








R.C.S.

Radio developments, accelerated by increased war production and research
have been “put in the ice’ in the R.C.S. Laboratories until the end of the
war. The directors of R.C.S. Radic feel confident that constructors and
manufacturers who cannot obtain R.C.S. precisidn products fully appreciate
the position and wish R.C.S. well in their all-out effort to supply the im-
perative needs of the Army, Navy and Air Force. The greatly increased
R.C.S. production. has been made possible by enlarged laboratory and fac-
tory space and new scientific equipment, all of which will be at the ser-
vict of the manufacturers and constructors after the war.

Wotch R.C.S.!—for the new improvements in materials and construction
developed by R.C.S. technicians bid fair to revolutionise parts manufac-
ture and will enhance the already high reputation of R.C.S. products.

RADIO PTY. LTD., SYDNEY, N.S.W.
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J.H.MAGRATH

Instrument Knobs:

At Right—
Type MVI Pointer with
special Brass insert with
screw thread.

At Left—
Type MV2 Large Dial
Knob ‘with metal insert
and 2 Grub-screws.
(Available with or without
flange.)
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‘RELIABLE RADIO PARTS

E MBODYING the many technical advances pro-

duced by the rapld war tempo, Aegis quality
parts have proved as pre-eminent under the exact-
ing conditions of war as they were in peace-time.
Tdmited quantities are still available (when
defence contracts -permit) to licensed service
mechanics for radio replacements. For reliability,
specify ARGIS!

Manufacturers of Aegis Products

J. H. MAGRATH

208 LITTLE LONSDALE ST., MELBOURNE

. WHOLESALE DISTRIBUTORS:
VIC.: Howaré Electrical & Radio Pty. Ltd., Vere Street, Richmond
Replacement Parts Pty. Ltd., 618 Elizabeth Street, C.1.
MN.S.W.: Radio Equipment Pty. Ltd., 208 Broadway, Sydney
W.A.: Nicholsons Ltd., Barrack Street, Perth.

SOMETHING FRESH
(Continued) .

ear under ordinary listening conditions.
The idea can also be applied to the
terstage audio transformer, a cheap
transformer with comparitively low
primary impedance becomes adequate
to give response which would other-
wise be obtainable only with an expen-
sive hi-fidelity type of transformer.
Still further, the scheme allows a
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single-ended amplifier to become almost
as good as a push-pull one. The old
bogey of the d.c. current in the pri-
mary of the speaker transformer and
its effect on the inductance of it be-
comes of little importance. The ex-
reme feedback effect takes care of
harmonic distortion.

The Drawbacks.

The drawbacks are mainly in re-
gard to voltage galn, but these are
of little importance in these days of
pick-ups with high signal output and
audio pentodes with effective gain of
a hundred a stage. In round figures,
the valve which is cathode loaded loses
all of its normal gain, and has even
a slight “loss.” 'This is all covered in
the other articles on cathode followers
which have been included in this issue
to cover the subject fully. After yon
have read them all you will know as
snuch about the subject as most of us!

Practical Work,

Our practical work on the subject
amounted to only a few hours. We
ran up the ampliﬁer exactly as des-
cribed by our New Zealand reader,
but using an audio transformer with
a three-to-one ratio which was the
only type available to us at the mom-
nt. Results were right up to expecta-
tions as regards tonal quality and
completely . substantiated the above
statements in regard to the quality
possible with a cheap transformer.
QOurs was one which originally sold at
a list price of six shillings and six-
pence, yet the final -reproduction com-
pared more than favourably with two
other ampllﬁers which we were able
to plug in one after the other to
compare results by ear. These others
were both resistance-coupled jobs, one
with beam power valves and concer-
tina phase changer with feedback to
he screen of the first audio. The other
had triodes with a direct-coupled
phase changer. Both of these ampli-
fiers were considered to be pretty
good, but we immediately switched our
affection to the new job with the
athode follower. It was obvious, how-
ver, that we did not get full power
output and a higher ratio of audm
ransformer is required.

_ Single-ended Amplifier

To confirm this belief we changed
things around so as to have a single

(Continiued on peage 26)
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“NOVACHORD" IS ELECTRONIC PIANO

ANY of us are inclined to develop
M a “one track mind” with regard

to vacuum tubes and their uses.
We think of them applied to receivers,
transmitters, amplifiers, talkie equip-
ment and various items of equipment.
But when it comes to applying vacuum
tubes to the vast new electronic field,
the average man is usually at sea, also
many radio men are in the same boat.
‘When it is realised, however, that the
electronic field is destined to open up
a tremendous untouched market in
Australia and elsewhere in the post-
war period, radiomen will be well ad-
vised to wake up to the amazing poten-
tialities of “electronics” in general.

It is proposed to discuss and describe
the ‘Novachord” electric piano pro-
duced by the makers of the “Ham-
mond” organ. Such a discussion should
provide many of our readers with food
for thought as there are many prin-
ciples involved in the design of this
instrument which can be applied to
many other devices in the electronic
field.

Principle of Operation

The “Novachord” electric piano has
no moving parts such as strings, reeds,
or rotating tone wheels, all its tomes

being generated by employing in all,

168 individual vacuum tubes. Quite an

impressive total at a glance, but when
split up into groups and taking sections
the mode of operation is fairly simple.

As most people are aware, there are
twelve notes in a musical octave in-
cluding full tones and semi-tones. The
top twelve notes in the Novachord are
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By
CHARLES MUTTON
1 Plow Street, Thornbury, Vic.
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generated by twelve separate audio os-
cillators which operate continuously.
These are the only oscillators in the
instrument. However, associated with
each of the twelve oscillators are a
number of frequency divider tubes
which halve the frequency of the pre-

ceding tube, thus we get our octave.
.frequencies of the top range by divid-

ing down and down say from 4,000
cycles to 32 cycles. As there are 6
octaves for each note or oscillator,
we have .6 frequency halvers following
each of the twelve oscillators. Fig. 1

shows the fundamental circuit of one
of the 12 audio oscillators. The two
triode sections shown are really one
tube, a 6C86 which has two independ-
ent triodes in the one envelope. It
can be seen that this is really a relaxa-
tion type of oscillator, the frequency of
which is adjusted by a sliding core of
powdered iron in or out of the coil.
The output of the first triode is essent-
ially sinusoidal in waveshape, one of
the peaks being slightly lopped off. The
second triode is operated almost at cut-
off point which provides an output ex-
tremely rich in harmonics. Many will
exclaim “What about distortion.” Re-
member, however, that a sine wave out-
put when reproduced can become ex-
tremely monotonous to listen to and as
far as music is concerned we want lots
of harmonics to give the sound life and
character. Two separate output points
are used for isolation and to provide
a high amplitude signal on the follow-
ing divider tube.

Divider Circuit

Figure 2 shows the divider circuit.
The tube used in the “Novachord” is a
6W7 remote cut off RF pentode similar

{Continued on page 9)
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- ELECTRORICS

the key to Tomorrow

THE radio valve is really an electron tube. It comirols electrons—the smallest
particles of matter known to science. It operates in the world of sub-atoms, where
these electrons travel at speeds approximating the speed of light—186,000 miles a
second!

In the development and applications of electronics to the science of war and of
post-war induystrial problems, PHILIPS are playing a major role.

Philips scientists and engineers have long been putting the electron to work
for the welfare of man. They have pioneered and developed many electronic
vacuum tubes, apparatus and appliances whose purpose is to labour, to entertain,
to instruct, to heal.

Remember, when you handle a Philips Valve you have in your fingers the key
to the most uncanny yet the most potent discovery of modern times.

PHILIPS

Lamps and Lighting . Radio and Television . Transmitting Equipment . Electronic Devices . X-Ray Apparatus ..
Electrical Equipment for Industry, ete.

PHILIPS ELECTRICAL INDUSTRIES OF AUSTRALIA PTY. LIMITED
Sydney —  Melbourne .—  Adelaide —  Perth —  Brisbane
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“NOVACORD”
(Continued on page 7)

to our 607G except for a heater current
of .15 amps instead of .3; the reason
for this is obvious. The divider circuits
are also rich in harmonics, but it must
be realised that these dividers are not
oscillators for, if one of the oscillators
should fail to operate the dividers cease
to function in the absence of an input
signal. The divider merely passes cur-
rent for every second positive grid
voltage alternation and actually acts
as a non-linear amplifier. The cathode
floats at a direct current potential with
respect to ground so that the voltage
between cathode and grid will be the
cut-off voltage of the tube. Hence the
direct current in the tube is almost
fixed almost independent of the input
signal and very small in average value.

Wave forms across C3 and C2 are
sawtooth in character, that at C3 being
larger in amplitude and slope and thus
drives the next divider more effectively.
Increasing R1, R3 beyond 1 to 3 megs
may result in the. frequency being di-
vided by three or more instead of two
as desired. Below one meg the out-
put frequency may be the same as the
input.

Control Tube

The purpose of the control tube is
to provide a wide cHoice of the timbre
of the final tone in the output system.
With the playing key up the grid is
s0 negative that plate current does not
flow through the tube, even with a
signal on the grid. Under normal con-
ditions the input signal to the grid 1s
‘sawtoothed so that the control tube
acts as a distorter, thus furnishing an
extremely rich harmonic output. By
adding C3 the sharpness of the positive
signal voltage alternation renders a
tone more mellow by altering the upper
harmonics.

The keying arrangement on the con-
trol tube circuit in Fig. 4 permits slow,
medium or fast attack as well as the
sustaining of the tones by means of
a foot pedal which gives a similar
effect to an ordinary piano pedal which
serves to remove the string dampers.

The function of this part of the in-
strument is as follows. For organ
effects the attack switch may be placed
at “slow” so that condenser C5 has
very little charge when the playing
key is up, owing to R8 being much
lower in resistance than R9. By de-
pressing the key C5 charges up slowly
through R9 and in turn the increase
of negative potential carried over to
C4 through RS, results in slowly dimin-
ishing the positive cathode potential,
so that' the positive signal peaks,are
effective in producing very brief plate
current pulses of increasing -amplitude.
The transient charging over, the plate

attack switch provides a bias value less
than cut off. By releasing the key
C5 is nearly discharged by R8 and C4
quickly returns to normal cut-off po-
tential because of the shorting of R6.

In the case of fast attack C5 starts
off with a large charge when the key
is up rapidly losing it across R9 plus
C4 R8 combination. This results in
only a momentary application of grid
bias less than cut-off.

An intermediate setting of the attack
switch produces assimilated tones of
the plucked as well as bowed string
(violin and piano). Fig. 7 shows impli-
tude-time curves for various settings
of the attack switch.

Tone Control

Fig. 5 shows the tone control section
of the instrument consisting of reson-
ant filters which serve to attenuate or
accentuate either the treble or bass
ranges as desired.

The keyboard range is from 43.7

‘C.P.S. to 2,637 C.P.S. a full six oc-

taves. It may be noticed that in the
tonal control section that the resonant
frequency of the third tuned circuit
is approximately 2,500 cycles. How-
ever the harmonics of the fundament-
als extend well beyond 2,637 C.P.S.

If one of the resonator circuits has
its largest resistance setting and all -
other resistances are at minimum set-
ting, then a given band of harmonics
will be emphasised. A setting of some
resistance at the ‘“full tone” will allow
part of the,regular output from the
control tubes to pass through unaltered
as well as diminish the accentuation of
a particular resonant frequency range
by that resonator.

Foot Pedal

The foot pedal volume control
operates a 350 uuF variable condenser
to vary the gain of a pre-amplifier
tube through altering the plate to grid
negative feedback. This system elimin-

(Continued on page 15}
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'CATHODE FOLLOWER OUTPUT STAGE

{HE cathode follower is finding effect on the input capacitance, for coupling transformer secondary direct-

many applications in modern radio

the potential difference developed

ly to the chassis. This c¢an be done

teclinique, and has been described across it is very small, namely, the when the DC resistance of the output
in some detail in previous issues of difference between the signal voltage transformer primary in from 100-150

this journal* The basic -circuit
shown in Fig. 1, where it is seen that
the device is a single-stage amplifier
with its load connected in the cathode
lead instead of the anode lead, while
the output is taken from the cathode
instead of the anode. The effect of such
an arrangement is to reduce the stage
gain to a value slightly less than unity,
for the total output voltage appears
on the cathode and therefore is oppos-
ing the input voltage, but the salient
features of the device are a high input
impedance and a low output impedance,
which . render the stage suitable for
interposing between a signal source
with a high output impedance and an
amplifier with a low input impedance.

It is not intended to derive complete
expressions for the characteristics of
the cathode follower, and the follow-
ing brief survey of the nature of the
circuit will suffice.

In the first place, the stage gain can
be calculated from the well-known
feedback formula:

Ao

A= -
1-BAo )
where A = the gain of the amplifier

. v . .

with a fraction B of the ode follower is that of an impedance- reasonably

tical purposes the input capacitance

O]

By
C. J. MITCHELL

A.M.LEE.

“Wireless World"”
(Eng.)

Reprinted from the
]

@

A,
VY <

may be considered to be equal to the
grid-to-anode capacitance.

The output impedance of the cathode
follower is almost independent of the
value of the load impedance, and is
approximately equal to the reciprocal
of the mutual conductance (in amperes
per volt) of the valve employed in
the circuit. By considering the basic
circuit in Fig 1, it can be seen that
the effect of drawing a current from
the output terminals will be to re-
duce the cathode potential. This will
enable the valve to pass more cur-
rent, and the extra current passed

(1) by the valve will tend to restore the and screen current.

cathode potential to its original value.
The principal application of the cath-

is and the output voltage. For most prac+ ohms; if it is lower than about 80

ohms, it may be necessary to apply
negative bias to the grid of the valve.
The best procedure to adopt it to con-
nect & milliammeter in the HT lead and
adjust the bias until the correct value

L.
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Fig 2 The inter-electrode capacitances are re-
presented as condensers connected externally to
the valve. Since the HT _i. line is by-passed
to earth by the smoothing condenser in the
power pack Cga and Cac are virtually in the
positions indicated by the broken lines.

of current is flowing, not forgetting
that the meter is indicating both anode
This should be
40 mA. The bias is by no means
critical, and the valve will deliver a
large undistorted output

' output fed back into input matching device (or “buffer” stage), when the grid is overbiased. In general,

terminals

but the circuit can be readily adapted

it is better to overbias than to under-

Ao =the gain of the amplifier for operation as an output stage, where bias the grid.

without feedback,

Since B is negative, and in this case
-equal to unity, the expression becomes:

Ao
A= . . (2)
1 -+ Ao
uZ
or, Am —m«——— (8)
Ra -+ (u+4+1)Z
uzZ
(since Ao = , where Ra s
Ra-+Z

the valve AC resistance, u the ampli-
fication factor and Z the load im-
pedance) Ao is always large compared
with unity, so the gain is always slightly
less than unity.

The effeets of inter-electrode capaci-
tances in a valve are in proportion to
the voltages developed across them.

From Fig. 2 it is seen that the grid-~

to-anode capacitance is virtually in
parallel with the signal source; there-
fore one of the components of the in-
put capacitance is the grid-to-anode
capacitance (Cga). The grid-to-cath-
ode capacitance, however, has but little

* Wireless World, July, 1941, p. 176; July
. 1942, p. 164.

the low output impedance will provide
excellent damping for the loudspeaker,
while the large negative feedback will
render the stage practically distort-
ionless.

The circuit recommended is shown in
Fig. 8. The output valve is a Mazda
AC2/pen. connected as a triode. The
potential divider connected across the
HT supply provides the grid with a
positive bias in order to offset the ex-
cessive positive cathode bias produced
by the DC resistance of the output
transformer primary winding. In some
cases, it will be found possible to dis-
pense with this biasing arrangement
and to connect the earthy end of the

+ H1

INPUT
ouTeuT
' L -HT
Fig. 1. Basic circuit of the cathode

follower.

Matching Loudspeaker to Valve

When employed as a triode the AC2/
Pen has a mutual conductance of 0.01
ampere per volt and an AC resistance
of 2,500 ohms.. In a normal amplifier
with a resistance in the anode the
maximum power will be delivered to ihe
load when its resistance is equal to
tbe AC resistance of the valve, but if
the load is a resistive impedance (a
transformer-coupled loudspeaker, for
instance), it can be shown that the
maximum undistorted power output
will be obtained when the load impe-
dance is equal to twice the AC resist-
ance of the valve. A suitable value
of load fmpedance will therefore be
5,000 ohms,

In deciding on a suitable value of
cathode load jmpedance, it should be
borne in mind that the cathode imped-
ance must be matched to the AC re-
sistance of the valve, and not to the
output impedance of the circuit. This
may® seem a little confusing, for, in
order to obtain the maximum output
from a generator, the load. impedance
must be equal to the output impedance
of the generator, so it would appear
that the correct value of cathode load
impedance would be of the order of

Page 10
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200 ohms. This atgument does not

25000 0
2

apply to the cathode follower, how-
ever, and we must not overlook th
fact that, although the circuit charac-
teristics are changed by the negative
feedback, the valve characteristics are
entirely unchanged. The feedback
simply modifies the input between the
grid and cathode of the valve, and
this attenuated input is subjected to
the full amplification of the valve, just
as it would be in a normal amplifier.
The apparently low output impedance
is due to the fact that a decrease of
output resulting from the application
of a load of low impedance to the
output terminals results in a reduction
of the opposing signal fed back, which,

AF 4

C3F
sopu

in turn, results in a larger input ap-
pearing between the grid and cathode
of the valve. When viewed from this
angle it is seen that the valve still
requires the same load impedance as
it does when functioning without nega-
tive feedback. and if a load impedance of 5,000 ohms
It can be argued, of course, that is employed, the AC power in the load
if the wrong value of load impedance will be 5,000.I* (since W = I*Z). If the
is employed, the input will automatic-
ally adiust itself and so offset to a
large extent the effects of incorrect 5.000 ’
matching. While this is perfectly true, !
there is no point in deliberately mis- and I =24.5 mA (RMS). The peak
matching the Joad to the valve, and value of this current will be 34.5 mA,
the following example will demon- so the HT current fluctuations will be
strate the effects of incorrect values of from 5.5 mA to 74.5 mA—it will be
load impedance. . possible for the current to swing about
In the circuit under discussion, the its mean value of 40 mA without the
valve passes a steady current of 40mA, valve running into the cut-off or satura-

power is 3 watts, then I*’=

GAIN

2
100

§

_ FREQUENCY IN CYCLES PER SECOND
Fig. 4. Frequency characteristic of output stage. The increase in gain .at
the lower frequencies is due to phase shift.
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Fig. 3. Circuit of output stage and pre-amplifier. The biasing potential

divider R4, R5 consists of a 100,000 ohm resistor in series with Rs.

" The value of the latter depends on the DC resistance of the output
transformer primary.

tion region of its characteristic. The
anode voltage swing can be calculated
in a similar manner.

W =8 watts = V*/Z = V*/5,000

o V=1v 15,000=122 V (RMS) =
178 V (peak). If the HT voltage is
250, the maximum theoretical voltage
swing of the cathode will be 500 V,
and the peak-to-peak cathode voltage
swing (846 V) can occur without the
valve cutting off.

Now consider the effect of matching
the load to the ouput impedance. If
the load impedance is 200 ohms, then
W =200.I*. If the no-signal current
through the valve is 40 mA, the maxi-
mum peak-to-peak current swing will
be from zero to 80 mA, so the peak
AC component will be 40 mA — 28.3
mA (RMS); the power will be
(0.0283)* X 200 = 0.16 watt! If the
input voltage were increased to bring
the output up to 3 watts as before,
then the peak-to-peak current swing
would be 846 mA. Since the current
cannot fall below zero, this means that
the current would have to swing from
zero to 846 mA; the negative half-
cycles would have an amplitude 40 mA
and the positive half-cycles an ampli-
tude of 8306 mA. The distortion intro-
duced would be nearly 50 per cent.
without taking into- account distortion
of the positive half-cycles due to satura-
tion. This distortion would be reduced
by the negative feedback, but with a
load of 200 ohms the internal gain of
the circuit would be only 1.9, and, there-
fore, the distortion would be reduced
to just less than 17 per cent.

With the higher load impedance, the
internal gain of the circuit would be
approximately 17 and the distortion
introduced would be reduced to 1/18
of its original value, so even 50 per
cent. distortion introduced by over-
loading the valve would be reduced to
less than 8 per cent. -

The “gain” of the stage (without

(Continued on next page)
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LOOKING AHEAD

In the midst of war
RADIOKES has yet found
time to look ahead—and
many of the great advances
that have been made in the
field of modern radio equip-
ment to meet the needs of
a nation at war, haye been
ac_iopted as a permanent
Programme. These improved
products and processes will
add immeasurably to the
quality and technical excel-
lence of the RADIOKES
Parts and equipment yoy
will need in the post-war
world. When making plans
to-day, therefore remember
to provide for “the radio
equipment of to-morrow.

RADIOKES
PTY. LTD.

P.0. BOX 90 — BROADWAY—SYDNEY

the
level at about 0.95 from 100 ¢/s t0 5 flament or an indirectly heated

caii be obtaihed with a PX25, provided
that the preceding stage is capable of
providing a sufficiently large -voltage
swing to drive it. It should be borne
in mind that, whether the valve has

CATHODE FOLLOWERS

(Continued from page 11)

intervalve transformer) remains
15 ‘ke/s, above which frequency the cgthode, the LT winding supplying it
circuit could not be tested owing to ghould be isolated from the common
the lack of a suitable oscillator. Below T supply, otherwise the large cathode
80 ¢/s there is a considerable increase potential fluctuations may damage the
in gain, and this is due to phase shift }eater insulation.

which reduces the effective value of ]
the negative feedback, but over the
rest of the frequency range phase shift
is negligible.

Speech-on-light System

It may surprise the reader to notice  The German Army is said to be using
that an intervalve transformer is used g “speech-on-light” beam signalling
instead of resistance-capacitance coup- system, which - employs a modulated
ling between the output valve and its light beam ag the transmitting medium
pre-amplifier, but unless there is a very for speech. The advantages claimed
large high-tension voltage available it for this method, originally developed
will not be possible to provide a suffi- in about 1935, is that, unlike radio,
ciently large voltage swing to drive it cannot -readily be intercepted and
the output valve; the input voltage is it dispenses with line field telephone
larger than the output voltage, and is, systems.
in fact, the normal input voltage plus  This German apparatus comprises a
the output voltage. A good intervalve gapd-receive head, which contains a
transformer parallel fed should not 13py modulating device, transmitting
introduce appreciable distortion. ° The jens (80 mm.), colour filters, receiving
transformer employed in the _circuit jens, photo-cell (Thalofide type) and
shown in Fig. 8 is a Ferranti AF4, jts amplifier 'and built-in telescope (for
the frequency characteristic of which aligning the instrument with distant
is shown in Fig. 5. terminal), the (vivhole unit standing on
. . a strong tripod. The separate send-
Good Reproduction receive AF amplifiers and %atteriesv are
When the amplifier was tested on housed in a box, which is placed on
a radio programme, the reproduction the ground near the triped. The appar-
was remarkably good. Speech was re- atus, complete with accessories, weighs
produced with as good fidelity as the about 54 Ib.
narrow band of transmitted frequen- The instrument can be operated on
cies permit, and consonants such as white, red or infra-red light, merely
“t” and “k” were clear and digtinct; by turning a knob. By using the infra-
the absence of bass resonance tended red filter, the possibility of enemy
to give the impresston that orchestral interception is prevented and secret
items would lack bass, but this im- communication in darkness ensured.
pression was false, for in musical items The average effective range, dependent
the bass was well maintained, although on atmospheric conditions, is about five
not exaggerated by mechanical reson- miles at which distance the practically
ances. These improvements are due to parallel beam of light is about 90 ft.
the large negative feedback and to the wide. Reception is by means of head-
exceptionally heavy damping of the phones. .
loud speaker by the low effective out-

put impedance of the circuit. Distor-
tion could not be detected until the
valve was delivering its full output of
3% watts, after which further increases
of input resulted in a marked increase
in distortion. One remarkable feature
of the circuit is the unsually large

when the valve is over-biased. Quite
a good undistorted output can be ob-
tained when the cathode current is
reduced to halfs its normal value; this
is due to the fact that distortion pro-
duced in the valve is reduced in the
same proportions as the gain, and when
operating with a 5,000-ohm load this
reduction is 18 to 1.

or tetrode in this circuit, and any valve

give good results. A greater output

It is not essential to use a pentode‘

*

New York Viewers.

A recent survey of television re-
ceivers in the New York area, under-
taken by the National Broadcasting

output which can' still be obtained Company, shows that only slightly over

80 per cent. of the 4,600 sets in the
area are at present in working order.
The survey further revealed that there
was ‘“a responsive television audience
of 40,000 in the New York area.”

%
Copper-covered steel wire for high
frequency communication lines has

been developed and found as efficient

with a high mutual conductance should as solid copper wire.—“Science News

Letter.”
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PICK-UP PRINCIPLES AND PRACTICE

PART 1

N this article, which is actually a
Iseries of lessons in the theory and

practice of electro-acoustics (the
conversion of electrical energy to sound
and vice versa), the data given applies
in most cases not only to pick-ups but
also to loudspeakers, microphones and
even to such non-electric devices as
pendulums, the riding of a motor car
and the sound-proofing of buildings!
Few amplifier enthusiasts are aware
that pick-up theory can be as exact as

2

& &>
! VOOV v

An article in three parts dealing with
the theory of vibrations and damping,
design details of electro-magnetic pick-~
ups, and the choice and use of filters.

By
J. W. STRAEDE, B.Sc.,
AM.LR.E. (Aust.)*

¢

N
v

LA 4 WV

that relating to railway engine design,
that there are no hidden mysteries and
that it is just a case of combining
the theory -of mechanical vibrations
with a little elementary knowledge of
alternating currents.

The science of vibrations includes so
many things, such as acoustics, balance
wheels in watches, shock-absorber and
spring design in motor cars, and the
same rules and formula apply to all
of these. An alternating electric cur-
rent is a form of vibration, so anyone
who can understand A.C. can under-
stand the production and absorption of
vibrations.

Most radio enthusiasts know the
meaning of “resonance.” A pendulum
vibrates at a certain rate, current oscil-
lates at a certain frequency in a circuit

*Lecturer in Electronics at Melbourne Technical
College

?.Son(\zr\ce_

L.F,

* Armature
Resonance

A= Orl'ginal Curve.
B: Result o increas(ng
mass of head.

C « Resalt o{ ImFmved
DamPinﬂ.

A

consisting of an inductance and capac-
ity, the balance wheel of a watch
swings to and fro.

All these rates of vibration or reson-
ant frequencies, in addition to the re-
sonant frequencies of a pick-up or
loudspeaker, can be calculated from
simple related formula:

1
For a pendulum f — ———
27 vLC
where L == length of pendulum in centi-
metres
C—the mass®that the earth
attracts with wunit force
(approx. .001 gram).

For a loudspeaker cone or for the
bass resonance of a pick-up or for any-
thing at all that vibrates to and fro:

1
e
2m yLC

where L == the mass (weight) of the
cone or pick-up head in
grams. )
C — distance (in cms.) that the
cone or pick-up head can be

moved by unit force.

@ﬂt/uﬁl ; h f;Resonances ] )
\ \ s L= moment K- rmalure
\ LS} TTITAR inertia ';' Prvot
\ RN P Head \ bou! fh
(e N [} avo e
\ one ’- 5 gt PR Weede
‘:) f M . L S 4
-’ / N and. fLQ TWISf!}\g Vibratron
. Vibrafions.
er acb as L= mass movr'ny
aght? pert: LErT=C
fs l ﬁ." . ” r .Lr _/. &./D""'f""ﬂ'
27/ ¢ et ypes of vioraitons. :
Cfee fext for various meam'nys of L and C)

(C is called ‘the “complance”
—it is the opposite or re-
ciprocal of stiffness.)

Unit force is one “dyne”, ap-
proximately the weight of
one milligram.

For the needle resonance of a pick-
up or for the oscillation of a balance
wheel in a watch (or anything which
pivots) :

1
P
2my LC
where L = the “moment of inertia” (or
flywheel effect) of the mov-
ing part

C —the angle that the moving
part can be turned through
by unit “couple” (or twist-
ing leverage).

Unit couple is the leverage exerted
by one dyne (see above) acting one
centimetre away from the pivot).

Now it will be noticed that the re-
sonant frequency in every case depends
on two factors. Actually there are only
two main types of vibration that we
nced consider: “Back-and-forwards”
vibration and “Twisting about a Pivot”
vibration.

Back-and-forwards vibrations usually
have comparatively low resonant fre-
quencies whilst the twisting vibrations
have fairly high resonant frequencies.

A loudspeaker has only one main
resonance, the bass resonance, depend-
ing upon the mass (weight) of the
cone and the compliance (or freedom
of movement) of the “spider” so loud-
speaker design is not so troublesome
(as regards major resonances) as pick-
up design.

There are two very pronounced re-
sonant frequencies in a pick-up and
the farther apart these frequencies are,
the better the tone of the pick up.

Now, so far all we’ve discussed are
the resonant fequencies. In practice,
a pendulum doesn’t go on swinging for

{Continued on next page)
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PICK-UPS ! i ’ ai}:)lresgnange, can be reduced consider-
A e ably, but damping usually results in a
{Confinued) loss of efficiency (except, of course,
ever, a motor car doesn’t bounce for- where a loudspeaker cone is acoustic-
ever after traversing just one bump. ally damped by an efficient speaker
What stops things from vibrating per- horn). A magnetic pick-up with very
petually at their resonant frequencies? little damping has a shrill unnatural
The answer is, of course, that some tone due to certain high notes (around
of the energy is converted to heat, the resonant frequency) being over-
either directly by friction or by some emphasized.
indirect method. This removal of Now what forms of damping have
energy is called “damping”. By in- we available for pick-ups? There are
" creasing the amount of damping the various forms of gas, liquid, solid and
amplitude (or size) of the vibration electrical damping. Air-damping has

. TYPEPR
© 25 WATTS

DISSIPATE MORE WATTS
PER UNIT COST

Temperoture rise of the PR25 All-Metal
Rheostat at full load is about half that of :

conventional rheostats, thanks to efficient utilisation of the
unique heat dissipating properties of aluminium. At full rota-
tion and measured at the hottest spot, this rise is only 140°C.
In addition, the full 25 watts may be applied across as little
as one quarter of the winding area with only @ minor tempera-
ture increase of 20°C.

IRC All-Metal Rheostats are your key to the utmost in
rheostat efficiency, whatever tha application.

:»:VSOLE AGENTS. TOR _AUSTRALIA:, HONE BW 2335

T Wi, J.McLELLAN &.CO.

BRADBURY HOUSE, 55 YORK STREET. SYDNEY

not been applied to pick-ups because
we do not wish to hear any extra
sound at the resonant frequencies. Oil
damping has been used but has one or
more drawbacks. FEithet a large vane
has to be attached somehow to the
armature thereby increasing its mo-
ment of inertia and increasing the need
for damping or the oil must be situ-
ated in some awkward place where it
may rot rubber, corrode iron or copper
or destroy insulation. Solid friction is
most undesirable beéause there is an
abrupt change between static and kin-
etic solid friction resulting in discon-
tinuities in the wave-form and really
horrible tone.

Most commonly employed as a damp-
ing material is’ rubber, but it is far
from bperfect. It is, in fact, a semi-
solid consisting mainly of a colloidal
mixture. Even rubber is not bad as
a damping material (it ‘does absorb
some energy though not as much as
people think!) but most pick-up de-
signers also employ the same piece of
rubber as an anti-poling device.

Electrical damping does not seem
to have been used much so far for
moving-iron pick-ups, but can easily
be tried by winding the bobbin on a
non-magnetic metal former. Jusl wind-
ing a few extra turns on the bobbin
and short-circuiting them is of some,
but not much, use as they are too
far away from the armature to absorb
much energy in the form of eddy cur-
rents. Moving-coil meters employ elec-
trical damping to obtain a “dead-beat”
effect (to bring the needle to rest
sooner) by using a copper or alumin-
ium frame for the coil. There is no
reason why this cannot be used for
a moving coil pick-up providing the
coil and former are light. There is
vet another form of damping—negative
feedback. By applying inverse feed-
back over a reversible device such as
a loudspeaker, microphone or pick-up,
the response can be evened out. This
negative feedback system of “damping”
works best when the device is a re-
versible one of high efficiency. It's no
good applying it to a pick-up which
has a weak magnet with the pole
pieces a long way from an armature-
of poor quality steel. Electrical damp-
ing is also of most use in high-effi-
ciency reversible devices.

Record Wear.

Record wear depends mainly on
three factors: the downward thrust on
the needle, the stiffness of the needle
in its suspension, and the presence or
otherwise, of resonances. Bad track-
ing, of course, will also cause wear—
this is discussed in a later part.

The downward thrust can he re-
duced by counterbalancing or by use of
a spring. The latter is not to be re-
commended on any account—in fact,
one famous American manufacturer
actually employs excessive counter-
balancing together with a spring that
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applies pressure to the record! Coun-
terbalancing has several advantages:
The thrust does not depend on record
thickness, the counter-balance weight
increase the moment of inertia of the
arm and lowers the bass resonant fre-
quency, it is much easier to measure
the thrust on the record and dropping
the pick-up accidentally causes less

damage. A certain amount of down-
ward thrust is necessary for three
reasons:

First the pick-up must not jump
from one groove to another, second
the pressure between record and needle
has a desirable damping effect on high-
pitched needle vibration, and third a
fair thrust is sometimes needed to pre-
vent ‘“chatter”, especially if the pick-
up needle is nearly vertical as in some
high-fidelity pick-ups.

In ordinary pick-ups the stiffness of
the needle, plus armature, is bound up
with the amount of damping so not
much can be done about it. Possibly,
after the war there will be available
a material which, although viscous
(and damping) is not stiff or elastic
like rubber.

Improving Cheap Pick-Ups.

Generally the cheaper moving-iron
pick-ups can be improved by a little
careful treatment. First let us see how
to improve response and reduce reson-
ance: To lower the bass resonance
frequency the pick-up head can be
loaded and this extra load balanced
by a weight on the other side of the
pivot. An adjustable counter-balance
is desirable. The high-frequency reson-
ance depends on the moment of inertia
of the armature and the stiffness. We
can reduce the moment of inertia by
carefully filing off part of the tube
into which the needle fits, and a tiny
bit of the top of the armature. Using
a shorter needle helps, as does a per-
manent needle which enables the large
needle holding screw to be replaced
by a small set-screw.

If the output can be sacrificed, more
of the armature can be removed.

(Part 2 will deal with design de-
tails, armature suspensions, moving coi
pick-ups, and includes a photograph of
old and new type armatures.)

An improved method of electric con-
tact heating has made the process
practical for a wide range of uses,
principal among them being the heat-
ing of the bolt or firing mechanism on
machine guns, of the hydraulic actuat-
ing mechanisms on airplanes in the
stratosphere, and of storage batteries
in Army tanks in below-zero tempera-
tures. The new heaters have the ad-
vantages of light weight, of operating
at low wattage, of being safe in the
presence of explosive vapours, of opera-
ting without deterioration of the heat-
ing ' element, of withstanding severe
vibration and of maintaining "exact
temperatures within close limits.

amplified by the .following 6J5. The
amplified ripple appears across Rl and
will drive the next tube which is the
ates problems of wear associated with actual filter, and the plate current of
other forms of foot pedal controls. this tube will change so that it opposes
Audio Amplifier the original ripple in the line and is
The audio amplifier consists of two of such value that it cancels out. Any
56 triodes feeding 4 push-pull parallel high frequency ripple introduced by
2A8  output tubes. the oscillators into the power supply
Power Pack is also filtered out by this system.
It is interesting to note that the Tubes 5, 6 and 7 operate in the same
power pack uses vacuum tubes in a way on the 65 volt tap on the voltage
novel arrangement whereby the tubes divider network.
replace the usual filter condensers in Because the voltage regulation of the
standard types of power packs. The 5V4 and supply transformers is poor.
action of such filtering is as follows. the filter tub€ plates can really be re-
Referring to Fig. 6 it can be seen.the garded as operating as variable loads
5V4 rectifier supplies 250 volts between or voltage regulators rather than to
terminals 1 and 5 with the filtering supply a 180° out of phase hum buck-
by the following three tubes. Filtering ing voltage.
takes place like so. If a small ripple In conclusion the Novachord is the
appears in the 250 volt line it will first commercial purely electronic
appear at the cathode of the first 6J7 musical instrument having a full key-
tube, through the condensers and is board on which chords may be played.

““NOVYACORD"
(Continued from page 9)

VALVIS

Faitist, Made

A PRODUCT OF

Sitandord Telephorres and Cables Limited
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CATHODE- FOLI‘.OWER AMPLIFIER DESIGN

A. RECENT article in the technical load impedance for maximum power

press (1) gave details of a cathode
follower output stage. The main
advantages of this circuit were men-
tioned as
(a) low output impedance, thus pro-
‘viding excellent speaker damp-
ing, and
(b) low distortion, due to the large
percentage of negative feedback.
A further advantage, not stressed
in the article, lies in the fact that
the tube used in this way is not
critical to loads within certain limits.
It is the purpose of this article to

. By
F/L. IAN C. HANSEN

62 Squad., R.N.Z.A.F, N.Z.A.P.O. 366,
Overseas.
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illustrate how this latfer effect can
be put to practical use in audio ampli-
fier work.

Let us assume that we wish to con-
struct an amplifier for a small school
to supply five classroom speakers with
one watt of power each. A suitable
choice of power tubes would be a pair
of ZA8’s or their six volt equivalents,
used as a class A stage with a plate
voltage of 250.

Under these conditions the output
would be approximately seven watts,
allowing a margin of two watts for
losses in lines and output transform-
ers.

It can be shown that, when used as
a cathode follower power output stage,
tubes should work into their normal

output. Thus for the tubes in question

the following operating conditions
apply :—

. Plate voltage..Ep.250

Grid bias

voltage. .Eg.—45

Plate curreut..Ia..120 mills. (2 tubes)
Cathode to cathode load.Rc.5000 ohms
Power output. .Po. .7 watts

The tube constants for reference,
are:—
Mutual

conductance.
Amplification

..Gm. .5250 micromhos

4.2

Plate resistance. Rp .800 ohms

The peak voltage developed across the

load js

v2 X PoXRe= v2 X 7X5000
— 264 volts

Now stage gain M’ for a cathode fol-

lower stage is

u Re =

4.2 X 5000

(5000 X 5.2) +1600
= 76
(Note that Rp for a push-pull stage
is twice the Rp of one tube.)
Therefore, peak input voltage to
output tube grids is

I 264
264 X —— = ——:==850 volts approx.
M’ 76

This peak audio voltage would be
difficult to achieve by resistance capac-
ity coupling, without the use of a high
voltage power supply. The solution,
then, is to use an audio transformer
having a step-up ratio of 1 : 5.

Re (u+1) 4+ Rp

CATHODE - FOLLOWER
AMPLIFIER
Svggested by

F/L I1AN.C. HANSEN

2R3

"R to
gave corveet
bias.

E

SEPARATE
HEATER

WINDINGS
br 2R3%,

2R3

The peak primary voltage is
350
—— = 70 volts
5 .

There are several ways of feeding
the primary of this transformer, and
the one that would probably spring
first to mind would be to use a triode
such as a 6J5, either direct or shunt
coupled. The main disadvantage of
both of these methods is the reduction
of the low frequency response and an.
increase in low frequency distortion.
‘While the method of shunt feeding is
preferable to direct feed, the improve-
ment is still insufficient to be regarded
as entirely satisfactory. Push-pull driv-
ers, while reducing tube distortion, still
suffer from the same troubles.

These can be overcome by the use
of a cathode follower driver. The peak
input voltage necessary on the driver
grid, assuming an inductance of 50
henries as typical, would be, at mediuin
frequencies, where Rec is very much
greater than Rp,

(u+4I) 70X 21
70 X ( ) =—————=178.5 volts
(u ) 20 :

(using a 6J5 driver tube, which has a
u of 20 and Rp 7700.) This voltage
can be readily obtained by wusing a
resistance capacity coupled pentode,
such as a 6J7, which, when used with
the constants shown in the figure, has
a stage gain of 140 and a maximum
peak output voltage of approximately

100. Thus . the input .voltage at the
6J7 grid to give full output is

78.5 ,

—— = +5 volt approx.

140

The linearity of the first stage could
be impfoved by omitting the cathode
by-pass condenser, and by returning
the screen by-pass to the cathode.
This would reduce the gain by approxi-
mately half, necessitating a peak sig-
nal input of one volt.

Having thus designed the amplifier,
the question of matching the output
stage to the speaker load arises. As it
is undesirable to run long leads at
voice coil impedance, due to line losses,
a standard value of low impedance
matching transformer should be fitted
to each speaker, say 600 ohms. Five
such transformers when paralleled at
the amplifier output will present a
load of 600/5 or 120 ohms. The out-
put transformer should be wound to
match 5000 to 120 ohms, and will have
a ratlo of

: V5000
=1:64

120
The peak output voltage at full sig-

RNZAE nal, across the 5000 ohm load was
ZA B+ v 300v found to be 264 volts. The peak second-
(Continued on page 26)
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« Inductance and Capacity Meter =

N the days before signal generators

and service oscillators were the ac-

cepted thing, it was customary to
use the old method of utilising the
absorption wave meter to determine
they frequency of a tuned circuit. The
method consisted of holding a tuned
circuit comprising a capacity and in-
ductance near a resonant or oscillating
system which was calibrated. When
the indicating instrument indicated a

sharp dip at a particular resonant fre- °

quency, it was then known tHat the
circuit being measured was fairly close
to the resonant frequency of the oscil-
_lator circuit. Even to-day for pur-
poses of measuring at U.H.F. and in
pre-war days adjusting the ‘“ham”
transmitter this method is still relied
upon.

Upon this very same principle, this
handy instrument about to be described
is based. But before going into details
let us see to what uses it can be put.

Uses

(1) Measurement of small capacities
from under 1 uuFD to several hundred
uuFD. In this connection it would be
well to point out that this method is
probably the most accurate . for the
measurement of extremely low capaci-
ties.

In fact it becomes well within the

scope of such an instrument to deter-
mine the input and output capacities
of valves, which for certain applications
is extremely handy.

(2) Can be used to accurately match
of sections of gang condensers.

(3) Will check wiring capacity of re-
ceivers.

(4) Enable the experimenter to cali-
brate dials accurately.

A
N4

A

By
CHARLES MUTTON
Plow Street, Thornbury, Vic.

AGEE

1

(8) Check frequency range of an un-
known coil.

(6) Check resonant frequencies of
RF chokes.

(7) Enable correct adjustment of
aerial and RF high impedance primar-
ies for correct resonance.

(8) Will match coils of all descrip—
tions for correct tracking by compari-
son with a standard with extreme ;
accuracy.

(9) Will give comparative value of
Q for various shapes and sizes of coils.

(10) Enable the mutual inductance
of primary and secondary of a coil to
be checked.

. reaction condenser,

With such a wide range of applica-
tions it should be apparent that such
an instrument can fill a definite place
in any service organization or amateur
workshop.

Explanation of Operation

Turning our attention now to the
circuit we find the following sections:

(1) Essentially we have a 6V6G
operating as an electron coupled oscil-
lator, using the screen as the plate of
the oscillator and the normal plate
serving to couple the output to the ex-
ternal circuit which is comprised of
C3 and C5 and the external coil or
inductance which connects to the mea-
suring terminals. In the writer's case
C5 and C3 was a standard H type gang.
In the matter of -switching C3, which
is the rear section of the H type two
gang; in or out of the circuit by means
of S3, this is optional and is merely
included in the interests of flexibility.
If desired S3 can be left out and both
sections of the gang may be wired
permanently into the circuit. The same
remarks apply to Cl1 and C2 and S2
in the oscillator circuit. C4 merely
forms a trimmer condenser across C5
and C3 and as in the writer’s case_it
only consisted of an R.C.S. three plate
it forms but a

(Continued on page 18)
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small fraction of the total capacity of
C5 and C38. In actual operation this
condenser (C4) is set so that the zero
setting corresponds to the plates being
half in mesh. Which simply means
that this vernier control when turned
one way represents an increase of, say,
5 uuF capacity, while in the opposite
direction it would correspond to -5
uuF. It then becomes possible to mea-
sure small differences in capacity fairly
easily.

Coming now to the inductances L1,
L2, and L3 from the three coils which
cover the range required. The author
suggests as a guide, to use one to cover
the mostly used intermediate frequen-
cies one for the broadcast band, and
one to cover the mostly used short wave
bands. The remaining inductance Ld
is only used for capacity measurements.

As shown in the diagram the instru-
ment features the more or less doubt-
ful advantage of having switched coils,
which were ugsed when first experiment-
ing with this hook up. The writer,
however, is not a firm believer in
switched coils and the switching ar-
rangement was merely included in the
diagram in order to ‘cater for those
who favour this convenient, if not en-
tirely efficient, method of changing
from one band to another. However
it must be pointed out that using a
tube such as the 6V6G as the osc111ator,
the output packs a fair “wallop”.

Under such conditions it was found
that with switched coils, no matter
how well the coils were shielded on

it bt bk b
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from the other or what layout was
used, at the higher frequencies, absorp-
tion effects occurred which adversely
affected the oscillator on the short-
wave range. Hven short circuiting out
the coils which were not in use did not
entirely eradicate the trouble. The
writer would firmly recommend the
prospective builder of an instrument of
this type to stick to the old and well
tried friend, the plug-in coil. Seeing
there are only three connections to each
coil, it is a simple matter to rig the
coils up on 4-pin amphenol plugs, and
use a 4 pin socket in the instrument.
Added to efficiency is the fact that
additional ranges can be added at will
when required. It was found that due
to causes just explained the frequency
range faded out about 15 mec with
switched coils. Whereas the plug in
range enables the range to be increased
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down %o approx. 84 mc with a few
modifications.

It may be noticed that two of the
coils are shunted by resistors. These
serve to limit the oscillator voltage
and are purely damping resistors which
control excessive oscillation which
would damz;tge the tube. A damping re-
sistance is not required on the high
frequency range.

Oscillator Circuit

The oscillator circuit formed by Cl
and either L1, L2 or L3 with C2 (A
Co) being optional as previously ex-
plained, needs to be calibrated in terms
of frequency. This procedure is carried
out in the usual manner by using a
radio receiver, and either a service os-
cillator or signal generator of reliable
accuracy. Use the oscillator with the
modulation turned off and zero beat
the signal from the 6V6 oscillator
with the oscillator or signal generator
signal. A resistor is incorporated in
the plate circuit of the 6Vé and in
series is connected a milliameter, which
measures the plate current. This serves
as a check on oscillation. Under oscil-
lating conditions the plate current
should be much lower than the non
oscillating condition. Condenser C13
keeps the A.C. away from the metre.

The alternating plate voltage of the
6V6 is coupled via CT7 to the external
tuned circuit, consisting of C5 and the
coil being measured. C3 designated as
(Ac) may be switched across Cb.

Tuning Indicator

The 6E5 “magic eye” tube serves
as a rugged V.T. voltmeter which
measures the H.F. voltage from the
6V6 via C8. In this application the
6E5 has negligible loading effect on the
tuned circuit and makes an extremely
sensitive resonance indicator. Reson-
ance is indicated by the eye shadow
closing, not opening, as when tuning
a radio receiver.

Power Supply.

A small transformer serves the
supply to the instrument and a simple

- resistance capacity filter is used. The

THE AUSTRALASIAN RADIO WORLD
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voltage divider R7 and RS8 supply the
screen voltage to the 6V6. It will be
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. noticed that this lead is by-passed twice, data as follows:

which is quite in order and necessary, L1=18 turns of 7/41 Litz tap at 4
one by-pass being needed right at the turns from start, L2—=250 turns, 6 pies
6V6 socket. A potentiometer on the of 20 turns each spaced #szin. apart,
cathode of the 6E5 adjusts the bias tap at 10 turns from start, 7/41 Litz
on the grid and governs the shadow wire. -
angle. Although by no means essential L3=540 turns 5 pies of 90 turns
it is preferable to connect small mica each, spaced izin. apart, tap at 90
condensers of, say, .002 to .006 across turns from start. All coils are wound
the 16 mfd electrolytics in order to on %in. former, and should be doped
ensure efficient RF by-passes. with trolitvol or some such compound.
Capacity Measurement The coils will enable the constructor
nductance L4 equals approximately to cover most of the widely used fre-
175 microhenries. By closing S3 and quency bands, including intermediate
S5 this coil, together with C5 = C3. frequencies broadcast band, and short-
will form a circuit which can be tuned Wave band. Should the constructor not
to the oscillator frequency. By con- like to tackle winding his own coils, it
necting a capacity across the measur- is possible to convert old LF. trans-
ing terminals the circuit becomes un- former windings, ordinary broadcast
tuned with respect to the oscillator aerial coils and ordinary S.W. coils to

frequency; but can be retuned by de- suit his own requirements.
creasing the capacity C3. The value
of the capacity connected is then known
from the decrease in C3. C3 should be
calibrated by comparing it with some

IPszeR0

Inductance Measurement

It is extremely unlikely that the
average reader would have the neces-
sort of calibrated standard. At one sary gear or standard inductances, Fic.5
time it was possible to pick up .005 such as a calibrated variometer on
General Radio condensers in a round hand, so that the calibration of the
metal container and supplied with a oscillator circuit dial would be to most
graph showing capacity reading against enthusiasts a snare and a delusion.
the dial numbers which ran from 0-100. However, by simple mathematics on
These were quite accurate enough for wavelength formula, by knowing the
ordinary purposes to use as a standard. frequency, and the capacity, the in-
Alternatively if no calibrated standard ductance may be calculated. As we
is on hand a handful of silver mica have already seen the oscillator section

e o

L = APPARENT INDUCTANCE

fixed condensers accurate to within 5 dial may be calibrated in terms of fre-

per cent. would suffice for most pur-
poses, ranging in 10 uuF steps from
5 uulF up to 250 uuF.

Capacity Measurement Continued

As the capacity change with C3 is
rather large for a given movement, C4
is introduced, its purpose being pre-
viously explained. )

Coil Data

If the coil dimensions given here are
adhered to, also the turns, the approxi-
mate inductance values will be as fol-
lows:

L1="7.5 u henries, L2=175 u henries,
1.8=3,500 u henries, L4=175 u henries.

All inductances are a single winding
which is tapped at one point. Turns

quency by beating against either a
broadcast station or a service oscillator.
Hence we come to the simple formula
X1 =1.885 yLX.C (Formula 1). More
accurate measurements can, however,
be obtained when a second wavelength
measurement is caried out at a differ-
ent capacity value. If the tuning capac-
ity in the circuit is increased by an
amount A C then the circuit is tuned
to a freauency X 2=1.885 VLX
(C4-AC) (Formula 2). By squaring
(1) and (2) and deducting (1) from
(2) we get Xx2°— X1°=3.55 LX.AC
or LX =2x2*—2xI?

8.55.AC

Ll

ik

AN INTERESTING VALVE RELEASED IN U.S.A.

Triode for grounded

R.C.A. has recently made available
to equipment manufacturers a new
member of the family of miniature
“button-hase” tubes, the 6J4. When
obtainable, it should be of considerable
interest to amateurs. :

The 6J4 is a triode intended for use

as a grounded-grid v.h.f. or w.h.f. am-
plifier at frequencies up to about 500
Mc. It has an amplification factor of
55 comhined with the extremely high
transconductance -of 12,000 micromhos.
Used in the “grounded-grid” or invert-
ed-amplifier circuit, it aids in securing
a high signal-to-noise ratio. The 6J4
may also be used in conventional triode
eircuits with ungrounded grid.

grid r.f. amplifier.

In grounded-grid service the grid of
the 6J4 functions as a shield between
cathode and plate, and the input signal
is applied to the cathode. The input
circuit therefore is between cathode

~and the grounded grid; the output cir-

cuit is between plate and the grounded
grid. Internal shielding connected to
the grid aids in reducing undesirable
feed-back effects by keeping the capaci-
tance low between cathode and plate.

The heater is rated at 6.3 volts, 0.4
ampere. Maximum plate voltage is 150
volts; rated plate dissipation is 2.25
watts: maximum. The maximum per-
missible d.c. heater-cathode potential
difference is 90 volts.—Q.S.T. (U.S.A.)

The unknown inductance can thus be
determined from these two measure-
ments without knowing the capacity
value of C in the first measurement.
It is only necessary for the capacity
variation AC to be known.

If however the inductance of the
coil connected to the terminals fis
known which would be the case if a
known standard was available. Calling
this Lo and the capacity of the wave-
meter circuit during the first measure-
ment Co we get the following formula.

A = 1.885yLo.Co (Formula 4).

Now if we alter the capacity Co so

“that Co is increased by an amount ACo

then
A=1.885vLo(Co+ACo (Formula 5)
From these two formulas we solve
the following equation:
A2 — A1°=8.55 Lo.AC (Formula 6)
Finally from (3) and (4) we get
ILLX=ACo

AC

At a known value of AC and Lo,
Lx is proportional to ACo. This con-
stitutes the basis for making measure-
ments with this instrument.

The coil to be measured is connected
in parallel with a condenser, and a
radiation wave meter is tuned to the
frequency of the circuit thus formed.
A condenser of known capacity (AC)
is now connected in parallel with this

Lo (Formula 7)

(Continued on next paige)
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INDUCTANCE METER
(Continued on page 19)

circuit and the capacity of the wave-
meter is increased sgufficiently for the
two circuits to be tuned to the same
frequency again. The capacity varia-
tion in the wavemeter circuit (ACo)
is then a direct measurement of the
self inductance to be found.

As a “Q” Meter

This instrument is in some respects
very similar to its much more expen-
sive brother the Q meter less a lot of
refinements, but the mode of operation
is very simlar. Although absolute mea-
surement of € cannot be made, the
instrument here described has sufficient
scope to enable tests to be made for
fanding shorted turns, low Q etc., in
all iypes of RF coils. For instance,
take 2 similar broadcast aerial coils,
one of which you suspect to have some
fault which all routine tests for re-
sistance, etc., have failed to find the
trouble. By connecting the good coil
and tuning the oscillator section to

- the resonant frequency and resonating

tain capacity reading and the magic
eye indicton opens say about half-way.
Now leaving the set up as it is, dis-
connect the good coil and connect in
its place the suspected coil. Making
allowances that no two similar coils
can be wound to have exactly the same
characteristics, and therefore the re-
sonance point may have to be shifted
slightly to coincide with the same set
of readings given with the other coil.
Now if the Q factor is alright and no
shorted turns are present, then the
width of the opening on the tuning
eye should be the same as before,
indicating that the amount of RF volt-
age developed across the two coils is
the same. But, supposing the shadow
angle is almost closed or a great deal
more narrow, then this is a definite
indication that something is wrong.

Shadow Angle

From this is can be seen that the
greater the width of the shadow angle
at a given frequency, when measuring
a number of similar coils the greater
is the Q factor of the coil. Similarly,

accurately matched and testing mass
production of coils becomes very simple
with this instrument. In fact if it is
desired to pre-align coils for receivers
before actually incoporating them in
the receiver the following procedure
could be adopted. Making sure that a
receiver is perfectly aligned and comes
up to a standard of measurements as
regards sengitivity and selectivity, then
the coils in the receiver can be re-
moved and used as standards of com-
parison. Then it merely becomes a
routine matter to adjust the iron cotes
so that the shadow of the resonance
indicator opens the same amount as’
with one of the standard coils. It can
be clearly seen, however, that minor
adjustments will need {o be made when
using the production coils due to added
wiring capacity and {rimmer capacity,
etc., but at least all coils can be tested
for substantially the same character-
istics before they go into receivers, a
procedure” which has a lot to recom-
mend it. Many may say that the above
procedure is only a comparative one
and perhaps unnecessary, but practical
experience has shown that-it saves

four wavemeter circuits you get a cer- sections of gang condensers may be hours of head scratching.

“-'-'-'-'-'-'-'-'-'-'-'-'H-'u'-“-'-'-'-'-'-ﬁ'-'-'-'-'-'-w

 Vol.4 RADIO SERVICE MANUAL :
,
_

(1940/41

Circuits)

IS AGAIN ON SALE

Volumes 1

After being out of print for some time, copies of Vol. 4 (1940-41
circuits) ‘Australian Official Radio Service Manual’
available and may be secured from the “Australasian Radio

World,”” your radio supplier,

Reprints of Volumes 1 (1937 circuits),
3 (1939 circuits) are now on the press and will be shortly

available.

-3 Available Soon

or bookseller.

'“are again

2 (1938 circuits) and

The Australian Official Radio Service Manual is the only book giving year by year circuits

and data of Australia’s national receivers.

Price 15/-, plus postage 6d.
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'ICONOSCOPE — THE ELECTRON "“GUN"

OST amateurs have the urge to
‘experiment with new develop-
ments in’the field of radio, There

are those who will wish to explore the
possibilities in the use of television on
the amateur bands after the war is
over. Since there are large parts of
the country not covered by commercial
television signals, it will often be neces-
sary for the amateur experimenter to
build his own television transmitter as

JLUL TN ST HTETOL TH TE 0T TR T0T V10 RIETVE SAN AL AOLYUE VR VICTL ARSI A0 ML L B

By
B. W. SOUTHWELL
(Reprinted from "’Q.S.T.”, US.A.)
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well as a picture receiver. “Q.S.T.”
has published articles on the construc-
tion of a video camera and transmitter
using a Type 1847 pick-up tube for
‘operation in the 112-Mec. band.*

In this article an attempt will be
made to give the amateur experimenter
a clear understanding of what happens
within the iconoscope tube. The word
“iconoscope” comes from a combina-
fion of two Greek words—eikon, mean-
ing “image,” and skopein, meaning *“to
observe.” Various types of iconoscope
tubes have been manufactured. Fig. 1
shows a sketch of a typical tube of
this type.

Mosaic

The essential clement in the evacu-
ated tube is the mosaic. The base of
the mosaic is a flat mica plate which
is used because of its high electrical
insulation, good surface and its uniform
. thickness. The thickness of the mosaic
plate is on the order of about 1 mil
(0.001 inch). One side of the plate is
coated with a thin, finely sifted coating
of silver-oxide powder. After the mica
has been coated it is baked in an oven,
which reduces the silver oxide to pure
silver. The silver congeals in the form
of extremely minute globules less than
0.001 inch in diameter. Each globule is
separated and insulated from its neigh-
bours by ithe mica. ,

The silver globules are then made
photosensitive by the admission of cae-
sium .vapour to the tube and by pass-
ing a glow discharge through the tube
in an atmosphere-of oxygen.

Before it is placed in the tube, the
reverse side of the mosaic is coated, with
a thin signal coat of colloidal graphite.
This coating serves as the electrode
through which the signal is transferred
fo the external circuits during the pro-
cess of scanning. Silver plating some-

* Lamb, “Television Camera-Modulator = for
Practical Amateur Operation,” QST, October,
1040, p.I1.

times replaces the colloidal graphite as
the signal coat.

The mosaic is mounted in the icono-
scope in such a position that the elec-
tron bheam strikes the photosensitized
side at an angle of 30-degrees from the
normal, and the optical image to be
{ransmitted is projected normal to the
surface on the same side. The scene
to be transmitted is focused through
an optical lens on to the mosaic, as if
the latter were the film of an ordinary
photographic camera.,

* The mosaic may be thought of as
a great number of minute photocells,
each of which is coupled by an elec-
trical condenser to a common signal
Jead, as shown in Fig. 1. When the

.nosaic is illuminated these condensers

are positively charged, as a result of
the emission of photoelectrons from its
surface. The fundamental action of
photoelectricity is in this way per-
formed, and the optical image is thus
translated into an electrical image.

Electron Gun

There now remains the task of dis-
secting the electrical image obtained
on the mosaic into an orderly series
of horizontal lines. This is accomp-
lished by means of an electron gun,

which is also contained within the
iconoscope tube. The electron gun
produces a very narrow stream of

cathode rays which serve as a commu-~
tator for the tiny photocells on the
mqgaic. The gun may be thought of
as an electron projector which con-
centrates the electrons emitted from
the cathode of the gun in a very small
spot on the mosaic. The electron op-
tical system consists of two electron
Jenses formed by the cylindrically sym-
metrical electrostatjc fields between the
elements of the gun, as shown in Fig 2.

Details of the gun construction are
of considerable interest. The cathode
is indirectly heated with its emitting
area at the tip of the cathode cylinder.
which is mounted with: the emitting
area a few thousandths of an inch in
front of an aperture in the control
grid. A long cylinder with three de-

Ebecbron Seanring Beam,
Mesaic  Image
N / lens Object
orizontal Cols
2
Vertual Corls
.@wﬂwﬁ// : ,
Coltactor Anode Electron Jum
Fig. 1 = Sketch showing the hasic canstruction of the congerope and
huw g0 image of the object being vicwad i focused on the musaic plate

ining apertures, whose axes coincide
with that of the cathode and control
grid, serves to giwe the electrons their
initial acceleration. This cylinder is
known as the first anode, or the ac-
celerating anode. A second cylinder, of
somewhat greater diameter than the
first and mounted along the same axis,
serves as a second anode which gives
the electrons their final velocity. The
second anode generally is formed by
applying a 1netal coating to the neck
of the iconoscope bulb.

Scanning

The electron beam is aimed initially
at the extreme upper left-hand corner
of the image and is then moved hori-
zontally, from left io right, across the
upper edge of the picture, to trace
out the first scanning line. As it passes

Collector Anode
Contrl JGrd

dnode
“

Cathade
B2 S phwiog e prinoiped aokrts of the Celectran punt

over each silver globule of this line the

beam contributes electrons to each glo-
bule in succession, thereby cancelling
the positive charge created by illumina-

tion and restoring for an instant the
charge to the value it possessed before

illumination—the equilibrium charge.

This change in charge results in the .
generation of a minute voltage across
the small capacity between the globule
and the signal plate. This voltage is
then transferred to the signal ierminals
and amplified to the necessary degree
for modulation. As each charge is re-
stored the image wplate potential
changes, resulting in the potential of
the plate assuming a rapid succession
of different values, cach value depend-
ing upon the amount of charge restored
at that particular instant. The de-
flection of the electron beam for scan-

ning the mosaic is accomplished by
means of deflection coils arranged in

the form of a yoke which slips over
the neck of the iconoscone.

As™the electron beam completes its
motion across the first scanning line,
it is blanked out and instantaneously
returned to the left-hand edge of the
picture. During the scanning and re-
turn motions the beam is moved vertic-
ally downward at a comparatively slow
rate, so that its position is somewhat
below the initial starting position of
the previous line. The beam then
iraces out a new scanning line across
the mosaic, parallel to the preceding
one but separated from it by the width
of one line. The beam therefore scans

+ (Continued on page 22)
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“ICONOSCOPE”
) (Continued)

the mosaic in a succession of alternate
lines. The empty space between lines
is later filled in by a secord interlacing
field.

Interlacing

When the beam reaches the bottom
of the' mosaic, the slow vertical mo-
tion is stopped. The beam is then ex-
tinguished and returned while in that
state to the top of the picture. Here
the beam again begins its scanning
motion, but this time it is positioned
to scan the spaces between the lines
previously scanned, thus filling in the
gaps in an interlacing fashion. When
the beam again reaches the bottom of
the picture it has covered every point
on the mosaic in two series of alter-
nate lines.

The picture mosaic is scanned at the
rate of thirty complete pictures per
second. There are various methods of
scanning, but the interlaced method

Just described has been adopted as
standard in the United States.

A picture element has a height equal
to the distance between centres of ad-
jacent scanning lines. The number of
picture elements depends upon the
number oY lines by which a complete
picture is scanned. The greater the
number of lines, the greater the number
of picture elements, and hence the
higher degree of definition obtainable.

In the Type 1847 iconoscope the in-
ner signal electrode (the conductive
film on the mosaic) is a band of con-
ductive material on the inner surface
of the tube. Another band of conduc-
tive material is placed on the external
surface of the tube, directly over the
internal band. The capacitance be-
{ween the two bands, in series with the
capacitance between the signal elec-
trode and mosaic, provides the coup-
ling between the signal-electrode ter-
minal and the mosaic.

Storage vs. Non-Storage Types

Image pick-up tubes may be divided

into two gioiips; namely, storage pick-
ups and non-storage pick-nps. In the
storage type, which is the one desceribed
in this article, the photoelectric current
from on element of the picture charges
an individual condenser for a period of
time equal to the scannifig time of one
complete picture. This condenser is
discharged once during the scanning
time of a complete picture, the time of
discharge being only the time of scan-
ning of one picture element. In the
non-storage pick-up the current from
the photoelectric cell flows only during.
the time of scanning, does not charge
a condenser, and therefore no storage
of the charge caused by the photo-
electric effect takes place.

Widespread use of television prom-
ises to be one of the earlier post-war
developments. The experimentally in-
clined ham therefore should have more
than ordinary interest in this explan-
atory discussion of the ‘“‘eye” of the
television transmitter—the inconos-
cope.
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_ Shortwave Notes‘ and‘ .ObServatidns"

OCEANIA
Australia

VLC-4, Shepparton 15.815 mec and
VLI-2, Sydney 11.87 me, commenced
or Monday 18th September, by ar-
rangement with the Department of
Information, the sending of messages
. from relatives to Australian Prisoners
o6f War in Asia, Duration is 9-10 am.
At 10 o’clock VLC-4 is used by Gen.
MacArthur’s H.Q. for a fifteen minute
news service to the. Philippines.—
L.JK.

VLC-4 19.59 m. No doubt about this
station from 10-10.15 am. “She’s a
Cracker” (Perkins). Heard well at 11
am (Cushen), :

- VLC-6, Shepparton 9.615 mc, 31.2 m.
Very good in Philippine hour (Cushen)
: AFRICA

: Algeria

Algiers is heard in English News at
6.am over 49.79, 49.67 and 33.48 m.
(Gillett).

Belgian Congo

RNB, Leopoldville 9.78 me. 30.66 m.
Heard daily relaying BBC at 2.30' pm.
(Gaden, Cushen).

French Equatorial Africa
_ English periods are: 4.45, 6.45 and
9.45 am over 25.06 m. (Cushen).

FZI, Brazzaville 15.595 me. 19.25
m. Good from 8.45-9.15 pm. (Mat-
thews). .
Mozambique

CR7BD,; Lourenco Marques 15.235
me. 19.69 m, Heard at 3.30 pm with
an R6 signal (Young).

Senegal
+ Radio Dakar, Dakar 11.41 me. 28.29
m‘.)Good strength 5.15-7.20 am (Cush-
en).

CENTRAL AMERICA
Ecuador
HC2ET, Guayaquil 9.19 me. 32.64 m.
Heard morning, noon and night. Not
so loud in afternoon as at night, but
less noise (Gaden, Gillett). g

Guatemala
TGWA, 15.17 me, 19.78 m. Heard a
few times only; very patchy. Not
nearly as good as on 9.685 mec which
is reasonably consistent (Gaden).

TGWA, 9.685 mc. 30.96 m. Heard

till 3 pm on Sunday (Cushen). .

San Francisco, unless
mentioned.

KWID, 17.76 me. 16.89 m. Is splen-
did, best at closing, 9.45 am (Gaden).

KROJ, 17.76 me. 16.89. Much strong-
er than KWID (Gaden, Perkins).
(KWID is directed to the Americas to
the South, whilst KROJ is intended
for Australia.—L.J.K.)

KGEX, 15.83 mec. 19.57. Splendid all
morning and till closing at 8 pm.
(Gaden, Perkins).

K.GEI, 15.29 me, 19.62 m. R6 around
2.30 pm (Perkins),

KGEI, 15.13 me. 19.83 m. Very good
in afternoon (Gaden).

KWIX, 11.90 me. 25.21 m. Worse
than it was once on 11.87 mec in am
(Gaden). (Can hear for about 30
minutes before closing at 2 pm.—
LJ.K.)

KES-3, 10.62 me, 28.25. Not mmuch
good (Gaden). (Toc much morse down
here.—L.J.K.)

KROJ, 9.89 me. 30.31 m. Very good
all evening (Gaden). .

KWIX, 9.855 mc. 30.44. Splendid
from 6-8.30 pm (Gaden). .

KWID, 9.57 me. 31.835 m, Carries
Latin-American transmission till 2.45
pm (Cushen, Gaden).

KGEI, 9.583 mec. 81.48 m. Opens at
8.45 pm with KES-3. Signal 0.K. if
not overpowered by WGEA.—L.J.X.)
1V¢t311;')y often 50/50 with WGEA (Gil-
ett).

KRCA, 9.49 mec. 31.61 m. Does its
best in parallel with KWV from 4 pm,
but has bother from WCBN and par-
ticularly GWF. However, makes up
for it from around 11 pm by excellent
ii%nlzzl and entertaining prograinme.—

otherwige

KES-2, 8.93 me. 33.68 m. Not much
good (Gaden). Like its sister, steeped
in morse—L.J.K.

KEL, Bolinas 6.86 mec. 43.73 m. A
great favourite in late afternoon -
(Gaden).

KGEX, 7.25 mec. 41.838 m. Excellent
at night in programme to Philippines

NEW STATIONS

WLWL, Cincinnati, 15.20 me. 19.73 m.: First
heard 9th September, at 9.40 am in French,
followed by Italian at 9.45. When closing
at 10, announcer said, ‘‘This is
WLWL, The Crosley Corporation,
nati, Ohio, U.S.A. We have been broad-
casting in the 19 metre band on 15,200
and 15,230 kilocycles. We are leaving the
air at this time and will renew our broad-
casts in exactly one hour from now on
9,897.5 kilocycles, 30.35 metres, We invite
you to’ rejoin us at that time.”

The wave-length mentioned is what we
always call 30.31 metres.—L.J.K.

WLWL-2 15.23 mec. 19.69 m.: See reference
above. If on, cannot hear.—L.J.K.

WLWR, C’nnati, 12,967 mec. 23.13 m.: One
of three more operated by the Crosley Cor-
poration. Heard around 9 am. Good signal.

station
Cincin-

—L.J.K,

WLWR, C’nnati, 9.897.5 mec. 30.31 m.: Opens
at 11 am but can only just be heard . . .
impossible to copy owing to morse. First
heard September 9th.—L.J.K.

WLWL, C'nnati, 7832.5 k.c. 38.30 m.: Hedrd
well at 4.45 pm., Closes at 5.—L.J.K.

WLWX, C’'nnati, 9.74 mc. 30.80 m.: This
Crosley reported by Wally Young and Rex
Gillett, of Adelaide, and Dr. Gaden and Roy
Matthews, as being heard arcund 5.15 pm.
Not audible here owing to morse.

WNRI, New York, 13.07 mc. 2295 m.: A
new outlet of the National Broadcasting
Co. First heard 2nd September, at 10.05
pm with news in English. Carries usual
East Coast “V. of A.” programmes and
is in parallel with WKRD on 23.13 m. at
that time. Signal R7 Q4. Heard also arourd
9.15 am.—L.J.K.

WNRI, New York, 9.855 mc. 3044 m.:
Another frequency for the N.B.C. First
heard last week in August at 9.15 am, and
also in afternoon from 2 till 5. Signal from
4 pm is R7 Q4.—L.J.K,

WNRA, New York, 9.855 mc. 30.44 m.: This® .
seems to be the call when closing at 9
am and 9 pm.—L.J.K,

WNRX, New York, 7.56 me. 39.66 m.: And
here is another one from NBC. First heard
early in September at 3.40 pm in parallel
with WNRI, 30.44 m. and WNRA, 49.15
m. Sig. R7 Q4.—L.J.K.

(Continued on page 25)
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GEORGE BROWN &

Sole Australian Concessionaires:

267 Clarence Street, Sydney

Victorian Distributors: J. H. MAGRATH PTY, LTD., 208 Little Lonsdale Street
Melbourne

- of

C0. PTY. LTD.

As the Ultimate factery is engaged
in vital war production, the supply

cannot be maintained at present.

SERVICE: Ultimate owners are as-
sured of continuity of service. Our
laboratory is situated at 267 Clar-
- ence Street, Sydney.

Servicing of all brands of radio sets
amplifiers, as well as Rola Speakers
is also undertaken at our labora-
tories.

Ultimate commercial receivers
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