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In a recent issue of the British magazine “Wireless World,” is a short paragraph which
draws attention to the late Lord Derby, and the fact that as Postmaster-General, in the year 1904,
he was responsible for ‘setting a precedent for which amateur transmitters throughout the Empire
should be eternally grateful. The occasion was the passing by the House of Commons of the first
Wireless Telegraphy Bill, and the noble lord’s words during his second reading speech are worth
quoting: “The class with whom I have the greatest sympathy,” he said, “are those who wish to go
in for experiments in this science, and I have been able to frame a clause which will give abso-
lute freedom in that direction, merely requiring registration on the part of those who wish to engage
in experiments. In a matter of this deseription the House will doubtless desire that the Act should
be administered as liberally as possible, and I shall certainly do my best in that direction. For
what it is worth I will give an undertaking that no request for a licence for experiments be refused
unless the refusal has been approved by me personally.” =

These words might well be termed the Magna Carter of the amateur transmitter. Needless to
say, the original delightfully simple state of affairs has not been retained, but it is important to note
that the principal has not changed at all. The additional restrictions that have been placed on amateur
activities have perhaps been regrettable, and no doubt call forth some nostalgic sighs from
many “Hams” whose memories are not even as long as 1904, but the fact remains that they have
been essential, in a world where radio communication has become such a vital service that every
available kilocycle of the spectrum is needed. We are prone in these times to bemoan every addi-
tional restriction in an ever more regimented world, but the fact remains that with the frequency
requirements of the nations so vast, amateurs are lucky to have any space left to them at all. Let it
not be inferred that this journal does not believe that amateurs are worthy of every consideration.
In the past, amateurs have rendered very great service to the nation, both in peace and in war, and
it would be a very unjust thing if amateur activity were to be prevented because of restrictive
legislation. On the other hand, amateurs should not forget that they possess their present fre-
quency bands by way of privilege, and not as of right, and that given the appropriate conditions,
they can be put off the air by legislation, as surely as they occupy their present position by
virtue of other legislation. In time of war, amateur radio has to be suspended for a number of
reasons, and it should be the constant concern of organised amateurs to see that their members
themselves give no cause for peace-time restriction of their privileges.

There is a large body of amateurs whose interest in transmitting is not technical, but centres
rather round the making of conversation with other amateurs, and forming “over the air” friend-
ships. No one would say that those who go in for this sort of amateur activity should be dis-
couraged. Indeed such a recommendation would be highly undemocratic. But some of these
“talkers,” as we may call them for want of a better term, are anything but an ornament to ama-
teur radio’ Their conversation and operating practice is on the air for all to hear, and many
non-amateurs with all-wave domestic sets do listen to the amateur bands. It follows, therefore, that
the “talkers” are those among the “Ham” fraternity whose activity comes most before the publie
view, if only for the reason that they spend more time on the air than many whose interests are
elsewhere. Unfortunately, however, some of the worst operating practice comes from among their
ranks, and some of it sounds fairly dreadful even to other amateurs, let alone to the general
public. Again, the “talkers” are prone to long spells at the microphone, very often with quality of
transmission that leaves a good deal to be desired. This sort of thing does not make them popu-
lar with other amateurs, particularly when the bands are so crowded, and it is quite understand- '
able when in consequence, they are taken to task in the amateur literature for their lack of con-
sideration for other users of the bands.

Even a casual search round the 80-metre band these days gives one cause to refleect that
amateur radio is not what it was. At one time the people who came on the air and talked about
anything but radio were fairly few and far between, because the main bond between amateurs was
their common technical interest. Much of the technical talk that used to be heard was ill-informed,
but almost all of it was characterised by an obvious desire to learn, and those amateurs whose
technical knowledge was rather greater than the average were keenly sought after by the less
knowledgeable. This sort of thing seems to us to be much nearer to the kind of amateur whom Lord
Derby had in mind when he framed his 1904 legislation. He could not have forseen the “talkers,”
a}f)(l)resa'id, and the point we wish to make here is that he might have been horrified if he had been
able to!

The moral of all this is that those responsible for controlling amateur radio by the granting
of licences, and the administration and framing of amateur regulation do not have to foresee any-
thing of the kind, because it is there for the hearing, and if a sufficiently large number of people
among those in authority should decide that any section of radio amateurs is sufficiently little of
an ornament not to be considered useful, it is not a long step to the restriction of amateur radio
privileges, and not necessarily in a way that can be ascribed to the exigencies of ether space.
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An Easily Constructed Instrument for
Measuring R.F. Resistance and Other
Important Quantities

ANY radio workers, both amateur and professional, frequently have cause io
lament the lack of expensive instruments such as the O-meter, but there is an
excellent way of making many of the measurements that the Q-meter can perform at
considerably lower cost, and with gear that is readily awvailable. This way is described

in the present article, and the construction of suitable gear is outlined also.

The equip-

ment would form a useful addition to any laboratory, and yet is within the pocket and
the capabilities of more amateurs to build,

INTRODUCTION

The designer, the serviceman, the amateur trans-

mitter and the amateur constructor all feel the
need at some time or another, of an instrument
which will measure the various quantities associ-
ated with radio frequency tuned circuits, and more
often than not, are unable to get the measurements
they need through non-availability of the necessary
equipment. This is due more than anything else
to the very high cost of laboratory instruments such

in hand?

sess these undoubtedly useful instruments. Some-
what the same considerations apply to R.F. bridges,
and also to most other instruments for making R.F.
measurements. How, then, is the relatively impe-
cunious individual, or organisation to make R.F.
measurements that are often essential to the work
A common practice is to obtain access
to a laboratory which possesses the coveted equip-
ment, but this is never a very satisfactory solution,
since it means relying on someone elses generosity,

The former is a

in addition to
measuring the Q of a circuit directly, it is able to be
used for accurate measurement of small capacities,
the inductance of coils, and many other things,

as Q-meters, and R.F. bridges.
very versatile instrument, since

including actual R.F. resistance. The only difficulty
about the commercial Q-meter is its very high price,
which always runs into some hundreds of pounds.
In addition, its accuracy is not very startling, high
price or not, so that only a few of the most lavishly-
equipped laboratories will generally be found to pos-
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and also entails taking the job to the instrument,
instead of vice versa.

It is strange, therefore, to realise that there is a
very satisfactory way of making many R.F.
measurements with gear that is very simple to
construct, and which can be built for less than ten
pounds. The strangeness of the situation is even
more apparent when it is realised that many radio
men have never heard of the method, and that its
scope is at least as great as that of the Q-meter,
while for some purposes, its accuracy is consider-
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ably better. The simplicity of the equipment is
almost unrivalled, too, since it consists only of a
modified dynatron osecillator. The usefulness of
this device has been publicised for many years by
M. G. Scroggie, in his successive editions of “Radio
Laboratory Handbook,” but even so its virtues seem
to have blushed unseen by the majority of radio
men. :

Readers will no doubt wish to know, at this stage,
whether thare is a “catch” in it, but we can solemnly
assure them that there is not. The dynatron is the
method we have used in our own laboratory for the
last five vears for measuring inductance, dynamic
impedance, R.F. resistance, self-capacity, ete., of
R.F. circuits, and the completed instrument’s front
panel is the cover picture for this issue.

WHAT THE DYNATRON MEASURES

The basic measurement that is made by the
dynatron oscillator is that of the dynamic impedance
of parallel-tuned circuits, and not the Q of the cir-
cuit, though this is closely related to the dynamic
impedance. Actually, the dynamic impedance, or
the parallel resistance at resonance, as it may also
be described, is in many ways a much more useful
thing to measure than the Q. It gives a direct
measurement of the gain that can be expected, rela-
tive to that of another coil for the same frequency,
when either is used in an amplifier stage, and is
actually a better “goodness factor” than Q for most
purposes. The Q-meter, as its name implies,
measures Q directly, but from this and a measure-
ment of inductance, the dynamiec impedance can be
calculated. In fact, the Q-meter and the dynatron
are similar in that each can only make one basic
measurement from which, with the aid of one or
more additional measurements, other quantities can
be evaluated. With the dynatron, the dynamic impe-
dance is measured directly, and with a further
measurement of inductance, the Q can be calculated.
On this score, then, there is little or nothing to
choose between the two, with, if anything, a slight
advantage in favour of the dynatron, since it is
usually more important to know the dynamic im-
pedance than the Q. With both instruments, the
other quantities listed have to be found by calcula-
tion from two or more measurements with the
instrument itself, or with, say, a capacity bridge.
But the latter is not a very expensive item, and is
one found in any laboratory, and in many amateur
workshops. It can be seen, therefore, that the
dynatron is by no means to bz sneezed at, since
it will do practically all that the tremendously ex-
pensive Q-meter can, and just as quickly.

PRINCIPLE OF THE DYNATRON

Most readers will, no doubt, be familiar with the
dynatror oscillator, at least in name. It was the
first device to be discovered that exhibits.negative
resistance, and possibly the first two-terminal oscil-
lator circuit. It relies for its operation on a charac-
teristic of the early screen-grid valves that was in
the first instance somewhat of a nuisance, and arises
because of secondary emission within the wvalve.
Readers will all have seen the plate characteristic
curves of such valves as the 224, 235, 32, etec.,
which werz in use as R.F. amplifiers before thc
advent of the R.F. pentode. Each curve on the
family had a shape like the one illustrated in Fig. 1,
which can be explained as follows.

Imagine the valve as having its normal screen
voltage, say 100 volts, its normal grid bias of, say,
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—3 volts, and for a start, zero plate voltage. Under
these conditions there will be no plate current, since
all the electrons from the cathode will be attracted
to the sereen-grid and will flow in the screen circuit.
Now if the plate voltage is gradually increased from
zero, a few of the electrons which pass through
the mesh of the screen will be attracted to it and a
small plate current will flow. At first, the plate cur-
rent will be approximately proportional to the plate
voltage, but soon the plate current starts to rise
less rapidly, as is shown by the curve becoming
less steep. The reason for this is to be found in
the occurrence of secondary emission at the plate.
Some of the electrons striking it dislodge other elec-

Region. of
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trons from it. These dislodged, or secondary elec-
trons, either fall back on to the plate, in which case
they do not affect the plate current, or else being
attracted by the higher positive potential of the
sereen, travel towards it and land upon it. Elec-
trons which do this increase the screen current, but
decrease the plate current, so that this is less than
it would have been if secondary emission did not
take place. As the plate voltage is increased, so a
point is reached where the increase of plate, current
due to the higher plate voltage exaetly equals the
decrease due to secondary emission from the plate,
so that there is no increase or decrease of plate
current as the voltage is altered over a small range.
This point is marked by the first vertical dashed
line on Fig. 1. As the plate voltage is still further
increased, the secondary emission increases more
rapidly than the normal plate current does, so that
the plate current actually decreases as the plate
voltage is increased. This is the downward-sloping
portion of the curve of Fig. 1, and is the one part of
it that we are interested in practically, for this
behaviour constitutes negative resistance. An
ordinary, or positive resistance, is a component
in which the current increases as the voltage across
it increases. That is to say, it absorbs energy from
the voltage source. A negative resistance, on the
other hand, is any device in which an increase in
voltage across it decreases the current through it,
and must therefore actually supply energy itself.

Now let us see what would happen if we con-
nected a negative resistance across a tuned circuit,
We know what happens if a positive resistance is
so connected. It absorbs energy from the cireuit,

» and causes the damping to be increased. A nega-

tive resistance, on the other hand, decreases the
damping on the circuit, and therefore reduces the
energy losses. A high positive resistance connected
across a circuit will mean a small loss of energy,
and in the same way, a high negative resistance
will mean a small addition of energy.
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If we imagine that the value of our negative re-
sistance can be varied at will (and this can be
done) an interesting situation arises. Suppose, for
example, that we have a tuned circuit whose dynamic
impedance is 200,000 ohms, and that we have a
negative resistance of 400,000 ohms which we con-
nect across it, in parallel. The question'is, what is
the resultant actual resistance? Since we know
that the connection of negative resistance across
the circuit reduces the energy losses, the answer
must be a positive resistance higher in value than
the original 200,000 ohms. If we use the ordinary
formula for resistances in parallel, but taking ac-
count of the signs of the resistances, we find that
the answer works out to a positive resistance of
400k. If now we make the negative resistance
smaller—say 300k., the answer for the two in paral-
lel works out to a positive resistance of 600k. But
what happens if we make the negative resistance
lower still—say 200k.? This time the answer comes
to infinity—and this means that there are no losses
at all, for an infinite resistance connected across
anything cannot introduce anyv loss. But if we have
a tuned circuit in which- there are no losses, we
know that once started, it will go on oscillating cen-
tinuously—and this is just what happens in the
dynatron oscillator. The circuit consists of a
screen-grid valve ' in which the screen voltage is
higher than the plate voltage, in the right ratio to
put us-on the negative resistance part of the charac-

teristic. Then we use the control grid bias as a
control of the amount of negative resistance. We
connect our tuned circuit in series with the plate
lead, and therefore in parallel with the plate cathode
path of the valve, and thus in parallel with the nega-
tive resistance produced by the valve. The grid bias
is adjusted to the point where the circuit just osecil-
lates and no more, and in this condition we know
that the positive parallel impedance of the turned
circuit is exactly balanced by the negative resist-
ance given by the valve. If we can now measure
the amount of negative resistance the valve is giv-
ing, we will know the impedance of the tuned cir-
cuit. This, briefly, is the.principle upon which the
dynatron works as a measuring instrument.

Before we leave the mechanism of the dynatron,
we should perhaps explain how it is that the nega-
tive resistance characteristic does not persist over
the whole range of plate voltage. As the plate
voltage is increased, the negative resistance de-
creases to its minimum value, as shown by the
maximum slope of the negative resistance part of
the curve, approximately in the middle. However,
as the plate becomes more positive, more and more
of the secondary electrons are attracted back to the
plate, instead of going to the screen, and thus the
negative resistance increases again, and at some
point disappears altogether. This is the right-hand
one marked with the dotted line, so that the circuit

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

By the Engineering Department, Aerovex Corporation

This is Part I of a series of two articles which
will deal with audio frequency distortion measure-
ments. Part II will give details of a simple, prac-
tical instrument designed to measure distortion in
audio amplifiers.

The acoustical quality of an audio amplifier is re-
lated to the amount of distortion prevalent in the
amplifier. If conforming to true Class A operation.
the output piate current waveshape of the amplifier
should duvlicate the waveshape of the grid voltage
input. Such not being the case, the amplifier has
a certain percentage of harmonic distortion which,
if excessive, deteriorates the audio quality and be-
comes anmoying to the listener.

.

_ OuTPUT
SIGNAL
INPUT SIGNAL
DISTORTION IN
NON-LINEAR AMPLIFIER
FIG.1

TYPES OF DISTORTION
There are three types of distortion found in an
amplifier: (i) amplitude distortion; (2) frequency
distortion; and (3) phase shift. In amplitude distor-
tion, the fundamental plus harmonies are observed in
the output. Frequency distortion is caused by the
amplifier’s inability to amplify all frequencies
equally. Phase shift is present when the amplir
fier has different delays for all frequencies. The
amoynt of distortion increases as'the tube is oper-
ated outside of the linear portion of the tube charac-

teristic curve, as shown in Fig. (1).

equal to the sums and differences of a dow and high
frequency (and harmonics). The intermodulation
products of fundamental frequencies F1 and F2, are
as follows: The intermodulation products do not re-
semble the original tones in the input.

F1 + F2 and F1 — F2

2F1 + F2 and 2F1 — F2

F1 + 2F2 and F1 — 2F2, ete.
Intermodulation distortion measurements more
closely correspond to the non-linear distortion de-
detected by the average radio listener than does
a measurement of total harmonic distortion. It is
interesting to note that intermodulation distortion

~ can be observed even after no harmonic distortion is

measurable.
The percentage of total harmonic distortion, repre-
sented as the disortion factor, is equal to:

\/— Sum of squares of harmonic amplitudes

Sum of squares of fundamental and X 100
harmonic amplitudes

and is measured on the distortion meter. The dis-
torted waveshape can be represented by the Fourier
series, and the relative values of the terms of the
series indieate the amplitudes of the harmonics in
the complex wave.

The harmonic content of the signal includes all of
the components which are higher in frequency than
the fundamental. Signal components which are
lower than the fundamental, such as noise from the
power supply, are not usually measured. Total har-
monic distortion measurements are most frequently
made at 400 or 100 cycles per second. Even though
this is the standard practice, additional distortion
will usually be present at the lower frequencies.
The Federal Communications Commission recom-
mends a measurement of harmonies in audio equip-
ment at frequencies of 30, 50, 100, 400, 1000, 5000,
7500, and 15,000 cps.

DISTORTION METER

Audio frequency distortion measurements can be
made by using distortion meters, harmonic wave
analysers, and intermodulation analysers. The dis-
tortion meter will be discussed first.

A distortion meter gives the percentage of total
harmonic content and does not show how much of
each harmonic is present in the output. A block
diagram of the meter is shown in Fig. 2 Basically,

EXTERNAL AMPLIFIER
AUDIO UNDER
OSCILLATOR TEST

NULL V.T.VM.

BRIDGE

e————

DISTORTION METER

" TEST SET-UP USING DISTORTION METER
FIG.2

In addition to harmonic distortion, there is inter-
modulation distortion in audio amplifiers. Both
are caused by non-linearity in the amplifier. Inter-
modulation results in the production of frequencies
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it consists of a null bridge and a vacuum tube volt-
meter. The null bridge is tuned to the fundamental
such as 400 cycles per second and the bridge is
balanced at this frequency to entirely remove the

Page 7



iandamental. The vacuum tube voltmeter will then
measure only the amplitude of the harmonics. For
accurate measurements, the oscillator generating
the fundamental test frequency should be completely
‘free of harmonies. In addition, the VIVM should
represent the RMS voltage as truly as possible.

This can be insured by operating the VIVM i a’

manner such that the square root of the plate
current versus grid voltage is a linear function.

The most commonly known wave analyser is the
heterodyne type. A block diagram is shown in Fig.
3 and is replesentatlve of a commercial analyser.
The incoming audio signal is heterodyned with the
frequency from a variable frequency oscidlator and
the resultant frequency is amplified by the narrow
bandwidth IF amplifier and read on a vacuum tube
voltmeter. When the difference between the oscil-
lator and the input signal frequency is 50 ke/sec.,

Input SALANCED SOKC. LF. DET.
ATTENUATOR AMPLIFIER ——  (Crystal }— ——  V.T.VM.
o= | MODULATOR (f“{rer). AMP,
HETERODYNE
S sl BLOCK DIAGRAM OF WAVE ANALYZER
FIG. 3 ¥
The distortion meter does not indicate which fre-
quencies are present in the complex-distorted wave
and the relative amplitude of each. In addition, 0100
certain random noises may be very disturbing te the 3 80
listener and yet show only a small indication on the 2
meter. Therefore, as in many test measurments, w 60
the operator must show sufficient skill to translate B 20
the results obtained with the meter into useful g
data. w20 7
A typical commercial distortion meter has a fre- o__,/ =

quency range from 50 to 15,000 cps. The distortion
percentage is read directly ﬁom a meter with cali-
brated full-scale deflections of 0.3 per cent., 1 per
cent., 10 per cent., and 30 per cent. distortion. A
diode vacuum tube voltmeter is used for measuring
the percentage of total harmonic distortion. The
scale is also calibrated in decibels. A 100,000 ohm
unbalanced and a 600 ohm balanced bridge input
circuit are provided. Distortion measurements are
made on this instrument with an accuracy of
approximately 5 per cent. A distortion-free sine
wave oscillator should be used with the meter. Other-
wise a residual reading will be measured which
represents the oscillator distortion rather than that
of the amplifier or other audio device being tested.
There should be no distortion even at the very low
audio frequencies.
HARMONIC WAVE ANALYSER

Unlike the distortion meter, the harmonic wave-
analyser is a precision method of measuring distor-
tion and indicating separate components. The
wave-analyser tells the operator which frequencies
other than the fundamental are in the complex wave-
form and also gives the amplitude of each harmonic.

Since the analyser must determine the funda-
mental frequency and all of the harmonics, it is
necessary that the instrument be capable of tuning
to each of these frequencies and of measuring the
amplitude of each. The analyser is really nothing
more than a highly selective vacuum tube voltmeter,
and is similar to the conventional superheterodyne
receiver except that the intermediate frequency is
much higher than the input audio signal under ob-
servation. The wave analyser has a very narrow
bandwidth, otherwise measurements of harmoniec
components at the very low audio frequencies would
be impossible.
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the signal will be tuned to the IF amplifier and the
amplitude can be measured on the VITVM. The
three-crystal filter incorporated in the IF amplifier
assures a very high selectivity. A response curve of
the crystal filter is shown in Fig. 4. The heterodyne
oscillator covers a frequemcy range of 34,000. to
49,980 cycles per second but the dial is calibrated
from 0 to 16,000 cps. Assume that the incoming
51gnal is 500 cps. This would correspond to an
oscillator frequency 0f49,500 since 49,500 plus 500
c.p.s. equals 50 kllocvcles A dlﬂ"erence frequency
F1—F2 (49,500 —500) cannot be amplified. The
bandwidth is only four cycles and harmonics ‘can
be measured easily at the lowest audio frequen-
cies. The input impedance is one megohm, which
is sufficiently high to make loading effects negligible.
The VTVM i¢ directly calibrated in volts and deci-
bels and a 5 per cent. voltage accuracy is obtained
on all ranges from 300 microvolts to 300 volts fuil
scale. The frequency -calibration is accurate
to £ 2% — (1 cycle).

Another commercial wave-analyser has the feature
of variable selectivity for rapid analysis of the com-
plex wave. Where the harmonics are spaced far
apart, the bandwidth may be increased, thus making
it easier to make measurements. If the harmonies.
are closed spaced, as at the very low frequencies,
the instrument may be made more selective, to sep-
arate harmonics 30 cycles apart. A response curve
of this analyser is shown in Fig. 5.

The operation of a wave analyser involves first
tuning the oscillator dial to the fundamental and

Australian Radio and Electronics, May, 1951
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Distributors of Test Equipment—Valve and Circuit Testers, Multimeters, etc.

R.D.S. offers quick Mail Order Service for the country man.

CALL, WRITE, OR PHONE

RADIO DESPATCH SERVICE

Radio and Electrical Distributors

GROUND FLOOR, WEMBLEY HOUSE, 841 GEORGE ST., SYDNEY
Phone: MA 1876 —— Open Saturday Mornings ‘
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then adjusting the attenuator until the meter reads
full scale. Then the harmonics are found by chang-
ing the oscillator frequency dial and recording the
amplitude of each. .

In addition to its use for measuring the distortion
in an amplifier, the wave-analyser can be used for
measuring distortion in oscillators, transmitters, and

—a voltage ratio of- 4 to 1. The output of the
mixer is fed to the amplifier under test and its
harmonics. The resultant signal, which is 7,000
c.p.s. modulated by 100 c.p.s., is amplified and de-
modulated by the rectifier. It is then fed to a low
pass filter to eliminate 7,000 c.p.s., and the output
is fed to a VI'VM where the intermodulation pro-

o I
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TEST FILTER FILTER
0SC. ST
7000 C.PS. BLOCK DIAGRAM OF INTERMODULATION ANALYZER
- FIG.6
&

telephone systems. It can also be used to determine
the harmonics in power machinery and to analyse
noise characteristics.

THE INTERMODULATION ANALYSER

A block diagram of a typical commercial inter-
modulation distortion meter is shown in Fig. 6. The
amount of distortion is maximum at the highest and
lowest transmitted frequencies. However, this dis-
cussion will be concerned mainly with intermodula-
tion distortion measurements at the very low audio
frequencies. At low frequencies, maximum power
output from a tube is not realised because of impe-
dance changes in transformers and reactances. The
power output is similarly reduced at the higher fre-
quency because of increased leakage and distributed
capacity.

In operation, two frequencies shown on the dia-
gram (Fig. 6) as 100 and 7,000 c.p.s. are combined in
the mixer. The purpose of the 7,000 c.p.s. signal is
to act as a carrier for the low frequency components.
These two frequencies are commonly used, but a
lower frequency ratio must be used if the amplifier
under observation has insufficient bandpass. For
best sensitivity, the amplitude of the lowest fre-
quency should be 12db. above the higher frequency
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ducts are present and the percentage of intermodu-
lation distortion is read directly from the meter.

There is no direct relationship between the per-
centage of total harmonic content and the percentage
of intemodulation distortion. With a 12 db ratio
for the above frequencies, some authorities claim
the percentage intermodulation distortion is equiva-
lent to;

(hlehZ - h3 = hn)- X:~0n)

where hl, h2, ete., are the harmonics and is the
order of harmonics. As an example, 10 per cent.
intermodulation distortion is often equivalent to
about 2.5 per cent. total harmonic distortion. Since
there are no definite standards for these measure-
ments, any figure of intermodulation distortion must
be accompanied by a statement of test conditions.

It is hoped that this brief discussion of audio fre-
quency distortion measurements will be helpful in
clarifying the general subject distortion measure-
ments. The next article will be especially helpful to
those who wish to construct a simple meter for rapid
measurement of the percentage of total harmonie
distortion and indentification or harmonic wave com-
ponents.

(To be continued)
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A VERSATILE RANGE OF AMPLIFIERS
COVERING ALL GENERAL SOUND REQUIREMENTS

Details of Special Type Amplifiers, LARGE Power, etc., on request.

SPECIFICATIONS—MODEL X15

INPUTS, high impedance, OPERATING VOLTAGE,
gramo .5 meg., microphone AC 220, 240, 260 volts.
.1 meg., radio .5 meg. OUTPUT IMPEDANCE,
SENSITIVITY, gramo .25 600, 300, 150, 75, 37.5, 18.75
volt, microphone .002 volt, ohms.
radio .25 volt. :
POWER OUTPUT, 15 wis. VALVES, 2/6AU6, 1/6SNT7-
Noise level—50 db. GT, 2/6V6GT, 1/5V4G.
DISTORTION, maximum DIMENSIONS: 13%4in. X
5% at full output. 915in. x 84in.

*

SPECIFICATIONS—MODEL XV25

INPUTS, high impedance, OPERATING VOLTAGE,

gramo .5 meg., microphone bhattery 12 volts or AC 240

.1 meg. volis.

SENSITIVITY, gramo .25 OUTPUT IMPEDANCE,

volt, microphone .002 volt. . 600, 300, 150, 75, 37.5, 18.75
ohms.

POWER OUTPUT, 25 wis. VALVES, 2/6AU6, 1/6SN7-

Noise level—46 db. GT, 2/807, 2/6X5GT.

DISTORTION, maximum DIMENSIONS: 16in. x 10

5% at full output. in. x 8%4in.

NOTE: This amplifier is designed for use from either
battery or A.C. mains. Changeover for either operation
is made by simply changing connecting cables supplied
with amplifier.

*

SPECIFICATIONS—MODEL X390

INPUTS, high impedance, OPERATING VOLTAGE,
gramo .5 meg., microphone AC 220, 240, 260 volts.

.1 meg., radio .5 meg. OUTPUT IMPEDANCE,
SENSITIVITY, gramo .25 600, 300, 150, 75, 37.5, 18.75
volt. micropncne .002 volt, ohms.

radio .25 volt. VALVES, 2/6AU6, 1/6SN7-
POWER OUTPUT, 30 wis. GT, 2/807, 1/5VAG.

Noise level—50 db. DIMENSIONS: 16in. x 10

DISTORTION, maximum in. x 814in.
5% at full output. 3

-

PRICES ON APPLICATION

422 KENT STREET, SYDNEY S 'Phones: MA 9537 - MA 9538

Open on Saturday Mornings, 9.30-12 Noon.
Victorian Factory Representative: 'JOHN L. HARROWER, 71 Little Lonsdale st.. Melbourne.
Phone: Central 8519 .
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Some Wavq Forms and How to Make Them

PART II !

NOMENCLATURE OF PULSES

At the end of the first instalment of this articls,
we were discussing the nature of pulses, as distinct
from square-waves, and saw that an appropriate
definition can be made by regarding pulses as spe-
cial cases of square waves, in which the portions
above and below the datum line are not equal in
amplitude. The difficulty that sometimes causes
confusion to the newcomer is that different writers
call what appear to be identical wave-forms by
different names. There is a certain amount of justi-
fication for this, because a wave like that of Fig. 1
(b) can just as easily be called a positive-going
pulse, or a negative-going square-wave if the datum
line is not inserted. For example, as we have drawn
it in Fig. 1 (b), it could hardly be called anything
but a positive-going pulse, but if a D.C. component
is added, it is possible to shift the datum line up
to, say, the tops of the narrow portions. In this
case, it might be more appropriate to call it a nega-
t§ve-gomg square wave, because the operative por-
tion of the wave is now the longer, negative-going
portion rather than the shorter positive bit, and be-
cause the idea of shortness inherent in the name
“pulse”, is then missing. In the literature, one is
liable.to come across either term for what will
sometimes appear to be the same thing, because of
the common, but undesirable habit of leaving out
the datum line, and thus showing merely the shape
of the wave. Howéver, forewarned is forearmed,
and if this .fact is realised in advance, much con-
fusion will be saved the student who is new to the
subject.

For_instance, one might just as easily call (b)
a positive pulse, or a negative square-wave. In
general, what it is called, will depend not only on
its shape, but on how it is to be used. The difficulty
is increased somewhat because very often the datum
line is artificially shifted by inserting a D.C. com-
ponent, so that the term “pulse” becomes inappro-
priate because of the inherent meaning of “short-
ness” that belongs to the word. However, if this
difficulty is realised by the reader, he will find de-
scriptions much easier to understand as, for ex-
ample, when a wave like (c) is changed by bring-
ing the datum line down to the tips of the nega-
tive-going portions, and yet the writer refers to it
as a negative pulse still.

USES OF SQUARE-WAVES AND PULSES

The uses of square-waves and pulses are almost
unlimited. It can be said briefly that they are used
in any application where the timing of operations
is required, on a regular, recurrent basis. The most
obvious application is that of synchronising the re-
ceiver time-bases in 'a TV receiver with those at
the transmitter. Another important application is
the synchronising of the several operations that
take place in a radar system. Yet another is the
establishment of accurate time intervals in pulse-
modulated multiplex telephony systems, not to men-
tion the use of the pulses, modulated in some way,
for actually conveying the several sets of intelli-
gence.

Allied to timing operations are switching opera-
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tions. For this purpose, square-waves are usually
employed, as in the eléctronic switch used for
making two pictures visible at once on the screen
of the same cathode ray tube. Electronic switches
have also been used in radar for automatically feed-
ing the outputs of several aerials, in a definite time
sequence, to the one receiver, and at the same time
for switching the C.R.T. display circuits so that the
signals from each aerial can be seen separately, and
identified.

Electronic switches have also been used for auto-
matically arranging for the strongest signal from
a number of aerials to be heard in a set of diversity
receivers, and for automatically producing repetitive
sequences of events such as the operation of signal
lights, ete. »

Square-waves, in combination with saw-tooth
waves, are used for measuring small time intervals,
from micro-seconds upwards, and for performing
a multitude of functions too numerus to mention.
The examples given in this paragraph are only a
few that spring readily to mind without any spe-
cial thought. They are enough, however, to indi-
cate that practically all the non-radio uses of valves
find some application for square-waves and their
generating circuits. QThey are to be reckoned a topic
of major importance to anyvone who aspires to know
anything of electronics, as distinet from simple
linear amplifiers and radio receivers, which them-
selves are no more than a special kind of linear
amplifier.

METHODS OF GENERATING THEM

Perhaps the first important thing about the gen-
eration of non-sinusoidal wave-forms is the ques-
tion of what they are made from. In general, they
can be made in one or two ways, each of which is
important, snd has its own uses. The first way is
to generate them directly by means of special oscil-
lators, while the second is to start off with a sine-
wave, and modify, or distort it, until the wave shape
is the one reeded for the purpose in hand. The
main advantage of the first method is that it usually
needs fewer valves, while the second method has
the advantage that while several steps are needed,
and several valves, it is often possible to use inter-
mediate wave-forms throughout the chain for pur-
poses required by the complete equipment for which
the square-waves or pulses are being generated.
These wave-forms are seldom an end in themselves,
but are usually means of making an equipment per-
form its particular functions. The same thing can
be said of the signals from a microphone, in that
the electrical output of the microphone is simply a
means whereby the use of amplifiers is made pos-
sible, since amplifiers are needed to operate loud
speakers.

Very often, a combination of both methods is
used, in which a sine-wave is used as a frequency
standard, and a particular point on each cycle as a
time reference point. In this case the actual square-
waves used may be made by multivibrators of one
sort or another, synchronised by means of pulses
derived from the original sine-wave for that specific
purpose. In this article, however, it is intended to
deal with the second method, as readers of this
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journal will have become reasonably familiar with
the simple multivibrator. Besides, these interesting
circuits are themselves material for several articles!
Indeed, the whole subject of non-sinusoidal waves
and their generation is one about which large and
weighty volumes have been written. It is thus
not possible in an article of this kind to do more
than skim the surface. -

HT.+

Output
Input

Fig. 2

THE DISTORTING AMPLIFIER

Perhaps the most widely used method of generat-
ing wave-forms from sine-waves is to use an ampli-
fier, designed and arranged to distort the sine-wave
in a particular manner. Those who . have looked
at the output of an audio amplifier using an A.F.
oscillator and an oscilloscope will have more than
a clue as to how this is done. If a valve is biased
in the centre of the straightest portion of its
characteristic, and if the input voltage is kept within
certain preseribed limits, then the A.C. output volt-
age is an almost distortionless reproduction of the
input wave, regardless of its shape. Of course,
amplification is obtained at the same time, and for
ordinary purposes this is the desired end. But if the
input voltage is increased, two things happen. The
negative half-cycles swing the grid of the amplifier
valve past its cut-off voltage, and the positive half-
cycles swing it positive, so that the current through
the valve no longer increases when the grid voltage
goes more positive still. Now both these occurrences
cause the output voltage to lose all resemblance to
a sine-wave, and it will be found that if the A.C.
inbut voltage is increased sufficiently, the output
wave will resemble Fig. 1 (a) much more closely
than it resembles the original sine-wave.

This, very briefly, is the principle on which square-
wave and pulse generators work. There is a good
deal more to the question than that, however, and
actual pulse generators are specially designed for
the purpose, and not just overloaded amplifiers. But
the principle of the over-driven amplifier is the basic
idea behind a whole famiiy of important circuits,
which we will discuss in the next instalment of this
article. :

One of the simplest distorting amplifier circuits
is that shown in Fig. 2. Here we have a small
triode, such as a 6C3B, 6J5, or half of a 6SNT; in the
plate crcuit there is a load resistor, R1, there is no
grid bias, and the input is supplied from a trans-
former, through a series grid resistor, Rs.
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The action of this cireuit is as follows. With-
out any signal input, the valve will not draw ex-
cessive current, in spite of the fact that there is no
bias, because of the relatively high value of load
resistor. The input transformer provides approxi-
mately 100v. R.M.S. at its secondary terminals, and
thus each half-cycle has a peak value of approxi-
mately 141 volts. The grid of the valve, in the
absence of Rs would thus be driven between the
limits of plus 141 volts and minus volts once in each
cycle of the input voltage. First of all, let us see
what happens one the negative half cycles. The
valve does not draw grid current at this time, be-
cause the grid is negative with respect to cathode
for the duration of the half cycle. Because of this,
there is no voltage drop in Rs, and the full negative
voltage of the input is applied to the grid. Because
of the large input voltage, however, the valve be-
comes cut off after a very short time, but during
the period in which the valve is still conducting,
there will be a sharp rise in plate voltage, corre-
sponding to the rapid fall in grid voltage, and actu-
ally being an amplified version of this part of the
input voltage.- However, as soon as the input wave
takes the grid to cut-off, conduction ceases, and so
does the rise of plate voltage. At this point, the
plate voltage is equal to that of the H.T. line, be-
cause since there is no plate current, there can be
no voltage drop in the load resistor. From now on,
the vdlve remains cut off while the input wave com-
pletes the negative-going quarter-cycle, and reaches
its maximum, or peak negative value. The voltage
then starts to rise once more, but until it reaches
the cut-off bias for the valve, the latter remains
at cut-off. Now as long as this happens, the plate
voltage remains static and equal to the H.T. voltage,
so that during this cut-off period, the output way is
a horizontal straight line, following the very quick
rise mentioned above. But as soon as the input
voltage reaches cut-off while proceeding in the up-
ward direction, the valve starts to conduet again,
and this it does for the whole of the remainder ot
the cycle. But while the input is travellng up from
cut-off to the grid current point, the valve amplifies
once more, and this time, the output is a rapidly
falling plate voltage, and is an amplified version of
the part of the input cyele which is crossing the
grid-base of the valve. This process is illustrated
graphically by Fig. 5, which gives a physical picture
of what is happening over the whole cycle of the
input voltage. This diagram shows the grid
volts/plate current characteristic of the valve, and
the input and output wave forms. The dotted input
wave form represents the 100v. R.M.S. input, .and
and the figure illustrates why, with such a large
input voltage, the times during which the valve
conducts and amplifies, are so very short. The full-
line part of the input wave is the effective part,
for once the valve is cut off (referring again to the
negative half-cycle), the shape of the wave input has
no further effect on the shape of the output wave.
(Note: In Fig. 5, the time secale for the input wave
is from top to bottom of the picture, and for the
output wave, from left to right.) If the figure is
examined in conjunction with the deseription we
have just given, it will be possible to visualise quite
clearly what happens, and how the square-cornered
positive haif-cycle of output arises.

What, then, of the negative output half-cycle?
This obviously occurs during, and corresponds in
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time to, the positive half-cycle of the input voltage.
We have already described the rapid drop in plate
voltage (AA on the diagram) which occurs while
the input wave form is crossing the grid-base of the
valve during the latter portion of the negative
half-cycle and the beginning of the positive half-
cycle. It is important to note that the datum line
for the input wave is the zero-bias line, since thera
is ne bias on the valve. The only portion of the
output wave left to explain is the portion AB, in
which the plate voltage is once again constant for a
considerable time, but this time at a very low value.
It will be seen that the valve has been shown as
possessing a characteristic in which, after the grid

has risen to only a few volts positive with respect ’

to cathode, the plate current ceases to rise at all.
If this is the case in practice, then once the input
wave has driven the plate current to this saturation
value, any further increase of positive voltage can
no longer increase the plate current. This then re-
mains constant, and high in value. There is thus a
large and constant voltage drop through the plate
resistor, giving the portion AB of the output wave,
until the input wave-form returns on its downward
journey to complete the positive half-cycle.

Yalve Conducting
Heavily

Fig. =

The purpose of the series grid resistor has yet to
be explained, however. The chief reason for its
presence is that some means must be provided of
preventing a very heavy, damaging flow of grid
current from occurring during the positive half-
eycle of the input voltage. Obviously few valves
will stand positive grid voltages of over 100 volts
for long without the grid becoming overheated
through excessive grid current; the insertion of the
series resistor actually prevents a very high positive
grid voltage from occurring in any case, while having
no adverse effect on the output wave-form. From an
examination of Fig. 5, it can be seen that as long as
the grid voltage goes the few volts positive that
are needed to drive it into the saturated condition,
any further positive voltage on the grid is unneces-
sary. Thus, Rs is inserted to act as a voltage
divider, but only during the positive half-cycles.
More strictly, the voltage divider action takes place
only while the valve is drawing grid current. When
this happens, the grid-cathode circuit inside the
valve acts as a low resistance of only a few thou-
sand 'ohms. If Rs is made high in value, it acts,
together with a grid-cathode resistance as a voltage
divider, so that only a small fraction of the input
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Fig. 6. ¢ - :
voltage is actually applied to the grid while grid

current is passing. The net result is that contrary
to first expectations, the valve never has its grid
more, than a very few volts positive, so that the
high”positive input voltage does no harm. Needless
to say, the voltage dividing action does not take
place once grid current ceases, and thus Rs has abso-
lutely no effect on the negative voltage applied dur-
ing the negative half-cycle, and thus, no effect on
the shape of the output wave during this time.
This circuit can be seen to produce an output very
similar to Fig. 1 (a), in that the positive and nega-
tive half-cycles are of almost equal duraton. With
this arrangement they are not quite equal, because
as can be seen from Fig. 5, the datum line for the
input wave is nearer the saturation grid voltage
than cut-off. The negative half-cycle of the input
will therefore affect the plate current for a slighlty
shorter period than will the positive input half-
cycle. This will make the output postive half-cycle
slighlty shorter than the negative one, but only
very slightly shorter. The larger the input voltage,
the smaller will be the time difference hetween the
length of the half-cyecles.
PRACTICAL PERFORMANCE OF THE CIRCUIT
In order to demonstrate the actual performance
of some of the circuits about Wwhich we are writing,
test circuits were constructed, and the actual wave-
forms from them were photographed on the oscil-
(Continued on Page 26)
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Recordists!

Special Line of Blanks:
6in., 1/9; 7in., 2/6; 8in., 3/9; 10in., 5/-. All
prices subject to sales tax.
All Recording Accessories:
Cutting Heads, Styli, Sapphires, Labels, Strobo-
scopes.
Transversing Equipment.
Turntables, etc.

Werite for Price Catalogue

Manufactured by:

PLAYBACK RECORDING

SUPPLIES -

291 Exhibition Street, Melbourne
. Central 5970
Postal: Box 5041Y, G.P.O., Melbourne

FERRANTI METERS

New 23" Square Flush Mounting Ferranti Meters.
Supplied with eleven scales covering the following
ranges of D.C. current and voltage:—Milliamperes:
0-5, 0-25, 0-50, 0-100, 0-250. VYoltage: 0-10, 0-25,
0-50, 0-100, 0-250, 0-500.
2%, Shunts and Multipliers for any of the above
ranges can be supplied. The meter is at present
fitted with a multiplier and scale covering 0-20 volts.
Printed directions supplied with each meter.
Prices as follows:—
Meter with eleven scales ...
2% Shunts for current ranges .
Multipliers for voltage ranges
Meter with the full set of eleven scales, five

shunts and six multipliers

Postage and Packing 5

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

Nomecrafts

(supplies of everything for the amateur
radio and record enthusiast)

. THE BRS MODEL R33 PORTABLE
RECORDER

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

{1) RECORDING FROM MICROPHONE
{2) RECORDING FROM RADIO OR PICKUP
{3) PLAYBACK FROM RADIO
{4) PLAYBACK FROM COMMERCIAL RECORDINGS"
{5) A SMALL PUBLIC ADDRESS SYSTEM
£'|46 Easily operated by
% non-technical users

ON DEMONSTRATION AT
100 Clarence St. Sydney BX4451 Box 5000 G.P.O. Sydney

100 CLARENCE ST.
Australian Radic and Elecfronics, May, 1951 Page 15




NOVICE SET BUILDING

" A SECTION FOR THE BEGINNER
sponsored b

Y
LEVENSON'S RADIO PTY. LTD., SYDNEY.

GETTING STARTED -:Part 3

WHAT IS RADIO?

The first question to which many will desire an answer is: “What ARE radio waves anyway?” This, though a very
reasonable request, is, strangely enough, very difficult to answer. The only REAL answer is the one which was given to
the world by a very famous mathematician, Clerk Maxwell, but it is quite impossible to set it out here, for none of our

readers would understand it if we did. At least, not unless they were mathematicians. However, it was Maxwell’s mathe-
matics that caused radio to be likened to waves in the first place, for he proved that in many ways, what we know as
radio, behaves much as do waves on the surface of a sheet of water. (This was all the more remarkable, since, in Cleric
Maxwell’s day, no one had discovered praetically that any such things as radio waves could be produced, let alone be

used for communicating betweeg remote places!)

So we have it that radio waves are like waves in water, but they are very different from water waves because they

can be neither seen nor felt.

This is where the radio set comes in.

Its job is to allow us to detect the radio waves.

Ordinarily the set does this by transforming them into mechanical vibrations which cause sounds that can be heard by

Using a

our ears.

These two circuits show how a crystal detector
can_be replaced by a triode valve connected as a
diode. All that is needed is a battery to light the
filament, and a valve socket. For old-fashioned 2-
volt valves a 1% volt torch cell can be used, and
for 4-volt valves a 43-volt torch battery. The left-
hand circuit shows Crystal set No. 3 altered to use
the valve, and the right-hand one, crystal set No.
2. In the latter a switch has been added to turn
the valve filament on and off.

V1 can be any of the valves shown in the table.

0% hi ik v These diagrams show
the pins to which the
various elements of
the valves given in the

1 NC. 1. Fil table are connected.
z [FD“ %2 N.C. stands for No
2 NC 4 Fl:l. Connection, and is

5 6. used when the pin is

6. (absent) present, but has noth-

7. Fil. 5 ing inside the valve

8 NC connected to it.
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Valve Instead of the Crystal

The above circuit shows a more sensitive one-
valve arrangement, which uses a B battery as well
as the filament or A battery. The former can be
a 45-volt B battery, or can be made from a few
4i-volt torch batteries in series. Three of them,
giving 133 volts, will give very good results. L1,
L2, same as aerial and tuning coils in any of the
crystal sets. C2 0.00025 to 0.0005 mfd. C1 same

as tuning condensers in crystal sets. V1, any
of the valves shown in the table below.

Tube Fil. Fil. Type of
Type Voltage = Current Base
1G4-GT .. 14 0.05 amp. Octal
1H4-G 2.0 0.06 amp. Octal
S0 s 2.0 0.06 amp. 4-pin
A-415 .. 4.0 0.06 amp. 4-pin
A-409 ... . 4.0 0.06 amp 4-pin
BM2DX: i 2.0 0.06 amp. 4-pin

NOTE—The last three types are old Philips or
Mullard battery valves, which may sometimes be
bought quite cheaply second-hand. Even if very
cheap, they should be tested before buying.
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CIRCUIT DIAGRAMS AND SYMBOLS

If we set out to build anything at all, much the
best way is to have a plan or a drawing of what
we are going to build. Whether we are construct-
ing a bookcase, a model aeroplane, or a radio set,
does riot matter — a plan of the article is essential.
This is because we do not always build things
which we design ourselves, and also because plans
and diagrams can convey in a very small space
information which would take thousands of words
to describe if it were not possible to draw a plan.

For instance, to build the set we are about to
describe, all that an experienced constructor would
need would be a circuit diagram and a short list
eiving the exact specifications of the parts shown
in the diagram. ;

To one who has never built a set, it is neces-
sary to explain what the symbols of the diagram
mean, but after he has mastered a few simple
facts, he, too, will be able to look at a circuit
diagram and know what it means in terms of the
actual components which go to make up the set.

WHAT IS A CIRCUIT DIAGRAM?

A circuit diagram is simply an electrical plan
of any device which is made up of electrical com-
ponents. In it no attempt is made to show what
the completed article actually looks like. In.the
case of radio sets, this would be almost impossible;
owing to the fact that the actual size and shape
of most electrical components have very little to
do with their electrical specifications. Thus, in
circuit diagrams all condensers or whatever other
types of components are shown represented by a
symbol their electrical size or capacity is shown
by writing this alongside the symbol. It can be
seen, therefore, that a circuit diagram tells us (a)
what components are used, (b) their electrical
specification, and (¢) how the components are con-
nected together by means of wires. =

The circuit diagram does not tell us such things
as how the various parts are mounted, or how
they are placed on the base board or metal chassis
of the set. These things can be shown by photo--
graphs or ordinary plans.

(REFER CIRCUIT SYMBOLS — PAGE 18.)

(Advertisement)

SPECIALS!

Porcelain Egg Insulators 9d.ea.
Adjustable High-Tone

BUZaeiis-Tod Sis st
English Germanium Fixed

Crystals 12/6 ea.

English Sports Binoculars,
adjustable
ground matched
34/6. Add 1/- posting.

21 x 25. Scientifically
designed. Fixed Focus,
plastic lenses, 20/-.
Add 9d. posting.

focus, precision

lenses,

Insulated Wire (used
ex-Army) = ... 2/- per 100 ft.

Brown’s English Head-

Phones (20000hms) 43/6 ea.

Hedd-Phones (150 ohms) 15/- ea.

watt), 20/-; (80 watt), 22/6;
g flex and plug extra.

Glass Barrel Crystal Detec- English Dux Movie Projec- ?ﬁgKgETPSITASEGbEﬂ,?;}?,]
tor, with Crystal and tor, wind-up mechanism and | educational toy for boys
Cats-whisker ... 8/- ea. battery operated. Any ?nd girls. Hundreds of dif-

v erent models can be built

g : youngster can operate 1t, | .} t}ege sets. No. 0, 22/9;
En\%ﬁhc?a}lﬁ kC_rystalsyz 4 £3/10/3. Btys, 1/8 extra; | No. 1, 32/6; No. 2, 53;6;
ats-whisker ... /6 ea. Films, 2/11 ea. (large var- No. 3, 89/-. Converting

toiy). Add:1) t Sets, 0X, 10/6; 1X, 23/6;

Metal Spring Terminals .. 6d. ea. i 5 Ty 2X, 37/6. Add 1/3 posting.

¥ ]

_Electric . Soldering Irons (60 LEVENSON S RADIO P*y. L*do

Games, Hobbies, Novelties, and Slot Machine Specialists.
Everything from A to Z in Radio at Sane Profit Prices.

226 PITT STREET, SYDNEY.

Phone M2525and 2526-7.
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How To Read RADIO CIRCUIT SYMBOLS

CRYSTAL DETECTOR

"A" BATTERY
L

I3 VOLTS

BRY CELL

L =+ NO JOINT
A
Al
: CROSSED
= WiR

"B" BATTERY

ES

IJOINY‘

Once you understand meanings of schematic symbols pictured in two vertical center columns above, radio
circuit diagrams will no longer be a mystery. Pictorial sketches are shown at right or left of each =
symbol, with letters to show proper connections. Remember that short bar on battery symbol is always
negative. Use terminals A and B for variable resistor; all three for potentiometer. B on potentiometer

\ is always movable contact. Parallel lines always indicate iron core.
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BEFORE YOU BUILD . .. e

your new circuit or your next experi-

mental rig, make sure you have the BEST
components available to fit the specifications.
You won’t have to look past R.C.S. for
technical perfection and electrical depend-
ability when it comes to high standard
performance.

:

l

! Cross section of R.C.S.
l intermediate transformer

gL
|

LF

ransform PE
e casipe Radio frequency WINDINGS — {;
choke SPECIAL 741 LITZ =
TROPICALLY SEALED
Audio WITH L1QUID
transformer POLYSTRYENE

STREAMUINED IMPALT
ALUMIKIUM SHIELD OF
MINIMUM DIMENSIONS
2%2HicH X 1/8DiA,

WIRES SPOT WELDED
TO CONDENSER.. WILL
NOT LOOSEN WHEN —

SOLDERING.

SILVER MICA
CONDENSER

Q MOULDED IN. C
z 5 Broadcast and CHANNELL FOR SEALING
Connector strips. Low loss coil Aerial coils WITH POLYSTRY ENE
lacquer LIQUID R.C.S. TYPE K34 —
2/8 BOTTLE.

BRASS INSERT MDULDED IX  SPICIAL LOOSE CuT”

- CANNOT STRIP THREAD. THREAD ON IRON CORE
ADJUSTING SCREW...
NEVER STICKS ... SEE
SEALING INSTRUCTIONS:

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 immlediately, or advise you where

supplies can be obtained.

651 FOREST ROAD, BEXLEY, NSW. - 'Phone: LW 3491

Australian Radio and Electronics, May, 1951 Page 1%



R.F. RESISTANCE METER

displays negative resistance only when the plate
voltage lies between the values represented by the
dotted lines. In practice, the centre of the negative
resistance region is usually in the vicinity of 45 volts,
so that we find the valve worked with a plate voltage
of this value, and a screen voltage of 90 to 100 volts.
The screen voltage should not be higher, because
the screen current under some 'circumstances can
become rather large, and damage the valve.

3
Tuned :
= |
Circuit e
{_’_ +45
i
?
=2
T

Fig. 2

(From Page 6)

In Fig. 2 is shown a practical circuit for a
dynatron oscillator, with battery supplies for plate,
screen, and control grid. This circuit is sometimes
passed as a stable oscillator, and is the basic one
from which the detailed circuit of the test instru-
ment is derived, by means of various quite simple
additions.

HOW NEGATIVE RESISTANCE IS
MEASURED

In order to turn the dynatron oscillator into a
measuring instrument, it is necessary, as we have
mentioned; to be able to measure the actual nega-
tive resistance obtained. There are two main
methods of doing this. One makes use of a special
bridge circuit, which could be built inte the measur-
ing equipment, and the other, known as the incre-
mental method, is the one used here. The idea is to
make a slight change in the plate voltage, and to
measure the change in plate current that results.
Alternatively, we can increase the plate voltage
until we have a specified decrease in plate current.
The increase of the plate voltage is then measured,
and the negative resistance is worked out from
Ohm’s Law in the ordinary way. It is necessary
to exercise a certain amount of care when this
method is used, because, for the answer to be exact,
the plate current and voltage changes would need

to be infinitely small. However, as long as the
changes are very small—especially that in plate

“HI-K” Multiple By-Pass
WIRE-LEAD TYPE—also available in screw-fixing type

Ceramic Capacitors

The development of Unilator K.3009 die:ie.c:r:}r?:s;::t
first time, combined a very .hlgh iele o
i 000) with a high insulation resistance a =
5*‘“:_ (3+ mperatures, maintained even after exten es
;f:" ;23{5 ea‘l' F;ﬁqh voltages and eleva.*ed iemper-a?::;:
';h.: small size of these u.ccC. c?pacﬁors helpl): ‘{:r %
e low, and they are thus_eminently s-u;ha ok
;::s wo;k in television and other ‘hng‘r reeq
receivers. Also available in screw-fixing type.

. Capacitances

OF CAPACITANCE

s TOLES:I\':S:ed to be not less than the (s)vte‘{i':‘aéues
:;92%° C. Test conditions 130 Ke/s 10V. R-M.o.

000
E: Greater than B
b lNSULATlO;‘I lgoEOS\}.STé‘.réf:af temperatures up to

megohms a
100° C.
: D.C. or 250V. RM.S.
G VOLTAGE: 500V. 1
. \(hgg-lz(‘)()leei’ween any two connections.
@ TEST VOLTAGE: 1500V. D.C.

@ DIELECTRIC: Unilator K.3000.

TYPE CAPACITANCE
2CTH 310/W B it
2CTH 310/W B3 A
2CTH 310/W §ex (R
2CTH 422/W 2 x 2200 pF
3CTH 315/W 2 i SO0 Bt

W L B T ek
W‘”’/ 3 x 2200 pF

% UNITED CAPACITOR CO PTY. LTD.

433 Punchbowl Road, Enfield, N.S.W.
Postal: Box 19, Enfield. Phone: LF3511
Page 20

*

Associated with Tecnice Limited of Australia and Telegraph Condenser
Co. Ltd., British Insulated Callender’s Cables Ltd. and United Insulator
Co. Ltd. of England.
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“current—there will be no great error involved. In
our own instrument, we have fixed on a standard
plate current change of 10 micro-amps. This is
quite small enough for all practical purposes, and
is not too small to measure. The accuracy of
measurement depends largely on the precision with
which the current and voltage change can be
measured. Thus it is best to use as sensitive a
meter as possible for measuring the plate current
change.

It is not impossible to estimate the necessary 10
uamps change even if a 0-1 ma. meter is used, but
not with any great accuracy, because the movement
of the pointer is so small. We have used a 0-100
uamp. movement, so that the 10 uamps on this repre-
sents a tenth of the full-scale deflection and can be
judged quite accurately, The volt-meter, which
measures the increase in plate voltage has a range
of 0-5v. This, in conjunction with a measured
change of 10 uamps, gives a reading which can be
interpreted directly as hundreds of thousands of
ohms. That is, a reading of 4v. indicates a resistance
of 400,000 ohms, and of 1v., 100,000 ohms.

CONDITIONS AFFECTING A
PRACTICAL METER

The circuit of Fig. 2 is quite practical, in so far as
it will act as an oscillator as it stands, but for a
practical measuring instrument a number of facil-
ities have to be provided, as the above paragraphs
will have shown. The essential features which must
be added are:—

(1) A means of varying the grid bias smoothly so
as to provide a smooth control over the nega-
tive resistance.

(2) Some means of balancing out the steady
plate current, so that the 100 uamp. meter on
which the small current change is read will
not read the total plate current, but only the
small change.

(3) A protective device which will prevent
large changes of plate current, which will
occur while the circuit is being adjusted; from
overloading and damaging the sensitive meter.

(4) A scheme for adding small increments of
plate, and of measuring these increments.

(5) 'A switching arrangement which will discon-
nect all batteries and prevent them from
discharging while the instrument is not in
use.

(6) Bypassing between the “cold” end of the plate
circuit and the cathode of the valve so that
all R.F. is confined solely to the tuned cir-
cuit.

(7) A convenient means of connecting tuned cir-
cuits to the plate circuit with as little lead as
possible.

All these features are incorporated in the main
circuit diagram. The panels at the bottom of this
diagram represent terminal strips, one of which is
used to terminate the wiring from the circuit to the
batteries and the other, for the batteries themselves,
together with the 2.5v. heater transformer for the

Continued on Page 28
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SHOES and SHIPS

“The time has come,” the Walrus said,
“To talk of many- things. 2

By Special Arrangement with the Walrus

SOME HINTS ON APPEARANCE

Most servicemen and constructors have at some
time or other built amplifiers or radio equipment
which calls for a panel bearing the necessary controls
such as “volume,” “bass,” “treble,” etc. This in
it self does not present a great problem and prob-
ably the job turned out successfully to the complete
satisfaction of the builder. However, before long
one will see a professionally built instrument de-
signed to do the same job and that niggling little
demon rears its head and says “why doesn’t mine
look like that.:” .

The answer is really obvious and can be summed
up thus—attention to detail and balanced layout.

jajal

For instance, when fitting graduated gain plates
over volume controls don’t just put the plate on
and screw up the nut. The chances are that the
plate will twist at some’ odd angle and will very
likely get scored by the spanner and almost certainly
by the nut. The proper procedure is to put a nut on
the potentiometer before insertng it in the "panel,
then put on the gain plate and screw the .top nut
down finger tight.  The plate may then be straight-
ened up, if necessary with a square, and then tighten
the rear nut behind the panel.
so-much more effective! In cases where it is not
possible on account of the chassis shape to get at
the rear nut put a volume control washer between
the gain plate and the top nut and hold the plate
firmly in position while tightening. Having got
this far it will be probably necessary to take it all
to pieces again since the usual fault will occurt

When the pressure on the nut is increased it draws
the centre of the plate in tight against the panels
and pulls the outer edges away. This, of course,
is unworthy of that “super job” so a little careful
pressure with the fingers on the plate to give it a
slightly couvex shape before fitting makes all the
difference since the locking nut now presses the
outer edge of the plate down hard on the panel
Simple but just another worthwhile point!

In cases where small screws are used to fix escut-
cheons and name plates in "position a good wrinkle
to enhance the appearance of your product is to line
all the screw heads with the slots for the screw-
driver all facing the same way. Yes, it does take
a lit}tile longer but you are gaining that professional
touch.

Page 22

It’s so simple but -

Name plates and potentiometer plates if cut
square in a guillotine can generally be improved
by running & file over the corners to round them
off. E

Now for balanced layout. Practically everything .
in radio is a compromise, very rarely can a man say
he has constructed something which he considers is
perfect. Somewhere or other he has had to defer .
to availability of material or for convenience sake
include a piece of circuitry he would have preferred
to leave ou*. -If, then, we have to do this we can
surely compremise a little with what is good in
theory for the sake of gaining a lot in eye appeal.

Therefore, instead of putting that mike gafn control

S HEE -

as close as possible to the mike pre-amplifier (good
practice theoretically) group it nicely in the eentre
of the panel with the other controls. Frovided it is
carefully done and the leads are extended through
shielding braid, very little need be sacrificed. Hum
is much more likely to be incurred through indis-
criminate earthing of grid leaks, bias resistors, and
condensers, ete. Our diagram illustrates what is
probably good for electrical convenience but what a
horror it looks against our balanced amplifier whicl
will more than likely operate just as well. ;

In the ease where an odd number of controls
makes grouping difficult, add something to create
balance. For example, if amplifier No. 2 had only
a phonograph input, volume control, bass and treble
controls and no mike input add either a mains
toggle switch or jewel lamp indicator to even things
up. And now just an odd note on an awkward
point. When you have to mark out a new cabinet for
a radio a surefire way of drilling the front panel cor-
rectly is to put a small blob of white paint on ‘the
centre of each control shaft (volume, tuning, tone.
ete.), and slide the set into the back of the cabinet
pushing it up against the front panel hard. Nice
clear marks should . result. If the shafts are of
different lengths drill out the marks made by the
longest ones first then push the chassis in again
for the shorter ones. Having got the controls posi-
tioned the dial cut-out is easily measured off fron:
them with a ruler. This method is guaranteed to
take the tremble from your hand when attacking
that beautiful polished panel with your drill and
saw.
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HAM ACTIVITIES |

Conducted by
J. A, HAMPEL, VK5BJ

IT’S certainly good to receive those occasional letters from vyou chaps who
are enjoying reading this monthly potpourri on your fellow-hamns' doings.
An interesting one in the mail this month was signed by a wvery spicy call— - »
HA4A4. It belongs to Andre Domjan who recently arrived here and is now
anxious to see if a VK call can be obtained.

N’AUSSIES

Other New Australians have asked the same

query recently so an official enquiry has been made
on the subject. The reply should be available by
next issue. These men are starting off on the right
foot too, by seeking membership in the W.I.A.—we
the old Australians—or VK’s in the language which
is the same. Wherever Hams meet—welcome you.

CALLING C.Q.

Another welcome note came from Les Mallinson,
VK4LM, who has taken the self-appointed task of
VK4 correspondent and the idea could well be
emulated by some enthusiastic chaps’ in other
states. :

SONIC TEST EQUIPMENT

The latest QST shows how deep Amateur Radio
can become and how much it means to a blind
person—like W2IJO. This zealous ham has built

- up a complete set of test equipment using ~the
sonic principle. All measurements are indicated by
sounds not valves or meters. The news of this
latest development in the electronic field will surely
be greeted enthusiastically by those chaps with a
present handicap in this direction.

: V1

In the same magazine is demonstrated what a
lot of ballyhoo has been made of TVI and just how
easily it can be suppressed. A 600 watt suppressed
rig had its antenna connected directly in parallel
with the same line feeding a TV receiver and NO
TRACE of HARMONICS could be~detected!

. DX

Still over in W-land, W1FH holds his lead as the
top DX man in the states. He has 236 countries
confirmed on c.w. with 196 confirmed on phone.
These Yanks seem to find countries we never even
find on the map. It is interesting to note that the
next four leading DX men are outside.the USA
and the honours go to XE1AC, LU6AJ, VQ4EOR
and EI2CK descending in that order.

For the next few weeks CM9AA will be operat-
ing on 10 and 20 from Guadeloupe Is. with the call
FGT7XA whilst his XYL will be there using FG7XB.
Their period of stay on the island is unknown.

Australian Radio and Electronics, May, 1951

VK3 CONVENTION

Here are some important dates for some of you
to remember:—

In VK3 the next Central Westérn Zone convention
is at Ararat on 23rd September; the Eastern Zone
will be at Warragul on 8rd and 4th November.

AROUND THE SHACKS

Eighty metres is the band for the choice ones
now that the shorter days are with us. SP1JF has
been one of the rare one causing panic on the
band recently. If you want to be sold 80—see 5KO
who picks off the Europeans as they queue up to
work  him.

4WB, Bill, put up a vertical and got tired of
waiting for 20 mx. to open up to try it out so he
put the rig on 40 mx and using the vertical is
getting good reports from around VK.—.—.

John, 3AJI, was supposed to have travelled to
Adelaide last Easter (complete with' an SCR-522
too!) but so far no one has been able to find him.
If John doesn’t show up soon there will be one
less VK5 going on 2 metres. I have been watching
those “Wanted” signs outside the cells but none
of the faces are familiar z

Russ, 4PN, is going strong on 40 and 20 meeting
many old friends. Russ has been off the air for
20 years and has just made a comeback, making
up for lost time .——.

3HK is using f.m. around 40 with very nice
results. The a.m. receivers don’'t seem to mind
very much

3YW is another experimenter who has appeared
on 80 using S.8.S.C. but so far—no contacts . —.—.

4CI recently returned to his home town after -
three weeks in Sydney where he operated portable.
Alex took back with him quite a supply of disposals
gear, in fact, too much; ask the taxi driver who
had to drive Alex plus all the junk home from
Brisbane station .—.—.

4NC is very busy at the moment on a new three
element beam so DX boys, look out for competition
now . :
+ Sad was the news that Luke, 5LL, was giving
up Ham radio and was QRT for once and all.
However those old-timers who know Luke too well
and will always recall his joking voice on the bands
up to twenty years ago are betting pretty hard
on his return to the air ’ere long.'Although his
licence has lapsed the urge will be too strong to
keep 'this OT silent .—.—.

(Continued on Page 25)
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MICROPHONE
INSERTS

Button Carbon Mike
Brand New, 2/6d.
Dynamic Mike Inserts
Brand New, 7/6d.

Single Inserts

PICK UP ARMS

Shefi
(uality

moving coil pick up for high
reproduction. Worth £4/19/0.
Our price, £2/15/0.

SWITCHES

Push Pull single pole with single

hole mounting.

‘Worth, 3/64.

Price, 1/3d.
will suit any Oak switeh, 3 pole
3 position or 2 pole 2 position.

Our price only 1/-d. each.

Single Pole 2 way Toggle Switches,
Nickel plated single hole mounting
made in U.S.A. and brand new.
Kasily worth, 5/-. Our Price, 2/6d.

DIAL GLOBES

6.3 volt globes suitable for all modern

radio sets screw in type.
Usual Price, 1/5d. each.
Our Price, only 9d.

BELDEN SHIELDED
WIRE

Available in 1000 ft.
£4 each.

Coils.

' FIXED CRYSTAL
DETECTORS
Type W.X. 6.

Suitable for use as crystal detector
or ‘diode. Brand new. Made in
England. Only 6/6d.
VERNIER DRIVE
TUNING UNIT
Type M.C. 125. A. vernier drive

tuning unit, with 35 to 1 ratio. Robust

Construction, Crackle Finish. Suitable

for remote cable drive, or vernier
¢ on set. Price, 7/6d.

A.T. 300
TRANSMITTERS

This Radar Transmitter uses parts
listed below and is valuable for strip-

ping as well as for use in its
present form. Parts include:

2 AV, 11 Valves

2 Cyclatron Valves

2 4 Ceramic Sockets

1 24 Volt Motor

2 .01 5,000 Volt working Condenser

1 .02 10,000 Volt working Condenser

1 .001 5,000 Volt working mica Cond.

3 Transformers (Heavy Duty)

1 0-100 Volt A.C. Meter which is an
0-1 M.A. movement with 1 M.A,

metal rectifier fitted.

1 0-5 M.A. D.C. Meter,

and many other parts such as stand

off insulators, coils, etc., easily worth
£20. Our price only, £4/10/6.

Dry

CATHODE RAY INDICATOR
UNIT TYPE A.l

This is an ideal unit to be converted
to an oscilloscope or stripped for the
excellent parts, Valves, etc. Parts are:

15. B. P. 1 Valve Complete with
socket and new-metal shield.
66 A c.7 (1852) Valves.

3 6. H.6. Valves.

12 Potentiometers.

10 Block . Condensers.

40 1 Watt, ILR.C, Resistors.

1 3 Position 2 Bank switeh.
1 Toggle Switch.

All enclosed in neat metal case as
illustrated. Easily worth £25,
Our Price, £8/10/0.

BUZZER REPEATER
& KEY UNIT

(As illustrated)
Ex British Na\'y. Equipment included
is:—
1 Morse Key

1 Head Phone
1 Lamp Holder
1 Toggle Switch

Just the thing for the beginner to
learn the code, robustly constructed
and efficient in operation. REasily

worth £2/10/0. Our price 12/6d.

NOTICE

All parcels will be sent registered

Post unless otherwise stated. Freight

or postage must be included wi‘th
orders.

554 MOTOR SPARES LTD

547 ELIZABETH STREET, MELBOURNE
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HAM ACTIVITIES

(Continied from Page 23)

5KB has been seen in Adelaide on a brief respite
from Mt. Gambier. Afraid there wasn’t any oppor-
tunity to talk Ham radio with Peter as both parties
were handicapped to start on the subject due to
YL presence! The Mount’s 144mec¢ hook-up on Mon-
day nights is now down to only two members—
5CH and 5CJ

Cec 5BZ, has put away his portable Type III for
the week-ends now the colder days are here and
is devoting his time to a six metre rig so he will
be ready for all the sporadic stuff next sum-
mer

4FE, who is ex-VKIFE, has been playing with
antennas since arriving home. Arthur’s home is on
the bank of the Brisbane River so that his yard is
very steep and any antenna he erects is always
about 20ft. beneath the shack’s level. Arthur wishes
he was back on Heard Island where one CQ was
sufficient to raise a dozen countries. (Arthur must
have been lucky as one VK1 was heard to call CQ
for nearly two hours one night but he never raised
one station!)

Don, 5DL, has arrived in Brisbane looking for a
flat—also waiting on a new VK4 call

ZL3FL, Allan George of Christchurch is going
to Brisbane to live. He told VK4LM in a recent
QSO that he is bringing over all his gear except,
of course, the beam

By the time this is lead 4PR will be haunting
the Svdney disposals counters and signing portable
while there on annual leave. Jim has .180 DX
countries confirmed—nice work .—.—.

4GG has just returned from a trip to VK2 too.
George is on 80 metres almost nightly and looks
for even more contacts as he believes in this
“populate or perish” theory. Same theory applies
to the v.h.f. bands

4PX, Arthur, has rebuilt his final now using an
813—on 20 and 10

Well this month I'll say nothing about wanting
news from the various states, nor will I ask for
any v.h.f. news either! Maybe I'll get a surprise
in the mail box—Maybe! What’s the address? Box
1589M, GFO, Adelaide. Cheerio chaps.

J.A.H.

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

AUSTRALIAN EDITION

ON SALE NOW
- Price 3/«

The “R. & E. Digest of Circuits™
man, whether Serviceman, “Ham” or
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, Oscillo-
scopes, Audio Amplifiers of varying costs and complexities,
and other circuits of special interest to amateur transmitters.

BUY YOUR COPY NOW from

RADIO and ELECTRONICS

is something that no radio
Home-constructor,

(N.Z.) LTD.

(PUBLISHERS — INCORPORATED IN NEW ZEALAND)
‘Australian Reg. Office: 17 BOND STREET. SYDNEY. N.S.w.
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WAVE FORMS

loscope screen. The photos realating to the circuit
_of Fig. 2 are shown in Fig. 6. There are three pairs
of wave-forms in this photograph. Each pair was
taken at the same time with the aid of an electronic
switch. By this means, it was possible to display
the original sine-wave on .one trace, and the derived
wave-form from the test circuit on the other, thus
showing the time relationships between the manu-
factured waves, and the original one. In each pair
of wave-forms, the lower trace is the original sine-
wave, while the upper ones are the derived wave-
forms. At the top, we have the wave-form at the
second of the transformer. It will be noted that it
is larger in amplitude than the original sine-wave,
and also that the transformer has distorted it some-
what. The middle pair show the wave-form at the
grid of the valve. This demonstrates the clipping
action of the grid-current, in conjunction with the
series grid resistor. The upper portions of the
positive half-cycles have been lost, and it can be
seen that only the negative half-cycles are left.
The bottom pair shows the output wave-form on
the upper trace, and several points can be seen.
First of all, it is clear that the “vertical” portions
of the wave are very steep, but are certainly not
vertical, especially near the cut-off and grid current
points. This is because the characteristic of the
valve does not have perfectly sharp transitions at
either place, and indicates that the output wave

(From Page 14)

can’only approach the theoretical ideal, and not
actually reach it. Actually, much better wave-
forms can be generated by this method, but in taking
these photographs, they were purposely made worse
than the circuit is capable of, in order to show just
how a practical circuit’s performance -differs from
the ideal. All that was done in this respect was to
reduce the inpyt voltage somewhat, so that the tran-
sitions would be slower, and more easily seen. For
example, it can readily be observed that the sides
of the wave are steepest in the centre, where the
valve characteristic is steepest, and that the slope
becomes somewhat less, appreciably before the ex-
tremes of voltage are reached. Examination will
show that the positive flat portions are approached
more gradually than the negative ones, indicating
that the curvature of the characteristic near cut-off
is more gradual than the curvature near the grid-
current point A comparison between the input and
output waves in the bottom photo shows that the
negative half-cycle of-output arises from the posi-
tive half-cycle of input, and vice versa—in short,
a demonstration of the phase-reversing property
of the amplifier valve. It is also possible to see
that the positive flat portions are actually flatter
than the negative ones. The former come from
the valve being cut off, while the latter occur while
grid current is passing. The slight rounding of the
Continued on Page 32

‘COMPLETE 8 VALVE RADIOGRAM UNIT

-

% 8 VALVE WORLD-RANGE RADIOGRAM CHASSIS, -
% MATCHED DUAL SPEAKERS—12in. AND 8in.

£31/10/ -

FREIGHT EXTRA COMPARE THESE FEATURES

Eight valve world. range chassis with push-pull output. Uses new ”Philips ECH33 converter valve
for better long distance reception. High gain audio with inverse feed back and tone control gives
you the best reproduction from your favorite recordings. Radiogramo switch combined with short-
wave switch. A.C. switch incerporated with tone control. Large calibrated edge lit dial with main
stations in each State in prominent type, with counterweight drive. Provision for F.M. or tele-
vision tuner. Permatuned iron cored coils and intermediates.

CLASS'C RADIQ PARRAMATTA ROAD, HABERFIELD.

Phone: UA 2145
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Short Wave Review .

Conducted by L. J. Keast
7 Fitzgerald Rd., Ermington, N.S.W.
Phone: WL 1101

ALL TIMES ARE AUSTRALIAN EASTERN STANDARD

NOTES FROM MY DIARY

U.s.A.

There has been so many alterations in schedules and
such a number of new frequencies brought into use that
I am printing in this issue the latest list received by
airmail.

Daylight Hours .
DX-.ers will notice from now on many overseas stations,
particularly London and European transmitters will be
heard well during daylight hours. In the May issue |
will print a list of some of the most likely to be heard.

Errata .

Under the heading “The Doctor Comes to Town’’ in
February issue a typographical error crept in. It is my
fault as when checking my typed notes | overiooked |
had shown Dr. Gaden as having arrived at Manila. It
should have really been Manildra. The location of
Manildra as given is correct.

Mr. Anderson Still Brings Them In

Mr. Anderson of Paddington, N.S.W., writes:—

“l am afraid this month’s loggings have not heen the
best. However here are the few | have logged:

PCJ on 15.22 at 9.15 p.m. English.

SAIGON on 11.83 at 8.00 p.m. English.

MADRID on 9.585 at 6.15 a.m. English.

ROME on 15.12 at 6.15 p.m. English.

OI1X4 FINLAND 15.19 at 9.45 p.m. Finnish until
10.00 p.m. then English.

““On a recent Sunday afternoon | also heard HCJB in
15.115 mc. at 2.00 p.m. in an English session.

“l am enclosing the latest schedule from Radio Ceylon
from whom | received a very nice verification letter this
week, bringing my total to 24 veries for a total of 15
counties.

‘“Well, | guess that is all for this month and keep up

THE MONTH'S LOGGINGS

RADIO SWEDEN

mc. met.
10,00-11.30 a.m. sSDB-2 10.78 27.83
3.15-5.35 p.m. SBT 15.155 19.80
SBO 6.065 49.46
SBT 15.155 19.80
5.35 p.m.-1.15 a.m. SBP » 11.705 25.63
SBT 15.155 19.80
1.15-4.00 a.m. SDB-2 10.78 27.83
SBT 15:155 19.80
4.00-4.30 a.m. SBO 6.065 49.46
SDB-2 10.78 27.83
4.30-5.00 a.m. SDB-2 10.78 27.83
4.30-5.00 a.m. SBO 6.065 49.46
5.00-8.00 a.m. SDB-2 10.78 27.83
SBO 6.065 49.46
RADIO CEYLON
B.B.C. Broadcasts are as follows:—
mc. met,
6.25-Midnight 17.73 16.92 Directed to Hongkong,
China and Japan.
12.10-3.05 a.m. 15.12 19.84 Direct to India and Paki-
stan.
6.25 p.m.-3.05 a.m, 21.62 13.88 Directed to French Indo-
.China, Burma & Malaya.
6.45 p.m.-7.00 p.m. 17.73 16.92) To Far East
21.62 13.88 §

HIER SPRICHf LONDON

B.B.C. Programmes for Germany:i—

met. met. met,
4.00-5.45 p.m. 49.59 41.21
7.00-7.15 p.m. 49.59 41.21
Midnight-12.30- a.m. 40.98 31.17 25.15
3.00-3.15 a.m. ]
3.45-4.15 a.m. § 49.59 " 40.98 31.17
5.15-5.30 a.m. 49.59 40.98
6.00-8.15 a.m. 49.59 40.98
10.00-10.15 a.m. 49.59 40.98
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the good work in A.R. & E. which is still the only
magazine | buy.”
ICl LONDRES

B.B.C. Programmes for France:—

met. met. met.
5.30-5.45 p.m. 48.54 41.61
6.00-6.15 p.m. 48.54 41.61
7.00-7.30 p.m. 48.54 41.61 30.53
10.30-10.45 p.m. 41.61 20.26 25.49
11.30-11.45 p.m. 41.61 30.26 2539
3.00-3.15 p.m. 48.54 41.61 30.26
5.30-8.00 a.m. 41.61 48.54

RADIO NEW ZEALAND

ZL8—WELLINGTON. 9.62 mc., 31,19 met: 4.00 a.m.-6.45
a.m. to Australia. Station on air till 5.00 p.m.

ZL10—WELLINGTON. 15.22mc., 19.72 met: 7.00 a.m.-4.45
p.m. to Australia. Closes week days 8.30 p.m. Sats.
9.20 p.m. Sundays 8 p.m.

ZL3—WELLINGTON, 11.78 mc. 25.46 met: 4.00 a.m.-6.45
a.m. to Pacific Is. Closes week days 8.30 p.m. Sats.
9.20 p.m. Sundays 8.00 p.m.

ZL4—WELLINGTON, 15.28 mc. 19.64 met: 7.00 a.m.-4.45
p-m. to Pacific Is. Station on air till 5.00 p.m.

THE EAST.

Formosa.

BED32 and BEDY9, Tiapeh, Taiwan, 3.22mc. 93.16 met:
Reported by Arthur Cushen as heard from 9 p.m. English/
Chinese lesson broadecast on Saturdays 9.00—9.30 p.m.
Signal strength is fair. !

Philippines.
DYH4, Damaguete, 6.055mc. 49.55 met: Operates from
8.00—11.00 p.m. from Silliman, University, Negros

Oriental. Programmes are mainly Christian Missionary
Services. Reported by Arthur Cushen,
DZH-5, Manila, 9.69mc. 30.96 met: Still another Eastern
station reported by Arthur Cushen with a slogan ‘“Voices
of Catholic Philippines’’ operating from the University
of Santo Tomas. Programmes are non-commercial and
staff announcers, etc., are amateurs of the University.
DZH-8, Manila, 15.30mc. 19.61 met: 8.00—11.00 p.m.
Continued on Page 29

Page 27



R.F. RESISTANCE METER
(From Page 21) .

224 that is used as the dynatron wvalve. This
method of drawing has been used to simplify the
wiring up process, since there are six different bat-
tery units, and a purely theoretical diagram makes
it necessary to do a considerable amount of sorting
out of battery connections. Since batteries are used,
and not a power supply from the mains, it is essen-
tial to have things arranged so that it is easy to
change batteries when this becomes necessary. With
an arrangement like the one shown, it is a simple
matter to have a series of tagged leads, two for each
battery unit, so that there is no need to make cross-
connections at battery terminals. This removes a
fruitful source of errors in connecting up new bat-
teries. It wili be noticed that the circuit is earthed
at one point only, and is built otherwise completely
insulated from the metal chassis. This helps to give
a satisfactory R.F. circuit, without any ground loops
which might cause losses that could be attributed
wrongly to the circuit under test. It also enables
the circuit to be grounded at an unusual point, so
that there is very little risk of the operator getting
a shock when connecting or disconnecting a test
circuit from the terminals. Contrary to the belief
of many, 90 volts of good battery can give one a
very nasty nip, not at all to be despised. The circuit
shows that both the screen, and the “cold” end of
the test circuit are carefully bypassed to the cathode
of the valve. Because of this, R.F. is excluded from
the whole of the measuring circuit, which becomes,
in practice as well as in principle, a purely D.C.
affair. This, incidentally, is one of the advantages
of the method, in that all measuring is done with
D.C. instruments, which are inherently more
accurate than any A.C. meters of reasonable price.
Double bypassing is used, because the 0.1 u.f conden-
sers will not be completely effective at high radio
frequencies, which are then taken care of by the
small mica condensers, which have considerably less
inductance than ordinary paper tubulars.
THE CIRCUIT IN DETAIL

t might simplify matters if it is stated at the

outset that the switches S1 to S5 are all on two
double-pole three-position wafers, and are used for
switching the batteries out of circuit when the in-
strument is cut of use, or on “stand-by” when all
that is left on is the heater of ‘the valve. In the
diagram, all are shown in the “on” position.

(Continued on Page 30)

Balancing Control

Balancing
- / + Baltery

Short
Circuit :
|
g
: S s
Additional
H.T. Control +45
Fig. 3
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N.H.V. KITS

AMPLIFIER
CABINETS

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

Prices lplus

Catalogue No. W D H Sales Tax
ACl 107 5% 290 oe) SR
AC2 12 7 9 £115 9
AC3 17 7 9 £2°43 0
AC4 LD 9 £3°0-0
AC SF 1059 10 5 %1159
AC SF 1279 12 7 9 £119 0
AC' SF 1779 17 7 9 £211 0
AC SF 17109 17 10 9L £3. 56

Metal Utility
Cabinets

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

Prices plus
H Sales Tax

6. 6 - 8/8

o
4

Catalogue No.
MC666

6
MC596 5 6 9 94
MC7810 7 8 10 13/9
MC6712 6 (e
MC81010 8 TR Nl v
MC81112 8 i} =le == ofys
MC7915 7 9. Ltihe o)y
MCSF776 74 7 61 116
MCSF796 74 9 6L 13/9
MCSF116 TR 61 16/~
MCSF8138 8L 13 8 19/3
MCSF101810 100 18 10 - 31/8

N.H.V. KITS

97 Marriott Street, Redfern, N.S.W.
MX 3764
An Associate of R. H. Oxford & Son Pty. Lid.
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SHORT WAVE REVIEW

(Continued from Page 27)

UNITED STATES INTERNATIONAL BROADCASTING STATIONS

M/C
6.04

o209
228
o

6.14
6.16
6.17
6.185
7.214
7.25
7.27
9.515
9.53

9.54

9.55
9.56

9.57
9.615

9.65

1.71

11.73

11.77
11.78
11,79

Met.
49.66

49.50

49.34
49.21
49.15

49.02

48.86

48.70

48.62
48.54
41.69
41.58
41.38
41.27
31.53
31.48

31.45

31.41
31.38

31.35

31.35
31.23

31.09

31.02
-

30.99
30.93

25.62

25.58

25.48
25.47
25.44

A.E.S.T.

4.00-8.30 a.m.

10.00 a.m.-1.00 p.m.
2.30-4.00 p.m. (Tu-Sat)
545 p.m.-12.15 a.m.

5.15-6.45 p.m

7.00 p.m.-1.45 a.m.
7.00-8.30 a.m.

1.15 a.m.-6.00 p.m.
5.15-7.45 a.m.

8.15 a.m.-1.45 p.m.
2.00-2.15 p.m.
2.45-1.45 p.m.

7.00 p.m.-1.45 a.m
8.00 a.m.-12.15 p.m
6.15 p.m.-12.45/ a.m,
1.15 p.m.-2.00 p.m.
11.30 p.m.-1.45 a.m
4,00 a.m.-4.45 p.m
7.00 p.m.-1.45 a.m.
2.30-4.00 p.m. (Tue-Sat)
11.00' p.m.-Midnight
2.00-1.45 a.m.
3.00-8.30 a.m.

7.00 p.m.-1.45 a.m.
9.00-10.00 a.m. (Tue-Sat)
10.00 a.m.-1.00 p.m,
6.15 p.m.-12.45 a.m.
1.30-5.00 a.m.
5.15-8.15 a.m.
2.00-2.15 p.m.
5.00-8.45 a.m.
6.00-8.30 a.m.
2.30-4.00 p.m. (Tue-Sat)
7.00-9.30 p.m.

10.00 p.m.-1.45 a.m.

11.00 a.m.-6.45 p.m.

7.00 p.m.-1.45 a.m.
12.15-5.30 a.m.

6.00-8.30 a.m.

2.00-2.15 p.m.

10.00 p.m.-1.45 a.m.
4.30-8.30 a.m.

Noon-1.00 p.m. (Tue-Sat)

2.30-6.45 p.m,
7.00 p.m.-12.15 a.m.

10.00 a.m.-1.00 p.m. (Tue-Sat)

10.30 a.m. Noon

6.00-7.00 a.m.

5.45 p.m.-12.15 a.m.
12.15-2.45 a.m.

6.15-8.30 a.m.

10.00 a.m.-1.00 p.m.
2.30-4,00 p.m. (Tue-Sat)
7.15-11.45 p.m.

4.15-7.15 a.m.

8.00-8.15 a.m.

oaNs 2
2wNow -
sas og
o )
333 3
=

=

~N 9N
[t
o

.00-11.00 p.m.

12.15-8.15 a.m.

9.00-10.00 a.m.

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

Noon-1.00 p.m. (Tue-Sat)

Continued on Page 31
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AND OVERSEAS RELAY STATIONS

STATION

TANGIER-4
WLWO-1
WLWO-7
KCBR-2
KRCA-2
KRCA-2
TANGIER-9
MUNICH-3
MUNICH-2
MUNICH-2
WRCA.-3
MUNICH-2
MANILA-3
MANILA-3

MUNICH-5
MUNICH-5
HONOLULU-1
MUNICH-1
KRCA-1
TANGIER-10
TANGIER-10
MUNICH-4
TANGIER-3
KRCA-3
WGEO-1
WGEO-1
MUNICH-3
MUNICH-2
TANGIER-2
MUNICH-2

WRCA-4
TANGIER-1
WLWO-8
KWID-1
KWID-1
KWID-2
KCBR-1
TANGIER-9
WRCA-1
WRCA-1
HONOLULU-2
WABC-1
WABC-1

KGEI-1
KGEI-1
WRCA-3
WRCA-3
TANGIER-9
KCBR-3
TANGIER-3
WRCA-5
WLWO-8
TANGIER-9
TANGIER-3
WRUL-2
WRUL
WLWO-5
WLWO-5

KGEI-2
KGEI-2 -
WRCA-2
WRUL-5
KRCA-2
KRCA-1
HONOLULU-1
TANGIER-10
WRUL-1
WRUL-1
WRUL-1
WRUL-1

BEAM

EUROPE

W.S. AMERICA.
N. AFRICA

E. ASIA
HAWAII/AUST.
HAWAII/AUST.
EUROPE
EUROPE
EUROPE
EUROPE Y
EUROPE
EUROPE

E. ASIA

E. ASIA

EUROPE
EUROPE

E. ASIA
EUROPE
PHIL/E. INDIES
MIDDLE EAST
N. AFRICA
EUROPE
EUROPE

E. ASIA

E.S. AMERICA
E.S. AMERICA
EUROPE
EUROPE
EUROPE
MIDDLE EAST

EUROPE (AFRS)
EUROPE

N. AFRICA

S. PACIFIC

W. ASIA
ALASKA/ALEU
PHIL/E. INDIES.
EUROPE
EUROPE
EUROPE
PHIL/E. INDIES
EUROPE

S. AMERICA

" MID-PACIFIC

MARIANAS/PHIL.
E.S. AMERICA
E.S. AMERICA
EUROPE

E. ASIA
EUROPE
EUROPE

W.S. AMERICA
MIDDLE EAST
EUROPE
EUROPE
EUROPE

W.S. AMERICA
W.S. AMERICA

MID-PACIFIC
MID-PACIFIC
EUROPE

N. EUROPE
E. ASIA

E. ASIA

E. ASIA
EUROPE
CARIBBEAN
E.S. AMERICA
E.S. AMERICA
E.S. AMERICA
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R.F. RESISTANCE METER

(From Page 28)

0-100 A
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& !
Hatn: T - A S e
9V NP 45V 45V 6V 3V
@ @ B B
_ 230V
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First of all, at the left of the diagram, is the grid
circuit. This consists of a 10k. grid stopper in series
with the grid lead, to prevent the occurrence of
parasitic oscillations, and a 500-ohm potentiometer,
one side of which is returned to the cathode of the
valve. A 9-volt C battery is connected across the
potentiometer, and this is sufficient to bias the valve
to cut-off, or very close to it. A good wire-wound
potentiometer must be used here, and it must have
a large easily-moving adjusting knob, so that very
smooth and fine adjustment of grid bias can be
made. Since the actual value of the bias is not of
immediate concern, there is no necessity to meter
the grid bias. Next to the right we have the heater
transformer. One side of the heater is connected to
the cathode, and switching is performed in the
primary circuit of the transformer in order to avoid
switching the heavy heater current with the light
contacts of a wafer switch. It will be noted that
the heater is left running on positions 2 and 3 of the
switch, the former being the stand-by position, and
the latter, of course, the measuring position. Posi-
tion 1 is “Off.’ Next along the line we have two
45-volt B batteries in series. These give 90 volts
for the screen, and 45 for the plate of the valve.
‘These batteries are switched in their common nega-
tive lead, so that it will not be possible to purposely
leave the screen voltage on without plate voltage

Page 30

.applied at the same time, and also to avoid the

necessity for. a further switch section. So far the
circuit is very simple, and the only complication
comes in the plate circuit. Here, we have two addi-
tional small batteries. The first of six volts, is used
to provide the controllable amount of additional
plate voltage, while the fhree-volt battery is used as
a bucking, or balancing battery for balancing out
the majority of the plate current from the 100
uamp. meter.

In order to simplify things, this part of the cir-
cuit has been illustrated separately in Fig. 3.

The terminals to which the tuned circuit is
attached ara shown short-circuited, because the ecir-
cuit should be removed, and a shorting bar substi-
tuted before the actual measurement of the nega-
tive resistance is made. The meter shown is the
sensitive 100 uamp movement, and across it is con-
nected a battery in series with a rheostat. The
polarity of the battery is such as to deflect the
pointer backwards, so that a deflection caused by the
plate current is cancelled out. Then, by adjusting
the rheostat, the current through the meter can be
reduced to a value that allows the meter to read
approximately half-scale. In this condition, it is
possible to read directly a small change in plate
current, such as the 10 uamps we are interested in.

Continued on Page 32
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SHORT WAVE REVIEW

(Continued from Page 29)

M/C Met. A.E.S.T. STATION BEAM
11.81 25.40 5.00-5.30 a.m. WABC-6 EUROPE
11.15 a.m.-5.30 p.m. KCBR-3 E. ASIA
11.830 25.36 7.15 p.m-3.45 a.m. TANGIER-4 EUROPE
4.00-8.30 a.m. WGEO-2 EUROPE
9.30-9.45 a.m. (Mon. & Wed.) WABC-1 S. AMERICA
9.45-11.00 a.m. WABC-1 S. AMERICA
11.86 25.29 7.00 p.m.-12.15 a.m. KWID-2 E. ASIA
11.87 25.27 2.15-3.00 a.m. MUNICH-1 MIDDLE EAST
3.00-3.45 a.m. MUNICH-1 EUROPE
g 4.00-8.30 a.m. WBOS-1 EUROPE
11.89 25.23 7.00 p.m.-1.45 a.m. MANILA-1 E. ASIA
5.00-8.45 a.m. WRCA-3 EUROPE
11.895 25.22 8.00 a.m.-1.00' p.m. MANILA-1 E. ASIA
11.90 25.21 2.30-6.45 p.m. KWID-1 S. PACIFIC
15.105 19.86 Noon-12.15 p.m, KGEI-2 PHIL/E. INDIES
2.45-3.30 p.m. KGEI-2 PHIL/E. INDIES
15.13 19.83 7.15-7.45 p.m. TANGIER-1 EUROPE
2.00-8.30 a.m. WABC-5 EUROPE
10.00 a.m.-1.00 p.m. KRCA-2 S. AMERICA
2.45-6.30 p.m, KRCA-1 E. ASIA
15.15 19.81 5.00-8.45 p.m. WRCA-6 EUROPE
15.21 19.73 4.00-6.30 p.m. KRCA-3 S. PACIFIC
7.15 p.m.-5.00 a.m. TANGIER EUROPE
6.30-8.15 a.m. WABC-6 EUROPE
10.00-10.30 a.m. (Tue-Sat) WRCA-6 E.S. AMERICA
% 10.30 a.m.-Noon WRCA-6 E.S. AMERICA
15.23 19.70 2.00-4.15 a.m. WRUL-1 EUROPE
15.24 : 19.69 " 12.15-2.15 a.m. TANGIER-1 EUROPE
15.25 19.68 7.00 p.m.-1.45 a.m. MANILA-2 E. ASIA
2.00-8.30 a.m. WLWO-5 N. AFRICA
8.00 a.m.-6.45 p.m. > MANILA-2 E. ASIA
15.27 19.66 2.00-8.15 a.m. WABC-2 EUROPE
- 8.40-8.50 a.m. WABC-2 MEXICO
9.30-9.45 a.m. (Tue-Sat) WABC-2 S. AMERICA
9.45-1.00 p.m. WABC-2 S. AMERICA
15.28 19.63 5.15 p.m.-12.15 a.m. MUNICH-1 EUROPE
2.30-5.30 a.m. TANGIER-1 EUROPE
15.22 19.62 9.00-10.00 a.m. WRUL-5 CARIBBEAN
15.31 19.60 2.60-4.00 a.m. WRUL-3 EUROPE
8.00-10.00 a.m. KCBR-1 E. ASIA
11.15 a.m.-5.30 p.m. KCBR-2 ALASKA/ALEU
15.33 19.57 1.15-8.30 a.m. WGEO-1 EUROPE
9.00-9.45 a.m. (Tue-Sat) WGEO-2 S. AMERICA
10.00 a.m.-Noon WLWO-6 W.S. AMERICA
Noon-1.00 p.m. (Tue-Sat) WLWO-6 W.S. AMERICA
1.00 p.m.-6.30 p.m. MANILA-3 E. ASIA
7.00-9.45 p.m. HONOLULU-2 PHIL/E. INDIES
15.34 19.56 5.45 p.m.-1.15 a.m. MUNICH-2 EUROPE
15.35 19.54 11.15-11.30 p.m. WLWO-5 W.S. AMERICA
4.30-8.15 a.m. WRUL-1 EUROPE
8.45-10.00 a.m. (Tue-Sat) WRUL-2 MEXICO
11.00 a.m.-Noon WRUL-2 CENT. AMERICA
17.75 16.90 .00-8.30 a.m. WRUL-4 EUROPE
17.76 16.89 2.15-8.45 a.m. WGEO-3 EUROPE
10.00 a.m.-1.00 p.m. KWID-1 S. AMERICA
107 16.88 8.00-10.00 a.m. KCBR-3 PHIL/E. INDIES
17.78 16.87 2.00-6.00 a.m. : WRCA-5 EUROPE
9.30-9.45 a.m, (Tue & Th) WRCA-5 S. AMERICA
9.45 a.m.-1.00 p.m. WRCA-5 S. AMERICA
5 1.15-6.45 p.m. MANILA-1 E. ASIA
17.80 16.83 F 3.15-3.45 a.m. ¢ WLWO-8 N. AFRICA
4.15-7.15 a.m. WRUL-3 EUROPE
10.00-11.00 a.m. WLWO-2 W.S. AMERICA
- Noon-12.15 p.m. KRCA-3 E. ASIA
2.45-3.30 p.m, KRCA-3 PHIL/E. INDIES
3 5.15-6.45 p.m. HONOLULU-1, PHIL/S.E. ASIA
17.83 16.82 1.15-8.30 a.m. WABC-3 EUROPE
? 8.40-8.50 a.m. WABC-3 MEXICO
9.00-10.00 a.m. (Tue-Sat) WABC-3 S. AMERICA
10.15-10.30 a.m. (W.Sat) WABC-3 E.S. AMERICA
10.30-Noon ; WABC-3 E.S. AMERICA
21.46 13.98 10.00 a.m.-1.00 p.m. ; KRCA-1 S. AMERICA
21.50 13.95 2.00-4.30 a.m. WABC-6 EUROPE
21.52 13.94 1.15-8.30 a.m. WLWO-3 NORTH AFRICA
21,57 13.91 2.00-4.15 a.m, WABC-1 EUROPE
21.59 13.90 1.15-3.45 a:m. WGEO-2 EUROPE
21.61 13.88 2.00-6.00 a.m. > WRCA-1 EUROPE
21.65 ; 13.86 2.00-8.30 a.m. WLWO-7 NORTH AFRICA
21.73 : 13.81 2.15-4.30 a.m. WRCA-3 EUROPE
21.74 13.80 8.00-10.00 a.m. KCBR-2 E. ASIA
AfTed B 22, Noon-12.15 p.m. KGEI-1 MID-PACIFIC
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R.F. RESISTANCE METER

(From Page 30)

The remainder of the circuit is the arrangement
for adding small increments of plate voltage. A
small battery, separate from and additional to the
45-volt plate section of the H.T. battery, is connected
across a low-resistance potentiometer, and the mow-
ing arm of the latter is taken off to the plate circuit
as the final supply lead. The negative terminal of
the battery is connected to the 45-volt tap on the
H.T. battery. With this arrangement the potentio-
meter is able to provide any amount of additional
voltage, from zero up to the .full voltage of the
exira battery. The potentiometer introduces a small
extra resistance into the plate circuit, but this is
quite negligible in comparison with the actual nega-
tive plate resistance, and in no way affects the re-
sults. Not shown on Fig. 3 is the method of measur-
ing the additional plate voltage, but this consists
merely in connecting a voltmeter across the lower
portion of the potentiometer, from the 45-volt bat-
tery tap to the moving arm. Since this is a per-

manent connection, any effect on the voltage caused -

by shunting the voltmeter across the voltage source
is of no consequence, since at all times the volt-
meter reads the actual voltage added. For this
reason, too, it is not advisable to try and use an
external voltmeter in this position. An external
meter could be used, but would defeat its own
object, since it could not be used for any other
purpose in the circuit by changing its position.

Coming back to the actual circuit, we find that
the arrangement used is slightly different from that
shown on Fig. 3, for the balancing.

The three-volt balancing battery is connected
across a 10k. potentiometer, providing a contin-
uously variable source of voltage, rather than a
fixed source with a variable series resistor. Then,
a fixed series resistor of 3000 ohms is used between
the moving arm of the potentiometer and the nega-
tive terminal of the meter. The reason for this
circuit change is to be found in the protective device
that is used to prevent the meter from being over-
loaded. This was not shown on Fig. 3, and consists
of the 25-ohm resistor, in series with the switch,
S6. This switch is either a normally closed push-
button, opening when pressed, and returning auto-
matically to the closed positon when released, or a
toggle type, with a similar action i.e., one which
has to be held in the operated position, and springs
‘back if released. The 25-ohm resistor is simply a
.shunt, which reduces the sensitivity of the meter
.except when the push-button is operated. Thus,
unbalanced currents up to the full plate current of
the valve can be passed through the meter circuit
without damage, as long as the button is not pressed.
The procedure for balancing the meter is to obtain
.a balance with the 10k. potentiometer, the shunt be-
‘ing still in circuit. Then, when the button is pressed,
ithere will be only a small current left flowing
‘through the meter, and the balance control can now
‘be used to make the meter read at any conveniemt
‘position on its scale. It is best not to balance out
the current completely, but to allow about half-scale
deflection, preferably with the pointer set exactly to
.one of the major scale divisions. The actual bal-
.:ancing circuit used has the advantage that, unlike
‘the simple one of Fig. 3, the operation of the pro-
tective shunt does not have an appreciable effect on

Page 32

the balance position as it is -cut in and out. It
also keeps a large resistance always in series with
the meter, so that there cannot be any appreciable
error in reading the plate current change, owing to
the shunting of the meter by the adjusting resistor.
The additional H.T. control is exactly as shown
in Fig. 3, with the addition of the voltmeter M2. The
series resistor has been left unmarked as to value,
because this will depend on the meter movement
used. It is simply a multiplier resistance, arranged
to make the meter M2 read 0-5v. Please note that
if any other scale is used, it will not be direct-read-
ing, as explained above, and a small sum will have
to be worked out every time a reading is made. It
does not matter much what sort of meter movement
is used, as long as it is a good one. A 1 nia. meter,
of good make would be quite satisfactory, but there
would be no harm in using a less sensitive meter,
as long as its readings are accurate. In our case a
war surplus 0-500 uamp movement was used, with
very satisfactory results, so that in this case the
multiplier required was 10k., less the 500-ohm re-
sistance of the meter itself, giving a multiplier of
9500 ohms. (To be continued.)

CLASSIFIED ADVERTISEMENTS

Readers! Have you anything to Sell, Buy or Ex-
change? Then use this column. Classified advertise-
ments cost 1/6 per line, based on approximately 7 words
to the line. (Minimum, 3 lines.)

WAVE FORMS
(From Page 26)
limiting action of the grid current is not perfect,
so that the grid does go very slightly more positive
at the peak of the input half-cycle. This illustrates
very effectively the second reason for employing the
grid stopper, Rs. It is that without this component,
the bottom of the output wave would be anything but
flat, owing to the fact that modern valves do not
really have a saturation value of plate current at
all. This is due to the oxide-coated cathodes that
are used today. One feature of them that is not
properly understood, even vet, is this very fact. As
the grid voltage is made more and more positive,
the plate current curve never quite flattens off, but
continues to rise slowly. As a result, if the posi-
tive grid voltage were not limited by the grid
stopper to a small value, the bottom of the wave
would be quite rounded, and not “squared off” at all.
Hence the use of the grid stopper. As well as pro-
tecting the grid from excessive current, it actually
improves the output wave-form. Even so, the
flattest portion of the wave is the top, because once
the valve is cut off, it can never be “more cut off,”
however negative the grid may go.
DIFFERENT TIME RATIOS

The circuit we have described is frequently used
where the square wave required is wanted to have
the positive and negative half-cycles almost equal
in duration. It requires a low-impedance source
(viz., the transformer secondary) if it is'to act in
just this way, however, and we will see why when
we come to examine the next circuit, which is de-
signed to produce a square-wave in which the posi-
tive and negative half-cycles are nqt of equal dura-
tion. (To be Continued)
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PALEC MODEL V.T.M.
(Probe) MULTIMETER

Ranks as most versatile and valu-
able single piece of test apparatus.
Checks and tests all circuits, R.F.,
AF., A.V.C., under operating con-
ditions without disturbance.

Capable of quickly lccating most ob-
scure and elusive of intermittent,
noisy, open or short circuits.

Checks all component parts and tests
for high resistance insulation leaks.
Used with Model M.O. oscillator or
equivalent, traces signal and deter-
mines stage gain in every channel
from mixer to speaker.

Ranges: (1) R.F.-A.F. six-range volt-
meter: 0-2.5-10-25-100-250-1000 volts
A.C* Fitted with polystyrene bushed
probe operating on frequencies up to
300 M.C. accuracy plus 0.5 db. to 100
M.C. Input cap., 10 uuf., loading equal
to 6 megohms. (2) High resistange
D.C. six range volt-meter: 0-2.5-10-25-
100-250-1000 volts D.C. Total load 11
megohms—giving over 4 megohms per
volt on lowest range. (3) Ohmmeter,
six-range—from 0.5 ohms to 1000
megohms.

Detachable co-axial leads, 20 page in-
struction book supplied. Employs 4
valves.

Capacity 0.001-0.1 and 0.1-10 MFD.

“Foresight—Remember

ments are Australian made and backed
by Australian Factory Service.”

PALEC SIGNAL
GENERATOR MODEL 8.G.L

Frequency Coverage: 150 Kc/s. to 30
Mec/s, in six overlapping ranges. Ac-
curacy, 1%. Individual coils per-
meability tuned and fitted with air
dielectric trimmers. Vernier dial.

Output From 0.5 microvolt to 1 volt.
Accuracy within 2 db at all frequen-

cies. Detachable universal dummy
antenna.

Modulation: Internal—400 cps., vari-
able 0-100%. External—Uniform re-

sponse with 1 db from 30 to 10,000
cycles, 2 volts required for 30% modu-
lation, 5 volts 400 cycles signal avail-
able externally with less than 2% dis-

tortion. Frequency modulation
negligible.

Leakage: Less than 0.5 microvolt at
30 Mc/s., decreasing at lower frequen-

cies. Triple shielding incorporated.
Attenuator: Ladder type of wunique
construction, with 10 ohm nominal
impedance on all but the highest out-
put ranges. Attenuator has negligible
effect on carrier frequency.

Valves: 2-6SN7; 1-1852; 1-6X5. Dimen-
sions of case: 14 ins. x 834 ins. x 8%
ins. Weight: 29 lbs. Available for 220-
260 volt A.C. and external vibrator
cperation.

Dafam <.

NEW PALEC VALVE
TESTER, MODEL V.C.T.-2

A new Valve and Circuit Tester—
10,000 ohms per volt—is a worthy suc-
cessor to the well-known Model VCT
which since 1937 has been Australia’s
best-selling radio-test instrument. A.C.
operated either from 200-260 volts or
overated from the battery by using
external vibrator.

Features

Fitted with large six-inch, 100 micro-
amp sector type meter. A new release.
Housed in our standard size steel case
to match other instruments in the
Palec range for a neat bench display.
Also portable for outside work.

Full floating element selector switch-
ing obsolescence free.

Heater voltages catered for up to 117
volts.

Neon shorts Test for leakage at a low
voltage (50 v. Max.) to safeguard
against electrostatic attraction shorts
developing. Particularly necessary for
testing 1.4 volt series for valves.
Comprehensive valve data booklets
supplied testing over 800 types of
valves.

D.C. Volts (at 10,000 ohms per volt)
16-50-250-1000 volts.

A.C. Volts (at 10,000 ohms per volt)
10-50-250-1000 volts.

D.C. Milliamps 0.1-1-10-50-250 Milli-
amps.

Ohms (internal battery
0-500-50,000-5,000,000 ohms.

cal

operation)

Manufacturers of all Types of Radio & Electrical Test Equipment & Meters.

Palec Instru-

Tels.: UAS5266 (5 lines)

90-94 VICTORIA STREET, ASHFIELD SYDNE"

Telegrams: '




\ “Sound Quality”

: J Products

PRESENTING

v
/‘\\a-
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THE MAGIC OF

MICROGROOVE

SUPER-SILENT ;
DUAL SPEED TURNTABLE

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

R-33 o'k

PORTABLE DUAL SPEED
MICROGROOVYE RECORDER

AND PLAYBACK UNIT

Where there’s a three pin power socket—there’s your R - e
recording studio. Completely self-contained micro- .R-12-D
groove disc recording unit with five functions:— DUAL SPEED

1. Record from Microphone

2. Record from External Source (Radio Tuner) MICROGROOVYE RECORDER
3. Reproduce from External Source :
4 AND PLAYBACK UNIT

. Reproduce from Recordings and Commercial Press-

ings. A . . siez . .

& For easy coupling to your existing amplifier or high

5. Public Address System—Reproduce from Micro- grade radio receiver. Records microgroove discs and
phone. plays back commercial pressings too!

Interstate Representatives:—

Wm. J. McLellan & Carlyle & Co. Ltd.,
Co.r - Pty; vidd., -66 915 Hay St., Perth.
B9371.

i &
York St., Sydney. & \wu.,,' -
BX2508. L._S. Wise & Co., 14 A& 2
Distributors’ Corpora- Cpé’i'se St., Adelaide.
tion Pty. Ltd.,, 403 NEW  ZEALAND: PTY[
s St"‘ ,Mel' Swan Electrical Co. i
bourne, C.1. MU3208, 1 ithds cwaliheton S S .
MU3908. Christchurch, Auck- T
el D L T L 8 DORCAS STREET, SOUTH MELBOURNE., VICTORIA.

Charlotte St., Bris- Giles & Elliott Ltd.,
bane. B2729. Wellington.




