units, to g e th er  w ith  a rran gem en ts f o r  blacking out,

o r  b lanking , the flyb a ck  o f  both  tim e-bases.
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On the block diagram , V I, V2, and V3 'provide 
the fram e time-base, which is, of course, applied to 
the Y plates of the C.R-T. to give a vertical deflec
tion. This is the sim plest p a r t of the circuit, be
cause i t  is a very easy m atte r to generate and 
am plify a saw-tooth a t the fram e frequency, which 
has been chosen as 50 c/sec. This is high enough 
to eliminate flicker of the image, and has the fu rth er 
advantage th a t if la te r we wish to lock the tra n s
mission to the mains, only simple modification will 
be needed. VI, a 6SN7, is a straigh tforw ard  triode 
m ultivibrator, working a t 50 c/sec-, and gives a 
square-wave output which is used to tr ig g e r the 
tim e-base tube, V2. The la tte r is an EN31, which 
is a gas triode specially designed fo r use in oscil
loscope tim e-base circuits. I t is a sim ilar sort of 
valve to the American gas triodes 884 and 885, which 
are designed for the same purpose, bu t which are 
no longer available. The EN31 has a 6-3 volt heater, 
and has the advantage th a t i t  works much better 
a t  high saw-tooth frequencies than  the other tubes. 
V3, another 6SN7, is a simple paraphase amplifier, 
giving a push-pull output so th a t we can have 
balanced deflection on the Y plates- This is a slight 
ex tra  complication compared with the ordinary 
single-ended deflection most commonly used with 
oscilloscopes, but in the case of television is well 
worth it, because balanced deflection improves the 
overall focus of the spot, and gives an equally 
well-focused spot all over the screen. Single-ended 
deflection on the other hand does not do this, and 
the use of the balanced type will resu lt in a much 
improved picture. Readers can see from  this th a t 
although we have set out to produce some simple 
gear, we are not sacrificing perform ance to sim
plicity. We do not mean by “simple th a t the gear 
will contain only a very few valves- W hat we do 
mean is th a t the circuits used will be easy to get

going, and simple to operate, and this will some
tim es mean using more valves ra th e r than fewer. 
Some readers may wish to know why it is th a t since 
a gas-tube type of tim e-base is employed, we have 
not made it a simple free-running one, such as 
oscilloscopes use. This would certainly have m eant 
th a t two tubes in the whole un it could have been 
dispensed with, but it would also have m eant poorer 
perform ance. The stab ility  of operation will be 
much better with the arrangem ent used than if 
self-running time-bases had been used, and, in addi
tion, by so doing it has been possible to achieve 
a much better fly-back, occupying a sm aller propor
tion of the total time- This means th a t w hat is 
called the utilization ratio  is improved- This is the 
name given to the percentage of the to ta l number 
of lines th a t are actually used in producing the 
image. F or instance, if  the to ta l num ber of lines 
in the picture is, say, 300, and the flyback of the 
fram e tim e-base lasts very long, this will give the 
line tim e-base tim e to perform  several cycles a t  the 
line frequency. Now, since the fram e flyback is 
blacked out, and is not p a rt of the picture proper, 
those line scans which occur during the fram e fly
back cannot be used in producing the picture, and 
the utilization ratio  is low. I t is thus an advantage 
to have a fram e flyback of as short duration as 
possible. Similarly, if the line flyback is not short 
compared w ith the time of one whole line cycle, 
then a goodly proportion of the tim e is wasted 
during the retrace of the line tim e-base, because 
during th is period, too, the spot cannot be used fo r 
producing the picture.

T ransferring  our attention now to the line time- 
base generator and amplifier circuit, we find th a t 
considerably more valves have been used than in the
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A Straightforward Narrow-Band 
F.M. Exciter

One o f the reasons w hy so fezv amateurs seem to indulge in N .B .F .M . transmission is that not 
very many suitable circuits exist for producing a satisfactory frequency-modulated signal. Another  
is the d ifficu lty  o f receiving this kind o f transmission w ith standard receivers. This month we  
present a narrow-band F .M . exciter which is easy to make work, requires only fo u r  tubes, including 
the spefch amplifier, and which is stable enough to be used as an ordinary V .F .O . for C .W . or A .M .

INTRODUCTION mind, we have designed and built a simple exciter
A lthough overseas journals which cater fo r the which gives a narrow-band F.M. output of high

am ateur transm itte r have of recent years had a quality with a minimum of constructional difficulty,
good deal to say about narrow  band F.M., and its  Ih e  unit to be described uses four valves, and all
advantages in these days of crowded bands, there th a t is needed to put its signal on the air is to
do not seem to have been many circuits described connect its output to w hat may have been the
which enable the am ateur to change quickly and ciysta l oscillator stage, or the low-powered buffer
easily to this form  of modulation. W ith this in following the V F.O-, plug in the microphone to the
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jack provided, and talk! By the sim ple expedient 
o f turning off the gain control to  the speech  
amplifier, the unit m ay be used as a  very stable 
V.F.O., w ith bandspread over the 80 m etre band. 
I f  anyone is contem plating building a V.F.O., he 
could do worse than use the present circuit, for  
its frequency stab ility  is th at o f the now well-known  
Clapp oscillator, and for the addition of a modulator 
and one audio amplifier stage, it  is capable of g iv ing  
substantially  distortionless F-M. over a wide enough  
band for use on 80 m etres. For use on the higher 
bands, the extent of the F.M. m ust, o f course, be 
limited, since each frequency m ultiplication m ulti
plies the deviation by a sim ilar amount, but in this 
case all th at is necessary is to turn down the audio 
gain  control to a pre-determined lower setting, 
which g ives correspondingly less F.M. at the funda
m ental frequency.

THE GENERAL ARRANGEM ENT  
In the top left-hand corner of the circuit w e have 

a  6AC7, which is used as the modulated oscillator. 
This feeds its output to a second 6AC7, which is 
a broad-banded buffer, and has link coupling to the 
output term inals. Then we have an EF37, as a 
high-gain audio amplifier. It can be regarded as the  
microphone preamplifier, but it  is hardly that, since 
no further A .F. amplification is needed! The EF37  
feeds one-half o f a 6SN7-GT, connected as a cathode 
follow er, and th is feeds the audio signal into the 
grid of the Miller type reactance modulator, which  
is connected to the oscillator circuit and produces 
the frequency modulation. This is perhaps the  
sim plest type of reactance modulator, and has no

vices whatever. I t  is sim ple to  tune up and to g e t  
going, and can be expected to be as trouble-free  
as the rest o f the circuit.

THE OSCILLATOR CIRCUIT  
The Clapp oscillator circuit, so called, is by now  

w ell enough known to need little  description here. 
I t  is em inently suited to the production of an F.M- 
signal, since it  is inherently exceedingly stable, 
which is a first requisite of an F.M. oscillator. 
This m ay sound a contradiction in term s, but i t  
really  is  not, because apart from  the intentional 
frequency sh ifts , g iv ing  the modulation, the fre 
quency should be as stable as we can make it. N ot 
only is the Clapp circuit inherently stable, in its  own 
right, but it  also has the possibility  o f connecting  
the modulator to it in such a w ay as to cause th e  
lea st possible disturbance to the frequency stabil
ity .
This is effected by  connecting the modulator, not, 
as in the ordinary type o f F.M. oscillator, d irectly  
across the tuned circuit, but across one o f the large  
coupling condensers which effectively tap the valve  
down the tuned circuit, thereby reducing the effect 
of varying valve capacities to a bare minimum. In 
the Clapp circuit, which is som etim es w rongly called  
“series tuned,” the valve is  coupled very ligh tly  to  
the tuned circuit, and at points o f very low imped
ance, so that if  the reactance modulator is connected  
across cathode and ground, as here, the sam e 
advantages as the circuit possesses as an ordinary 
oscillator accrue for the F.M. modification, too- 

The reactance modulator circuit is essentia lly  a 
simple one. In the circuit diagram , it  consists of the



left-hand half of the 6SN-7- The grid of this valve 
is  capacity coupled to the cathode of the oscillator, 
and so receives a sm all input voltage from  this  
point. In the plate circuit there is a circuit tuned  
to  the oscillator frequency, and quite heavily  damped 
by a 50k. resistor shunted across it- The modulator 
thus acts as an amplifier a t the frequency of the  
oscillator. It would in  theory have been possible to 
use a plain resistor as the plate load for th is tube, 
but in practice th is would not have worked so well, 
because the action of the modulator depends on the 
tube having som e amplification at the radio 
frequency. It is w ell known th at a triode resistance- 
coupled amplifier has little  or no gain  le f t  a t fr e 
quencies as high as 3.5 m c/sec., and so it  is neces
sary  to use the tuned circuit as the plate load 
impedance. It m ight be thought that th is arrange
m ent would oscillate, and so it  would if  the grid  
circuit were a high-impedance one, but because the 
grid  is connected to a point o f such low impedance, 
the feedback through the grid-plate capacity is so 
sm all that oscillation cannot occur.

N ow  when a triode has a resistive load in the 
plate circuit, and is am plifying, the input capacity  
is  much higher than sim ply the sum of the grid- 
plate capacity and the grid-cathode capacity. In fact, 
i t  is much greater than this, and depends in a simple 
w ay on the amplification. The sim ple form ula which 
g ives the actual input capacity is:—

C in= C g— c -f  (G + 1) Cg— p, 
where Cin is the effective input capacity,

Cg— c is the grid-cathode capacity,
Cg— p is the grid-plate capacity, and 

G is the amplification.
Thus, in an audio amplifier stage using, say, a 

6J5 w ith a 100k. load resistor and having a gain of 
14 tim es, Cin works out, according to the above 
form ula, to 54.5 uuf. whereas the grid-cathode 
capacity is only 3.4 uuf. Since the effective grid in
put capacity depends on the gain of the circuit and 
not just on the valve capacities them selves, th is 
gives a clue as to  how this M iller effect, as it  is 
called after its discoverer, can be put to use in a 
frequency modulator. I f  w e make the amplification  
occur a t the radio frequency of the oscillator, and 
vary th e  amplification by m eans of an audio signal 
on the grid, then the input capacity w ill vary too, 
and can be used as part of the oscillator’s tuned 
cirouit, in which case it  w ill cause an electronic 
variation of the tuning capacity when the audio 
signal is fed  in, g iv ing the frequency modulation 
w e want. The M iller effect frequency modulator is  
not often used these days betause other circuits 
can give a greater linear frequency change, and so, 
wider frequency deviation. In the case of narrow
band F.M., however, th is narrow linear sweep does 
n ot m atter very  much, because w e are only inter
ested  in a narrow deviation, and so can make use of 
the present sim ple circuit- The modulator is given  
fixed bias by m eans of a bleed from  the H.T. line, 
and this bias can be adjusted to  the righ t value to 
g ive  the m ost linear frequency sweep. The value of 
the resistor R m ay vary som ewhat w ith the tube 
used, and a method of finding the right value for it  
in  any particular instance w ill be given  later- The 
modulator tube has a grid leak of only 10k., since 
a low  value w as found to g ive the best linearity of 
frequency sweep. This means that the audio ampli
fier looks into an impedance o f only 10,000 ohms, 
w hich is too low  to enable a resistance-coupled  
stage  to be fed  in directly. Two w ays of overcoming 
th is  are possible. The first, and perhaps m ost
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obvious method is to use a transform er in the plate 
circuit of the audio amplifier valve, but this is not 
the sim plest or least expensive solution, for the 
follow ing reasons. If a transform er is used, it w ill 
be necessary to feed it  from either a sm all triode, 
such as a 6J5, or from a sm all power pentode, 
because it  is not possible to transform er couple a 
voltage amplifier pentode unless a very special 
transform er were available. In any case, such trans
form ers do not exist as stock lines, so that if  a 
sm all triode were used w ith an output transform er 
having a ratio of about 2:1 step down, as would be 
necessary for correct m atching, it  would be essential 
to have a further voltage amplifier ahead of it. This 
would entail two valves and the transform er. But by 
utilizing the alternative scheme, illustrated here, 
the transform er is eliminated, and no further valves 
are used. The modulator is made one half of a 6SN7, 
leaving the other half free for use. This we make 
a cathode follow er, which has a voltage gain of 
approxim ately 0.95, and can also feed the low- 
impedance grid circuit quite satisfactorily . Since 
the cathode follow er v irtually  introduces no loss, 
and in addition to its low output impedance has a 
very high input impedance, we can use a high-gain  
pentode audio amplifier stage ahead o f it. This stage  
w ill work under even more favourable conditions 
than usual, and will give som ewhat higher voltage  
gain than is indicated in the resistance-coupled  
amplifier tables, because instead o f working into a 
grid leak o f about 500k., it is feeding an impedance 
of approxim ately 20 megohms. It is thus possible 
to g e t  away w ith only one amplifier stage, excited  
straight from a low-level microphone. For example, 
in testing  out the unit in the laboratory, a m ini
ature crystal hearing-aid microphone was used with  
complete success. The audio circuit w ill thus have 
ample gain for alm ost any microphone that the 
am ateur is likely to use. In any case, if  a less 
sensitive mike is to be used, it w ill be a simple 
m atter to add a low -gain triode amplifier stage as

a pre-amplifier, and there w ill then be ten to 14 
tim es as much gain as w ith  the present set-up.

U SE  OF A B U FFER  
It is*always desii'able to use a low-powered buffer 

stage between a V.F.O. and the transm itter proper, 
because however stable the oscillator, it  is essential 
to reduce variable loading effects to a minimum. By  
the latter is meant that when, the follow ing stage  
is liable to be altered, as it  probably w ill be when  
band changing, from a straight amplifier to a 
doubler, the loading on the oscillator w ill be different 
under the two sets o f conditions, and could possibly  
have an effect on the oscillator frequency. The use 
of a  low-powered buffer after the oscillator, there
fore, has two desirable effects- F irst, it  steps up the  
power output slightly. This is very necessary, 
especially w ith  the Clapp oscillator circuit, because 
this oscillates very w eakly, and produces very sm all 
power output. Secondly, the loading on the oscil
lator is rendered constant at all tim es, irrespective  
of what the second stage after the oscillator is 
called upon to do. Here, we have indicated a tuned  
buffer, w ith a resistance-loaded plate circuit to  
broaden the response, and make adjustm ent to the  
tuning less necessary as one tunes over the band 
with the oscillator. However, if  the output of the 
V-F.O- is to be fed into w hat w as the crystal 
oscillator valve, used for the purpose as an extra  
low-powered buffer, it w ill probably be possible to  
g et enough drive for this tube w ithout tuning the 
second 6AC7 at all. I f  this is contemplated, it is  
suggested th at a load resistor of approxim ately  
5000 ohms be used instead of the tuned circuit. 
In th is case, it  w ill be necessary to have the unit 
close to the input stage of the transm itter, so that 
capacity coupling can be used from the buffer to the 
fi'rst valve in the transm itter. W ith the present set
up, the oscillator unit can be .at any desired distance 
from the main rack, and link coupling used. This 
will usually be an advantage, since it  w ill allow the 
frequency to be altered sligh tly  without leaving the
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operating position, and also w ill enable the A .F. 
gain  control and the microphone input to be right 
a t the operating table. I f  it  is found th at the output 
of the unit fa lls  off too much to enable the whole 
band to  be covered w ithout re-tuning L2, it  w ill be 
in order to decrease the value of the 20k. shunt 
resistor. This w ill reduce the output som ewhat, but 
this w ill probably not m atter at all.

CONSTRUCTION  
The accompanying picture shows the upper 

chassis construction of the prototype constructed in 
our laboratory. This chassis is 101 in. x  6 in- x  2J in. 
deep. The layout is so sim ple that no chassis draw
ing has been given. A  piece o f 18-gauge sheet 
aluminium is bent up to form  the mount for the 
tuning condenser and the baffle-shield round the 
coil L I, which is mounted above the chassis, by a 
sim ple but ingenious method which gives great 
rigidity. The total length  o f the shield partition is 
eleven inches, the part parallel w ith the panel 
being four inches long, and the side pieces 3 i in. 
each. A  half-inch flange is bent up for mounting, 
and when the whole is bolted to the chassis it 
m akes a very rigid structure. The m idget tuning 
condenser is mounted by a single f  in. hole in the 
middle o f the back portion of the shield, and the 
ends of the side pieces are placed flush w ith the 
back edge of the chassis. This leaves approxim ately  
2 1  in. between the panel and the shield, and this is 
plenty for installing a flexible coupler and the 
“works” of a slow-m otion dial. On the right in the 
photograph are the two 6AC7s, w ith the oscillator 
valve nearest the back of the chassis. The other 
is, o f course, the buffer. Im m ediately in front of this 
tube, on the fron t panel, is a connector from  which 
the output is taken. The connector is o f the

Amphenol single-conductor type, as used for micro
phone inputs, and in a corresponding position on  
the other side o f the chassis is  another o f the_ sam e 
kind, for the microphone input. On the le f t  in th e  
photograph are the rem aining two tubes.

In the underneath photograph can be seen th e  
lay-out for the rest of the w iring. Here, the oscil
lator and buffer are on the right, w ith the front o f  
the chassis a t the bottom of the photograph. N ear  
the oscillator socket is a feed-through insulator, 
which takes the connection from  the lower end of 
the coil (which is the grid end) through from  the  
top down to the grid pin on the oscillator socket 
The coupling condenser of 100 uuf. can be seen  
going from  the feed-through to pin No. 4 on the  
oscillator socket. A  point to note about the w iring  
of the oscillator ^circuit is that one of the m ounting  
screws for the shield partition is used as a common 
earth point for the oscillator tube. This can be 
seen im m ediately in front o f the feed-through  
insulator, and from  it  a wire is run straight to th e  
shell pin on the socket. On top of the chassis, th is  
sam e screw is used as an earth point for the tuning  
condenser. A lthough this is mounted on the m etal 
partition, this is not relied upon for an R.F. earth, 
and instead, a w ire is taken from  the rotor’s w iping  
contact down to a solder lug under the screw head- 
It is attention to sm all details like this that can  
make all the difference to the operation of R .F . 
equipment, for  doing the earthing properly in th is  
way, and not relying on the chassis for earthing  
ensures that as little  R-F. current as possible flows 
through the chassis, and elim inates the cause o f  
numerous som ewhat “fox in g” faults.

In the right-hand front corner can be seen the  
output circuit for the buffer stage, while in the
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KIFI2 10.7 Mcs F.M.’ DISCRIM. AVAILABLE ON APPLICATION TO OUR

KIFI3 10.7 Meg. F.M. RATIO DET. LABORATORY

KINGSLEY
T H E  G R E A T  N A M E  I N  A U S T R A L I A N  R A D I O

K I N G S L E Y  R A D I O 3 C O R N E L L  
V I C T O R I A

P L A C E ,  C A R L T O N
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left-hand back corner, as far aw ay from it as 
possible, is the tuned circuit for the modulator 
plate.

N ear the electrolytic condenser that can be seen  
in  the middle o f the back of the chassis can be 
seen a stand-off insulator. From this insulator a 
heavy bare wire goes off to the righ t to the cathode 
pin on the oscillator socket. Then on the other side, 
the 500 uuf. coupling condenser can be seen, going  
to the grid of the modulator valve. The stand-off is 
there m erely as a tie-pointy—which w ill make the 
rather long connection between the two valves a 
strong and rigid one. Since th is lead is part o f the 
oscillator circuit it  is essential that it  be firm, 
otherwise handling o f the controls, or the unit itself, 
m ay cause undesired frequency sh ifts.

In front of the chassis, mounted on the panel, 
can be seen the connectors for the output and the 
audio input, the audio gain control w ith switch, and 
on the other side, the stand-by switch. This latter 
has not been shown on the circuit diagram, but is 
m erely connected in the 225v. regulated supply lead.

I f  the unit is to be used as a V.F.O. without 
N.F.M ., the best w ay to do th is is m erely to turn 
off the audio input control. This leaves the modu
lator and audio amplifier running, which is desirable^ 
for if  the modulator were turned off there would 
be a slight sh ift in the frequency of the oscillator, 
and the calibration would be altered- It is for this 
reason that the bezel lamp and switch have been 
incorporated. They show that the volume control 
is turned right off, and th at unintentional modula
tion cannot occur when the lamp is off.

COIL DATA
The oscillator coil, L2, consists of 24 turns of 

28-gauge enamelled wire, double-spaced on a 11 in. 
diam eter form er. The latter started life  as a p lug
in former, made o f polystyrene, and of A ustralian  
manufacture. It w as modified by cutting off the end 
w ith the valve pins, and fitting two solder lugs into 
the form er itself. These lugs are o f the type that 
end in a tubular rivet, and are pressed into an i  in. 
hole in the former. However, before this is done, 
the mounting ring must be made. This is made from  
the mounting- ring belonging to an Amphenol type  
valve socket, sim ply by filing it  out until it w ill 
slip over the I -4 in. former. The latter has a rim  
round what was the top, and this rim sits on the 
chassis, and is clamped by the m ounting ring. The 
la tter is attached to the chassis by means of two 
bolts through the existing m ounting slots- Do not 
forget to make the mounting ring, and slip it  over 
the former before the solder lugs are fitted-

The amplifi'er coil, L2, is made by winding 30 
turns of 28-gauge enamelled wire on a 1 in. former, 
close wound. The coupling loop, L3, consists of three 
or four turns o f the same wire about i  in. from  
the H-T. end of the other winding.

The modulator coil, L4, can be of the same dimen
sions and number o f turns as the amplifier plate  
coil. A lternatively, both these coils can be made 
from existing  commercial coils. The one to use is 
one intended as the oscillator coil for the medium- 
wave range of an all-wave receiver.

TESTING FOR FREQUENCY DEVIATION  
A ND  LINEARITY

A fter a circuit like this has been built, it is 
desirable, though not essential, to carry out tests  
in order to make sure that the frequency deviation  
is great enough, and that over the required

frequency sw ing, the frequency deviation is a linear 
function of the audio input voltage. In order to do 
this, it is necessary to have an accurate means of 
m easuring the frequency, and not every builder w ill 
have this. However, those who cannot perform the 
tests w ill not need to worry. The proof of the 
pudding is in the eating, and i f  the circuit is well- 
built, and uses the recommended circuit values, 
there is very little  that can go wrong with it. How
ever, for those who have the facilities, it is interest
ing and instructive to test the modulator fu lly , 
and so we w ill describe the process here. The gear 
needed is as follow s: (1) An accurate beat fre 
quency meter, or a direct-reading audio frequency  
meter; (2) a battery of about 18 volts; (3) a volt
m eter (1000 ohms per volt) and a 10 or 20k. poten
tiom eter. The procedure is then as fo llow s:—

(1) The 200-ohm cathode resistor of the modula
tor tube is short-circuited to ground.

(2) The grid R.F. choke is disconnected from the  
lu f . coupling condenser.

(3) The battery is connected across the poten
tiom eter, and the positive term inal is earthed  
to the chassis-

■ (4) The voltm eter is connected from the moving  
arm of the potentiom eter to earth, and th e  
m oving arm is connected to the now free  
input end of the R.F. choke.

C u rve sh ow in g  the fre q u e n c y -sh if t characteristic  o f  th e  
unit. T he v e r tic a l scale is  in a rb itra ry  u n its represen tin g  

frequ en cy.

It should now be fa irly  obvious w hat we are  
going to do. The scheme is to apply known D.C. 
voltages to the grid of the modulator, and for each  
voltage, m easure the frequency. TTien, when a  
number of readings have been taken? a curve can be 
plotted showing frequency against D-C. grid voltage. 
The curve w ill then show what part of the deviation  
characteristic is linear, and therefore the correct 
spot to bias the modulator, and also how much linear 
frequency sweep can be had from  the circuit, and 
how much peak-to-peak audio voltage is needed 
for a given amount of deviation. (In this country, 
the maximum allowable deviation for N.B-F.M  
according to the regulations, is plus and m inus 
3 kc/sec .).

Thus, w ith the curve plotted in this way, we can 
tell everything we may want to know about the  
performance of the unit.

(Continued on Page 28)
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A  Direct-Reading M eter for Measuring 
Audio Frequencies

T he direct-reading audio frequency m eter is not a new thing, satisfactory instrum ents o f this type 
having been designed several years ago. The present circuit is an improvem ent on one developed 
in Australia in 1944, but the principle o f opera ion is one with im portant applications in other 
directions. In  its own right, too, the meter is an exceedingly usefu l one, and can be built: 

successfully by anyone w ithout the bid o f elaborate instrum ents.

INTRODUCTION
There are m any purposes to which an audio 

frequency m eter can be applied, and to any serious 
worker in the audio field it can be a very useful 
device. There are perhaps more uses for it, however, 
where radio frequencies are being dealt with, and 
anyone wh-o has occasion to measure frequency at 
all often can find it a great time saver. Now  there 
are many reasons for w anting to know radio 
frequencies w ith some accuracy, and there are 
reasons, too, for w anting to know sm all frequency  
differences as well. In all of these cases, the direct- 
reading audio frequency meter can be used, and 
w ill cut down the tim e taken to do the sam e things 
by more conventional means-

That this is true, w ill be readily appreciated by 
anyone who has had to do much audio frequency 
m easurem ent by means of oscilloscope patterns. 
This method undoubtedly gives the answer, and the 
right one, if  the operator is careful, but it  is a 
tim e-consum ing process and leaves quite a large 
m argin for human error. The direct-reading meter, 
on the other hand, finds it difficult to give a wrong 
answer, and is exceedingly quick to use. A s against 
these advantages, though, one has to be content 
w ith an accuracy of approxim ately two per cent., 
whereas the oscillographic method has a potential 
accuracy limited only by the time spent on taking 
an observation.

A further advantage of the direct meter, and one 
not lightly  to be discarded, is that it is com pletely  
self-contained. The oscillographic method on the 
other hand, requires quite large quantities of 
auxiliary equipment, which is costly  as w ell as slow  
to work. For all these reasons, therefore, the direct- 
reading meter is in liiite ly  preferable to other 
methods, except in the few  cases where an accuracy 
of two per cent, is not good enough. L et us take 
som e exam ples o f the type of thing that can be 
done w ith it.

U SE S OF THE METER
Let us take first o f all the case o f straight-out 

measurement of radio frequencies. A t the outset, 
we should make it  plain that in taking a reading  
with, the instrum ent we are about to describe, all 
that we have to do is to apply the audio voltage  
w hose frequency we wish to know to the input 
term inal, turn the range switch to the position that 
gives a reading within the range of the meter, and 
read the frequency from  the scale, which has the 
advantage of being a linear one.

Suppose then, that we are m easuring a radio 
frequency by means of a precision frequency meter 
which provides crystal-controlled check-points every  
10 kc/sec. By the ordinary methods, it  is possible 
to say which 10 k c/sec. point is closest to the

frequency being measured, but if  we w ant an answer 
that is closer than th is, it w ill be necessary to*- 
measure the beat frequency between the check point 
signal and the unknown frequency- For the sake of 
argum ent, let us take the case of a frequency 
between 3820 and 3830 kc/sec. Now  if  the actual. 
frequency is, say, 3822.4 kc/sec., it w ill produce low- 
frequency beats w ith two of the signals from  the  
frequency standard, namely, 2.4 k c/sec. w ith  the  
3820 signal, and 7.6 kc/sec. w ith the 3830 one, and 
both these frequencies w ill appear in the output: 
of a detector which w ill be used to produce the beat 
frequencies. I f  the output of this detector is passed  
through a low-pass filter cutting off at 5000 c /sec.,, 
the higher of the two beats w ill be rejected, so 
that when the.output o f the filter is applied to the 
direct-reading frequency meter, it w ill read 2400 
c /sec . Now  since we have already identified the 
unknown signal as being between 3820 and 3830 
k c/sec., and because w e have used a low -pass filter 
to get rid of the high-frequency beat, we now know  
that the measured frequency is 3820 k c/sec plus. 
2400 c/sec ., or 3822-4 kc/sec.

In order to see w hat effect the accuracy of the 
A-F. measurement has on the overall accuracy of 
the R.F. measurement, we can calculate the accuracy 
of the latter. The secondary standard gives the 
frequency to within plus or minus 5 kc/sec. A t the 
R.F. of 3822.4 kc/sec., th is represents an accuracy 
of 0.131 per cent- Now, if  we measure the A.F. 
beat frequency to an accuracy of 2 per cent., we 
have an overall accuracy of 48 c/sec ., which is only
0.0012 per cent, of the radio frequency. Thus, by 
using the A.F. m eter, we have increased the R.F. 
m easurem ent accuracy from  0.13 per cent, to 0-0012 
per cent.— just over a hundredfold-

Another use for the frequency meter, is in testing  
F.M. equipment. For instance, suppose one has. 
developed a circuit for giving narrow-band F.M. 
signals, which are allowed on certain amateur trans
mitting- bands. When this is done, it  is alm ost 
essential to te s t  the unit for linearity o f modula
tion, so that the lim its for distortionless operation  
can be found. In the case of amateur N.B-F.M., we 
are lim ited to a frequency sw ing of plus and minus 
3 kc/sec- Thus, our im aginary exciter would need 
to  give linear modulation to wider lim its than this, 
so that we can be sure that under the output w ill 
be distortionless. A lso, we need to know what gain  
setting will g ive the maximum allowable frequency  
sweep of 3 kc/sec. on either side of the centre 
frequency. For doing tests like this, the frequency 
m eter is invaluable, because all one has to do to 
measure the frequency deviation for a given D.C. 
control voltage on the reactance tube, is to zero- 
beat the oscillator w ith a fixed frequency oscillator..
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ranges are:—
C =  0.08 uf. 0-100 c/sec . C =  0-0027 uf. 0-3000 c /sec.
C =  0.027 uf. 0-300 c/sec- C =  0-0008 uf. 0-10,000 c/sec.
C =  0.008 uf. 0-1000 c /sec . C =  266 uuf 0-30,000 c/sec.

In the absence of any control voltage, and then, 
w ith  the frequency meter connected to the output 

•of a detector, apply the D.C- control voltage. The 
m eter then reads the audio beat frequency directly, 
and th is is a direct reading o f the number o f cycles 
the modulated oscillator has shifted. In order to 
plot the performance curve of the modulator, all that 
has to be done is to take a number o f readings 
o f  the frequency sh ift for a variety  of D-C. control 
vo ltages. The graph is then plotted of frequency  
versus control voltage. Where th is <^urve is a 
•straight line, the modulation is linear and distor
tion less, so that to fi'x the right operating condi
tion s for the reactance modulator, it  is only 
necessary to find what D.C- grid voltage corresponds 
to the middle of the straight portion of the curve, 
and this voltage is the required bias for the modu
lator. Then, this having been fixed, the curve tells  
us the maximum grid sw ing that can be put on the 
modulator w hile still retaining linear modulation. 
I f  th is is wider than the maximum allowable 
frequency sw ing, then all is w ell. It is also possible 
to read from the curve the peak-to-peak A .F. input 
voltage required to g ive any desired deviation. This 
in  turn enables the amount of audio gain  needed 
■±o be estim ated, since it  w ill already be known

w hat output voltage can be expected from  the  
microphone it  is intended to use.

These are only two exam ples of the usefulness of  
the audio frequency m eter, but w ill serve to show  
what sort of th ing can be done w ith  its  aid. Another 
useful purpose to which it  can be put is the dajust- 
ing o f a  variable oscillator to known sm all 
frequency differences from  a particular value, as, 
for instance, when one w ishes to take selectivity  
curves, particularly on a very selective I-F. am pli
fier, such as one w ith a crystal filter. To do this, 
is very difficult w ith an ordinary signal generator, 
i f  not im possible, since the dial cannot be read to 
within a few  thousand cycles, le t alone a few  
hundred. W ith the aid of a frequency m eter, how
ever, and a detector and fixed oscillator, it  is quite 
easy. The fixed oscillator is se t to the desired 
frequency by zero-beating w ith the signal generator. 
Then, to take a reading at, say, 1000 c /sec . off 
resonance, one oscillator or the other (it  does not 
m atter which) is detuned until the A .F. frequency  
meter, attached to the output o f the detector, reads 
an A .F. beat frequency of 1000 c /sec . In this w ay, 
very close adjustm ents o f the frequency of an R.F? 
oscillator can easily  be made-
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CIRCUIT A ND  PRINCIPLE OF THE  
FREQUENCY METER

H aving described some of the th ings that can be 
done with such a meter, le t us go  on to examine 
the principles underlying its operation- For the 
moment, we w ill dispose of the fi'rst three stages  
by saying sim ply th at they are A-F. amplifiers, or 
rather two cathode follow ers w ith an amplifier 
stage between them. The reason for th is particular 
set-up will be described later. A nyw ay, the 6J7 
takes the audio signal and amplifies it, a t fixed  
gain, until in its plate circuit there is  an audio 
voltage of considerable magnitude— about 100 volts 
peak. The waveform  w ill m ost likely  be som ewhat 
distorted, but we need not worry about th is, because 
in  the next stage we are about to distort it  even  
more, and on purpose, too! N ow  the 6V6 is likewise 
a resistance-capacity coupled amplifier stage, and as 
can be seen by a glance at the diagram , is run at 
zero basis. Ordinarily, the 6V6, when used as an  
output valve, has to be biased to about— 18 volts, 
and for distortionless output, the input signal is kept 
to a peak voltage a little  sm aller than th is, or less, 
when fu ll output power is not wanted- Here, how
ever, the output from  the driving stage is o f the 
order o f 100 volts peak, as mentioned above. A s a 
result, the 6V6 is driven to cut-off and beyond for a 
large portian of the negative-going half-cycle, and 
during the positive half-cycle, is  driven into grid  
current. The result is an output waveform , som e
th ing like th at shown as the output on F ig . 1. Since 
the corners are alm ost square, and both sides, top  
and bottom, are alm ost straight lines, this is called  
a square-wave, to distinguish it readily from  an un
distorted sine-wave- The method described here is  
one o f the standard methods of producing square 
w aves, which are an essential part o f the circuitry  
of television and radar. When the valve is operated  
in this way, it is really  am plifying only during the 
steep sides of the square wave, for a t all other tim es 
it  is either cut off, or passing heavy and constant 
current.

Output 
Wave-Shape

Valve 
Cut Off

h

Input
Wave-Shape J
.......Y " "

Valve Conducting 
Heavily

FIS. 1

the valve off, the plate voltage rises to the voltage  
of the H.T. line, and as long as the grid voltage  
is at cut-off or beyond, the plate voltage has th is  
value. This explains readily enough w hy the positive  
half-cycle of the output voltage has the flat top, 
but it is not quite so easy to see w hy the same thing; 
applies to the negative half cycle. F irst of all, if  
we look at the valve curves, it  is seen that for an 
appreciable part of their length, all the grid voltage  
curves coincide, i-e., at very low plate voltages,.

It m ay not be im m ediately obvious why the 
bottom of the output waveform  is flat, because this 
occurs during the heavily-conducting part of the 
cycle. The reason is to be found in the characteristic 
curves of the pentode or beam tetrode, and in the 
use of the large grid stopper resistor. The first 
point is  illustrated in F ig. 2, which shows the 
characteristics of the 6V6, together w ith the load 
line for the 500-ohm plate load resistor. This shows 
that when the grid is sufficiently negative to cut

i *" Ep iZ50 V 
jPlate Voltage ,'Pla+e Voltage 
■During A B  on Fig. 1 .'D u rin g CD on Fig. 1 

F I G .  Z

Thus, i f  the valve has a resistive load, and the grids’ 
is driven up to cathode potential, or even a little' 
more positive, the plate w ill fa ll to the vo ltage  
represented by the point where the load line cu ts  
the curve for Grid Volts =  0- A t this point, the  
curves for positive grid voltages, were they given  
would lie very close to this one, indicating that even  
if  the grid is driven positive, very little  more change 
in plate current can occur, and therefore, very  
little  further change in plate voltage. This action 
is assisted by the grid stopper, which sees to it  that 
however positive the input voltage m ay be, the  
actual grid voltage never goes more than a sm all 
fraction of a volt positive. Thus, as soon as the  
grid starts to draw current, there is a large voltage  
drop in the stopper resistor, and this, together  
with the small resistance between grid and cathode 
once the grid is conducting, form s a voltage divider 
which does not allow the grid to go more than very  
sligh tly  positive. In addition, because the valve  
amplifies considerably during the short periods in 
which the input voltage is crossing the valve’s  
characteristic, the tim e that these periods la st is  
very short indeed; so short are they, that the “on”' 
and “off” periods are very nearly equal, and for all 
practical purposes are so.

N ow, whatever the frequency that is fed  into the  
input term inal, the sam e sort of waveform  com es 
out at the plate o f the 6V6. The only difference 
between the output at one frequency, and that a t  
another, being the number of tim es per second that 
the waveform  occurs- The circuit thus far, there
fore, acts as a square-wave generator, producing 
square-cornered w aves o f the sam e amplitude and  
shape, irrespective of frequency, and differing onljr 
in that frequency. The 6V6 can indeed be likened  
to a switch, connected w ith  a battery and a resistor  
(the load resistor) and operated at regular inter
vals, in such a w ay that the switch is open an d  
closed for equal periods of tim e. The only differ
ence between the 6V6 and the sw itch is  that the  
form er m anages to perform the sw itching at verjr 
rapid rates, such as could never be obtained by a. 
switch.



20 AUSTRALIAN RADIO AND ELECTRONICS February, 1951

The next essential part of the circuit is the pair 
-of diodes, together w ith the 0-1 ma. meter. This is 
known as a counter circuit, and produces a meter 
reading that depends directly on the number of 
sw itching cycles in a given time, or, in other words, 
on the frequency of the square-wave fed to it  by 
the 6V6. It works in the follow ing way.

In order to sim plify the explanation, the essential 
part of the counting circuit has been re-drawn in 
F ig . 3. This shows an input condenser, C, the two 
diodes, and the meter. Suppose that we suddenly 
apply the square-wave to the input side of the 
condenser, which we can im agine as uncharged 
beforehand. On the first positive voltage step, the 
diode VI conducts, enabling the condenser to charge 
up. Since the other diode, V2 is connected in reverse, 
th is cannot conduct during this half-cycle, because 
the current required to charge the condenser cannot 
flow through it. But, at the end o f the positive half- 
©ycle, there is a sudden drop in the voltage at the 
input side of the condenser, which therefore is 
caused to discharge. N ow  the discharge current 
cannot flow through VI, but can flow through V2, 
w hich it  does, until it  is discharged. A fter this, 
another positive step comes and charges the conden
ser again through V I, and so on. The net result 
is that a pulsating, but uni-directional current flows 
through each diode, one working every positive  
half-cycle, and the other every negative one. It w ill 
be noted that w e have assum ed that at each voltage  
step, the condenser has tim e to charge or discharge

com pletely before the next step occurs. This is 
im portant, and is one of the things that has to be 
looked after in designing the circuit values.

When a condenser is charged to a fixed voltage, 
the number of electrons, or in other words the total 
quantity of electricity flowing, depends (a) on the  
capacity of the condenser, and (b) on the voltage  
to which it  is charged. Further, i f  the charging is 
done several tim es a see md, the quantity of elec
tricity passing each second w ill depend on both these  
things, and on a third also, nam ely, the number of 
tim es a second the chargi lg  takes place. But the 
quantity of electricity passing per second is _ the 
same thing as the current in the circuit, so it  is 
possible to write a very sin.ple equation connecting 
the voltage, the current passing through the charg
ing diode, the capacity of the condenser, and the 
frequency. This equation is:—

i =  C.V.f. . . .  (1)
where- i is the current in amps., C the capacity in 
farads, V th e ‘input in volts, and f , the frequency  
in cycles per second.

This equation is the theoretical basis on which the 
frequency m eter rests as a m easuring instrument, 
for all we have, to do in order to convert the circuit 
of F ig. 3 into a frequency meter is to put a D-C. 
meter in series w ith either o f the diodes, and 
suitably calibrate it. E ither diode w ill do, because 
since the condenser is com pletely charged and 
com pletely discharged before every reversal, the

J .
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current through the diodes m ust be equal- In prac
tice, w e are also interested in knowing w hat sort 
o f  current we can expeet from  a given circuit, so 
th at we shall know how sensitive a m eter movement 
w e m ust use. A lso, w e m ust have som e means of 
ensuring that w hatever the frequency fed into the 
squaring circuit, the condenser w ill have tim e to 
become fu lly  charged and discharged before the 
half-cycle o f square-wave finishes. If th is is not 
done, all the current w ill not have flowed into or 
ou t of the condenser, and the meter reading w ill 
no longer be proportional to the frequency. Another 
practical consideration of som e importance is that 
o f knowing how high a frequency th e'circu its can 
handle, and what, if  anything, causes the circuit 
to  have an upper or lower frequency lim it, beyond 
w hich it  does not work properly. A ll these points 
-will be discussed in the n ext section.

PRACTICAL CONSIDERATIONS
The answer to the first question is given partly 

t>y equation (1 ), above. For instance, w e know that 
i f  we take a 6V6 and give it  a plate load resistor 
o f 5000 ohms, it  w ill g ive a square-wave output 
o f  approxim ately 125 volts if  the H.T. voltage is 
150. Secondly, w e can put in a likely value for the 
capacity , C, say 0-01 uf. Then all we have le f t  is the 
current, and the frequency. If we fix the current 
a t  1 ma., a convenient value, and substitute in the 
equation the values shown, we find that the -fre
quency th at would g ive the lm a. from  a 125 volt 
square-wave, through a condenser of 0.01 uf. is 
£00 c/sec . This means th at w ith the circuit constants 
shown, a condenser C of 0-01 uf. would give a full- 
sca le  reading of 800 c/sec . Sim ilarly, if  the 
capacity  is divided by 10, m aking it  0.001 uf., the 
Tange of the meter would be 0 to 8000 c/sec . And, 
■other things being equal, a 0.0001 uf. condenser

would give a range of 0 to 80 kc/sec.
Theoretically, it can be seen from  Equation (1) 

that the meter current does not depend on the value 
of the load resistance R, but in practice, the value 
of this resistor does have an im portant effect, 
because if  it is made too large, it  lim its the h ighest 
frequency that can be measured, since it m akss 
the condenser take too long to charge com pletely. 
It is a m atter of common knowledge th at if a 
condenser C charges through a resistance R, the  
tim e taken for it  to charge to 67 per cent, o f the 
applied voltage is measured by the product RC, and 
is given  in seconds if  the R is in megohm s and C 
in microfarads. But we w ant the condenser to charge 
com pletely before the square-wave half-cycle is  
completed, so that for any value of the condenser 
and the resistor there is an upper lim it to the 
frequency that can be measured before the current 
ceases to be a linear indication of the frequency.

C ontinued on P a g e  32

The "R. & E." Amateur Television Project
(F ro m  Page 8 )

corresponding part o f the fram e circuit. This is 
unfortunate, because the tw o parts of the circuit 
«do exactly the sam e thing, the only difference being 
th at the line tim e-base does it  at many tim es the 
rate of the fram e tim e-base. B ut as we will see 
la ter , doing things at high speed requires more 
bandwidth, and for that reason an extra am plifying  
"valve has to be used, and also the circuit has had 
to  be altered from a triode amplifier to a pentode 
amplifier. However, we w ill go into those aspects 
-when we come to discuss the circuits in detail.

V5 is an oscillator, working at approxim ately  
15,000 c/sec- This is 300 tim es the fram e frequency 
-of 50 c /sec ., so that we m ust get 300 line deflections 
fo r  every fram e deflection. In other words, the 
C.R-T. spot executes 300 horizontal sweeps in the 
tim e taken for the vertical deflecting voltage to take 
the spot from the top of the picture to the bottom. 
T he picture must, therefore, be a 300-line one. This 
frequency, and therefore, number of lines, has not 
been chosen haphazard, but with a purpose which 
■will be detailed later. A t the moment, it  w ill be 
:sufficient to say that 300 lines are enough to give 
a picture of excellent quality, not so good as the 
-British standard of 405 lines, nor yet the-Am erican

one of 525 lines, but still enough to give a really  
good picture that w ill certainly be w ell worth look
ing at- V6 is another EN31, in an alm ost identical 
circuit to that o f V3, except for the frequency and 
gives the sam e sort o f saw -tooth output. V7 and 
V8 are amplifier and phase inverter respectively, 
which again provide a push-pull deflecting voltage  
for the X plates of the C.R.T.

The remaining valves, V4 and V10, are concerned 
solely w ith the production of the blackout voltage  
for the C.R-T. grid, and their functions w ill be 
described later in greater detail.

It so happens that a t the cathodes of the saw 
tooth generator valves, a positive pulse occurs, and 
th is pulse corresponds exactly in duration w ith the 
flyback of the saw -tooths in each case. But to 
black the spot out, a negative pulse is needed. We 
therefore insert a pulse amplifier, one for the line 
blackout pulse, and the other for the fram e pulse. 
Then the two pulses are added together in a 
cathode-follower adding circuit, and the output of 
this stage is sent to the grid of the C.R.T-, blacking  
out each flyback as it occurs.

(To be continued.)
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Video I.F. Amplifier Design
B y  the Engineering Department, A ero vo x  Corporation

In modern radio communication and pulse ranging  
equipment, the n ecessity  o f transm itting and receiv
in g  a large amount o f  intelligence per unit tim e, or 
o f handling wave form s which contain h igh fre 
quency components, im poses difficult requirem ents 
upon the bandwidth of the circuits involved. In the 
radar system , for  instance, the modulation of the  
transm itter by very short, rectangular pulses of 
energy, results in the R F . output occupying a 
broad band or spectrum  of frequencies. The width  
in m egacycles of the band required for the trans
m ission of such rectangular pulse signals is 
expressed, to a rough approxim ation, by:
(1)

2
Bandwidth (m c .)= ----------------------------------------

Pulse length  (M icroseconds) 
Thus, a radar transm itter being modulated by 

.5 microsecond pulses would occupy a band (exclu
sive o f minor side bands) of 2 divided .5 or 4 
m egacycles. In television, the transm ission of high- 
definition picture inform ation consisting of several

sim plest form  of amplifier stage, which is the s in g le - , 
tuned circuit shown in F ig. 2, the bandwidth in  
m egacycles is g iven  by:
(2) 1

Bandwidth ( / \ i )  =  ----------
2jtRC

R = th e  total resistance shunting the tuned coit 
in megohm s.

C = th e  total capacitance shunting the_ coil in uuf.
A s th is relation shows, the bandwidth o f th e  

single-tuned stage is inversely proportional to both  
the shunt capacity and the shunt resistance. In 
practice it  is the resistance which is varied to  
control the shape of the response curve. The addition 
o f “loading resistors” across the tuned circuits, 
common in television  and other video I.F. circuits, 
broadens the response as is illustrated, by th e dotted  
curve in  F ig. 1. Loading the resonant circuit lowers 
the circuit Q and thus reduces the m axim um  
response or gain  as is shown. The bandwidth at the  
new  3db. point has been increased but the peak  
response has been sacrificed proportionately in 
favour of bandwidth. T his dem onstrates the im port
ant fa c t that the gain-b and width product o f such  
an amplifier is  constant. This m eans th at a  s ta g e  
giving a gain  of 10 over a bandwidth of one m ega
cycle m ay also be made to deliver a  gain  of five  
a t a tw o m egacycle band-pass, or any other 
combination whose gain-bandwidth product (G X B ) 
is  equal to  ten. The gain-bandwidth product, which  
is  the accepted “figure o f m erit” of an am plifier 
stage, depends on the transconductance (gm ) of th e  
tube type used and ‘ the total distributed shunt 
capacity in the fo llow ing manner:

FREQUENCY
FIG-1

m illion elem ents per second, as w ell as synchroniz
in g  pulses and sound, requires the allocation of a
6 m egacycle channel for each transm itter in  
operation.

In any such broad bandwidth system , i f  the 
receiver is to recover as much o f the transm itted  
signal as possible, it  m ust be capable of sim ulta
neously accepting the entire band of frequencies 
transm itted and am plifying each equally. _ In the 
superheterodyne type o f receiver, the satisfaction  
o f this requirement greatly  affects the design of 
the I.F . amplifier, since it  is th is channel o f the 
receiver which determ ines the overall selectiv ity  to  
a large extent. Fortunately, the design of broad
band or “video” interm ediate-frequency amplifiers 
has been greatly  simplified by w ar-tim e research  
work. A s a result, the design of high gain amplifiers 
capable o f essentia lly  “flat” band-pass character
is tics  as wide as 10 m egacycles is relatively  uncom
plicated.

The bandwidth of an I.F . amplifier is taken as the 
frequency difference betw een points 3 db. down from  
m aximum amplitude on each side of the response 
curve and is sym bolized by ^ f .  See F ig . 1. In the

TUBE
TYPE

Trans
conductance
( Micromhos)

Tube
Capacity

+  5 mmf.

Gam-
Bandwidth

Product
(Megacycles)

6AC7 9 0 0 0 21 6 8 .7

6AU6 5 2 0 0 15.5 5 3 .6

6BA6 4 4 0 0 15.5 4 5 .3

6AG5 5 0 0 0 13.3 5 9 .5

6AK5 5 0 0 0 11.4 6 9 .4

TABLE I
Since the gain-bandwidth product is  inversely  

proportional to C, which includes the distributed  
w iring capacity as w ell as the tube interelectrode 
capacitances appearing across L, i t  is very im port
ant in circuit lay-out to reduce stray capacity to a  
minimum. In practical circuits using modern tubes, 
the total C may be lim ited to 10 uuf- Table 1 shows 
the G X B products for  som e frequently used tubes, 
allowing 5 uuf. for distributed circuit capacity.

U nfortunately, when single-tuned amplifier stages  
resonated to  the sam e frequency (synchronously  
tuned) are cascaded, the overall band-pass does not 
remain that of the individual stages, but is reduced 
radically w ith  the number o f stages. Four stages, 
each four m egacycles broad at the 3 db. point, w hen
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cascaded would thus have an overall band-pass 
o f only 1.75 m egacycles. This is  evident from  the 
fa c t th at i f  the voltage ga in  a t the centre frequency 
<fo) is  10, the ga in  at the 3 db. point is  only 7.07. 

XJpon amplification by a  second identical stage, the 
g a in  a t fo  is  10 X 10 or 100, w hile the gain  at the 
form er 3 db. points is  now only 7.07 X 7.07 or 50, 
which is  6 db. down in  voltage. The band-width at 
the 3 db. points has been reduced to 64 per cent, 
o f that for the single stage. Further amplification 
by sim ilar stages would result in  the overall band
w idth being reduced to 51 per cent, for a third 
stage , 44 per cent, for a fourth stage, 39 per cent, 
fo r  the fifth, etc.

frequency is aligned to the mid-point o f th is slope, 
the sm all portion of the vestiga l low er side-band 
which is under the response curve is compensated 
for by the om ission of a  sim ilar area from  the 
lower 1.25 m c/sec. o f the upper side-band. There
fore, the response to the lower video frequencies 
is made nearly equal to the higher ones, although  
derived partially from  both upper and (vestiga l) 
lower transm itted side-bands.

Considerable im provem ent over the performance 
of synchronous single-tuned amplifiers m ay be 
obtained by the use o f m ultiple-tuned circuits. In a 
double-tuned, transform er-coupled stage such as is  
shown in  F ig. 4, the coefficient of coupling (k) and

6 A K 5

FIG .2

(3 ) G X B (me.) ■
2TTC

In  addition to the undesirable feature o f rapidly 
decreasing pass-band for  multiple stages, the syn
chronously single-tuned system  does not sa tisfy  the 
requirem ents o f the television video I.F. since it  is 
incapable of producing the fiat-topped response 
curve required for picture reproduction. The shape 
o f  the video I.F . response w hich is accepted as the 
standard in television  practice is  shown in F ig . 3. 
A n  essen tia lly  “flat” band-pass o f nearly 4 m ega
cyc les is  required for  high-definition picture repro
duction on large-screen cathode ray tubes, although

the prim ary and secondary circuit Q’s m ay be 
adjusted so that the response curve is essentia lly  
flat topped. Such m axim ally flat or “transitional” 
coupling occurs w hen the circuit Q’s and the  
coefficient o f coupling are related as shown in Fig- 4. 
The term  “transitional coupling” is derived from  the  
fact th at the coupling is adjusted to the point o f  
transition between the single and double-humped 
response curve. It w ill be recalled that, as the  
coupling coefficient o f the tuned transform er is  
increased from  a very sm all value, the curve o f

F IG .3
s e t s  using sm all tubes m ay g e t  along with_ much 
less. The gradual, nearly linear, decrease in the 
response at the picture-carrier end of the curve is 
intended to compensate for the presence in the 
transm itted  signal o f the, fi'rst 1-25 m c/sec. o f the 
low er side-band. (The rest is suppressed at the 
tra n sm itter). W hen the picture-carrier I.F.

secondary current versus frequency changes from  
a sm all sharp peak when the circuits are under
coupled, to a broad double-peaked response when 
the circuits are over-coupled- (D otted lines, F ig. 4 ). 
The coefficient o f coupling of the inter-stage trans
form er m ay be determined by m easuring the  
capacity values necessary to resonate the primary
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to a given frequency when the secondary is altern
a te ly  open- and short-circuited. (Co and Cs respec
tiv e ly ). Knowing the ratio o f these capacities; A t  
the value of k corresponding to critical coupling, the 
transfer o f energy to the secondary is maximum and 
the curve is flattopped.
(4) Co

Coefficient of coupling (k) =  (sq. rt.) X—  ------
Cs

■ 1

EQUIVALENT DO UBLE-TUN ED CIRCUIT
When: Or, =  Q.
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The response characteristic obtained in this manner 
is  more nearly that required by the television video
I.F . Furthermore, because of the more uniform  
response over the pass-band, the overall bandwidth  
does not decrease as rapidly when identical stages  
are cascaded as in the case o f synchronous single
tuned stages. .When two double-tuned, transitionally- 
coupled amplifier stages are cascaded, the output 
bandwidth is reduced to 80 per cent, of the width  
of an individual stage. The corresponding figure 
for synchronous single-tuned stages is 64 per cent.

Further improvement in gain-bandwidth perform 
ance may be obtained by the use o f more compli
cated interstage coupling networks- These include, 
double-tuned stagger damped, triple-tuned trans
former-coupled, single-tuned inverse-feedback and 
complex fiiter-coupled stages. M ost o f these types 
are difficult to design and troublesome to construct 
and align, so will be discussed here in detail-

One type of band-pass am plifyer which does retain  
the sim plicity of design and alignm ent o f the 
synchronous single-tuned type, and yet overcomes 
m ost o f its disadvantages, ex ists in the stagger- 
tuned amplifier. W allman* and others have shown 
th at if the successive stages of a simple single
tuned amplifier are adjusted to sligh tly  different 
frequencies (staggered) throughout the desired 
pass-band, the com posite response curve may be

*W allman, Henry. MIT Radiation Lab. Report 
No. 524.

made flat-topped and the gain high. Furthermore,, 
the design work requires only high school m aths 
and a few  sim ple tables, the construction done w ith  
common tools and the alignm ent m ay be accomp
lished in a few  m inutes w ith the aid of a spot- 
frequency signal generator and an output meter. 
The double-tuned and other more complex types- 
previously mentioned require the use o f a sw ept- 
frequency signal generator and an oscilloscope. 
Stagger-tuned system s are being used extensively  
in commercial television practice-

Since the individual stages of the stagger-tuned  
amplifier are m erely the .single-tuned type shown  
in F ig . 2, the design equations (2) and (3) w hich  
were presented in connection with the synchron
ously tuned amplifier m ay be used. These, used in 
conjunction with the table of stagger-tuning and 
bandwidth factors shown in Table II (after  
W allman) and a method of cutting the coils t o  
resonance, are all that are needed to com plete th e  
design.

To illustrate the method o f procedure, suppose 
that a video I.F. amplifier using 6AK5 pentodes is 
to have a uniform gain o f 75 db. over a bandwidth  
of 4 m c/sec. centred at 24 m c/sec. Referring to  
Table I it  is seen that the 6AK5 has a gm of 5000- 
micromhos and the total interstage capacity m ay be  
lim ited to 11 uuf. The gain-bandwidth product (E q. 
3) then becomes 5000/6.28 x 11 or 72.4 m egacycles-

(C ontinued on Page 32)
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H A M  ACTIVITIES
/C O N D ITIO N S on all bands have noticeably  

improved and 1951 has got off to a good start 
so let us hope we m ay continue to enjoy th is state 
o f affairs- A m ongst many other things, quite apart 
from  Amateur Radio, I know w e all w ish for better 
th ings in this year— in particular, the international 
situation.

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

N aturally, we all share that w ish, but it has 
fcecome necessary to reiterate the warning made by 
th e  W.I.A. some tim e ago— DO NOT initiate, or 
allow  yourself to be dragged into a conversation  
on present world affairs over the air-

So many “Ham s” are currently “blowing their 
top s” on the band regarding this subject, forgetting  
that such discussions are definitely against the 
regulations. W hatever your political view s, please 
do not air them via amateur radio. There is a tim e 
and place for everything, and right at this moment 
•we cannot afford to introduce prejudice which could 
m ean a loss o f frequencies. If you m ust talk about 
the subject, do it w ith a foot on the rail, or a 
sim ilar more suitable place.

Sim ilarly one’s own common sense should guide 
him in all those touchy situations that som etim es 
s e t  by on the air. For instance, do not do as one 
<chap did— run down the Advisory Committee over 
th e  air after receiving a friendly note. Remember 
i t  took a deal of study for the m ajority to gain  
th e  necessary ticket, but it only takes one word 
ion the air to lose that same ticket.

Results of the 1950 Remembrance D ay Contest 
-will be found separately in these notes. A fter a 
casual glance at the scores the result is indeed very 
poor. Of the 2,824 stations who could take part, 
•only 317 logs were returned. A llow ing for a percent
a g e  who are inactive, the final figure illustrates 
the apathy displayed by a large m ajority who could 
have made a m aterial difference to their S ta te’s total 
by subm itting even a sm all log in excess of six  
contacts.

VK “H am s” m ust take the proverbial bun when it 
•comes to anything like Contests or Field Days. 
"When one reads what the W’s and G’s c'an do in 
th ese  m atters, it  should make us blush a deep red! 
D oubtless there w ill be the usual number who will 
critic ise  the scoring system  of this recent contest 
.as w as done the year before, yet every tim e the 
C ontest Committee asks for suggestions, no one 
•comes forward. Still it  goes on; but, it is a pity  
th at the ones who do the grumbling do not g e t the 
chance to do some work on a comm ittee them selves.

The result should be interesting! ONCE AGAIN  
I would ask you for notes of activity in your divi
s ion  or town, etc. Let us have news from  field days, 
■clubs and so on, as there is p lenty of room for it. 
G O IN G  U P !

T H E  V .H .F . M A N ’S -PAGE-
W ith VHF Field Days and several break-throughs 

the high frequency boys have had a good run of 
luck . Some VK2 Stations are reported as working 
into KH6, so things are looking up for some States. 
5BC is still the m ost consistent 6 metre station  
in VK5; apparently Hughue has abandoned 40 and 
2 0  for good! 5UL has returned to 6 and can be

counted as one reason for 5BJ not appearing on 6 
in an already VHF-minded suburb. Two metre gear  
is well under w ay w ith only 2 0 T ’s return to Broken 
Hill delaying the urge to finish off the transm itter 
and start the autom atic transm issions w ith Max.

Further to the remarks regarding 7MY last 
month, other details of the rig are: The transm itter  
is a self-excited job using an RK34 which drives a 
pair of 7193’s. These 7193’s give enough output to 
produce sixty  mils o f grid current to the VT90 
Micropups in the fiVial. A t the moment, the final is 
running Class B until a larger modulation trans
form er is wound up. A  Station of th is type is 
certainly an ambitious venture; even a blower has 
been installed to keep those AM PS of filament 
current down a t room tem perature.

A circuit of 7MY’s rig is published herewith. 
The circuit m ay not be received too favourably by  
some due to the type of oscillator used in these 
days of alm ost exclusively crystal-controlled sigs  
on 144 me-

V K 7 MV

S e l f - E x c i t e d  7 /9 3  BurF£A!S

2CN recently appeared on 144 in N ew castle where 
there are very few  stations active. Bert is using  
a pair of 7193’s in a unity coupled oscillator as 
per the A.R.R.L. Handbook. The receiver is a simple 
super-regen. Many stations are still trying to find 
the band after being lured to the VHF bands with  
the advent of summer.

20T  is the leading VHF man a t Broken Hill. 
Max has a 50 ft. steel tow er with a 3 elem ent beam  
on six metres and a 4 elem ent one on two m etres. 
For six  metres he uses a 6J6 regenerative crystal 
oscillator and a 832 final. The receiver is the R-F. 
and I.F. sections of a SCR522 feeding into the usual 
receiver a, B28- A SCR522 is used on two metres 
as a transm itter, w hilst a re-vamped 522 receiver 
takes care of the incoming signals. This now uses 
a 6J6 push-pull R.F. stage, p.p.6J6 mixer and a 
sim ilar type of regenerative oscillator as used in 
the transm itter.

Well gang, w hat about some new s at your end? 
The address already appears elsewhere in the notes.

(Continued on Page 27)
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HEADPHONES

B ra n d  N ew . Low  Im p ed an ce  h e a d 
p h o n es in boxes. W ell know n  b ran d . 
V ery  ro b u s t co n s tru c tio n , su ita b le  
fo r u se  on an y  rad io , e tc . E x ce llen t 
value, a t  15/-

METAL RECTIFIERS

U .S. A rm y, full w av e  I.M .A. r e c 
tifie rs—wiil w ork  su c cessfu lly  on 
5 M.A. E x tre m e ly  sm all physica l 
size—b ran d  new . E a s ily  W o rth  35/-. 
O ur P ric e  only 17/6 each.

*pm i

MICRO SWITCHES

A s illu s tra te d , in  p e r fe c t  condition , 
m ak es  2 c irc u its  b re a k s  one, u sual 
p rice  15 /-, o u r  p rice  5/6.

REMOTE CABLES

A s u sed  on 108 T ra n sc e iv e rs , an 
ex ce llen t con tro l t h a t  can  be used  
on c a r  rad ios, e tc . P ric e  w ith  knob, 
1 / -  each.

INDICATOR LAMPS
T hese  h a n d y  li ttle  lam p s ca n  be 
used  fo r in d ic a to rs  on p an e ls , ta il  

lam p s of c a ra v a n s , t ra i le rs , b ikes, 
side  lig h ts  on tru c k s , c a rs , e tc . An 
o rd in a ry  2.5, 3.8 o r  6.3 globe can  be 
f itted  in to  th e  so c k e t an d  lam p  is 
e a s ily  fitted  by  m ean s  of wood 
sc rew s, o r m ach in e  sc rew s. A v a il
ab le  w ith  R ed  or W h ite  g lass. 
E a s ily  w o rth  5 /-  each . O ur p rice  2 /- 
each , w ith  globe 2 /6  each.

KINGSLEY VOLTAGE DIVIDERS
B ra n d  new  a n d  in p e rfe c t condi- 
d itio n , av a ila b le  in 15,000 an d  25,000 
ohm s sizes. U sual P ric e  5/6.
O ur P ric e  2/9.

RHEOSTATS
B a rg a in s  in H eav y  D u ty  R h e o s ta ts !  
I.R .C . 250 ohm  25 w a t t  w ound  on 
M ica an d  po rce la in  in su la te d  a s  il
lu s tra te d . P ric e  4/6. 100-ohm H eav y  
D u ty  R h e o s ta t  a s  u se d  in  E n g lish  
A irc ra ft. P ric e  2/3.

NOTICE
All  parcels w i l l  be sent regis tered  
post unless otherwise stated.  
Postage or F re ig h t  m ust  be in 

cluded w i th  order.

BRITISH NAVY CARBON 
RESISTORS

A sso rted  bundles, a ll w a tta g e s  an d  
v a lu es m ixed  \ w a tt , 1 w a tt , 2 w a tt , 
5 w a tt , from  10 ohm s to  1 m eg. 
5 % an d  10% a c c u ra te . A n exce llen t 
buy. W hile  th e y  la s t. P ric e d  as 
fo llow s:—

50 A sso rted  .......................  15/-
100 A sso rted  ....................... 27/6
500 A sso rted  ................. £ 6 /5 /-

SOLDERING IRONS
Job  line of 6 v o lt so ld e rin g  irons. 
Only 17 w a t ts  of pow er req u ired . 
O p era tes  off rad io  rece iv er, pow er 
tra n sfo rm e r , c a r  b a t te ry  o r  a n y  
o th e r  6 vo lt supp ly . B e au tifu lly  
fin ished in C hrom e o r B lack . P a te n t  
r e s t  p re v e n ts  b its  from  to u ch in g  
bench  w hen  n o t in opera tio n . 
U sual p rice , 38 /-. O ur p rice  22/6.

CATHODE RAY INDICATOR UNIT 
TYPE A .I.

T h is is an  ideal u n it  to  be co n v e rted  
to  an  oscilloscope or s tr ip p e d  for 
th e  ex ce llen t p a r ts ,  va lves , e tc . 
P a r t s  a r e :—
1. 5. B .P .l . V alve com plete  w ith  

so c k e t a n d  n u -m e ta l sh ie ld .
3. 6H6 V alves.
6. 6. A.C.7 (1852 ) va lves.

12. P o te n tio m e te rs .
10. B lock C ondensers.
40. 1. W a tt .  I.R .C . R e sis to rs  
1. 3. position  2 b an k  sw itch .
1. T oggle S w itch .

All enclosed  in n e a t m e ta l case . 
E a s ily  w o rth  £ 2 5 / - / - .  O ur P ric e : 
£8/10/-.

MOTOR 5PftRE5j j j T ^
547 ELIZABETH STREET, MELBOURNE
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H A M  ACTIVITIES
(Continued from  page 25)

FQ8AC
GW3AX

HH2X
PA0JG

ZS3X
YV5EH

OA8A
KV4AU

E A 0A B

OK1PC

DX STATION A DD RESSES.

-  Box 175, BANGUI, F .E A .
— “Roseland,” Kittle, Bishopston,-

SW A NSEA, SOUTH WALES-
-  P.O. Box 103, PORT-AU-PRINCE.
— V. Sw ientenstraat 9, Gouda,

HOLLAND.
-  Box 85, W INDHOEK, S.W- AFRICA.
— Cristo a Cordova 93, CARACAS,

VENEZUELA.
— Don Stark, Box 2492, LIMA, PERU.
— Bourne Field Housing, ST. THOMAS,

VIRGIN IS.
-  Box 111, SANTA ISA BEL, SPAN ISH

GUIANA.
-  Praha 8, SMETANOVA 9, CZECHO-

SLAVAKIA.

1950 REMEMBRANCE DAY CONTEST.
V ia  VK5WI comes the follow ing inform ation:—  

The winner w as VK7 again, then VK6 followed by 
VK5. Their scores were 155, 151, and 78 respec
tive ly . VK2, VK4 and last, VK3, follow ed w ith  
their  scores being 38, 30 and 20.

Response w as very poor and doubtless some 
m eans of making the contest more attractive w ill 
he sought for 1951.

A RO UN D  THE SHACKS
The first unrationed-petrol-Christmas for a long  

tim e was apparently the reason for the large  
number o f stations heard working portable. 3ALM 
•was worked while he was at Torquay, on the coast 
near Geelong, using a ATR2B transceiver which 
u ses an 807 in the final and a sim ilar tube to  
m odulate it. A lthough his antenna was an unknown 
len gth  of wire about ten fee t off the ground, Lloyd 
•was gettin g  seven’s and eigh t’s from  all round .— .—  

Max, 20T , of Broken Hill, operated portable from  
m any varied locations. Undoubtedly his best spot 
fo r  gettin g  out w as from  Port N oarlunga, a VK5 
seaside resort about 20 mileS south .of Adelaide- 
H is r ig  was a 6C4 crystal oscillator driving a 
6V6 to nine w atts input powered by a genemotor 
supply. The receiver was a 6K8 converter feeding  
in to  the car set. The whole set-up w as relay  
controlled from  the dash, the transm itting gear  
b ein g  stowed in the boot .— .— .

5NB w ent portable on Torke Peninsula in ljis 
liom e State using a Type III em ploying series screen  
m odulation and a Windom antenna. Ted w as lucky  
to  have the A-C. laid on where he chose to operate, 
or perhaps things were arranged the other w ay  
round .— .

Another Type III user w as 3NZ, portable at 
Canadian Bay w ith Bill, 3ATW, heard on the mike 
a  lo t of the tim e. The battery volts m ust have been  
down however, as they were using only 4 w atts 
input when worked .— .— .

3JO was another who w ent portable in Victoria  
T)ut little  is known of the gear which w as operated  
from  the Eildon W eir — .

2WT seem s to work everything there is, but when  
you  consider the V beam coupled to the 807’s, i t ’s 
n o  sm all wonder .— .—

5CH provides news from  the south eastern parts  
of VK5 th is month: 5KU is active on 40 in the  
early mornings working the choice c.w. DX. Of 
course, th is sort o f thing comes easy when E rg  
has to g e t up early in the sm all wee hours to  
pacify  a QRM’ing newly-arrived harmonic .—-.— .

John, 5FD w ill not be heard around for a tim e  
as a recent change to a new QTH also means a  
dearth of A.C. power .--------

A t last 5MS is content. A t one tim e Stew art had 
a reputation for trying a different antenna w eekly; 
now, however, a new  3 elem ent rotary beam tops 
a new tower so there w ill be less antenna activity  
in the future .------- .

Noticed in “QST” th at W 9EH has up a 36 
elem ent rotary beam for ten  m etres! The whole  
array and turning mechanism only w eighs 2,500 lbs.

Those who w ant to QSL to VK1FE should note 
that he is ex-4FE . Sim ilarly, VK1PG is ex-2PG and 
their home addresses are to be used for VK1 QSL’s.

3ZV has returned to 40 after a long absence. 
Arthur runs 85 w atts to an 803 w ith HY25’s as 
modulators. The receiver is an AR88 — .— .

5EN  has been heard operating from  Arwakurra 
using only 4 w atts. N ex t portable step w ill be to  
put the rig on 20 and 10 then Ernie proposes to  
be signing mobile on 40 and 2 from  his new car

3MZ has been doing the rounds of the VK5 
shacks. By the tim e you read these notes R eg  
w ill be back sign ing  “The Voice of Preston” once 
again. Most o f the VK3 visitors thought the heat a  
little  above the usual Melbourne w eather —  ask  
R eg — .— .

The NBFM  in  use at 3A PF sounds very clear, 
perhaps a little  narrower than in usual practice. 
P'eter uses an 807 in the fi'nal and a reliable dipole 
antenna .— .— .

3AMC is not heard on the air very often ow ing  
to work taking up a great deal of John’s tim e. 
John had to find tim e around the festive  season  
though, so he could exploit his call and sing_V5C3 
“A  Merry Christm as.” One tim e when irregular 
use of phonetics could be overlooked .— .— .

5CA went aroving around South A ustralia on a 
tour of the State, m anaging to see only one ham  
in that tim e— Bob, 50D, at Pt. Pirie. Time did not 
permit looking up a lo t of those who Brian had 
promised to contact — .— .

Someone w ill probably w rite to me before long  
complaining that there is a definite leaning towards 
the VK5 aspect. I shall be only too pleased to  
answ er th at the reason is because no one forwards 
any notes from  their own district. Shortly, a period 
of inactivity a t 5BJ w ill mean no “on-the-air” 
news as is gleaned at present and new s, no m atter  
how briefly se t out, w ill be very welcome. Each  
month 5CH and 5VM go to the trouble o f setting  
out pages of notes, but a lo t of it cannot be used  
otherwise all the news would be VK5.

Human nature seem s to guide us all to want to  
know w hat the other fellow  is doing, so if  you can 
take pen and paper to write a  few  lines on the 
activ ity  in your district, remember the address is  
Box 1589M, G.P.O., Adelaide, S.A.
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THE N.B.F.M. EXCITER
(Continued from Page 16)

In order to m easure the frequency w ith a good 
frequency m eter-such as the surplus BC211 wave- 
m eters, or the LM series, all that is needed is to 
pick up the signal from  the oscillator in the wave- 
m eter, and to read each frequency in the usual way 
by zero-beating, and then reading the dial. If an 
A-F. direct-reading meter is used, such as is 
described elsewhere in this issue, a little  auxiliary  
equipment w ill be needed,. I t  w ill be a fixed- 
frequency oscillator of some sort, and a diode detec
tor followed by some audio amplification to bring 
the audio beat note up to approxim ately 1 volt 
amplitude. The auxiliary oscillator, and the output 
from  the F.M. unit are both fed into the diode 
detector, and one or other of them is adjusted to 
zero beat. It is preferable to do this w ith the full
18 volts bias applied to the modulator valve- Then, 
as the frequency is varied by altering the battery  
voltage on the grid of the modulator, the sh ift in 
frequency of the modulated oscillator w ill show up 
as an audio beat note, whose frequency w ill be 
indicated directly on the frequency meter. Then to 
plot tb s curve, these readings are plotted against 
the D.C. grid voltage as before. It w ill be found 
that the best bias voltage (i-e-, at the centre of the 
m ost linear portion of the curve) w ill be 7.5, or 
thereabouts, and that a t about 5 volts and 10 volts, 
the graph starts to show signs of curvature, flatten
ing out w ell before cut-off and zero bias are reached 
respectively.

AM OUNT OF FREQUENCY DEVIATION
In perform ing the original development work on 

this circuit, it w as found that w ith the modulator 
tube’s gridplate capacity alone, the frequency swing  
for linear deviation w as not wide enough, and for 
this reason a simple modification was made which 
is shown on the circuit. The condenser C, of 15 uuf, 
was added to the grid-plate capacity. Doing this 
amounts to making a valve w ith an abnormally 
large grid-plate capacity, for as far as the signal is 
concerned, it cannot tel'l whether the capacity it 
encounters is inside the tube or external to it. The 
result in practice is that instead of having to write 
~^4*Truf. in the form ula for the grid-plate capacity, 
we write 18.4, w ith  a large consequent increase in 
the Miller effect capacity. N ot only does the input 
capacity become very much greater, but so also 
does the variation of it, produced by applying signal 
to the modulator. As a result, a much larger linear 
frequency deviation is obtained.

U SE  OF A REGULATED POWER SUPPLY
It w ill no doubt have been noticed that the H.T. 

supply for the modulator and oscillator is specified 
as 225v., regulated. This is not really essential as 
far as the oscillator itse lf  is concerned, but is a 
“m ust” for the modulator valve- This va lve’s gain  
w ill vary w idely w;ith changes of H.T- voltage, so 
that H-T. drift, caused by changes in line voltage 
w ill cause the centre frequency’ to change. The 
regulated power supply obviates this, and it  should 
be remembered that any direct means of producing 
F.M., whether narrow or wide, w ill suffer in the 
sam e w ay if the modulator’s power supply is not 
regulated. Accordingly, the power supply should 
contain a VR150 and a VR105 in series, to supply 
the 225v.

A DJUSTM ENT FOR U SE
In this country, the band available for N.B.F-M. 

on 80 m etres is irom  3500 to 3800 kc/sec. This is  
fortunate in .one w ay, because i f  the band were a 
little  wider, it  would be necessary to bring th e  
tuning control for the modulator plate circuit out to  
the front panel. In practice, however, it is recom
mended that a spot frequency be chosen within th e  
band and all N-B.F.M- working done on th is  
frequency. This w ill enable the modulator tuned  
circuit to be peaked up exactly for this frequency, 
thereby obtaining optimum results there, w ith little  
effect occurring if  the operator w ishes to QSY a few  
kc. on either side of this spot. The easiest w ay to  
set up the modulator tuning is to fi'rst set th e  
oscillator to the desired carrier frequency, and then  
couple a sensitive absorption wavem eter as- loosely  
as possible to the plate circuit of the modulator. 
Then, the tuning .is peaked up for maximum output 
from the plate circuit o f the modulator. Before th is  
is done, however, the resistor R w ill have been 
adjusted to the value which gives th e.best operating  
point for the modulator. In the absence of a per
form ance curve, obtained as described above, it  w ill 
be sufficient to set the cathode voltage of th e  
modulator tube to exactly 7.5 volts.

Once the modulator plate circuit has been tuned  
up, there is nothing to do but connect up the mike,, 
and go on the air!

A SUITABLE RECEIVING ATTACHMENT
In an early issue it is hoped to describe a sm alt 

unit which can be attached to any receiver to g ive  
distortionless reception of narrow-band F.M. signals. 
This unit, it is expected, w ill be fed from  the 455- 
kc/sec. I.F. channel o f the receiver, and w ill g ive  
enough audio output to be fed back into the s e t  
again at the grid of the first audio amplifier. It is 
hoped to make use of the diode counter-circuit type  
of discriminator, since this has no critical adjust
ments, and once the circuit is designed, w ill stay  
in alignm ent for ever, because there arg not tuned  
circuits attached to the discriminator to get out o f  
line and spoil the proper operation of the F.M. 
detector. With this, and the present unit, amateurs 
should have all the “gen ” to enable them to transm it 
and receive N.B.F.M . signals of high quality, at 
relatively low eost, and w ithout critical adjustments- 
of any sort.

*  *  *

[ PATRONISE |
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SHORT WAVE REVIEW
Conducted by L. J. Keast

7 Fitzgerald Rd., Ermington, N.S.W. 
Phone: WL I 101

NOTES FROM MY DIARY
THE bOCTOR COMES TO TOWN.

Regular readers of my pages over the last ten  
years or so w ill remember one of the best and most 
reliable of D x-ers— Doctor Keith Gaden. I had a 
call from him a couple of w eeks ago and during 
our hour’s chat, I did my best to get him interested  
in the old Hobby again. Another thing, I hold him  
I wish he would settle down in N.S.W- instead of 
Banana Land. Im agine my delight to get an air
mail from  Brisbane that he w as goinfe: to reside in 
Manilla, N.S.W . For the benefit of those unfam 
iliar with N.S.W ., it is on the W estern Line between  
Orange and Parkes, about 280 m iles from Sydney.

Keith, at one time, was one of the most prolific 
correspondents and many a Dx-er was put right on 
his m ystery station by the Doctor.

THOSE SU N  SPOTS.
Doubtless many listeners to Dx have moaned 

about poor reception at tim es and m ost likely have 
been blam ing their receiver or perhaps figuring that 
at the first opportunity they w ill try and alter their 
aerial system-

But don’t worry— sun spots was the cause last 
month. Even the overseas N ew s Service to the 
newspapers was interrupted for hours on end.

THE C AN AD IA N  BROADCASTING  
INTERNATIONAL SERVICE.

INCREASED SERVICE TO LISTEN ERS
—  in —

AUSTRALIA, NEW  ZEALAND  
and the SOUTH PACIFIC-

CHOL— 11.72 me. 25-60 met: 
W ednesdays and Sundays, 6.40 p.m.-—7.45 p.m.

CKLO— 9-63 me. 31.15 met: 
W ednesdays and Sundays, 6.40 p.m.— 7.45 p.m.

OUR C AN ADIAN COUSINS.
The Sunday n ight service from Canada to A ustra

lia from 6-40-7.45 on Sundays w ill continue, and in  
addition the sam e station w ill broadcast on W ednes
days at the same hour.

CREDIT LINE-
U nfortunately during the changeover, recognition  

of reporters’ notes has been frozen out, but believe 
me, I am conscious of the help given by “ Swedert 
Calling,” “Radio A ustralia ,” “London C alling” 
(E estern  and W estern editions), “Radio & Televi
sion,” Arthur Cushen, Rex Gillett and Roger L egge.

THE MONTH'S LOGGINGS
CANADA

C K N C ,  Montrea l ,  17.82 me. 16.84 m et:  M ondays, 12.45-1.15
a .m . ,  S w ed ish ; 1.30-2.00 a .m . , .  F in n ish .

C K C X .  M ontreal,  15.19 me. 19.75 m et:  9.50-1U.40 a .m . ,  
P o rtu g u e se ; 10.40-11.45 a .m . ,  S p an ish ; M ondays, 1.30-
2.00 a .m .  F in n ish .

C K R A .  M ontrea l ,  11.76 me. 25.51 m et:  9.50-10.40 a .m . ,  
P o rtu g u e se ; 1040-11.45 a .m . ,  S p an ish : 11.45-N oon, 
F re n c h ; Noon-12.45 p .m ., E n g lish ; 12.30-12.45 p.m ., 
D u tch  (S a ts .) ;  12.45-1.35 p.m .. S pan ish .

C K L O .  M ontrea l ,  9.63 mo. 31.15 m et:  Noon-12.45 p .m . ,  
E n g lis h : 12.30-12.45 p.m ., D u tch  (S a t. o n ly ); 12.45-
1.3-5 p.m .. S p an ish ; 2.30-3.00 p.m ., N o rth e rn  M essenger 
(Mi n.::;ys only to  N o rth w e s t T e rr ito rie s  a n d  A rc tic  
Region's >.

C K O B .  Montrea l .  6.09 me. 49.26 met: 2.20-3.00 p .m . .  
N o rth e rn  M essenger (M ondays only  to  N o rth w e st 
T e rr ito r ie s  an d  A rctic  R egions).

To Australia and New Zealand
C K L X ,  M ontrea l ,  11.72 me. 25.60 met.:  C o m m en taries  

from  th e  U .N . (E x cep t S u ndays an d  M ondays), 1.50- 
2.20 p .m .

C H O L .  M ontrea l ,  11.72 me. 25.fO m et:  C o m m en taries  from  
th e  U X . (E x cep t S u n d av s and  M ondays.) E n g lish  
p ro g ram m e fo r l is te n e rs  in th e  S ou th  W e s t Pacific 
a re a . 0.40-8.30 Sundays.

C K L O ,  Montrea l ,  9.63 me. 31.15 m et:  E n g lish  p ro g ram m e 
fo r lis te n e rs  in th e  South  W e s t Pacific  A re a . 6.40-
8.30 S u n d ay s .

O CEANIA  
New Zealand

Z L - 3 ,  W e l l in g ton ,  11.78 me. 25.46 m et:  4.00-6.45 a . m . ,
5.00-8.30 p .m .

Z L -10 ,  W e ll in g ton ,  15.22 me. 19.72 m et:  7.00 a . m . -4 .45  
p . m .

Z L - 4 ,  W e l l ing to n ,  15.28 me. 19.64 m et:  4.00 a . m . -8 .30  
p .m .  (0.30 p .m . S a tu rd a y s ) . A r th u r  C ushen  re p o rts : 
On firs t T u esd ay  of each  m o n th  a t  7.20 p .m .  D x 
B ro a d c a s t t ip s  a re  g iven  by C leve C ostello, W el
ling ton .

MISCELLANEOUS
Morocco

Radio In terna t io n a l ,  T a n g ie r ,  6.11 me. 49.10 m et:  R ex
G ille tt re p o rts  th is  s ta tio n  a s  follow s: da ily , 10.00 
p . m . -2.00 a .m .  a n d  4.00-10.00 a .m . ,  w ith  m u sica l 
p ro g ram m e in F re n ch , S pan ish . E n g lish  a n d  A rab ic .- 
E n g lish  9.00-9.30 a .m .

M alta
“ Y o u r  Forces Broadcastin g Sta t ion ,  M id dle  E a s t / '  6.01' 

me. 49.83 m et:  3.00-6.00 p .m .; 3.00-8.00 a .m . 7.22 me.
41.R5 m et:  2.00-4.15 p .m .; 7 .3,' - 11.30 p .m .: 2.00-8.00 a.m .
11.895 me. 25.22 m et:  2.00-4.15 p .m . ;  7.30-11.30 

p .m . ;  2 .00-3 .00  a .m .
15.125 me. 19.83 m et:  2.00-4.15 p .m . ;  7.30-11.30 a .m .  
A bove in fo rm a tio n  w as a irm a ile d  by “ Sw eden  C all
in g .”



8 VALVE WORLD RANGE 
RADIOGRAM CHASSIS

WITH MATCHED DUAL SPEAKER
£ . 3 V W ' -  F̂ r Z T

COMPARE THESE FEATURES
E ig h t valve w orld range chassis w ith push-pull ou tpu t. Uses new P h ilip s ECH33 converter valve 
io r  be 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
wave switch. A.C. switch incorporated  w ith tone control. Large calib rated  edge li t  d ial w ith m ain  
-stations in  each State in  p rom inent type, w ith  counterw eight drive. Provision for F.M. or tele- 
"vision tuner. P erm atuned  iron  cored coils and  interm ediates.

6 VALVE RADIOGRAM CHASSIS £25/10/-
SPECIFICATIONS AS EIGHT VALVE UNIT, BUT WITH SINGLE

6V6GT OUTPUT VALVE AND SINGLE 12" SPEAKER. FREIGHT EXTRA

RECORD-CHANGERS AND PLAYERS
Collaro type 500 changers on A.C. 504 players with crystal pick-up. 

Available for above chassis.

Large Variety of Combination and 
Console Cabinets Available from £12/10/-
*  4 *  4 *  I gm a  a  245 PARRAMATTA RD.C L A S S IC  R A D IO  haberfield.

PHONE UA2145.
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Short W ave Review
(Continued from Page 29)

EUROPE

Czechoslovakia
O L R 3 A ,  Prague, 9.55 me. 31.41 m et:  5.15-5.45 a .m . ,  6.30-

6.45 a .m . ,  8.15-8.30 a .m . N ow  in E n g lish  a t  6.30 a .m .  
O L R 4 A ,  Prague, 11.84 me. 25.34 m et:  9.45-10.30 p .m .  

R e p o rted  by R ex  G ille tt a s  b e ing  h e a rd  in  E n g lish  
b ro a d c a s t c losing  a t  10.45 p .m .

O L R 2 A ,  Prague. 6.01 me. 49.52 m et:  8.15-8.30 a .m . ,
9.00-9.45 a .m .

Greece
Radio Athens, 6.175 me. 48.58 m et:  O pens a t  1.00 a .m .  

France
Radio Paris, 21.74 me. 13.80 m et:  H e a rd  in d is tin c tly  

a ro u n d  10.15 p .m .  B ad ly  in te rfe re d  w ith  by  GVT, 
21.75 m e. 13.79 m e t: in  BBC F a r  E a s te rn  Serv ice to 
C h in a  a n d  Ja p a n .

Radio Paris, 17.85 me. 16.81 m et:  M uch b e t te r  signa l 
h e re  a t  10.00 p .m .  Close w ith  “M arse illa ise” a t
10.00 p .m .

Portugal
Emissora Nacio nal,  Lisbon, 15.40 me. 19.47 m et:  R e p o rted  

by  “ Sw eden C alling” a s  on a i r  in  m orn ings. 
E m m iso ra  Nacio nal,  Lisbon, 15.365 me. 19.53 m et:  P ro 

g ram m e to  F a r  E a s t  from  1.30-2.02 a .m .
E m m is o ra  Nac iona l ,  Lisbon, 15.39 me. 19.49 m et:  H eard

3.00-3.45 a .m .

Hungary
Radio Budapest, 6.247 me. 48.07 m et:  N ew s in  E ng lish  

a t  7.00 a .m .  a n d  9.10 a .m .
Radio Budapest, 9.83 me. 30.52 m et:  N ew s in  E ng lish  

a t  7.00 a .m .  a n d  9.10 a .m .
Radio Budapest, 11.91 me. 25.18 m et:  N ew s in  E ng lish  

a t  7.00 a .m .  a n d  9.10 a .m .

Ita ly
Radio I ta l ian a ,  Rome, 21.57 me. 13.91 m et:  Eng lish ,  

9.(*0-9.30 p .m .
Radio I ta l ian a ,  Rome, 17.80 me. 16.85 m et:  E n g lish ,

9.00-9.30 p .m .
Radio I ta l ian a ,  Rome, 15.12 me. m et:  Special

Pacific  Serv ice w ith  N ew s a t  6.15 p .m .  R ep o rts  
a sk e d  for.

Poland
Radio  Polskie,  W a r s a w ,  6.115 me. 49.06 m et:  3.45-4.15.

a .m .  (E n g lish ) .
Radio  Polskie W a r s a w ,  6.22 me. 48.23 m et:  3.30-4.00

a.m . an d  5.00-5.25 a .m . (E n g lish ) .
Radio Polskie,  W a r s a w ,  7.205 me. 41.66 m et:  7.00-7.30 

a .m .  (E n g lish ) .
Radio Polskie, W a r s a w ,  9.57 me. 31.35 m et:  M id n ig h t-

12.30 a .m .  (E n g lish ) .

Spain
E A J -3 ,  V a lenc ia .  7.037 me. 42.64 m et:  E n g lish  P ro g ram m e 

W ed n esd ay  & S a tu rd a y s  a t  5.40 a .m .

SCANDINAVIA

Finland
O I X - 4 ,  Pori, 15.19 me. 19.75 m et:  H e a rd  a t  9.00 p .m . 

Norway
L K J ,  Tromso. 9.54 me. 31.45 m et:  9.00-10.00 p .m .  re lay s 

H om e Service.

THE EAST 

Indo-China
Radio France  Asie, Saigon, 9.524 me. 31.50 m et:  Gives^ 

specia l p ro g ram m e on th is  freq u e n cy  a ro u n d  b re a k 
f a s t  tim e. E n g lish  a t  8.30 an d  10.30 a .m .

Radio France  Asie, Saigon, 6.115 me. 49.06 m et:  R e p o rte d  
by  “ Sw eden C a llin g ” a s  open ing  a t  8.10 a .m .  w ith  
s ig n a l p iano  n o te s  an d  “M arse illa ise” .

Radio France  Asie, 11.83 me. 25.36 m et:  P ro g ra m m e  in  
E n g lish , 7.15 p . m . -8.15 p .m .

Radio France  Asie, 11.775 me. 25.47 m et:  P ro g ra m m e  in  
E n g lish  a t  11.00 p .m .

CEYLON COMMERCIAL SERVICE
Radio Ceylon, Colombo, 15.12 me. 19.83 m et:  H e a rd  from- 

1.10 a .m .—give's r e q u e s t reco rd s a t  2.00 a .m .
Radio Ceylon, Colombo, 11.98 me. 25.04 m et:  9.30 p . m . -

2.45 a .m .

Formosa
“ T h e  Voice of Free  C h in a ” , T a ip eh :  11.725 me. 29.59 m et:

N ew s in E n g lish  a t  9.30 p .m . follow ed by  F rench- 
(R ex  G ille tt).

India
V U D - 5 ,  D E L H I :  7.27 me. 41.24 m et:  E n g lish  fo r E u ro p e

5.00-6.00 a .m .
V U D - 5 ,  D E L H I :  9.575 me. 31.35 m et:  E n g lish  fo r  Europe-

5 .0 0 -6.00 a .m .

Korea
H L K A ,  Seoul:  7.933 me. 37.83 met: C an be iden tified  b y  

“ T h is  is H L K A ” w hich  is an n o u n ced  ev e ry  30 m in 
u te s . P ro g ra m m e  is in  K o rean .

Pakistan
Radio P ak is tan ,  K a ra c h i ,  5.98 me. 50.17 m et:  4.30-4.45' 

a .m .  (N ew s in  E n g lis h ) .
Radio Pak is tan ,  K ara c h i ,  7.263 me. 41.32 m et:  11.30 p .m . -  

12.15 a.m ., 2.00-3.00 a .m .
Radio Pak is tan ,  K ara c h i ,  9.645 me. 31.11 m et:  Noon-2.Off1 

p .m . ,  12.15-1.45 a .m . ,  2 .00-3.00 a .m .
Radio P ak is tan ,  K ara c h i ,  11.75 me. 25.55 m et:  10.30-11.1& 

p .m . ,  11.30 p . m . -1.45 a .m .
Radio Pak is tan ,  K ara c h i ,  11.885 me. 25.24 m et:  4.30-6 .30  

p .m . ,  10.00-11.15 p .m . ,  2 .00-4.30 a . i r . ,  5.00-5.45- 
a .m ,

Radio P a k is tan ,  K ara c h i ,  15.27 me. 19.661 m et:  4.10-6.30 
p .m .  -

Radio P a k is tan ,  K ara c h i ,  15.335 me. 19.55 m et:  11.45.
a .m .-2.00 p .m .

Radio P a k is tan ,  K ara c h i ,  17.77 me. 16.81 m et:  N ew s a t
10.00 p .m .

AFRICA^

Anglo-Egyptian Sudan
A n g lo -E g y p t ia n  Sudan, K h a r to u m , 9.746 me. 30.781 m e t r

D aily , in A rab ic  fro m  2.15-2.45 p .m . ;  da ily  (excep t 
S a tu rd a y s ) , 2 .30-4.00 a .m . ,  5.00-5.30 a .m . ;  S a tu r 
days, 2 .30-3.30 a .m . ,  5.00-5.30 a .m . ;  F rid a y s , 6 .00-
7.30 p .m .;  S a tu rd a y s , m idn ig h t-1 .0 0  a .m . ;  S a tu rd a y s , 
in  E n g lish , 3.30-4.00 a.m .

Turkey
T A S ,  A n k a r a ,  7.285 me. 41.19 m et:  H e a rd  in  E n g lish

7.00-7.45 a .m .
T A T ,  A n k a ra ,  9.515 me. 31.45 m et:  E n g lish  fro m  7.00- 

7 . 4 5 a . m.
T A P ,  A n k a r a ,  9.465 me. 31.7 m et:  E n g lish  fro m  7 .0 0 -

7.45 a .m .
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V ID EO  I.F. A M P L IF IE R  DESIGN

(Continued from  Page 24.)

M  this stage “figure of m erit” is divided by the 
required overall bandwidth of the amplifier, the 
result (181 or about 25 db.) is the mean stage gain 
available using 6KA5s. Therefore, three .stages, 
properly staggered should be capable of providing 
th e  specified 75 db. gain- Table II g ives the value 
of frequency and bandwidth to which each of the 
four coupling networks associated w ith the three 
stages m ust be adjusted to form a flat staggered- 
quadruple. In th is example, the factor d, which is 
equal to the bandwidth divided by the centre 
frequency, is 4 /24  =  .166. U sing this fi'gure in 
Table i f  indicates the four circuits should be 
stagger-tuned to: 24.76, 23.24, 25-84, and 22.16 
m egacycles w ith the bandwidths adjusted to, 3.77, 
3.56, 1-63, and 1.39 m egacycles, respectively- Know
ing the required banwidths and the value of total 
C per stage, the values of the needed loading  
resistors may easily be found from  the equation for 
the bandwidth of a single-tuned stage (Eq. 2). 
Solving for R in this equation yields values of 3845, 
4060, 8900, and 10,400 ohms, in the order of decreas
ing bandwidth. In practice, the n ext higher standard  
values of resistance may be used, since other tube 
and circuit resistances are in parallel w ith the 
load ing resistors and lower the total effective value  
somewhat- The inductances required to resonate 
w ith  11 uuf. distributed circuit capacitance at the 
above stagger-frequencies m ay be determined by 
th e  use of a reactance calculator, a “Q M eter” 
where available, or by empirical form ulas. Since 
additional capacitance is very detrimental to the 
gain-bandwidth product o f the stage, the coils should 
be self-resonant w ith the circuit capacity or tuned 
w ith high quality powered-iron slugs.

When resistors and inductors corresponding to 
"the values determined for R and L are inserted in 
typical single-tuned stages such as that shown in 
P ig . 2, and these stages are connected in cascade, 
the resulting stagger-tuned amplifier is non-critical 
-to adjust and will compare favourably w ith more 
com plex types in performance. The overall gain- 
bandwidth produce is better than a synchronously 
tuned amplifier of the same number of stages by 
a factor greater than two. A lignm ent is accom
plished by connecting a standard AM signal genera
tor to the input of the amplifier and an amplitude 
indicating device such as a voltm eter to the output.

The signal generator may then be set to the 
recommended stagger frequencies in succession and 
the individual stage corresponding to that frequency  
peaked for maximum output response- Due to the 
iso lating  action of the tubes, there is virtually  no 
in teraction between stages w hile tuning. This is in 
sharp contrast to the procedure with double-tuned 
or triple-tuned circuits. In this case, a swept- 
frequency signal source and an oscilloscope must 
usually be connected to the input and output 
(respectively) of each stage in succession and the 
coupled circuits tuned and retuned until the desired 
response is observed on the ’scope. I f  adjacent- 
channel and sound carrier frequency “traps” such 
as are found in m ost television video I.F. amplifiers 
are incorporated in the single-tuned system , some 
sligh t tuning interaction m ay be noted.

A U D IO  FR E Q U E N C Y  M E T E R

(Continued from Page 21.)
In practice, it  is found that the tim e constant of the 
load resistor and the condensor C must be approxi
m ately equal to one-fi'/th of the tim e of one half
cycle of the square-wave input. If this fact is taken  
into consideration at the sam e tim e as the equation 
which predicts the meter current, it is found that 
there is a maximum meter current, irrespective of 
frequency, up to which the indications are linear 
with respect to frequency. Now  as long- as this 
maximum current is w ell above the full-scale  
current of the meter used, then we shall have no 
trouble from this source of inaccuracy, and the over
all accuracy of the meter w ill depend solely on the 
accuracy o f the indicating m eter and the stability  
with which the square-wave voltage is generated. 
For those who m ay wish to use other m eters than  
a 0-1 ma. movem ent the form ula g iving the m axi
mum allowable meter current is:—

V
i < ------

9.2R
where i is in amps, V in volts, and R in ohms- 

(To be continued). >

i

CLASSIFIED ADVERTISEMENTS
RADIO AM ATEURS and EXPERIM ENTERS! 
Many interesting item s for your rig are now avail
able via my Mail Order Service. Enquiries and orders 
speedily attended and executed. Enclose your QSL 
Card when w riting. Quotes on all Radio and Elec
tronic Circuits gladly submitted. A. G. NALL, 1 
Ellalong Road, Cremorne, N.S.W .

POSITIONS VACANT. Required . . . young lads 
w ishing to learn Radio and Sound work. Congenial 
positions. Good salary. Apply Audio Engineers Pty. 
Ltd., 422-4 Kent St., Sydney. MA 9537.

R eaders! H a v e  you  a n y th in g  to S ell, B uy o r  Ex- 
c n a n g e ?  l h e n  use th is  co lu m n . C lassified ad v e rtise 
m en ts cost 1 /6  p e r  lin e , based  o n  a p p ro x im a te ly  7 w ords 
to  th e  line. (M in im u m , 3 lines.)

FORWARD YOUR SUBSCRIPTION 
TO-DAY !

Make sure you get every issue as soon as it is pub- 
lished. Place your order with your newsagent, or 

send direct to us.

Enclosed please fin d  re m itta n ce  fo r  18/ -  in p aym e n t :
fo r  an annua! subscrip tion  to  the  '.'A ustra lian  R ad io  ■
and E lec tron ics ," com m enc ing  w ith  th e ............................ ..... [
issue. ■
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STREET and N U M B E R .............................................■..........................•

C IT Y ..................................................................... .......... ........................ j
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TO MAKE AND PLAY YOUR 

OWN RECORDS, EITHER STANDARD 

OR MICROGROOVE, W ITH A BRS B-12-D RECORDER, AND PLAYBACK UNIT

M I C R O G R O O V E  
Cuts Costs of Discs by 75 per cent.

M icrogroove rec.ord'ngs, wh ich are  recorded and re p ro 
duced at  33-1 /3 rd  rpm .,  have fou r  t im es  the capaci ty  of 
o rd in a ry  s tandard groove discs. Th is  m akes  it possible 
to  record 8 t h r e e -m in u te  numbers or one complete short  
w o rk  on each M icrogroove recording, result ing in a 
75% saving on discs.
A p a r t  f rom  longer play ing t 'm e  and saving in space and 
cost, M x ro g ro o v e  being cut  a t  lower recording levels 
gives infin te ly  bet ter  reproduction. Th is  is p a r t c u la r ly  
noticeable  in increased high frequency  response w i th  less 
distortion.
T h e  e x t re m e ly  low noise level of B RS discs m ake  them  
ideally  suited for  Microgroove use, the  noise being still 
f a r  below t h a t  of s tandard  pressings. M IC R O G R O O V E  
is the  last w ord in sound recording technique.

YES, it's l i te ra l ly  as simple  as th a t .  You don’t  have to  
be a technical expert ,  w i th  years of recording  

experience behind you to mave your  own records. T h e  
B R S  R -1 2 -D un it  takes  care of all the  tech n ica l i t ies— alf 
Y O U  have to do is f lick a switch . . . m ake  a simple  
foolproof a d ju s tm e n t  and the  R -1 2 -D  does the rest— and  
does it so well you’ ll have a diff icult t im e  t ry in g  to pick  
a record of your  own m ak in g  from  a professional job. You  
can have more fun  w i th  a B RS R -1 2 -D  un it  than y o u ’ve  
ever im agined. Y o u r  fr iends  can share in the fun, too. 
Ask vour local Radio dealer *or a d e m onstra t ion— you’ ll 
bs absolu tely amazed a t  the  results.

The BRS R-12-D Unit
1. M akes  and plays its own records.
P.. P lays ord in ary  com merc ia l  records.
3. Is eas i ly  fit ted to any s tandard Rad:o, Rad iog ram  or  

ampli f ier.
4. Provides 2-speed recordings— 33 1 /3rd or 78 r .p .m.
5. So simple, even a chi ld could operate it.
6. No adjustable  parts  necessitating service.
7. M a in ta in s  its charac te r is t ic  h igh-q ua l  ty  for  years.
8. A va i lab le  fo r  e i th er  s tandard groove or microgroove.

Easy to  In sta l
T h e  in sta l lat ion of 
the R -1 2 -D  can be 
easi ly  and cheaply  
effected. All you 
need are  a fe w  low-  
cost component's  
and th is  simple c i r 
cu it  d iag ram .

PC/ TdXtM/MJL

5
SPA*TAHNG ̂  jI d s r x i

INTERSTATE REPRESENTATIVES:
W M . J .  M cLELLAN  & C O . PTY. 
LTD., 55 York Street, SYDNEY. 
BX2506
A . E . H A tR O LO , I23 Charlotte 
Street, B5 SBANE. B2729.
L . S. W ISE ft C O .. 14 Pirie Street, 
A D ELA ID E. 8 3.
C A RLYLE  ft C O . LTD., 915 Hay 
Street, PHtTH. M 7 I .
NEW ZEALANC
SWAN ELEC TR IC A L C O . LTD., 
Wellington ChristcW rch, Auck
land, Dur»ed“
G ILES  & ELLIO TT LTD., W el
lington.

SAPPHIRE STYLUS SHARPENING SERVICE
Byer  Industr ies  have now installed precision sapphire  
stylus sharpening equipm ent.  You will  save pounds by 
ta k in g  a dvan tage  of th is  quick exp ert  service.

BYER INDUSTRIES m
8 DORCAS STREET, SOUTH MELBOURNE. VICTORIA.



Into a series of nine kits, A.R.C. have packed all the 
components required for hundreds ’of interesting  
and instructive radio experim ents. They provide tha 
practical work so essential for the fu ll understanding 
of radio. The kits are ingeniously planned so each 
builds on the last, expanding the range and com
p lexity  of the experim ents.

Instruction books using hundreds of diagram s and 
illustrations as well as tex t explain fu lly  every step 
involved. The student is lead from the sim plest tests  
to more and more complicated ones, until he has

the knowledge and confidence to build all the com
ponents supplied into the fu lly  professional te s t unit 
illustrated above. This unit, which can be set into a 
permanent service bench or mounted in a case as a 
portable tester, w ill form  a vital part of any ser
vicem an’s equipment.

If you are keen to gain practical experience of 
radio, and pave the w ay for a profitable occupation, 
write for details of the A.R.C. N ine-K it course of 
instruction. The coupon below will bring you a free  
illustrated brochure.

Careers in Radio and Television
A m bitious m en should  read  our free  book 'C are ers  m 
Radio and  T elev ision .” I t tells how  those w ith  01 
w ithout p rev ious rad io  know ledge can ach ieve  success 
in rad io  and te lev ision  Send coupon below  for your 
tree  copv

AUSTRALIAN RADIO COLLEGE PTY. LTD
206 Broadway, Sydney.
(E.S. & A. Bank Building),
Cnr. Broadway & City Road. Opposite Grace Bros.

- - - - - -  - - - - - - - - - - - - - - - - - - J
To Australian Radio College Pty. Ltd.

D ear Sirs. I 
Please send m e  fu ll  deta ils (without g

obligation on m y  part)  of yo u r  |
9-kit practical course %

□ Complete radio training course as d e s c r ib e d  in  I
"Careers in Radio and Television." ■

(Mark,' X  against de ta ils yo u  req u ire ). e

N A M E ......   ■

A D D RESS    J

A PRACTICAL COURSE 
OF RADIO TRAINING,

A.R.C.'s nine-kit course gives a pro
gressive series o f Radio experiments 
and enables the student to build 
the professional test unit shown at 
right.


