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“AUSTRALIAN RADIO & ELECTRONICS”.

Last m onth you w ere inform ed that “Australasian Radio W orld” had been taken  
over by a new Company, so we have pleasure in taking this opportunity of introducing; 
ourselves to  old friends, and new.

F or your inform ation our Associate Company—Radio & E lectronics (N.Z.) Ltd.—  
has been producing “R. & E .”, a  N ew  Zealand monthly m agazine” since April, 1946, 
and, for some time, this journal has been imported to Australia, w herein it  has enjoyed  
a h ighly esteem ed reputation for the practical manner in presenting technical and 
scientific literature to its readers.

As the circulation of “R. & E .” has increased trem endously here, it w as fe lt 
that, if the journal w as produced in Australia, re-edited to suit Australian conditions 
(w hilst m aintaining the same high technical standard), w e would be in a more 
favourable position to solicit local advertising from  the Australian Radio and Electrical 
Industry, and thus be able to produce bigger and better issues, which would be 
m utually beneficial to a ll concerned—especially our readers.

Also, in taking over the rights of “Australasian Radio W orld”—an old-established  
journal—and incorporating it into the new  “AUSTRALIAN RADIO & ELECTRONICS” 
it  is now possible for us to publish a combined periodical, retaining the best features 
of both.

As an entree, shall w e say, to the new  combined “R. & E .”, our Company has 
just released on the m arket here, a  new  publication known as “THE R. & E. DIGEST  
OF CIRCUITS” Australian Edition—which, in progressive handbook form, covers 
everything from  the sim plest Crystal Sets to M ulti-valve Receivers, Audio Amplifiers 
and Test Equipment. A lthough it  is only “just out” on the bookstalls, we greatly  
appreciate the comm ending interest displayed to date.

N ex t month, a  new  year comm ences— so does your new journal—w herein many 
and varied topics w ill be covered, w ith special attention being paid to a PRACTICAL 
experim ental TELEVISION PROJECT for home construction, by the production of 
im ages on a Cathode-Ray Tube Screen, w ithout the use of costly camera tubes, such 
as Iconoscope, Em itron, Im age Dissector, etc.

Our close liaison w ith  N ew  Zealand, and other overseas tie-ups, assures 
Engineers, Servicem en, D ealers, “H am s” and Hobbyists, that our articles w ill bring 
to them  the la test developm ents for the advancem ent of Radio and Electronic 
knowledge.

In conclusion, w e w ish to extend our sincere thanks for your past patronage, 
and trust you w ill rem ain one of the new  Journal’s ardent follow ers . . . for we 
shall be “on the beam” . . . “Looking A fter Old Friends—And Looking Forward  
to  N ew ”.

The Editor and Staff of Australian “Radio & Electronics" can offer our readers 
and advertisers, no better w ish a t th is m om entous time, than that they share w ith  
us, the old happiness of Yuletide and the achievem ents of the approaching N ew  Year 
and the N ew  Era it  brings.

—LAY W . O U N C E
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R.C.S. releases 
New 14 60 filter choke
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R.C.S. 14/60 FILTER CHOKE
R.C.S. have now included in their large range of these components 
a new 14/60 F ilter Choke together with the replacement winding.

14/60 Filter Choke Type TC66. Retail 10/-

14/60 Filter Choke replacem ent w inding,
Type F170. Retail 6 / -

R. C. S. ALSO ANNOUNCES A COMPLETELY RE-DESIGNED RANGE 
OF TRANSFORMERS AND CHOKES

R.C.S. have redesigned the complete range of transform ers and chokes, the most noticeable 
features being the form er which is now moulded from high melting point polystyrene powder 
(so th a t solder tags will not melt out) and completing the component with an aluminium 
bracket. _______________ ___

F IL T E R  CHOKE
TC60 100 M /A  30 Henries 

250 Ohms D.C. Res. . . 
TC65 50 M /A  30 H enries 

400 Ohms D.C. Res. . . 
TC80 150 M /A  30 H enries . . 
TC81 200 M /A  30 H enries . .

13 
£1 5 
£1 10

SPEA K ER  TRANSFORM ER 
REPLA CEM EN T COIL

F132 Single L o w  Im pedance
T r io d e ........................................ 5 ■<

F133 Single High Im pedance
T r io d e ........................................ 5

F134 Push  Pull Low Im pedance
T r i o d e .....................................  5

F135 Push Pull High Im pedance
T r i o d e .....................................  5

F136 Single Low Im pedance
Pentode ...................................  5

F137 Single High Im pedance
P e n t o d e ................................... 5

F138 Push Pull Low Im pedance
Pentode .................................  5

F139 Push Pull High Im pedance
Pentode .................................  5

SPEA K ER  TRANSFORM ERS

TS2S Single Low Im p. Triode . . ..10 
TS24 Single High Im p. Triode ...10 
TS25 Push Pull Low Im p. Triode 10 
TS26 Push Pull High Im p. Triode.10 
TS27 Single Low Im p. Pentode ..10 
TS28 Single H igh Im p. Pentode ..10 
TS29 Push Pull Low Im p. P en

tode ...........................................10
TS30 Push  Pull H igh Im p. Pen

tode . .  - ...................10

VIBRATOR TRANSFORM ERS
TP81 135 volts 6 volts . . . .  £1 2 6

AUDIO CHOKES
TA4 100 H enries 1000 Ohms

D.C. Res. .25 M /A  . . . .  18 6

VIBRATOR CHOKES
TC58 Low Tension 3 Amps, 50

M /H  .5 Ohms D.C. Res. 
TC70 High Tension 50 Henries 

450 Ohms D.C. Res. 75
M / A .........................................

15 0

FILA M EN T TRANSFORM ERS

TP1 2.5 volts 3 Amps 7 W att . . 
TP2 4 volts 1 Amp 7 W att 
TP3 6.3 volts .3 Amp 7 W att . . 
TP55 6.3 volts 3 Amps 15 W atts  

AUDIO TRANSFORM ERS 
TB42 A Class Single Ratio

3 to 1 ..............................  £1
TB43 A Class Push  Pull

R atio  3  to 1 . . . . £1 
TB44 B Class Push  Pull

R atio  11 to  1 . .  . . £1 
AUTO TRANSFORM ERS 

TP80 6.3 volt 4 volt and  2.5 volt

12
12
12
16

2 6

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

R.C.S. RADIO PTY. LTD.
174 CANTERBURY ROAD, CANTERBURY. N.S.W.
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The R. 8C E. Amateur Television Project 
For Home Construction

ALTHOUGH the follow ing extracts of articles have been already published in  the September and 
October issues of “RADIO AND ELECTRONICS” (N ew  Zealand E dition), and circulated to 

m any Australian readers, w e ask these readers to bear w ith  us the reprinting of said articles.
The reason for this request is because of combining “AUSTRALASIAN RADIO WORLD” to 

that of the new  Australian “RADIO AND ELECTRONICS”. Therefore, a  great m any “Australasian  
Radio W orld” followers, in  all probability, w ill not have seen, le t alone have read, these im portant 
editorials, and we feel it  absolutely necessary that everyone should be, shall we say, “in on the ground 
floor”, otherwise, num erous enthusiasts m ay have difficulty in ,ca tch in g  up w ith the future features 
on this subject, w hich have been especially designed to allow  HOME CONSTRUCTORS the oppor
tunity of gaining PRACTICAL EXPERIENCE in Television, before the actual Television Trans
m itting Stations go “on the air” at some future date.

Hence, w e reprint in  this m onth’s composite issue “Television and the Am ateur”, also “Television  
for the Am ateur”.

TELEVISION AND THE AMATEUR
In one of the la test issues of Q.S.T. to come 

to hand, there is an article which describes itself 
as a Progress Report on Amateur Television. 
This is a  m ost interesting and inform ative docu
ment, and could w ell be included in that class of 
thing which, in the words of the classic “makes 
you think”.

M any am ateurs and enthusiasts seem  to think  
and w ith considerable justification, too, that w ith  
fu ll-scale television as far aw ay as ever, it is 
impossible for am ateur television to have any 
existence here, but w e do not subscribe to this 
view. The am ateur transm itter has a reputation  
for ingenuity in surm ounting technical and eco
nomic difficulties. He also m ay have ether space 
allotted at some future date for television trans
m ission so that it  seem s a pity that the am ount 
of activity which is going on is alm ost zero.

Television dem onstrations have been given by 
several renowned Companies to the public of 
Australia, w hich created wide interest and was 
highly publicised by the Press. This w as not 
actual television transmission per medium of the 
ether, since the video signals generated were 
sim ply sent over a w ire link before being repro
duced. N ow  th is required very costly equipment, 
and w e do not suggest that sort of gear is what 
am ateurs, w ithout any but their own financial 
resources, should necessarily attem pt, but there 
are a number of w ays in w hich they could even  
now  blaze a new  trail, and this entails the 
expenditure of no m ore than m any amateurs 
spend on an ordinary transmitter.

One o f the w ays in w hich am ateur experi
m entation could w ell start would be by building

a sim ple flying spot type of scanner. W ith this 
system  a camera tube is not needed. The trick  
is to produce the scanning alines, or raster, on 
the face of a cathode ray tube of the ordinary 
kind. This can be easily done by using a pair 
or ordinary time-bases, w hich for initial experi
m ents need not even be locked to any particular 
frequency, but even be free-running. This 
cathode ray tube w ith its scanned surface can 
then act as the ligh t source. If w e place a 
transparency in front o f it, and allow  the light 
from  the tube to fa ll on an ordinary vacuum  
photocell, the light intensity is modulated by 
the transparency, and the amplified output of the 
photocell is the actual video signal, which can 
be transm itted over the air or along lines. In 
order to demonstrate the com plete system  on 
the bench, all that is needed is a second cathode 
ray tube, and a video-frequency amplifier follow 
ing the photocell. The sam e pair of tim e-bases 
can be used for both tubes, thus elim inating  
synchronization com pletely, and then all that 
needs to be done to reproduce the picture on 
the face of the “receiving” tube is to apply the 
output of the video amplifier to the control grid.

This bench set-up could be used very effectively  
to demonstrate such things as the w ay in which  
the picture quality alters if the number of scan
ning lines, and the bandwidth of the video 
amplifier are changed, and w ith little  extra  
com plication could form the basis of a trans
m itter for still, and even moving pictures. For 
transmission, som e kind of synchronization would 
be necessary, because it would no longer be 
possible to directly connect the scanning of the
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receiving tube w ith that o f the transm itting one. 
However, for experim ental work over short dis 
tances, there is little  doubt that satisfactory  
synchronization could be effected by locking the 
tim e-base oscillators at both ends of the chain 
to the 50 cycles per sec. mains. This would  
elim inate the need for complicated circuits pro
ducing and transm itting synch, pulses and for 
separating these from  the video signal at the 
receiver in order to use them.

Of course, there are one or tw o difficulties that 
would have to be overcome. It m ay be difficult 
to get enough light output from  an ordinary 
green screen cathode ray tube to give a strong  
enough signal output from  the photocell, but 
there are various w ays in w hich th is m ight be 
tackled. For instance, w ith  a high-speed trace 
such as would be required, an ordinary cathode 
ray tube would probably stand up quite w ell 
w ith  a considerable excess of H.T. voltage, and 
under these conditions it  would certainly give a 
m uch greater light output. The tubes w ith  the 
light blue screen of high actinic value would 
no doubt be preferable, and it m ay be that some 
of these are available from  war disposal sources. 
Again, it m ay essential to  use a photocell of the 
electron-m ultiplier type in  order to get a high 
enough signal-to-noise ratio.

The point is however, that if someone got down 
to some genuine experim entation along these 
lines, the whole thing m ight prove to be easier 
than it appears. At any rate, there are plenty  
of us these days w ith  a liberal supply of cheap 
cathode ray tubes, and it  would a t least show  
that the day of am ateur initiative and resource 
is not over if someone w ere to try this and other 
schem es that m ight be thought up.

TELEVISION FOR THE AMATEUR
Readers m ay be surprised to note th at these 

tw o sub-titles are alm ost identical—but not quite. 
It heralds, not the fact th at experim ental te le
vision circuits suitable for am ateur use .could 
be devised, but that this Journal has decided that 
the tim e is ripe for some work to be done along 
these lines, and that comm encing in an early  
issue, some sim ple gear w ill be described, that 
w ill actually produce an im age on the face of 
a cathode ray tube. This equipm ent is, of course, 
designed more particularly for am ateur trans
m itters,, but there is no reason w hy anyone 
interested should not build it, since there is no 
legislation against the production of im ages on a 
tube as long as no radio transmission is indulged 
in!

Some little  tim e ago, the w riter was chatting

w ith an amateur transm itter of several years’ 
standing, who asked, in effect, w here “ham ” radio 
w as going from here. “W e have”, he said, “trans
m itted on 80 m etres, w ith  key and mike, and we 
have worked DX w ith a m ultitude of countries. 
W e have done the sam e thing on 40, 20 and 10, 
not to m ention 6, and we have nattered locally  
on one or another o f these bands for years. Now  
w e’re starting to natter on the very high fre
quencies, too, but once you’ve built the gear the 
procedure is just the same as it  was years ago. 
So w hat are w e going to do th at’s new ? It 
looks as if w e’ll have to w ait for television.”

A good m any am ateurs w ill probably disagree 
w ith the attitude shown by our friend, but there 
are probably a good many, too, who would w el
come som ething quite new in the w ay of som e
thing to experim ent with. Television as a public 
service is on the w ay in Australia, and overseas 
publications reflect the trem endous interest in it 
in Britain and America. W e do not know yet 
w hat w ill happen here, but as w e have said 
before, there is no reason w hy the am ateur should  
not start to take a practical interest, if some 
means can be found of circum venting the prob
lem s of expense and equipment.

A fter giving the m atter some considerable 
thought, w e have come to the conclusion' that 
ow ing to our own peculiar circumstances, these  
major difficulties are by no m eans insurm ount
able, and that to m ake a start now would not be 
outside the bounds of possibility.

It has been decided, therefore, to institute the 
“R. and E. Am ateur Television P roject” forth
with, and indeed som e of the required laboratory 
work has already been undertaken. Now, there  
are a number of w ays in  which a project like  
th is could be tackled. One would be to draw up 
the plan of action, do the necessary develop
m ental work, and w hen this w as satisfactorily  
completed, burst into print w ith the w hole story 
as a fa it accompli. This would be all very well, 
but w hile the experim ental work w as going on, 
no one but ourselves would have the interesting  
part of the job— nam ely, m aking the gear. W ith  
techniques that are bound to be very new  and 
strange to m any readers, it  would be better, w e  
consider, to tackle the m atter in  a different w ay  
altogether.
' In the first place, the plan of action m ust still 
be drawn- up, and developm ent work m ust still 
be carried out. B ut the work w ill divide itself 
into a number of more or less w atertight com 
partm ents, each w ith its own set o f problems 
whicji can be m et, solved, and then stored up 
w hile another com partm ent is being dealt with. 
Jobs like these are not easy, though, and a num -
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ber of difficulties can be foreseen, but from the 
point of view  of those who w ill w ant to dupli
cate the work for them selves, and in the process 
learn som ething of the practical side of television  
technique, it would be much better, w e think, 
if  w e break up the w hole project into its com
ponent parts, and describe each one, and its 
particular problems as they crop up, and as they 
are solved.

By doing things in this way, the reader would 
virtually be brought into the laboratories w ith us. 
H e would know w hat the difficulties are before 
they have been met, and would be able to follow  
the progress o f the w ork just as if  he w ere here 
engaged on the project w ith us. B y the time 
he has followed us through our developm ent of 
the equipment, he would know as much as we 
have found out ourselves, and this is always 
considerably more than can be put into an 
ordinary article after the work has been com
pleted.

W hat then, are w e to tackle? F irst of all, the 
production of im ages of still transparencies. This 
w ill be attem pted by the flying spot scanning 
method, and in principle, the gear w ill be identical

to that used by television stations to generate 
video signals from m oving picture film. This w ill 
constitute the first part of the project, and a very  
im portant one it  is. The great advantage of it 
is that it enables a video signal to be produced 
w ithout the possession of a special camera tube 
—iconoscope, emitron, im age dissector, or w hat 
have you. And it  w ill be possible to get results 
of som e sort using ordinary cathode ray tubes—  
as for example, the 5BPIs so many of which have 
been bought for a song from war assets stock. 
One of the things that cannot yet be foreseen is 
the actual picture quality it  w ill be possible to 
get in this way. If things were available here 
that unfortunately are not, the ideal would be 
to use w hite-screen m agnetically deflected picture 
tubes such as are used in  television receivers, 
and there is no doubt at all that picture quality  
comparable w ith  standard televsion reception  
could be obtained in this way. B ut the idea is 
to see just w hat w e can do w ith our own lim ited  
resources. B ut that is looking ahead a little. 
N ot too far, however, for we hope to publish the 
first of our series of articles on the “R. and E. 
Amateur TV Project” in the January issue of this 
journal.

Notes by the Way
These pages have always 

encouraged the new shortwave 
listener and have invariably 
requested th a t they do not 
hesitate sending their loggings 
even if it is only the more 
easily identified stations.

This month I have a letter 
fronj W. R. Anderson, of Pad
dington, New South Wales, 
who has only recently taken 
up shortwave listening and so 
fa r has not received any veri
fication.

However, he is hopeful th a t 
he will receive them from :— 

ZL3, KWID, VLH4, VLW3, 
LKV, ZL4, HER5, YDC, 
VLC5, VL.B4 and KRCA. 
Well, th a t is a very good 

s ta rt, and doubtless Mr. 
Anderson will be rewarded for 
his patience.

In ter Alia, Mr. Anderson 
says: “The only Magazine I 
buy now is A.R.W., as I think

th a t this magazine caters more 
for the S.W.L. than  any other 
publication.” Thank you Mr. 
Anderson, and while you state 
th a t the stations th a t you have 
so fa r logged are only classed 
as “locals” by veterans, you 
will find th a t they will be a 
good guide for you, where to 
look for other stations.

I  hope you will become a 
regular subscriber and wish 
you every success.

“I  have decided to accept 
your invitation to write a 
le tter with my 30/- for sub
scription for w hat I consider 
the best radio magazine on the 
m arket a t the moment. I read 
your magazine as it is all radio 
and does not embrace subjects 
th a t have no interest to me, 
and further, I enjoy the 
general tone of the magazine

because of its friendly manner, 
and yet it im parts the infor
mation needed by enthusiasts 
such as 1.1 had not the faintest 
idea of how a radio worked on 
my discharge from the Arm y 
in 1944, and a t th a t time, like 
many others, I  was like a fish 
out of water. I was hard to 
live with, I am afraid. So I 
decided to give radio a go and 
since then it has proved a 
m ost absorbing subject, but 
sometimes I fear th a t I am not 
much easier to live with, es
pecially when some of the in
term itten t faults occur. I am 
a farm er, actually and don’t  
have much spare time to work 
on radio but I  certainly enjoy 
w hat time I have. I  don’t 
know of another occupation or 
hobby th a t binds people to
gether like radio.” — Keith 
Dunse, “Kergunyak,” Ricketts 
Marsh, Victoria.

\
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Magnetic TapeThe
•"THE technique of m agnetic
*  recording on tape and wire, 

and more recently, on paper 
disc, has made spectacular pro
gress over the past decade. Be
fore World W ar II, magnetic 
recording was little more than 
a laboratory experiment, and 
apart from the B.B.C.’s expen
sive and elaborate Marconi- 
Stille equipment it had few 
practical applications.

®®®®(*x*)®®<sx*x£x*xsxs)®{s)®©©(sxsxs)@
By

P. D. THOMAS 
Abernethy Hoad 

W attle Grove, W.A.

Several developments in 
technique a n d  m aterials, 
mostly during the war years, 
changed the whole picture, and 
now it is possible for an am a
teur to make a recorder which 
will give a performance as good 
as, if not better than, th a t of 
the pre-war professional steel- 
tape recorder. Commercial 
models of tape, wire and paper 
disc recorders, some of them 
made in A ustralia, are now on

the m arket and many am ateurs 
are beginning to dabble in this 
branch of audio engineering. 

This article is intended to 
give these and others who are 
interested in magnetic record
ing an approach to the theory 
of their subject in term s of 
elementary radio and electrical 
theory; with particular em
phasis on the effect of using 
supersonic bias, the operation 
of which is a t present much 
misunderstood.

Basic Elements 
The basis of all present-day 

magnetic recording systems is 
a length or disc of steel or 
similar m aterial, capable of 
being magnetized, which is 
moved at a constant or pre
determined velocity past the 
closely-spaced pole pieces of an 
electromagnet having a core 
of soft iron or other high- 
permeability <• substance. The 
narrow gap between the pole 
pieces is a t righ t angles to the 
direction of movement of the 
recording medium.

If a current is passed 
through the electromagnet the 
steel retains a residual flux 
afte r it has passed the gap.

The polarity and flux density 
of any given point along the 
track depend upon the polarity 
and flux density across the gap 
between the m agnet pole pieces 
at the moment when th a t point 
was passing the g ap ; and pola
rity  and flux density in the gap 
depend in tu rn  upon the direc
tion and strength  of the cur
rent in the winding. There
fore if an alternating current 
is passed through the winding, 
a series of alternate poles ap
pears along the steel track, as 
shown in Fig. 1.

•Any electromagnetic process 
can be reversed, and if the 
magnetized steel is moved past 
the pole pieces again, the series 
of poles will induce in the 
winding a current which will 
be roughly a replica of the 
original alternating current 
passed through this winding. 
As there are losses in the pro
cess, its amplitude will be 
much lower than th a t of the 
original; and as will be ex
plained later, there will be 
some distortion of the wave
form.

I t  will be fairly  obvious th a t 
the frequency of the induced 
current will depend upon the 
velocity of the magnetized 
steel, ju st as the frequency of 
an alternating current recorded 
on disc m ay be changed on re
production by varying the 
turntable speed. However, it 
will be assumed th a t the velo
city is the same in all cases.
Recording on Tape or Wire
The steel recording medium 

is usually made in the form of 
a tape or wire, which can be 
handled easily and drawn past

(Continued on next page)
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RECORDING
(Continued)

the pole-pieces a t the required 
speed. I t may be either a 
solid steel or alloy, or a colloid 
of such a m aterial coating or 
incorporated in a paper or 
plastic tape. The principles 
are the same in each case; only 
the practical details differ.

The electromagnet, known as 
the recording head, consists 
basically of a toroidal winding 
on a square or circular soft 
iron or alloy core broken only 
by a thin non-magnetic gap. 
The tape or wire moves past 
the outer end of this gap, a t a 
tangent to the annular m ag
netic path around the core. 
This is illustrated in Fig. 1.

The same head may be used 
for both recording and repro
ducing, since, as previously de

scribed, the one process is 
simply a reversal of the other.

W ith any given recorded 
signal, the induced voltage 
across the reproducing, or 
playback head will be propor
tional to the following factors:

(1) The number of turns on 
the winding;

(2) The flux density in the 
tape or wire;

(3) The frequency of the 
A.C. recorded;

(4) The width of the gap in 
the core.

(1) is limited by the core 
size and wire thickness, (2) 
by the recording flux density 
which in tu rn  is limited by 
the saturation  point, (3) is de
termined by the recorded sig
nal, and (4) is a compromise 
with the required maximum 
frequency and the tape, etc, 
velocity, as will be explained 
later.

Frequency, Response
The lower frequency limit is 

reached when the change in 
flux density is so slow th a t 
the voltage induced in the play
back head is too small to be of 
practical use. The ra te  of 
change, and hence the induced 
voltage, is proportional to fre
quency.

The upper frequency limit is 
chiefly determined b y the 
width of the gap in the record- 
playback head core, but it is 
also affected by the tape or 
wire velocity.

-At the frequency where one 
wavelength equals the gap 
width, the response is zero, 
since the flux in one direction 
due to one half-cycle cancels 
out th a t in the opposite direc
tion due to the next half-cycle. 
This represents the cut-off fre
quency and in practice the 
maximum useful frequency 
would be about half this to give 
a recognizable waveform. Note 
th a t the wave-length referred 
to is derived from the tape or 
wire velocity and not the velo

city of sound waves, etc., in 
air. I t is found from the 
form ula:

W avelength (inches) =  
Velocity (inches per second) 

Frequency (c/sec.)
Thus the wavelength of a

1,000 c /s  signal with a tape 
velocity of lOin. per second is 

10
(— ;----- ) inches
1,000

or .Olin. A gap of ,005in. o r 
smaller would be required to 
handle this frequency. If  the 
tape velocity were decreased to 
5in. per second, the wavelength 
would become 

5
(------ —) inches

1,000
or ,005in.; and a t this speed a  
signal of 5,000 c /s  would have 
a wavelength of 

5
(--------- ) inches

5,000
or .OOlin., and would require 
a gap no wider than  ,0005in.

Between the upper and lower 
limits, the overall frequency 
response is not linear. While 
the voltage induced in the play
back head tends to increase 
with frequency, the flux pro
duced by the recording head 
decreases towards the cut-off 
frequency due to the effect of 
the gap width; and to keep the 
overall response linear, it is 
necessary in practice to boost 
the higher audio frequencies 
in recording. This, however, is 
a simple process and is easily 
arranged for in the design of 
the amplifier feeding the record 
head.

Waveform Distortion
It is possible to plot a curve 

of residual flux density in the 
recording medium against 
magnetizing force, derived 
from the B /H  curve of the 
steel or alloy used. An ex
ample of the la tte r curve is 
shown in Fig. 2. If the m ag
netizing force H corresponds
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RECORDING
to  point P  at a given moment, 
the portion of tape or wire be
tween the gap a t th a t moment 
will have a flux density corre
sponding to point Q. When it 
moves on, out of the gap, the 
residual flux will correspond 
to  point R. A series of values 
of residual flux density may be 
collected corresponding to- 
several values of H varying 
from  zero to saturation level. 
If these are plotted on a verti
cal axis against their respec
tive values of H on a horizon
ta l axis, a residual flux curve 
sim ilar to th a t in Fig. 3 is ob
tained.

Now consider the effect of 
applying a sine wave to the re
cording head. Assuming tha t 
no distortion occurs in the head 
itself, the magnetizing force,
H, will follow a sine curve. If 
this is applied to the residual 
flux curve, starting  a t zero, it 
will be obvious th a t the cor
responding values of Br., and 
hence the voltage induced into 
the playback head, will not 
follow a sine law since the 
curve is non-linear. Fig. 3 
shows this graphically.

Use of D.C. Bias
If the applied current is re

duced somewhat in amplitude, 
and given a value of D.C. bias 
corresponding to point C on 
the H  axis in Fig. 4, it is seen 
th a t the A.C. waveform, con
fined to the short linear, or 
nearly linear, section of the 
curve, is more or less undis
torted. An analogy here is the 
operation of a valve amplifier 
in  class “A”. H corresponds 
to  Eg, Br to la, and zero on 
the H axis, approximately, to 
the cut-off point.

Thus D.C'. bias may be used 
to  overcome the non-linearity 
of the residual flux curve with 
some success, but it has disad
vantages. The useful ampli
tude range is limited by the

noise level a t the lower ex
treme, and by distortion as the 
curved portions are approached 
a t the upper extreme. Also 
the curve is not perfectly 
linear over . the portion used 
and a t higher audio levels a 
small percentage of distortion 
is inevitable, exactly as in a 
single valve operated in class 
“A”. This situation presum
ably led researchers to pursue 
the valve analogy, and the logi
cal conclusion was th a t the 
problem of non-linearity could 
be solved in much the same 
way as in valve amplifiers, 
where two valves are operated 
in class “B” push-pull so tha t 
the distortion due to non- 
linearity is cancelled out. In 
theory this would be done by 
operating the positive half
cycles from point E, Fig. 4, 
and the negative half-cycles 
from point D. This requires 
th a t the top and bottom halves 
of the curve be moved so th a t 
points D and E coincide. Now, 
with the operating point DE, 
instead of C, the system 
operates like a class “B” am 
plifier, and the available ampli
tude may be increased con
siderably before saturation 
point is reached.

Unfortunately the top and 
bottom halves of the curve 
cannot be moved relative to 
each other, in the way th a t 
the bias of two separate valves 
is chosen. Therefore the only 
practicable way to achieve 
this effect directly would be to 
record the same signal twice, 
biased to the same value in 
each case but in opposite 
phase, simultaneously on each 
half of a tape. When played 
back, the two fluxes would be 
combined and the resultant 
waveform would be an accu
ra te  replica of the original.

Supersonic Bias
At this would present several 

knotty practical problems to 
be solved, a system of electri
cal separation of the operating

points was sought. , I t is not 
possible to operate sim ultane
ously on points D and E, Fig. 
4, as the two voltages would 
cancel out and leave a to tal 
bias of zero. However, it  is 
possible to operate on these 
two points alternately, chang
ing from one to the other 
several times during one audio



December, 19C0 AUSTRALIAN RADIO AND ELECTRONICS P age

EXCEL KITSETS
RADIO JKSS COMPASS 

RECEIVERS
Huge Purchase, 500 Brand New m Original Cases.

THE LAST OF THESE RECEIVERS THAT COST £286/-/-
TJie saving in cost on this purchase passed on to  YO U . This is the finest broadcast receiver 
ever offered. 12 valve. Operates from 24V. Con verts easily to 240V-AC also 6V, 12V or 32V.

COMPLETE WITH 
12 VALVES

CONVERSION CIRCUIT
m jt 7 %

LESS MOTORS
£11/5/- 

LESS VALVES £8/10/-
Completely converted, including 
Speaker, Dial and Control Panel, 
fitted , tested and Dial calibrated 
ready for use.
6V. D .C . Operation . .  £22/17/6 
i2V . D .C . Operation . £22/17/6 
24V. D .C . Operation . £18/17/6 
32V. D .C . Operation . £19/17/6 

n MOV. A .C . Operation £20/17/6 
240V. A .C . Operation £20/17/6

THE
CONVERTED

RECEIVER
with 55 to I ra tio  
d ia l. 8" speaker in 
Bakelite cab in e t.

★

C hassis fitte d  for 
S / W  C o n ve rte r 

★

T H E
M O S T  S E N S IT IV E  
S ET  A V A IL A B L E  

IR R E S P E C T IV E  O F  
P R IC E

VA LV ES
1 6L7 5

C O N T R O LS :
Volume, 

Sensitivity B .F .O . 
Tone & Tuning 
W ave Change 

Switch

D IRECT 
RECEPTIO N  

of Europe, USA, 
and Asia on the 
Broadcast Band.

2 6N7 1 6F6 1 6B8 
IF FREQ U EN CY 1 1 2 K C .

C o ve ra g e  3 Band. I5 0 K C  to  I5 0 0 K C . An outstand ing rece ive r w ith a sen s itiv ity  
o f I m icro , o it. Id ea l fo r  home use, cars , boats, or com m unications and am ateur 
use as 9  5er on 455 or I6 0 0 K C  A few  sets less valves and m otors £ 6 /1 5 /- .

SEASONAL SUGGESTIONS

5 Valve “Super Port”
Complete with Valves, 6-inch Speaker and Batteries

£18/19/6
4 VALVE PORTABLE COMPLETE

£16/19/6
Also A vailab le as Kitsets

5 V A LV E.....................................  £15 /12 /6
4 V A LV E .....................................  £ 1 3 /5 /-

“TABLEGRAM” A Portable A.C. Powered 5 V alve Radiogram
, — , , 7-inch Speaker. Collaro Unit.

£23̂ 7m6P ' £26/17/6

LTT604 E X C E L A I R  R A D I O
1 3 6  V IC T O R IA  R O A D ,  MAR R i C K V I L L E
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MANUFACTURERS OF A C C I C * FOR Q U A LITY
COMMERCIAL RADIO V # L A d d l W  W ITH
RECEIVERS FOR 12 R A D I O  ECONOM Y

YEARS l \ « M I W

Complete 8 Valve Radiogram - Unit
■ 8 VALVE WORLD-RANGE RADIOGRAM UNIT ■ MATCHED DUAL SPEAKERS 12" AND 8" ■ COLLARO  

ELECTRIC MOTOR WITH AUTOMATIC STOP ■ HIGH-FIDELITY COLLARO CRYSTAL PICK-UP
■ "GOlDRIMr-- «a o 5>m|re: JEWEL POINT NEEDLE.

FREIGHT EXTRA

COMPARE THESE FEATURES
Eight va lve world range chassis w ith push-pull output. Uses new  Phillips ECH33 converter valve for 
better long distance reception. High gain audio w ith  inverse feed back and tone control g ives you the 
best reproduction from your favorite recordings. Radio-gram o sw itch combined w ith shortwave switch.
A.C. sw itch  incorporated w ith  tone control. Large calibrated ed ge-lit dial w ith  main stations in each 
State in prom inent type, w ith  counterw eight drive. Provision for F.M. or television  tuner. Perm atuned  
iron cored coils and interm ediates.

LARGE RANGE OF COMBINATION CABINETS AVAILABLE FROM £13/10/-

POSTED 2 /-  EXTRA

CONTROL UNIT
W ith th ree-p o s itio n  sw itch , fo r o p e r
ating  Set an d  E xtension , or both. I t ’s 
th e  idea l u n it  fo r E x tension  Speak 
ers . . .  no tech n ica l know ledge 
needed  . . .  no w iring  req u ired  . . . 
o p era tio n  is sim plicity  itself. R e
m ove o u tp u t tu b e  from  rece iv er 
and  in se rt  ad ap to r (A ), rep lac ing  
o u tp u t valve in  th e  top  of th e  a d a p 
to r. C onnect th e  leads fro m  th e  E x- 
tenvion S p eak er to  th e  term in a ls .

245 Parrairatta Road, 
Haber f ield. U A 2145CLASSIC RADIO

"PIILO-FONE"
E X T E N S I O N - U N I T

IT'S A REAL MINIATURE 
WITH ROLA UNIT

31” DIAMETER x  13” DEEP 
In sta ll It anyw here , in  th e  sickroom , 
w orkshop, garage  or any  room  in  the  
house. J u s t  connect across voice coil 
of ex isting  speaker.
The “PILLO -FO N E” is th e  m ost con 

v en ien t little  u n it  y e t devised.
^  POST

«  FREE

Extension Speaker

EXTENSION SPEAKER WITH  
INDEPENDENT VOLUME CON
TROL AND ON-OFF SWITCH
Console size speaker (8” M agnavox) m 
a ttra c tiv e  w aln u t cab inet, in s ta lla tio n  is 
sim ple, m ere ly  connect across voice coil 
o f  ex isting  speaker.

E  mW /  JL Posted  J  g  Q  4 /-  ex tra .
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Tracking Error in Gramophone 
Pick-ups

In this article the term  “tracking error” is explained, and some indication is given of its 
importance and how it m ay be kept to a minimum.

W ithin the last year or tw o a great deal of 
work has been done on the subject of gramophone 
pick-ups and how im provement can be made in 
their characteristics. Principles new  to pick-up 
construction have been tried in the laboratory 
w ith  notable success, and some of the results of 
such work have even arrived at the stage of 
being put on the retail market.

Som e of these new pick-up types such as the 
m oving-coil and electrostatic varieties are quite 
suitable for hom e m anufacture, and quite a 
number of articles describing their detailed con
struction have appeared in overseas periodicals. 
This has stim ulated quite an am ount of experi
m enting by am ateurs and others interested in 
record reproduction. Practically all such articles, 
however, deal only w ith  the construction of the 
pick-up heads them eselves, leaving to the indi
vidual im portant m atters such as the design' of 
the pick-up arm.

towards the centre of the record. By this means, 
the lateral vibration of the recording stylus is 
alw ays at right-angles to the direction of the 
groove. Thus, when a record is being reproduced, 
the playback needle should ideally be moved 
towards the centre in the sam e w ay as the 
recording stylus—i.e., radially—in order to ensure 
that the m ovem ent of the playing needle exactly  
follow s that of the cutting stylus.

This ideal state of affairs could be achieved  
only by m eans of an expensive mechanical 
arrangem ent similar to that used to move the 
cutting head in the recording lathe, and is there
fore impossible to realize economically. Instead, 
the pick-up is m ounted on an arm of fixed 
length, w hich pivots about a point outside the  
area covered by the turn-table, w ith the result 
that the reproducing needle, instead of m oving 
along a radial track, follow s the arc of a circle 
whose radius is the distance between the pivot

IMPORT AN CE OF ARM DESIGN

In some respects, the design of a suitable arm  
is of just as great importance as that of the head, 
for however good m ay be the la tter’s character
istics, the results obtained from it ’can be rendered 
very poor by the use of a badly designed arm. 
I t  is not intended here to go into all the ramifi
cations of arm design, but this article deals w ith  
one of the most im portant factors, namely, 
tracking error. This is very im portant to the 
proper perform ance of the pick-up, and luckily, 
can be treated quite separately from other equally  
im portant factors such as the absence of reson
ance and methods of counter-balancing.

WHAT IS TRACKING ERROR?

It is w ell known that w hen disc recordings are 
made, the cutting head, which m akes the groove 
and sim ultaneously m odulates it  w ith  speech or 
music, moves radially from  the outside exactly

point, and the needle point. This is illustrated in 
Figs. 1, 2 and 3, in which O is the centre of the 
record, and A is the point on which the pick-up 
arm is pivoted. The full circle represents the  
outside perim eter of the record, w hile the dotted 
arc is the path travelled by the pick-up needle. 
In all three diagrams, B is the point at w hich th e  
needle touches the outside groove of the record. 
Even a casual inspection of these diagrams is  
enough to show that w ith a m echanical arrange
ment of this kind it is not possible for the ideal 
condition for the m ovem ent of the pick-up needle 
to be realised over the whole travel from outside 
to inside on the record.

Thus the m eaning of the term  “tracking error’' 
can be seen from a consideration of Fig. 1. Here 
BX has been drawn at right-angles to AB, the  
pick-up arm. N ow  since the head is fixed to the  
end of the arm in such a w ay that the side-to- 
side m ovem ent of the needle is alw ays at right- 
angles to  the line . of the arm, BX represents
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the direction of m ovem ent of the needle point, 
caused by the lateral w aves in the record groove 
which represent the recorded sound. Also, since 
AB is a radius of the dotted circle, XB must be a 
tangent to this circle. But OB is a radius of the 
record, and for the needle alw ays to execute  
radial vibrations w ith respect to the record OB 
is the path on w hich ideally the pick-up head 
should move.

Thus w e have OB as the line in which the 
needle should vibrate when it is at B on the 
record, and XB as the line in w hich it actually  
does vibrate. The angle OBX is therefore called 
the angular tracking error, or simply the track
ing error for short. It is clear that for the best 
results, this error should alw ays be as sm all as 
possible.

As the pick-up follow s the record groove and 
moves closer to the centre of the record, the size 
of the tracking error changes. If a new point 
B is imagined, som ewhere along the dotted arc 
OB (i.e., nearer to the centre of the disc), it can 
be seen from Fig. 1 that the angle OBX w ill be 
sm aller than it is at the outside of the record, 
because the closer w e go to the centre of the 
disc, the more nearly do OB and BX coincide. 
U ltim ately at the centre of the record these two 
lines do coincide, and the tracking error is zero. 
.However, this fact is of only academic interest, 
because the recording is seldom taken closer 
than two inches from the centre of the disc. Thus, 
for the state of affairs illustrated by Fig. 1, there 
is always some tracking error, and this is greatest 
at the outside of the record. It w ill have been 
noted by now that Fig. 1 is drawn for the special 
case where the arc of swing of the needle passes 
through the centre of the record.

REDUCING TRACKING ERROR

Having seen w hat tracking error is, the ques
tion arises, "How can it be reduced to a m ini
m um ?” The m ost obvious w ays are either to 
use a very long pick-up arm, or else to devise a 
m echanism  which rotates the pick-up head on the 
end of the arm as the latter swings toward the 
centre of the record. The latter schem e has 
actually  been used a number of years ago by 
an English manufacturer, who turned out an 
arm whose head swivelled by m eans of a syst'em 
of levers, and so kept the line of vibration of 
the needle radial w ith respect to the record. 
However, such systems are costly and difficult to 
m anufacture satisfactorily, and are alm ost im 
possible to make both effective and pleasing in 
appearance.

Again, increasing the length of the arm to any 
usefu l extent is ruled out by reason of the large 
space required for mounting.

It is possible, however, to reduce the tracking  
«rror on 12-inch discs to a maximum of about 3° 
(w hich can be regarded as negligible) by the 
now well-known expedient of off-setting the 
pick-up head on the arm. By off-setting is m eant 
the practice of m ounting the head at a fixed angle 
w ith respect to the line of the arm, so that the 
lateral vibration of the needle is no longer at 
right-angles to the line of the arm. For a 12-inch 
record and a maximum tracking error of 3”, the 
arm can be as short as 8 inches w ith a properly 
designed arm. How this can be brought about 
"will be seen later.

LENGTHENING THE ARM
Using the simple system of Fig. 1 in which the 

arc of the needle passes through the centre of the 
record, any desired im provement can be obtained 
by simply using a longer arm, as described above. 
The performance of such a system  can be esti- 
tnated from Fig. 4, which gives two curves of 
tracking error against length of arm. The upper 
curve gives the error when the needle is at the 
outside edge of a 12-inch record, and the lower 
one gives the error at a radius of H  inches, 
which can be taken as a representative figure 
for the end of the record. Two things are 
abundantly clear from these curves: First, that 
the error at the ctutside of a 12-inch record is 
very great w ith  short arms, and requires a very  
long one to reduce it to a reasonable figure; 
and secondly, that a reasonably short arm reduces 
the difference between the errors at the outside 
and inside of the record at about the same rate  
as the maxim um  error is reduced. This question  
of the difference between maxim um  and minimum  
errors w ith a given arm arrangem ent is an 
im portant one w ith respect to finding the best 
angle at which to offset the head, in cases where 
this can be done and in findin’g the remaining  
maximum error when the offset is taken into  
account. From Fig. 4 it  can be seen that the  
arm would have to be impossibly long in order 
that the tracking error m ay be reduced to 3“ 
at the outside of the disc.

OTHER METHODS
The discussion so far has centred on the case 

illustrated in Fig. 1, but the question arises, “Is 
there any advantage to be gained by mounting  
the pick-up in such a w ay that the needle swings 
not through the centre of the record, but on one 
side of it?”

LENGTH OF ARM IN INCHES
Fig. 4

This question brings up two more cases w hich  
are illustrated in Figs. 2 and 3. In the former, 
the arc of the needle passes between the centre of 
the record and the pivot point of the pick-up. 
In the latter, the needle arc passes outside the 
centre of the record.

This particular case is of interest because it 
enables the tracking error to be made zero at 
one particular point on the record. In this w ay

(continued on page ! 6)
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ALWAYS R E L Y  ON R.D.S,

R

D
S

For all parts required in these circuits, R .D .S . offers the best quality 
at the lowest price.
W e can supply Collaro  gramophone motors, Roblan midget condensers, 
Je t  A ge jugs and kettles, coils, I.F's, transformers, resistors, tubular 
condensers, valves, gang condensers, cabinets, solder irons, electrical 
accessories, batteries.
Com plete Radio Sets and Chassis. Agents for the famous H O TPO IN T  
line of Radio Sets. R .C .S . Coils and components.
Distributors of Test Equipment— Valve and C ircu it Testers, Multimeters, etc. 
R .D .S . offers quick Mail O rder Service for the country man.

C A L L , W R ITE , O R  PH O N E

RADIO DESPATCH SERVICE
Radio and Electrical Distributors

G R O U N D  FLO O R , W EM B LEY  H O U SE , 841 G E O R G E  ST., SYD N EY 
Phone: M A  1876 ------ Open Saturday Mornings

c t R 01*'0

1

lA
From  the production 

lines of the A. & R. P lant 
stream  Transform ers and 

Reactors of unequalled quality. 
Over Three Hundred Types, rang

ing in  size from Midget Microphone 
Transform ers to 5 K.V.A. Power Trans

formers, are produced.
Only the finest insulating, im pregnating 

m aterials and filling compounds are used in 
A. R. products. All completed units, too, m ust 

pas= a rigid test bench examination before issue to the 
consumer.

W rite to-day fo r 'la te s t illustrated Catalogue.
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Tracking Errors in Gramophone Pick-ups
(continued from page 14)

there is some error at both the inside and outside 
of the disc, less in quantity than if the simple 
system  of Fig. 1 is emnloyed.

EXAMPLE OF USE OF FIG. 2.
Taking the case of an 8-inch arm, which is 

representative of the lengths used for pick-ups 
designed to play up to 12-inch records, and assum
ing that the point o f zero tracking error is at 
4 in. radius on the record (approxim ately after 
half the record has been played), the following  
figures are obtained:—
Distance betw een pivot-point of arm and

centre of record (OA on Fig. 2) . .  8.9 in.
Tracking error at outside of d i s c ............... 9.1°
Tracking error at inside of d i s c ...............  7.4°

Comparing these figures w ith  those for the 
arrangem ent of Fig. 1, as shown in the graph 
Fig. 4, it can be seen that this method effects a 
considerable improvement.

CASE ILLUSTRATED IN  FIG. 3
In Fig. 3 w e have the third case • which com

pletes the general treatm ent. Here the pick-up 
needle swings in an arc outside the centre of the 
record. It can be shown that here no combin
ation of dimensions can be found in which the ,r  
tracking error is zero at som e part of the 
pick-up’s travel, so that a t first sight it would oc 
not appear to confer any advantage a t all. How- [2 
ever, a disadvantage suffered by Fig. 2 is that 
here it  is impossible to use any reasonable degree ~Z 
of offset on the head in order to improve the ~  
tracking. The reason for this is that w ith the q  
arrangem ent of Fig. 2, the sign of the tracking g  
error changes as the pick-up passes through the yj 
point of zero error. That is to say, the line of 
lateral vibration of the needle, BX, changes over Z  
from  the side shown in Fig. 2 to the opposite side 
of the radius OB, after the point of zero error ^  
has been reached. qi

Fig. 3, however, does not suffer in this respect, 
and its particular advantage can be seen from  
Fig. 5. I t  w ill be noted that in this case the error 
obtained w ith a short (8-inch) arm is very large

Fig. 6

—much larger than is the case w ith Fig. 1—but 
that the variation in error betw een the inside and 
outside of the disc is very small. This is the most 
im portant feature of Fig. 3, and shows that off
setting can be used to great advantage.

OFFSETTING THE PICK-UP HEAD
So far w e have been considering the three pos

sible methods of m ounting the pick-up arm, and 
have mentioned the subject of offsetting only in 
passing. The point arises as to how can offsetting  
the head reduce the tracking error, and can be 
briefly explained wjth the aid of Figs. 1 and 4.

In the case of an 8inch arm w ith the system  of 
Fig. 1, Fig. 4 shows that the error at the outside 
of. a 12-inch disc is 22° and at the inside of 10.8°. 
The average error is therefore 

22 +  10.8
--------------  =  16.4°

2
Now, suppose that the pick-up head in Fig. 1 is 
rotated in a clockwise direction through 16.4°, so 
that there is now an angle of this value between  
the line of the arm and a line through the needle 
at right-angles to its direction of lateral vibration.

Fig. 5
The tracking error at the outside of the record is 
now

22° —  16.4° =  5.6° 
and at the inside is

10.8° —  16.4° =» —  5.6°
Thus, by offsetting the head by an am ount equal 
to the average error w ithout offsetting, the m axi
mum error has been reduced from 22° to 5.6°—a 
very w orth-w hile improvement. It w ill be noted  
that this result is better than that obtained w ith  
the sam e length of arm and the system  of Fig. 2, 
w here vthe error is arranged to be zero in the 
centre of the record.

FIG. 3 W ITH OFFSET HEAD
From  Fig. 5 it  is clear that the system  of Fig. 3 

w ithout offset is quite useless in attem pting _ to 
reduce the error to a low  absolute value. Taking  
the w orking surface of the record as betw een  
6 in. radius and 11 in. radius (w hich is a little  on

(continued on page 24)
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AMPLIFIERS

Some Notes on the Classification of Amplifiers
Textbooks on electronics are by no means un

animous in their definitions of the various classes 
of amplifier. This is caused partly by reason of 
the fact that the class of an amplifier alters prac
tically  all its properties, and each w riter is usually  
m ore’ concerned w ith one property than another. 
Again, some w riters them selves appear to have 
been confused by the im plications of the sub
scripts 1 and 2 (and their om ission), in conjunction  
w ith the three main classes A, B, and C. This is 
hardly to be wondered at, for no sort of standardi
sation seem s to have occurred yet in the manner 
in  which the subscript num erals are used. Every
one knows that the subscript 1 m eans “w ithout 
grid current” and that 2 m eans “w ith grid 
current,” but the loose practice of om itting the 
numerals altogether, on the tacit assumptions 
that no subscript also m eans “no grid current” 
in the case of class A amplifiers and at the same 
tim e means “grid current” in the case of class 
B and C amplifiers, appears to the w riter to be 
the cause of much misunderstanding, and greatly  
to be deplored.

The fact is that the letters A, B and C, and 
the subscripts 1 and 2 have their own meanings, 
quite irrespective of each other.
DEFINITIO NS OF CLASS A, B, C, AND AB  

AMPLIFIERS

The four basic types of amplifier m ay be 
defined as follow s:—
Class A:

A class A amplifier is one in w hich plate current 
flows at all points on the input voltage cycle.
Class B :

A class B amplifier is one in w hich plate 
current flows during approxim ately half the 
input voltage cycle.
Class C:

A* class C amplifier is one in w hich plate current 
flows during appreciably less than a half cycle of 
the input voltage.

These definitions are simple, fundam ental, and 
abundantly clear. It w ill be noted that not one 
of them  m akes any m ention either of grid bias or 
of the presence or absence of grid current. These 
are im portant m atters in connection w ith the 
three main classes, but n o t by defin ition .

Som e w riters tend to define the classes by 
m eans of rough specifications of the value of 
grid bias Used, w hile some do even worse, and 
compound a m ixture of this type of definition 
w ith  the kind given above. This practice does 
m uch harm, because it tends to obscure the 
definition, particularly of class AB amplifiers* 
The correct definition of a class AB amplifier is 
as follow s:—•
Class AB:

A class AB amplifier is one in w hich plate cur-

tions given above are fundam ental, in  that they  
in no w ay specify the type of tube, the point to 
w hich it is biased, the amplitude of the input 
voltage, or anything containing any restrictive 
assumption whatever. In short they are com
pletely general. The first three are illustrated in 
Figs. 1, 2, and 3, w hich show specific examples. 
Each shows the m utual characteristic of the 
valve, the input voltage w aveform  and the output 
current w aveform , w hich is obtained by project
ing values from the form er on to the m utual 
characteristic. The arrows on Fig. 1 show the 
directions in w hich the tim e scale is assumed to 
increase. It should be noted that the scales of 
grid voltage differ on the three diagrams. This 
is purely for convenience, to keep the overall 
sizes of the three diagrams the same. Even a 
casual glance at these three diagrams shows that 
nothing in the illustration conflicts w ith the defi
nitions already given.
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Fig. 1. Class Ai Amplifier

Apart from  th is fact, a  number of points may 
be seen from  the diagrams which, w hile im portant 
and typical of the classes illustrated, have no 
direct bearing on the definitions. For instance, 
in the class B case, Fig. 2, the standing grid bias 
is exactly  at the cut-off value of 40 volts. Simi
larly, in the class A exam ple the tube is biased 
near the centre of the straightest portion of the 
tube’s characteristic, and in the class C case the 
bias is considerably greater than the cut-off 
value'. H owever, these things do not m ake the 
amplifiers class B, class A, and Class C respec
tively. They are m erely  the result of the defini
tion in that such conditions of bias help in causing 
the tube to w ork according to the definitions.

(coutinued on page 29)
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t k m e c r a t t s

Send You XMAS 
GREETINGS and 
Best Wishes for 1951

STILL AVAILABLE FOR 
DELIVERY NO W !

The ever popular

CAR RADIO KIT
5 VALVE ALL COMPONENTS 

TO FIT ANY MODEL CAE — 20 GNS.

PORTABLES
CARRY SET 
SENIOR PORTABLE
Prices on application. 
Contact us for your sum
mer portable kitset.
(O wing to constant alter
a tio n s our prices are subject 
to  change w ithout notice.)

MULTIMETER 
SPECIAL

English Pocket Tester
Tests: 0-6 volts AC/DC

0-240 volts AC/DC
Milliamps
Continuity

Complete w ith leads and 
instruction manual.
Price only 59/6

DUAL SPEED 
MOTORS

33-1/3 and 78 R.P.M.
Suitable for all standard and 
the new  microgroove record
ings. Limited stocks.

£ 5 /- /-

E asily operated by 
non-technical users.

“SCOPE" 6-second  
IRON

A  rem arkable soldering iron 
that is ready for use in 6 
seconds. It is economical as 
it  is only “on” w hile in use. 
Operates from 6 volt battery  
or 6 or 4 volt transformer. 
W rite for full details. 43/6  
each.

Transform er 30/6 extra.

KITSETS
W e w ill quote you for any 
Radio Kitset—

CAR RADIO KITS 
AM PLIFIER KITS 

Try Our Mail Order Dept.

£120
SERVICEMEN !

We can supply everything 
in radio . . . Our staff is 
trained to attend to your 

special requirements.

THE BRS MODEL R33 
PORTABLE RECORDER

Complete with microphone, amplifier, 
and two speakers, enclosed in an 
attractive carrying case, this unit is 
capable of performing the following 
functions.
(1) Recording from  Microphone
(2) Recording from  Radio or Pick-up
(3) Playback from  Radio
(4) Playback from  Commercial Record

ings
(5) A Sm all Public Address System

100 CLARENCE STREET. SYDNEY BX4451—  Box 5000, G.P.O., Sydney
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The Magnetic Tape (cont. from page 10)

cycle; for example, 6 0 ,0 0 0 m aterial concerned through a 
times per second. strong magnetic field which

In Fig. 5, if the actual form  saturates it, thus obliterating 
of the current in the recording the previous variations in flux 
head follows the solid line, A, due to  the recorded A.F. This, 
th is gives the flux waveform however, is not entirely satis- 
represented by the solid line factory, since the tape or wire
B. If the envelope enclosing is not demagnetized, but 
B is added algebraically, it  will merely saturated; and although 
be found to give the sine wave- the supersonic bias does in 
form  shown below (C), which practice bring the residual 
is the resultant voltage output flux back approximately to 
from  the playback head. zero, some distortion is inevi-

In practice this operation is table. Also the noise level of 
accomplished quite simply, by a saturated  tape or wire is 
generating a current of the excessively high, 
required frequency, usually 3 0  Obviously w hat is needed is 
kc/s, and of such amplitude some means of demagnetizing 
that, applied to the recording the recording medium, as 
head, it produces a magnetiz- watches and precision tools 
ing force corresponding to are demagnetized when they 
D-E (peak to peak) in Fig. 5. have accidentally come under 
The audio A.C. is now added the influence of a m agnet; and 
to  this, giving the waveform the most successful erase 
of Fig. 6 (A). Its  positive and system makes use of a similar 
negative peaks, projected on principle.
to  the curve, produce the The method involves feeding 
curves Y and Z respectively, a supersonic A.C. of large am- 
and these, added algebraically, plitude to a special recording 
give the resultant flux density head with a wider gap than 
waveform B. usual; the tape or wire which

It is im portant to note th a t is to be erased is drawn past 
modulation of the supersonic this. The width of the gap is 
by  the audio frequency m ust purposely made to exceed 
not take place. If it does, an several wavelengths of the 
envelope would be formed with supersonic erase current, with 
the positive and negative half- the result th a t while any given 
c y c l e s  180 degrees out of phase, point on the tape is passing 
and the resu ltan t A.F. com- between the poles of the erase 
ponent would be zero. ’ head the supersonic flux has

reversed its direction several 
Erasing times.

The great advantage which Thus th a t point has been 
magnetic recording has over saturated several times in each 
all other types is th a t when direction, leaving no possible 
a particular recorded item is trace of the original modula- 
no longer required or has ou t-tion  which it carried; and if 
lived its charm, it can. be some supersonic flux is left on 
erased magnetically and the the tape or wire afte r it leaves 
tape or wire is then ready to the erase head, the effect will 
use again. be the same as if it were com-

In its  simplest form, erasing pletely demagnetized, since 
consists of passing the over a length of track  equal to

the wavelength of one A.F. 
cycle a t the record head, the 
sum of the positive and nega
tive half-cycles will be zero.

In a practical recorder, 
erasure of the old and record
ing of the new m aterial are 
both done in one operation; so 
a r e e l  of tape carrying 
Tchaikowsky’s sixth symphony 
may be fed into a recorder, to 
emerge bearing a half-hour 
swing session, with no ap
parent interm ediate stage. 
This is accomplished by mount
ing the erase head immediately 
in front of the record head, so 
tha t the tape or wire passes 
over it and becomes completely 
erased before it reaches the 
recording gap.

The supersonic erase current 
is usually drawn from the 
same supply as th a t which pro- 
\  ides bias for the recording 
head.

BUY YOUR 
FRIEND A  

XMAS PRESENT
12 Month's Subscription to 
'Aust. Radio & Electronics* 

POST FREE
Forw ard Rem ittance 18/- 
w ith Name and  Address to 
us. We will do the rest.
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Engineered TO-DAY for TO-MOROW'S requirements
Ferguson * Telephones: 

Chatsw ood _ = I * W W S J W f W f c -  ' A 2877

*
J

SYDNEY JA 2878

TRANSFORMERS PTY. LTD.
Ferguson Transform ers specialise in the development of transform ers and chokes and & 
their application to all phases of the industrial and electrical fields. *7

S The Ferguson laboratory is engaged in continual research and is available to all manu- 
2 facturers to assist them  with their technical transform er problems.

2x Ferguson Transformers for
<T •  Audio chokes •  Power transform ers

#  Power chokes 9  Modulation transform ers

•  Audio transform ers G Transform ers for special industrial uses 
J  •  Television #  RF heating power transform ers

|  TECHNICAL ENQUIRIES DIRECT TO FACTORY

BO X 14, P .O .,
H A B ER FIELD , N .S .W .

T ELEP H O N E : U A  1872.
To the Radio Experim enters of Australia.
Dear Sirs,

We are pleased to advise that we have in stock a large variety of 
ex-Navy, A rm y and A irforce Radio and Electrical Equipm ent.

This was and is still being purchased through the Disposals Com
mission. By purchasing in large quantities ive are able to retail to the 
public at a price far below the original cost.

You w ill realise that to w ithstand the trials of M odern W arfare 
this equipm ent had to be m anufactured from the finest possible 
m aterials available.

We suggest, if  in terested in any type  or part of equipm ent used by 
the Services, you ivrite to us at the above address or call on our Agents 
at No. 5, Royal Arcade, Sydney, N.S.W .

Cordially yours.

PARAGON RADIO
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★  Ham Activities ★
We extend our heartiest congratulations to the Victorian 

Div. of the W.I.A. on its 25th A nniversary.—The Editor.
"PORTABLE, KULPARA 

Being the description of the recent Field D ay held at Kulpara, 
South Australia, by the VK5 Northern Network.

After a w eek’s unsettled w eather, Sunday, 29th 
October, brought a really typical South Australian  
day w ith all the makings of a field day which all 
knew  had been w ell prepared and organised by 
5UX. The day had been the main topic of dis
cussion on the N et for many w eeks previous and, 
in spite of lack of support from some quarters 
®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®® 

Conducted by 
J. A. HAMPEL, VK5BJ 

®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®® 
of officialdom, these chaps proved to the city  
hams w hat a grand day’s outing these annual 
events can be.

Chief organiser Les Wallbridge, VK5UX, had 
hardly opened his eyes when he was hounded 
out from hiding by first arrivals 5DR and 5BJ 
who had le ft Adelaide at 5 a.m. A fter a short 
while, 5AL arrived in what w as dubiously known 
as a car and loaned by an A.O.C.P. aspirant. 
Finding B ert and John had already bagged the 
only two basket-ball poles (height 10 feet — 
some antenna!), Ken flattened all and sundry 
by producing a telescopic pole w hich opened up 
to 25 feet! I have not studied the game the 
girls play very closely, but it  was convenient for 
the originator of the gam e to place the two goal 
posts a half-w ave apart on 40.

A fter establishing contact over the 200 yards 
distance betw een 5AL and 5BJ (the best DX for 
the day as far as w e w ere concerned) on Type 
I l l ’s and a Type 108 Transceiver, the ’Pirie boys 
arrived w ith 5CO, 5WO, 5KS, 5EN and 5CE in 
the party. Mac, 5CE, later gained the prize for 
travelling the greatest distance from W hyalla. 
From- then on, there was a steady stream  of 
new  arrivals marked by 5CY, 5XL, 5VM, 5KL, 
5XR, 5GF and their respective XYL’s and friends.

H ighlight of the day was Ern’s (5EN) skirmish 
w ith the frill-necked lizard so thoughtfully  
whisked from its noon siesta onto his back by that 
lizard tam er 5UX. Ern was content to call CQ 
in that position but both lizard and said “ham ” 
adopted fighting tactics when Les deposited the 
lizard down said “ham ’s” shirt front! Of the two 
hundred or more photos taken that day, more 
are devoted to that scene than any other event. 
“5BJ only needed those little  yellow  tickets to 
hand out like the rest of the street photo
graphers”, said Len (5VM), as 130 different angles 
on the day w ere taken, besides all the other 
cam eras present, and some of these shots w ill 
appear in these pages. I  take this opportunity  
to  deny Len’s other report, handed to press and

radio, that the car-load of girls cam e to see 
m y half-w ave dipole on the upper lip.

5DF, from Kadina, arrived just in tim e for 
the photo taking in the group and, a t this point, 
70 people were present, including the harmonics 
who were catered for w ith races and competitions. 
Once again the Adelaide trade was generous in 
donating suitable trophies besides local district 
business houses. As the day was a complete 
black-out on the low er frequencies, due to the 
sun-spot disturbance around 2230 the previous 
evening, Max (5GF) walked aw ay w ith the fone 
and c.w. prizes as he w as active on 6 m etres and 
2 m etres. On 6 he made Adelaide at 2 miles 
per w att, and on 2 the average being 21 miles 
per w att. A YL w ith an interest in getting the 
ticket was Mary K elly who won the lucky lady  
contest w hile not snooping around som e of the 
rigs to learn more about “ham ” radio. Clarrie 
Castle (5K L), of 6-m etre fame, had no trouble in 
winning a handsome prize for the best hom e
made piece of equipment—a 6-m etre crystal- 
controlled converter. 5CE won som e bezels and 
5WO outshone everyone to read 28 w.p.m. of 
code, w hile 5AX, from  Gawler, carried off the 
booby prize of “serviceable useless unwanted  
junk” from 5UX’s shack. Besides being w ritten  
up in  m any South Australian newspapers, the 
D ay received attention in the A.B.C.’s news 
sessions. Everyone left around five that evening, 
feeling w hat a great job 5UX had done on the  
organising side and expressing the w ish for an
other similar outing in the near future. See 
you at the n ext Field Day!

[N ew s is now to hand that another F ield  Day 
is being organised to coincide w ith  the W.I.A. 
N ational F ield  D ay n ex t January. See elsewhere 
for fu ller details.]
)®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®C
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Ham Activities (cont. from page 21)
W.I.A. 1951 National Field Day

Once again this annual event is approaching 
and m any portable rigs being tested in prepara
tion for the event. Of late, a rather apathetic 
approach has been made to N ational Field Day  
but it is hoped for 100 per cent, participation of 
all states this time. Days such as these are the 
ruling factor in deciding our usefulness in em er
gency and every Amateur should be prepared for 
this possibility by taking part in field days and 
other portable operations.

The 1951 N.F.D. w ill be on the week-end, 27th 
and 28th January, 1951, from 1500 hours E.A.S.T. 
on the 27th to 2359 hours E.A.S.T., Sunday, 28th. 
Intending operators should note that they m ust be 
five m iles or more from their hom e location, must 
not draw their power from mains supplies or 
exceed 25 w atts input to the final. A station may  
not be set up for the contest more than six hours 
before 1500 E.A.S.T. on the Saturday and only 
24 hours of operation m ay be used out of the 
available total of 33 hours.

On the log it is necessary to include the follow 
ing—

LOCATION OF THE STATION.
NAMES AND CALLS OF OPERATOR(S).
DESCRIPTION OF—Transmitter, Receiver, .

A ntenna and Power Supplies.
POWER IN PUT TO FINAL.
DATE AND TIME (Tim es to be in E.A.S.T.).
STATION WORKED.
B A N D (S) USED.
EXCHANGE OF REPORTS.
POINTS CLAIMED.
BONUS CLAIMED.
LOCATION OF WORKED STATION.

Logs m ust reach the local division of the W.l.A. 
in each state for checking and subsequent for
warding by 20th February, 1951.

Get out that Type III, the Type A, No. 11 or 
No. 19 or w hat have you and w e’ll see you in the  
W.I.A. National Field Day.

X.A. (Adelaide) writes: I 
recently bought an output 
transformer to suit an eight- 
inch speaker fed by a single 
6F6. A friend of mine tells 
me the primary has not 
enough resistance to give a 
correct match. What should 
be the resistance of each coil?

( A ) : Strangely enough, the 
resistance of the coils in itself 
has little  to do with the m atch
ing; but w hat your friend had 
in mind was using the resis
tance measurement as an id- 
dication of the number of 
turns on the prim ary coil, 
which should be as high as 
practicable. The better the 
transform er, the bigger it 
m ust be, so th a t heavier wire 
can be used, in order to keep 
the resistance low; and, as the 
size of the core is increased 
so the number of turns can 
be reduced, thus bringing 
about a fu rther reduction of 
resistance.

The catch is tha t while the 
turns should be many, the re 
sistance should be low, as re 
sistance anywhere in t h e

circuit causes losses and re
duces the power available to 
the speaker.

“Have been in radio since 
ju st prior to the war, and have 
progressed along the way and 
now hold an am ateur transm it
ting licence, VK2AJZ. Am in 
business as an electrical con
tractor. The result is tha t I 
don’t  get much time for ham 
radio, although I have started  
re-building the receiver. Has 
anyone got a spare kitchen 
sink, as I haven’t  got one of 
those in yet, but nearly every
thing else. Hi. I only hope the 
thing will work. Now, about 
Radio World, no complaints at 
all, but I would like to see 
articles of a more technical 
nature. However, I  do realise 
th a t there is always the 
youngster who has to have
something to get his teeth into
for a s tart. Cheers, A.G. and
73’s.” — Allan J. Zarth, 443
Waverley Road, North Carne
gie, Victoria.

Miniaiure V alve Pins
Owing to the fact that the

pins of the new m iniatures are 
made resilient to  protect the 
valve, they can be distorted 
in normal handling. This al
teration in alignment can be 
readily corrected with the use 
of a pin straightener—a com
pact device designed for 
mounting on the work bench, 
and selling at 12/6 net.

Another handy instrum ent 
for use with m iniatures is the 
wiring jig which has been de
signed for use with sockets 
having floating or poorly 
aligned contacts. The jig  
holds the socket contacts in 
their correct position for align
ment during the wiring of the 
receiver and prevents any 
lateral strain  on the minia
tures when they are plugged 
into the sockets. The wiring 
jig is available a t 12/- net.

Both these tools are avail
able from Amalgamated W ire
less Valve Co., 47 York St., 
Sydney.
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VALVE WARRANTY

The Australian Valve Manu
facturers’ Committee advises 
the adoption of the following 
w arranty  as applicable to 
valves used in broadcast re 
ceivers. This w arran ty  be
comes effective as from June 
5th, 1950, and replaces all pre
vious guarantee conditions:—

Radio Receiving Valves con
trolled by the A.V.M.C. and 
used in Broadcast Receiving 
sets are guaranteed in term s 
of w arranty  for a period of 
ninety days from  the date they 
are put into service by the con
sumer. Claims for replacement 
under guarantee within this 
period will be considered only 
in relation to the m anufactur

ing defects hereinafter de
tailed, but no claim will be con
sidered afte r the expiration of 
a period of six months from

“I  first became interested in 
Radio World through a circuit 
of a pre-amplifier I  was badly 
in need of. The pre-amp was 
the first job I ever wired up, 
and is still in use. I have built 
the 20-watt amplifier described 
by Mr. Lawler (August, 1948), 
and it is a  very fine job.”—O. 
Spinks, Waratah, Tasmania.

the date of despatch from 
m anufacturer’s stores.

(a) Defective vacuum.
(b) Glass strain.
(c) Open circuit electrodes 

(excluding b u r n t  out 
filaments).

(d) Inter-electrode s h o r t  
circuit, perm anent or in
term ittent.

(e) Loose element in bulb.
(f) Cathode out of mica.
(g) Open circuit shields.
(h) Arcing.
(i) Maximum dimensions 

exceeded.

In determining the actual 
s tatus of the defect, it is to be 
expressly noted th a t the dis
cretion of the individual m anu
facturer shall be exercised at 
all times and their decision 
shall be final.

Claims will not be considered 
where valves have been opera
ted b e y o n d  m anufacturers’ 
maximum ratings and instruc
tions concerning the type in 

question.

TRIMAX TRANSFORMERS
Cliff & Bunting P ty. Ltd.

CHARLES STREET, NORTH COBURG, MELB., VIC.

TRIMAX
TRANSFO RM ERS

Every Transformer looks to be simply coils of wire on a  
core, but the beauty of Tr »max Transform ers is more than  
skin deep. Long experience and high standards o l techni
cal ability ensure that the unseen parts of your Trumax 
Transform ers w ill prove their reliability in every test.

Queensland N .S .W . T as. S. A. VV.A.

C handlers P ty . L td . R adio Equipm ent P ty ;  L td . W. G. Genders P ty . L td . A. G. H ealing L td . Nicholsons L td .
John  M artin  P ty . L td . G errard  & Goodman P ty . L td . A tkins (W .A .) L td .

R adio E lectric  W holesalers C arlyle & Co. L td .
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Tracking Errors in Gramophone Pick-ups
(continued from page 16)

the generous side), the error varies from 28° to 
22°. The im portant point about this curve is * 
that it reaches a minimum and then increases 
again, arriving at the sam e value at 11 in. radius 
as it had at 6 in. radius. Now, the average error 
is approxim ately 25°, so that if  this degree of 
offset is used, the m axim um  tracking error is only 
3% w hich is the best result of any presented so 
far.

The dimension D, referred to on Figs. 5 and 6, 
is the distance OC on Fig. 3, by w hich the needle 
overhangs the centre of the turntable. It can be 
shown (see appendix) that for a given record size, 
w ith both maximum and minimum radii specified, 
and for a given arm lengh, there is an optimum  
value of D w hich w ill ensure that the untracked 
errors at the inside and outside of the disc are 
equal. This value of D also ensures the minimum  
possible difference betw een the maxim um  and 
m inimum untracked errors and, therefore, the 
best perform ance after the head has been offset.
In the appendix at the end of this article w ill 
be found form ulae w hich enable the tracking  
error to be calculated under any of the condi
tions m et w ith  in Figs. 1, 2 or 3. In addition, 
since Fig. 3, w ith offsetting, gives the best 
possible result for a given arm length, the full 
derivation is given for the form ulae w hich refer 
to this case.

EFFECTS OF TRACKING ERROR
The presence of bad tracking error in a gram o

phone pick-up is harmful in a number of w ays 
to both reproduction and record life. First, and 
m ost im portant, quite severe distortion can be 
introduced. This arises from  the fact that, if  
there is any tracking error, the needle point has 
a com ponent of motion in the direction of m ove
m ent of the record, whereas, w ith no tracking 
error, the needle can vibrate only at right-angles 
to this direction. This causes the record to exert 
a different force on the needle on alternate half
cycles of the vibration, so that the amplitude of 
the needle vibration becom es less on the half
cycle on w hich the needle attem pts to travel in 
the opposite direction to the record motion. This 
inequality is second harmonic distortion. At the 
sam e time, the inequality o f forces on the needle
point during alternate half-cycles causes a 
heavily recorded passage to w ear much more than  
it would if  there w ere no tracking error. In  
extrem e cases, it m ay cause the needle to jump  
a groove, by im parting a velocity to the head as 
a w hole rather than just to  the needle. A lterna
tively a heavier head is needed to cause the  
needle to stay in the m ost heavily recorded  
grooves, w ith consequent unnecessarily heavy  
wear on the more lightly recorded portions. 
Additional wear on the parts of the record w here 
tracking error is sm all is caused by the unequal 
wear on the needle w hich occurs in the badly 
tracking portions. Thus, since the effects of 
record wear are detected both as distortion and 
increased surface noise, a badly tracked pick-up 
can greatly reduce the useful life of a record.

It is not intended here to enlarge further upon

the deleterious effects of bad tracking, but a good 
deal has been written about it in the technical 
literature of record production, and enough has 
been said here to indicate that the subject is of 
considerable importance.

Thus, anyone who buys a pick-up, w hether a 
very costly one intended for broadcast studio 
work or the cheapest type of home pick-up, should 
always- follow  to the letter the m aker’s instruc
tions on the subject of m ounting it. However 
w ell or badly the arm m ay be designed, the  
m anufacturer can be relied on to  recommend the 
m ounting position which w ill give the best track
ing to his pick-up.

Sim ilarly, w ith  the help of the simple form ulae 
given below, anyone who is designing an arm and 
head m ounting can achieve the best possible 
results in the space available.

RULES FOR DESIGNING AN ARM
The design of a pick-up arm can be reduced to 

a few  very simple steps, as follows: —
(1) Since, w ith  all the m ethods o f mounting, 

the longest arm gives the least tracking error, 
the arm is made as long as space w ill allow.

(2) W hen the arm length has been decided 
upon, the system  to be used should be chosen, 
bearing in mind that F ig  3 gives the best results.

(3) Bearing in mind the largest record that has 
to  be played equation 8 (appendix) is used to 
find the optimum length D. ( =  OC on Fig. 3.)

(4) The appropriate values are inserted in  
equation, and the maximum error w ith no offset 
is found.

(5) Values are inserted in equation to find the  
minimum error w ith no offset.

(6) The average of the maximum and minimum  
values are inserted in equations 9 and 7 to find the 
minimum error with no offset.

(7) A drawing of the com plete arm is made, 
bearing in mind that the pick-up needle m ust be 
the same distance from the arm pivot after the 
head has been offset as was assumed for the arm  
length in the calculations. For example, if AB  
on Fig. 3 was originally chosen as 8 in., then, 
when the arm has been designed, B must still be 
the position of the needle-point.

★

APPENDIX
Form ulae for finding the tracking error 

in any given case.
Case A (Fig. 1)

W here the arc of swing of the needle passes 
through the centre of the record—
Let A be the radius of the pick-up arm.
L et R be the radius of the record at the outside- 
L et r be the radius of the record at the inside. 
L et #To be the tracking error a t the outside. 
L et »Ti be the tracking error at the inside.
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Then w e have 

gTo =  sin

»Ti — sin - 1-

R

2 A
r

2A

. ( 1 )

Optimum head offset

............................... ( 2 )

»To +  »Ti
(3)

Case B  (Fig. 2)
W here the arc of sw ing of the needle passes 

betw een the pick-up pivot and the centre of the 
.record.

D efinitions are as for Case A, w ith the addition 
th at d =  OC on Fig. 2.

As before w e have
R2 +  A2 —  (A  +  d)2 

eTo =  sin - 1 -----

®Ti =  sin - 1

2AR
r2 +  A2 — (A +  d)2

(4)

(5)
2Ar

In this case there is a point of zero tracking  
error. If r» is the the record radius at which this 
occurs, w e have—

r. =  V<2A +  d ) d ......................(6)
Also, in this case offsetting cannot be employed. 

Case C (Fig. 3)
W here the arc of sw ing of the needle passes 

beyond the centre of the record.
Referring to Fig. 3, w e have for the tracking  

error at any record radius Ri.
gT =  OBX =  90° — ABO 

In the triangle ABO w e have that 
AO =  (A  —̂ d)
OB =  R 
AB =  A

W here A, R, and d have the sam e m eanings as 
before.

From  the triangle ABO
AO2 =  AB2 +  OB2 —  2AB.BO cos ABO. 

Rearranging and substituting values, w e have 
R2 +  A2 — (A —• d)2 

cos ABO =  sin #T =  ------

R2
gT =  sin - 1

2AR
+  A2 —  (A  —  d)2

(7)

For optimum tracking after offsetting the pick
up head, eTo m ust equal #Ti or sTo — «Ti =  0.

sin eTo — sin flTi =  0.
Thus w e have
R2 +  A2 —  (A  —  d)2  r2 - f  A2 —  (A  —  d)2 
----------------------------------  ----------------------------------  =  0

2AR
Rearranging, 

(R  -

2AR

r) (Rr — 2Ad +  d2)
=  0

2ARr
The only significant case contained here is when  

Rr — 2Ad +  d2 =  0
from which

d =  A  —  VA2 —  Rr . . . .  (8)
The above equation gives the optimum value 

of d for a given record and arm radius. 
Minimum Error w ith F ig. 3.

Let Rmin be the record radius at w hich m ini
mum tracking error occurs.

Then from equation (7) we have that 
Rmin2 +  A2 — (A —  d)2

2ARmin 
m ust be a minimum.

Expanding this expression w e get 
R2min +  2Ad —  d2

2ARmin 
m ust be a minimum, but 2Ad 
equation (8).

Thus
R3min -f Rr.

— d2 Rr from

Rmin
m ust be a minimum.

Rearranging, and differentiating w ith respect 
to Rmin,

Rmin =  y/R .r................. (9)
Thus, when Rmin has been found, sT m ax can 

be found by substituting R in equation (7) and 
flTmin m ay be found by substituting Rmin in  the 
sam e equation.

Then the required angle of offset is 
ffTmax —• tfTmin

2AR

As a typical example of the 
efficiency of “VEGA” products, 
we quote extracts from “Radio- 
tronics” No. 144, August, 1950 
(the journal of Amalgamated 
W ireless Valve Co.), as 
follows:—

“The coils and I.F. trans
form ers used in the Radiotron 
Reflex Receiver RD34 are of 
good quality, are slug tuned 
and have a “Q” of 100 and 
fixed tuning capacitances.

The Aerial Coil, “VEGA” 
Type VC1 has a secondary “Q” 
of 123 at 600 k.c. and 120 at 
1400 k.c.

G.K. (Brunswick) is disap
pointed because we have not 
published a promised circuit of 
a  fidelity tuner.

( A ) : The main reason why 
we held up on this project was 
because we came across some
thing much superior in the 
way of t.r.f. tuners. I t em
bodies an infinite impedance 
detector and autom atic volume 
control, a ra ther unusual com
bination. I t is so good that 
we are having a model built 
up so th a t we can give full 
constructional details with 
photographs. These should be

ready for the next issue.

C.E.T. (Heidelberg) asks 
about the n e w  Radiotron 
diodes..

( A ) : Yes, these are now 
available a t 8 /- each. The 
type GEX44 would be best for 
use in a crystal set. We have 
not yet had a chance to carry 
out any actual experimenting 
with them, although we have 
a sample on hand. There seems 
little doubt, however, th a t one 
of these diodes should be as 
good as a good crystal w ith 
the catswhisker a t its  best.



Page 26 AUSTRALIAN RADIO AND ELECTRONICS December, 1950

Short-Wave Review
Conducted by L. J. Keast

EAST COAST STATIONS— WRCA-5 . . 
WRUL-1 . . .

11.77 
. . . 11.79

25.48
25.44

Call Sign Frequency Wave Length
WGEO-2 . . . . .:  11.83 25.36

WLWO-1 . .  . . 6.08 49.34 WABC-5 . . . . . . 15.13 19.82
WGEO-1 . . . . 9.53 31.48 WRCA-6 15.21 19.73

WRTJL-4 . . . . 9.57 31.35 WLWO-5 . . . . .  15.24 19.69
W ABC-1 . . . . 9.65 31.09 15.25 19.68
WRCA-6 9.67 31.02 W ABC-2 15.27 19.66

WLWO-8 . . . . 9.70 30.93 WBOS-1 . . . . . . 15.285 19.63
WLWO-7 . .  . . . . 11.71 25.62 WRUL-1 . . . . . . 15.29 19.62
WLWO-5 . . . . . . 11.71 25.62 WRUL-3 . . . . . .  15.31 19.60

VOLUME 8
1949 

RADIO CIRCUITS

Containing  
the Circuits 

of All 
Commercial 

Receivers 
M anufactured 
during 1949.

■ ■■
Radio

s er v ic e
Manual

Radio
ser v ice
manual

r a d io  radio 
SERVICE SERVICE 
Manual i Manual

Radio
service

^Manual^

r a d io
service
manual

RADIO
service
manual■mmm m

Australia’s

Official Radio Service Manual
PRICE: £1 PER VOLUME

(Postage 9d. E xtra)
Obtainable Direct By Speedy Mail Order Service From

RADIO AND ELECTRONICS
17 BOND STREET, SYDNEY, N.S.W.
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W GEO-1................. 15.33
W GEO-2.............. ... 15.33
WLWO-6............. ... 15.33

WLWO-5................. 15.35
W RUL-1..............
W R UL-2..............

W RUL-4.............. ....17.75
W RUL-5.............. ....17.75
W GEO-3..................17.765
W RCA-5.............. ....17.78

WLWO-7............. ....17.80
WLWO-2..................17.80
W A B C -3.............. ....17.83

W ABC-6.............. ...21.50
WLWO-3............. ... 21.52
W ABC-1.............. ... 21.57

W GEO-2................. 21.59
W RCA-3................. 21.61
WLWO-7............. ....21.65
W RCA-3.............. ....21.73

19.57
19.57
19.57

19.54

16.90
16.90 
16.88 
16.87

16.85
16.85 
16.82

13.95
13.93
13.90

13.89
13.88
13.85
13.81

On the Air

10.00
9.00.
10.00
10.00.
6.45-

10.00-
10.30 
10.00

6.30- 
10.00 
Noon-

6.15-
10.30 
Noon-

6.15-
2.15- 

10.00
10.30
2.30-
6.30-
1.30- 
8.40-
9.30-

a.m.- 1.00 
■10.00 a.m. 
a.m.- 1.00 

■11.00 a.m.
8.30 a.m. 

10.30 a.m. 
a.m.-Noon 
a.m.- 1.00
8.15 a.m. 

a.m.-Noon
1.00 p.m.
8.15 a.m. 

a.m.-Noon
1.00 p.m.
8.30 a.m.
8.15 a.m. 

a.m.-10.30 
a.m.-Noon
5.30 a.m.
8.30 a.m.
8.15 a.m. 
8.50 a.m. 
9.45 a.m.

p.m.
(Tues.-Sat.)
p.m.

(Wed.-Sun.)

p.m.

(Daily) 
(Wed.-Sun.) -

(Daily)
(Wed.-Sun.)

p.m. (Wed.-Sun.)

9.45 a.m.- 1.00 p.m.
5.00- 8.45 a.m.
9.00-10.00 a.m.
2.00- 4.00 a.m.
6.00- 6.30 a.m.
2.00- 8.30 a.m.
9.00- 9.45 a.m. (Tues.-Sat.)

10.00 a.m.-Noon
Noon- 1.00 p.m. (Tues.-Sat.)
11.15 p.m.-Midnight

3.30- 8.15 a.m.
9.45-10.00 a.m. (Tues.-Sat.)

11.00 a.m.-Noon
1.30- 7.00 a.m.
9.00-10.00 a.m.
2.15- 8.45 a.m.
2.00- 8.15 a.m.
9.30- 9.45 a.m. (Tues.-Thur.)
9.45 a.m.- 1.00 p.m.

11.15 p.m.-Midnight
11.00 a.m.-Noon
2.00- 8.30 a.m.
8.40- 8.50 a.m.
9.00-10.00 a.m. (Tues.-Sat.)

10.15-10.30 a.m. (Tues.-Sat.)
10.30 a.m.-Noon

1.30- 8.15 a.m.
2.00- 8.30 a.m.
2.00- 6.30 a.m.
9.30- 9.45 a.m. (Tues.-Thur.)
9.45 a.m.-Noon
2.00- 6.00 a.m.
2.15- 8.15 a.m.
2.00- 6.15 a.m.
2.15- 8.45 a.m.

On Wednesdays . .  . .  10.00-11.00 a.m 
Fridays and Sundays

also a t ..................... 8.00- 9.00 p.m.
RADIO SWEDEN 

The International Service of the Swedish 
Broadcasting Corporation 

SBT, STOCKHOLM—
15.155 m.c. 19.80 met.

(Tues.-Thur.)

SBP, STOCKHOLM— 
11.705 m.c. 25.63 met.

SDB-2, STOCKHOLM— 
10.78 m.c. 27.83 met.

SBO, STOCKHOLM—
■ 6.065 m.c. 49.46 met.

10.00-11.30 a.m.
3.15- 4.00 p.m.

5.35 p.m.-
1.15 a.m.

10.00-11.30 a.m.
1.15- 8.00 a.m.

3.15- 5.35 p.m. 
4.00- 8.00 a.m.
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HOME SERVICE—
3.35- 5.15 p.m. daily. SBO and SBT
5.35- 9.00 p.m. Mondays, Wednesdays and 

Saturdays, SBP and SBT
9.00-10.15 p.m. daily. SBP and SBT 

10.30-Midnight daily. SBP and SBT , 
Midnight-1.15 a.m. Sundays and Mondays,

SBP and SBT
1.30- 4.00 a.m. daily. SDB-2 and SBT
4.00- 4.30 a.m. SBU, SDB-2
4.30- 5.00 a.m. daily, SBO
5.00- 8.00 a.m. daily, SBO and SDB-2

SOUTH AMERICA
ARGENTINA

LRT, TUCUMAN—
11.84 m.c. 25.34 met.

“Radio Independencia”.
Moved back from 11.85 m.c. 25.31 met., 

when it was interfered with by Radio 
Australia.

RADIO SPLENDID, BUENOS AIRES— 
15.22 m.c. 19.72 met. 6.00- 9.00 a.m. 

RADIO BELGRANO, BUENOS AIRES—
11.83 m.c. 25.36 met.

LRY, BUENOS AIRES—
9.455 m.c. 31.73 met. 12.15- 4.00 p.m.

(English at 12.15) 
7.00- 8.50 a.m. 

(English at 8.05)
LRS, BUENOS AIRES—

11.88 m.c. 25.25 met. Midnight- 
(English at 5.00 a.m.) 9.30 a.m.

LRU, BUENOS AIRES—
15.29 m.c. 19.62 met. Noon- 4.00 p.m.

(English at 12.15) 
3.15- 6.45 a.m. 

(English at 3.15)

U.S.S.R.
--------- , ALMA ATA—

9.34 m.c. 32.11 met. 10.00 p.m.-
2.00 a.m.

Also heard on 9.38 m.c. 31.98 met.

RADIO AUSTRALIA 
To British Isles and Europe in English— 
VLC—

15.20 m.c. 19.74 met.
Daily 6.00- 9.00 a.m.
Sundays 6.00- 9.15 a.m.

VLA-4—
11.85 m.c. 25.32 met.

Daily 6.00- 9.00 a.m.

Sundays 6.00- 9.15 a.m.
To British Isles, Europe, South Asia and New 

Zealand in English—
VLA-10—

17.84 m.c. 16.82 met. 4.55- 6.15 p.m. 
VLC—

15.20 m.c. 19.74 met. 4.55- 6.15 p.m. 
VLB-4—

11.85 m.c. 25.32 met.
Daily (ex. Sat.) 4.55- 6.15 p.m.

To Tahiti and Europe in French—
VLG-11—

15.21 m.c. 19.72 met. 4.00- 4.40 p.m. 
VLC—

15.20 m.c. 19.74 met. 4.00- 4.40 p.m. 
VLA-4—

11.85 m.c. 25.32 met. Midnight-2.15 a.m. 
To New Caledonia in French—
VLG-10—

11.76 m.c. 25.51 met. 5.45- 6.45 p.m.

THE PHILIPPINES—
Note: Changes in Call Signs

m.c. met.
Manila 2 21.57 13.9 6.35- 6.45 p.m.

*3 17.78 16.87 7.00- 1.45 a.m.
2 15.33 19.57 5.15- 6.45 p.m.

7.00 p.m. -
'1.45 a.m.

2 15.25 19.68 7.45- 8.00 a.m.
9.00-11 a.m.

1 11.89 25.23 7.45- 8.00 a.m.
9.00-11 a.m.

*1 11.89 25.23 7.00 p.m. -
1.45 a.m.

1 11.87 25.27 5.30- 8.30 a.m.
3 9.53 31.48 9.00-11.00 a.m.

TANGIER 1 6.06 49.5
7.214 41.61

15.21 19.73
2 11.79 25.41

15.25 19.68
MUNICH 1 15.28 19.64

11.87 25.27
2 9.54 31.45
3 6.08 49.34
4 7..25 41.38

KGEI - 1 9.67 31.02 7.00 p.m. -
12.15 a.m.

KRCA - 2 9.65 31.09 7.00 p.m. -
12.15 a.m.

KWH) - 2 9.57 31.35 11.15 a.m. -
6.15 p.m.

KWID - 1 9.57 31.35 10.00 p.m. -
12.15 a.m.

KRCA - 1 9.515 31.55 7.00 p.m. -
12.15 a.m.
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Classification of Amplifiers (cont.)

Again, it can be seen from the diagrams that the 
input voltages are progressively greater going 
rent flows for less than the com plete cycle of 
input voltage but for considerably more than a 
half cycle.

It should be pointed out that the four defini- 
from  class A to class C via class B. But here 
again these things do not m ake the amplifiers 
w hat they are.

For example, if  a tube is biased to cut-off the 
input voltage can have any value, but the ampli
fier w ill alw ays be operating in class B. To take  
a further exam ple, consider the case of a valve  
biased much closer to cut-off than to the zero 
bias line. The fact that it  is biased in this w ay  
does not determ ine to what class it belongs, since 
w ith only a sm all input voltage it  would be 
operating class A, w ith a larger input voltage 
it  would be operating class AB, and w ith a larger  
voltage still, class B.

The point to be made here is that in defining 
the class of an amplifier the actual operating 
conditions individually have no bearing on the 
m atter. It is only w hen all the operating condi
tions are taken into account, and the end result is 
noted that the class o f amplifier can be stated.

It m ay seem  to som e that such insistence upon  
proper difinition is academic, and impractical, but 
such is not the case at all. Terms such as those 
under discussion are a convenient m eans of short
hand among technical people versed in a particu
lar subject, but if the exact m eanings of the 
term s are not stated, or if there are no exact 
meanings, then the shorthand becomes confusing, 
w hich is exactly  w hat has happened to the classi
fication of amplifiers.

As was pointed out earlier, there seem s to be a 
tacit assumption in the term  “class A” that there 
shall be no grid current at any part o f the input 
cycle. Sim ilarly, “class B ” and “class C” have 
grown to im ply that grid current is present. 
These tacit assumptions, inherent in the omission  
of the num erals from  the classification, are tanta
mount to denying the possibility of such opera
tion as A>, Bi, and Cl. True, these types of 
operation m ay be unusual—even exceptional—but 
they are possible, and even common in som e types 
of equipment.

To give an example, a valve acting as a pulse 
amplifier, grid modulated in such a w ay as to 
produce am plitude-m odulated pulses, is operated 
in class Ci. That is to say, plate current flows
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Fig. 2 Class B 2 Amplifier.

THE QUESTION OF SUBSCRIPTS

A little  of the trouble caused by the subscript 
num erals to indicate the presence (or otherwise) 
o f grid current has already been indicated. In 
our opinion, these numerals should be used w ith  
every literal classification, a t all times.

F ig . 3. C lass C2 A m plifier.

only during the positive pulse excursions, and yet  
at no stage is grid current allowed to flow, be
cause if it did the modulation would no longer 
be linear.

Since exam ples such as this can readily be 
found in current practice, there seem s to be no 
good reason for om itting the numerals, and every  
reason for including them  at all times. N ot only  
do the subscripts complete the picture, but if used 
all the time, they elim inate m uch possible m is
understanding.

ACQUISITION OF MEANINGS
It is unfortunate, but in som e w ays inevitable, 

that technical terms, like other words, should 
acquire by association, m eanings other than those 
implied in their definition. For exam ple, it has 
long been thought that class A amplifiers are 
capable of higher fidelity than those of any other 
class. It has recently been shown that this is not 
necessarily so, but the statem ent m ay be said 
to have as m uch truth  a s ‘a good m any generali
sations. Because of it there is a pronounced ten
dency to regard a class A amplifier as one which  
is  biased in the middle o f the straightest portion 
of the valve’s m utual characteristic, and in which  
the input voltage is lim ited to this straightest 
portion. I f  it is realised that such operation is



Page 30 AUSTRALIAN RADIO AND ELECTRONICS December, 1950

the method w hereby a class A amplifier is caused 
to operate w ith  least distortion, w ell and good, 
but it should be noted that the term  class A does 
not in itself im ply this type of operation. As long  
as the valve is operating w ith plate current at all 
times, its operation is class A irrespective of how  
much distortion it produces.

There is a very inform ative exam ple of this in 
a number of British radar receivers that were 
produced during the early years of the last war.

The problem was one of providing as much 
output voltage as possible from a pair of sm all 
pentodes connected in push-pull so as to give 
balanced deflection for the Y-plate of the display 
C.R.T. It w as very ingeniously solved by having  
regard to the input w aveform , which consisted  
of very narrow pulses. Because o f this the tube 
whose grid accepted the pulses in the positive- 
going phase was biased alm ost to cut-off, while 
the other tube w as biased as little  negatively as 
its plate dissipation would allow, since the signals 
at its grid were negative-going pulses, identical 
in shape but reversed in phase as compared w ith  
the input to the first tube.

Further than this, the amplitude of the input 
to  the first tube w as arranged to be greater than  
that applied to the second one. This is because 
the form er w as working over a region of low er 
average m utual conductance than the operating 
region of the latter. The net result w as equal 
out of phase signal voltages at the plates of the 
tw o tubes, in spite of their differing biases and 
input voltages. The w hole arrangem ent as de
scribed is a special form  of class A push-pull 
amplifier, because in each tube the bias and input 
w aveform s are such that plate current flows at all 
times. Yet if such a stage were provided w ith  
sine-w ave input of only m oderate amplitude, the 
distortion would be severe, because one tube 
would be operating in class ABt and the other in 
class A2 .

Thus, through unusual conditions of input 
w aveform , the real classification of the amplifier 
is quite different from w hat it  would be under 
other conditions of input voltage. Unless the 
fundam ental definitions given at the beginning of 
this article w ere used, such an amplifier would  
be incapable of classification, and the classifying  
system  would break down.

Other exam ples can readily be found of the 
accretion of non-fundam ental m eanings to the 
classifications. One has already been mentioned, 
nam ely, the assumption of grid current in class 
B  and class C amplifiers, but there are many  
others and all of them  tend to obscure the real 
m eaning of the terms.

which has arisen w ith the system  of classifying  
amplifiers is that which surrounds the class AB  
amplifier. Too many textbooks define this as 
being interm ediate between class A and class B, 
and leave it at that. The result is that the ques
tion, “W hat constitutes the dividing-line between  
class A and class AB operation?” brings forth  
blank looks and a suspicion that it is a “catch” 
question. If our definitions are taken, there is 
no difficulty at all. An amplifier ceases to be class 
A and becom es class AB the m om ent the plate 
current drops to zero at the negative peak of 
the input signal. And yet one very w ell known 
textbook rather leads the reader to believe that 
the question is solely one of bias in relation to the 
mutual characteristic of the valve, m aking no 
explicit statem ent whatever.

OTHER TRANSITIONS
It should in fairness be pointed out that though  

there is a sufficiently clear-cut dividing-line be
tw een class A and class AB, such is not the case 
between class AB and class B; or between class 
B and class C. This is because of the inevitable  
latitude contained in the definitions of class AB,
B, and C amplifiers. It would be unnecessarily  
restrictive if by definition, a class B amplifier 
passed plate current for exactly a half cycle of 
the input voltage, because in practice many class 
B amplifiers (particularly those using zero-bias 
tubes) pass a sm all but definite plate current 
w ith no signal input. Such an amplifier still 
fulfils the condition laid down by the definition. 
For this reason there can be no hard-and-fast 
dividing-line between class AB and class B work
ing, nor can there be any betw een class B and 
class C.

THE CLASS “BC” AMPLIFIER
There has arisen in the literature com paratively  

recently a new  class of amplifier which has been 
called class BC. This term  is used to refer to a 
particular type of grid-modulated amplifier, but 
w ithout going into the manner of operation of 
this amplifier it can be seen that if the fundam en
ta l definitions of class B and C amplifiers are 
granted, there is no possible justification for the  
introduction of this term. It is m erely a first- 
class exam ple of the kind of confusion w e have 
been discussing. Since by definition there can be 
no sharp dividing-line betw een class B and class
C, there can also be no such thing as a class BC 
amplifier. The term  is intended to indicate a  
valve operating w ith a value of bias interm ediate 
between the normal bias for class B and class C 
working and should be described as such, however 
convenient the term  “class BC,” for this name is 
definitely misleading.

CLASS A AND CLASS AB
A very bad exam ple of the sort of confusion

A.D. (Deniliquin) asks if the 
whole of the issues containing 
the articles on Theory are 
available.

A.—Yes, you can obtain a 
full set, or any one of the issues 
containing the theory articles 
by Mr. Londey. Ju st write to 
our Back Dates dept, enclosing

rem ittance of 1/- each in l id .  
stamps.

★
C.L. (Skipton, Vic.) wants 

long-range daylight reception.
A. — We have not detailed 

any such sets recently, mainly 
because there has been a short
age of new types of coil units 
to suit. The latest “Q-Plus” 
dual-wave unit w ith r.f. stage

seems to be a good proposition, 
and we understand th a t a 
model is to be made available 
to suit the battery-operated 
type converter valves, such as 
the IR5. We can let you have 
an old circuit which will be 
quite suitable for use with this 
new coil bracket.
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5 RECORDISTS! i
2 PLAYBACK RECORDING, 
£ SUPPLIES 

291 Exhibition St., Melb. 
Central 5970 1

Special Line of Blanks: 1
6 in., 1/9; 7 in., 2 /6; 8 in., i 
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Transversing Equipment,

Turntables, etc.

W rite for Price Catalogue '

Manufactured by:
PLAYBACK RECORDING 

SUPPLIES 
^ 2 9 1 Exhibition St., Melbourne. 

Central 5970.
P ostal: Box 5041Y, G.P.O. 

Melbourne

Precision in design 
and construction

Specialists In design and 

m anufacture o f  Com m unication 

Equipm ent, Industrial 

T ransform ers and C hokes, and 

F luorescent Lighting Equipm ent
^ 7

RED LINE EQUIPMENT PTY. LTD.
C ity  O ffice: 157 E lizabeth  S t., M elbourne. M U6895

(3 lines)
W o rk sh o p : 2 C oates  Lane, M elbourne. C en tra l 4773 

DISTRIBUTORS:
S .A .: GERARD & GOODMAN LTD.
N .S .W .: UNITED RADIO DISTRIBUTORS PTY. LTD 
Q LD .: B. MARTIN PTY. LTD.
VIC.-: ALL LEADING WHOLESALERS

BE SURE OF YOUR COPY OF
RADIO & ELECTRONICS aW nS ^ orld

FORWARD YO U R  SUBSCRIPTION T O D A Y !
Make sure you get every issue as soon as it is published. Place your 
order w ith your new sagent or send direct to us.
Enclosed please find remittance for 18/- in payment for an annual
subscription to the Australian Radio and Electronics" commencing 
with the.............................. ..issue.
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Post Free
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STOP PRESS! 
Have YOU obtained

YOUR COPY OF 
OUR LATEST RADIO HANDBOOK ?

“ R.&E. Digest of Circuits”
— AUSTRALIAN EDITION —
(As Illustrated  on Opposite Page)

ON SALE NOW -  Price 3/-
The “R. & E. Digest of Circuits” is something that no radio man, 
whether Serviceman, “Ham” or Home-constructor, should be without.

VARIED SUBJECT MATTER
Circuits will be found in the “Digest” for everything from the simplest 
Crystal Sets to Eight or Ten Valve Receivers, Oscilloscopes, Audio 
Amplifiers of varying costs and complexities, and other circuits of 

special interest to amateur transmitters.
« ,

BUY YOUR COPY NOW From Your Local Bookseller

Also obtainable at—
SWAIN & CO. FTY. LTD. McGILL’S AUTHORISED NEWSAGENCY
119-123 Pitt Street, Sydney 183-185 Elizabeth Street, Melbourne

or direct from <

RADIO AND ELECTRONICS
17 BOND STREET, SYDNEY. N.S.W.

2 Telephone: B U 3879 Telegrams: “CRANLAY”, SYDNEY
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PERFORMANCE

Tried, proved and establish
ed—the new Badiotron series 
of miniatures provides types 
designed for all electronic 
equipment needs. S turdy 
construction and reliable 
characteristics ensure top 
performance and stable, 
trouble-free operation from 
three “ mighty-midgets” o: 
radio.
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RADIOIRONS
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