~ The'Parry’
CATHAMPLIFIER

A high-quality audio amplifier for your radjo receiver, radiogram, recorder,
PA system, or as a modulator for a transmitter, the “Parry” Cathamplifier
will do the job with greater efficiency and at a lower cost. Inside are described
Cathamplifiers with outputs ranging from 4.5 to 40 watts. Performance:
@ Frequency response, flat from 30 to 20,000 c/s. @ High inherent stability.
© Negligible distortion. @ High sensitivity, less than 0.5V. input gives full output.
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Wﬁy ALL GAPACITORS USED IN THE

b

CATHAMPLIFIER WERE
PRODUCTS OF

How to achieve the greatest per-
formance hand-in-hand with the
smallest physical size? That was
the vital consideration in choosing
capacitors for the Miniature

i

for your own Cathamplifier. They

Cathamplifier. will fit the very small space avail-
The designers found U.C.C. Capaci- able, yet will operate at extremely
tors the ideal solution. Use them high working voltages.

uU.Cc.C. ELECTROLYTIC —_
SMALL SIZE —_ HIGH
CAPACITANCE: Made with
high-gain etched foil (purity
99.98%). Life tests at 140°F.
guarantee extended perform-
ance. Available in ratings from
12 to 525 peak volts, in several
mountings. Capacity tolerance:
—10% -+ 40%.

“PICOPACK’: A U.C.C, dry electro- “METALMITE"”: Metal-cased tubular
Iytic of “all-aluminium® construction, paper capacitor providing stable insu-
positively sealed against entry of lation resistance under extreme cli-
moisture, etc. Ideal for screen and matic variations. Synthetic rubber
cathode bypassing applications where end-plugs provide a perfect seal
minimum impedance with small size against moisturé entry due to lead
required. movement. Approved to R.C!S. Cate-

gory A.
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UNITED CAPACITOR CO. PTY. LIMITED

53 CARRINGTON ROAD MARRICKVILLE, N.S.W.

* In association with Tecnico Limited (Aust.) T.C.C., B.I.C.C.,, U.I.C, (Eng.).
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THE
CATHAMPLIFIER
HANDBOOK

Presenting constructional details of a new type of

push-pull audio-frequency amplifier system (patent

pending) giving high quality performance with a

minimum of components. The data describes amplifiers
of from 4.5 to 40 watts output.

Cathamplifiers have already become popular with those

interested in good reproduction, and even where this is

not a mnecessary feature, this type of amplifier will

find numerous applications in radio receivers, record

players, recorders, PA systems and modulators because
of its high efficiency at low cost.

Published by

MINGAY PUBLISHING COMPANY PTY. LTD.

146 FOVEAUX STREET, SYDNEY, N.S.W,

Also publishers of *“‘Radio Electrical Weekly,” “Official Radio Trade-In Handbook,”
“Radio Diagram and Intermediate-Frequency Index,” “Technical Topies Radio
Handbooks,” *“Radio Service Job Cards,” ‘“Radio Service Job Sheets,” ‘“Amateur

Radio Station Log Book,” and appointed Australian Agent for a number of radie
and television handbooks.
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The Cathamplifier
Specialist
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Only “"NOVA” is prepared to back its products by
offering the following unique series to builders of the
Cathamplifier:

(1) Completed Cathamplifiers balanced with laboratory equipment
by a competent staff.

(2) If you fail to obtain satisfactory results from your Cath-
amplifier, “NOVA” will service it and make it perform properly.

(3) Only a moderate charge will be made for these services to
users of “NOVA” transformers.

The “NOVA” Cathode Transformer is the only one of its kind
which will fit into the Miniature Cathamplifier chassis. It can also
be used in the 15 watt and 40 watt amplifiers. Note the small
size . . . made possible by the use of high grade Radio-Metal
laminations . . . the only Cathamplifier transformer made using
these laminations, and it has been proved by test. Frequency
response with a good output transformer is guaranteed to be
within 2 db from 30 c¢/s to 15 kC/s
and the price is only 29/2.

Several output transformers are
available to meet your require-
ments. The standard 15 watt
transformer has a frequency re-
sponse within 2 db from 50 c/s to
8 ke/s, price 59/3, and the stan-
dard 7 watt version is flat within
1 db from 50 c/s to 8 kc/s, price
31/-. We can also supply a high
fidelity output transformer, 15 watt,
flat within 1 db from 30 c¢/s to
12 kc/s, price 77/-, and 7 watt
transformer suitable for the minia-
ture Cathamplifier having a re-
sponse within 1 db from 30 c/s to
12 kec/s for only 49/6.

Among our noted transformers is a special output transformer
designed for the “Williamson” amplifier.

Trade prices on application.

Output transformers can be supplied to match any VC impedance.
Feedback windings if required 3/- extra. We will gladly quote for other
high fidelity transformers, as well as chokes and power transformers.

“NOVA"” ELECTRICAL & ENGINEERING CO.

311 Sussex Street, Sydney, N.S.W. ’'Phone MA 1786
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The Mingay Publishing Company, publishers of Australia’s
only radio-electrical trade weekly newspaper “Radio Electrical
Weekly” first published details of the “Cathamplifier” in WEEKLY
on 24/2/50. Other articles followed in succeeding issues.

So great was the demand for back numbers containing the
articles dealing with the ‘“Cathamplifier,” that they were
quickly exhausted. Furthermore, the interest, not only of the
redio trade, but of others was aroused, and to meet the demand
for information, all available material has been collated and re-
published in this booklet, together with much additional infor-
mation not included in the original articles.

The circuit of the amplifier is quite new, and a patent has
been applied for by the designer Mr. C. A. Parry, AM.IRE.
(Aust.), a consulting radio engineer, who desires to acknowledge
his indebtedness to Fergusons’ Transformers Pty. Litd., for pro-
viding the original transformers required for the 15-watt ampli-
fier, and also to Mr. R. Meadows, A M.I.R.E. (Aust.) (WEEKLY’s

Radio Technical Editor) who built the prototypes and carried out
most of the measurements on them.




WORLD'S SMALLEST AMPLIFIERS!

P/A ENTHUSIASTS . . . ..
“CATHAMPLIFIERS” ARE THE GOODS

% More watts per LB or £.
% Pocket size midget chassis.

% Terrific gain permits high percentage
feedback, even allowing omission of
one voltage stage.

% Negligible distortion.
% Less noise and greater stability.
% Greater reliability and simpler circuitry.

Y Lower cost.

Our Company can foresee the many advantages
for Industrial Sound Systems and we are now

in a position to supply completely wired and
laboratory tested “Cathamplifiers” of 5, 15, 30
or 60 watts.

Write, ring or call on G. W. Steane for further particulars.

sSs Sound & Television Coy.
Canberra House, 297 Elizabeth Street
SYDNEY. MA 2198




Introduction

AU’DIO - FREQUENCY amplifiers

" have always proved a popular
subject with technical readers, and
over the years there has been a
constant search for the “El Dorado”
popularly termed “high fidelity.”
Actually it is not a difficult matter
to produce an amplifier having
good quality reproduction charac-
teristics, but just what constitutes
“high fidelity” is a concept that
seems to vary with the times. Im-
provements in components and cir-
cuitry have been partly responsible
for a tightening of generally-
accepted principles, and far greater
attention is given in these days to
linearity, harmonic distortion, and
similar - subjects than in the past.

Although many good amplifiers
have been produced over a period
of years, their cost has often made
them prohibitive except for the
few. The “Willlamson” amplifier is
an example of this. In contrast,
the “Cathamplifier” gives excellent
results with less than a dozen re-
sistors, two capacitors, and the

necessary valves and transformers,
in a very small space.

In the past, adherents of good
quality have been inclined to be
wary of the use of transformers in
AF amplifiers, and not entirely
without cause. In the case of the
“Cathamplifier” a good output
transformer is just as essential as
in any other type of amplifier, but
the cathode transformer is not
critical in its specifications, as it
is used in a low-impedance de-
generative circuit.

Two practical versions of the
“Cathamplifier” are described in
these pages, the first, a 15-watt
unit comprising a pair of EL35’s
driven by a 6AU6, and the second,
a miniature version using three
Philips Innovals, capable of deliv-
ering hketween 4.5 and 9.4 watts
depending on the output trans-
former used. In addition, some
suggestions are made for the bene-
fit of those who would like to
experiment with a high-powered
unit of about 40 watts.

Basic Principles |

Initial Considerations

In Mr. Parry’s opinion, the ideal
requirements for a basic amplifier
are;

(a)
(b)

Size. Small, simple, compact.

Response. Within =+1db from
30 to 15,000c/s.

(c) Adequate speaker damping.

(d) Low harmonic distortion
(less than 2.5%).
(e) High sensitivity. (For 15W

output, less than 0.5V input.)
(f) Good inherent stability.

(g) Low noise.

In a cenventional PP amplifier,
the push-pull output stage works
at half normal gain, or, in other
words, twice the driving voltage is
required compared with a single-
ended output stage. In the “Cath-
ampiifier,” only sufficient drive for
ocne of the PP valves is required,
since the other valve is driven by
the cathode transformer. In addi-
tion, in normal phase splitter sys-
tems, an additional wvalve is re-
quired to obtain 180° phase inver-
sion, and contributes only 1.8 gain,
whereas in the “Cathamplifier,”
full gain is obtained from all
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The biggest job, the toughest job is quick
and simple with this amazing new Scope
Soldering Iron. Lloyd G. Hosking & Co.—
Radio Manufacturers Agents — write:
“We have now discarded all other irons and
use the Scope exclusively, even on work
previously done with a 150 watt iron.” This

and

company adds that Scope gives instant heat-
ing nothing short of perfection and satis-
faction superior to anything purchased in
the past 20 years. The Scope operates from
2.5/6.3 volts, A.C. or D.C. To use, the switch
ring is merely pressed forward with a light
thumb pressure and in 6 seconds is ready
for continuous use. Try Scope for yourself!
Ivs fully guaranteed and the price is 43/6.

BIG JOBS
The Scope soldering iron is ideally suited for
use in factories, laboratories and for work

normally met by servicemen. It is 10” long and
weighs only 31 ozs. It is supplied with or without
the transformer and is also equipped with a
special holding bracket for the iron when it is
not in use.

;:B{]@Tffi in 6 seconds

solders biggest jobs. ..

The transformer illustrated is de-
signed to supply 4.3 volts from
A.C. mains for the Scope soldering
iron. It is available at extra cost
on request and may be used for
continuous operation. Price, 30/6

LITTLE JOBS
A smaller edition of the iron illus-
trated is available for precision
work. The specifications are exactly

the same, except that the iron is
smaller, shorter and lighter. It is
extremely suitable for delicate

instrument work.

Australian and Overseas Agents:

Wm. J. McLELLAN & CO. PTY. LTD.

Bradbury House, 55 York Street, Sydney.
MANUFACTURED BY SCOPE LABORATORIES,

‘Phone: BX 2508.

MELBOURNE, VICTORIA
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stages, while at the same time the
cathode transformer drives the
second grid in its proper phase re-
lationship. This high gain feature
enables a large degree of feedback
to be incorporated, or alternatively,
allows the omission of an earlier
amplifying stage. In addition,
elimination of the phase splitter
valve and associated components
saves space and reduces the cost.

These points will be made clear
on reference to Fig. 1, where the
cathode transformer marked “T”
in the various diagrams is con-
nected in the cathode circuits of
the output valves. The circulating
current of these valves produces a
voltage across the secondary, the
magnitude of which can be varied
by means of the resistor “R” and
thus ensures that voltage of the
correct magnitude and phase is ap-
plied to the grid of V2 to maintain
properly - balanced push - pull
operation.

As the high-impedance input to
the first valve of the output pair
is unbalanced, the stage can be
driven by a high-gain pentode
amplifier. The influence of the
cathode transformer is relatively
small on a feedback loop, and as
adequate sensitivity is available
with only one preceding stage, the
feedback can be applied over the
two stages, ensuring much greater
inherent stability. Even with feed-
back, a standard pick-up will de-
liver more than sufficient input
signal to drive the amplifier fully.

Because of the method of driving
the PP valves, Mr. Parry has named
his circuit “Cathamplifier,” and the
basic circuit of the output stage is
shown in (a), while (b) shows a
variation which does not require
a centre-tapped transformer, and
(c) is an arrangement permitting
both AC and DC balancing of the
output valves.

The modification in 1(d) also

FIGURE 1

circuit of the
(b) A modification which
was used in the 15W. unit. A centre-

(a) Basic “cath-

amplifier.”

tap is not necessary. (c) Both AC
and DC balancing is permitted in this
arrangement. (d) A variation which
keeps the circulating screen current
out of the cathode circuit, and so
maintains the ratio between plate
and screen currents at the negative
voltage peak swing. This system also
provides a means of matching the
output grid circuits, which may be
necessary in higher-power assemblies.



may be of interest. In the case of
high-power pentodes, the ratio be-
tween plate and screen currents
is not maintained at the negative
voltage peak swing, and to obtain
greatest linearity of operation with
this circuit, the modification shown
can be used to keep the circulating
screen current out of the cathode
circuit. However, the linearity does
not suffer greatly by the omission
of this modification, and with low-
power amplifier systems, the extra
advantage obtained does not justify
the increased complexity. It was
not therefore used in either the
15-watt or the miniature “Cath-
amplifier,” which made use of the
basic arrangement in 1(b).

This particular circuit arrange-
ment does not require a centre-
tapped transformer, though it will
be noted that a centre-tap is pro-
vided. This tap comes in useful for
kalancing purposes, though it is
not strictly necessary, as balance
may be obtained at the grids of
the two PP valves.

The choice of the transformation
ratio for T is an arbitrary one, as
it is only necessary to provide a
balancing signal. However, the
ratio should never be less than one
(whole primary to secondary), and
as some reserve is necessary to pro-
vide latitude for the balancing con-
trol, a slight step-up ratio is desir-
able. The value selected by the de-
signer was 3.3.

The transformer itself is not
critical and almost anything is good
enough providing the primary
centre-tap is accurately located.
The efficiency can be fairly readily
checked by observing the waveform

from the centre-tap at balance.
Observation on the CRO here tells
whether the fundamental AC plate
currents are equal. If not, they do
not cancel, and the residual wave-
form shows a strong fundamental
component. If the fundamentals
cancel, only distortion products re-
main, and of course if the funda-
mentals are equal you can’t do any
better with any system.

Although a variable feedback
control was used in the first models
of the 15 and 9-watt amplifier, it
is recommended that a fixed resis-
tor be used. The value shown in
the circuit diagrams is approxi-
mate, and provides a useful start-
ing point. To obtain a required
degree of feedback, a variable con-
trol can be connected temporarily
and -adjusted in accordance with
the data given under ‘“Adjust-
ments” on page 17, then replaced
with a fixed resistor of equivalent
value.

Performance

Even without feedback, the fre-
quency responss of this type of
amplifier is remarkably good. In
the 15-watt amplifier it is only
down 2.75db at 20,000c/s without
feedback. Even with 15db feedback,
only 0.23V input drives the ampli-
fier fully. It is essentially linear
to 15 watts, and stability with and
without feedback is quite satisfac-
tory, and no further precautions
are necessary to avoid low fre-
quency instability. Further details
on the performance of the 15-watt
amplifier will be given in the next
section together with a complete
description of the circuit arrange-
ment.

@ () SBo-



A 15-Watt “Cathamplifier”

The circuit arrangement of the
15-watt amplifier is shown in the
diagram in Fig. 2. It will be noted
that a miniature 6AU6 is used to
drive the push-pull output valves
(EL35’s). The cathode transformer
marked “T” is used to derive the
180° phase difference for the grid
of the second output valve, and this
portion of the circuit is similar to
the basic arrangement marked (b)
in Fig. 1. The 1002 potentiometer
is the balance control, and this is
adjusted so that the effective signal
at the grid of the second output
valve is of the same magnitude but
180° out-of-phase, as that applied
to the grid of the first output valve.

Feedback, it will be noted is taken
from a special winding on the out-
put transformer, which has a tap
allowing a lower percentage of

quent greater gain. Even with full
feedback, only 0.23V is required to
fully drive the output valves. It
may be noted that with the full
feedback winding in use and with
the feedback resistor as shown, the
damping factor is about 0.16 — in
other words, the effective damping
of the loudspeaker is about six
times its value without feedback.

The output transformer actually
used in the 15-watt amplifier was
specially designed by Fergusons’
Transformers, and is available from
retailers and wholesalers. It is
known as type OP51, and is pro-
vided with a tapped feedback wind-
ing in addition to VC windings
suitable for matching to 2.3, 2.7, 8.6,
125 and 15.5Q loads. As will be
seen from Fig. 2, the additional

feedback if desired, with conse- winding applies feedback voltage
@ e fon % l
| -
N =
Posun =€ 1
U o005
05 uF
T
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oo o875 MO o2 uniE 0-5 MO B
= 2 = S
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comA i RomAA
o Signal)
A
\e-
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e welma J- -t UV
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Figure 2. Circuit arrangement of a ‘“Cathamplifier”” system to give 15W

high-quality output.

The open connection to the primary of the cathode

transformer “T' is to facilitate balancing of the output valves.
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back to the cathode of the driver
stage.

The designer favors this method
of feedback, though some readers
may prefer to dispense with the
special output transformer, and
use a standard unit, in which case
the feedback can be taken either
from a voltage divider system
acress the output valves, or from
the voice-coil winding (preferably
the latter (see Fig 4). This last
system 1s used in the low-powered
unip described on page 13.

Some readers may consider that
bass and treble boost should have
been included by adaption of the
feedback circuit. Such arrange-
ments complicate the design, and
often reduce the speaker damping,
introduce instability, or cause
more trcuble than they cure. A
basic amplifier should be regarded
as an integral part of the loud-
speaker system, and the charac-
teristics of the amplifier must over-
come and supplement any short-
comings of the loudspeaker system.
Correction circuits should be placed
between the input (pick-up) and
the basic circuit, rather than in the
feedback network. For the benefit
of those who desire to use these
amplifiers for gramophone record
reproduction, some notes on pick-
up compensation are given at the
end of this booklet.

Valve Operating Conditions

The EL35 valve may not be
familiar to all and it will be of in-
-terest to briefly review its charac-
teristics as they apply in this ampli-
fier. To this end, the relevant
operating conditions as plotted
from valve curves may be tabu-
lated thus:

E, (anode to cathode, max signal)
295V less drop in transformer

E,. (screen to cathode, max signal)

295V
Bias (no signal) .. .. .. .. .. 175V
Bias (max signal) .. .. .. .. .. 20V
Iy (no signals X ), ve onils o = sateDIA

10

’

I, (max. signal,, X2) .. .. .. 150mA
Bias resistor (per valve) .-135Q
HT supply (max. signal) (204-295)

315V

Transconductance —
(low signal) .. . 85 mA/V
(medium signal) .. .. .. 6.0 mA/V
(large signal) 5.4 mA/V

The AC plate resistance per
valve for the PP output stage will
be 22,5002, the recommended load
per valve 2,2502, and the plate-to-
plate load 4,5009.

Operating conditions chosen for
the 6AU6 driver were:

13 PR AR TS R 3 SN e [ 1R
Blso ol dortd o« B8 oty o t40V:
Biael) oo S0 Pl | T 4,
(1 el oAl e TR0 YA
e A £ S SRR T T
Trord v b o s o feier he Bliee abs SATLd SERICA’
[ e § T A | . 25mA/V
T SUDDLY o Y e Rl e RS DV

Since the required bias is 0.75V,
a bleed resistor of 45,0002 can be
used as shown in Fig. 2. The bleed
current should be 6.9mA.

This 45,0002 bleed resistor handles
a current of about 7TmA, hence is
dissipating 2.4 watts. Theé rating of
this resistor should therefore be at
least 5 watts.

Bias resistor requirements for the
output stage are not exacting, as
the dissipation in each resistor is
only 1.5 watts. Two-watt units will
be adequate, or instead of using
two 1309 cathode resistors, a single
652, 5W resistor can be taken from
the cathode winding tap if desired.

With the values of components
shown, and with vcltages and cur-
rent adjusted to those marked on
the diagrams, the drive required
with 15db feedback to produce the
full output of 15 watts is: 15 X
gain reduction/gain of 6AU6 stage
— 15 X 5.6/290 = 0.29V, which is
close to the obtained figure of 0.23V,



indicating that full output will be
availakle when driven by a stan-
dard high-impedance magnetic
pick-up.

Performance

Tests and measurements were
exhaustive, and covered a period
of several months. The final re-
sults confirmed the designer’s
mathematical data, and proved
that a really good amplifier can be
built at a low cost.

Even without feedback, the fre-
guency response curve was remark-
ably good, being flat within —2.75db
to 20,000c/s without feedback, and
within —1.8db at 20,000c/s with feed-
back, and at 15,000c/s, was only
down 1.5db. The curve was abso-
lutely flat to 30c/s, the lowest test
frequency available.

Linearity was plotted in steps of
10%, i.e., output voltage plotted
against input voltage at 1,000c/s,
and a straight line resulted up to
nearly 15 watts, a gradual tapering
off at the higher output being ex-
pected, despite the use of an effi-
cient transformer. The point at
which distortion commenced co-
incided with an input of 0.28V, the
figure at which it was estimated
full output should occur, but full
output actually was obtained with
0.23V input. As mentioned pre-
viously, even greater output with
perfect linearity at the higher out-
put could be obtained if the circuit
were modified slightly in accord-
ance with circuit 1(d) in the section
dealing with the kasic principles of
the ‘“‘Cathamplifier.” However, as
the amplifier may be said to be
essentially linear to 15 watts, there
is little to be gained by the change.

At full 15 watts output at 500c¢/s,
the measured distortion was 0.33%
with 0.23V input. A measurement
of distortion at 60c/s was at-
tempted, and although much less
than 1% was obtained at 15 watts
output the actual figure could not
be measured exactly.
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These figures are well within the
5% quoted as an acceptable maxi-
mum for good fidelity by some of
the reliable textbooks, and as the
amplifier is seldom likely to be used
constantly at full output, the
measurements thus indicate that for
normal use, the actual total distor-
tion is so low as to be negligible.

To check the behavior of the
amplifier under conditions of vary-
ing HT supply, a 1,000¢c/s signal was
fed to the amplifier from an audio
cscillator, and the volume control
was adjusted to give an output of
12 watts. The HT voltage was de-
creased by 135 volts to check the
stability, and the change of output
ievel was less than 0.1db. The in-
herent stability with and without
load was also checked, since an
amplifier inclined to be slightly un-
stable will usually show unmistak-
able signs of it when the load is
removed. No extra precautions are
required to prevent low-frequency
instability. The square wave re-
sponse at 30c/s is excellent.

Before the amplifier can be used,
the output stage must be balanced,
and the feedback adjusted. This
procedure is described on page 17,
while a suitable power supply is
described in detail on page 21.

During the process of testing and
balancing, and possibly before feed-
back has been properly phased, it
is possible that high frequency
oscillation may be encountered.
This should not  be present in the
completed amplifier, but to guard
against possible damage to the out-
put valves, the valve manufacturer
(Philips) recommends certain pre-
cautions.

A 1009 resistor should be con-
nected in series with each screen
lead. In addition, a 10,0002 resistor
should be connected in series with
each output valve control grid
lead. The recsistors may be removed
after final adjustments providing
oscillation does not recommence.
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NEW ALL-GLASS 9-PIN VALVE TYPES
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TRIODE HEXODE DOUBLE DIODE
CONVERTER RF OR AF PENTODE
DOUBLE DIODE HIGH SENSITIVITY

HIGH » TRIODE OUTPUT PENTODE
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A Miniature “Cathamplifier”

| While the 15-watt amplifier de-
scribed in the preceding section
will interest those who want some-
thing more than average power,
there is particular interest in a
lcwer-powered version for use in
radio receivers, recorders, and
record players. WEEKLY therefore
developed a miniature version using
the new Phil-
ips 9-pin all-

glass “Inno-
vial g vamid
though the

circuit arran-
gement (Fig.
4) is similar to
the 15 - watt
version, a few
minor modifi-
cations have
been made.
The amplifier
is capable of
excellent re-
production
with less than
0.3% distor-
tion and has
chassis di-
mensions of
only 3 x 4 x
12 inches.
From this,
with a suit-
able power
supply, a vir-
tually - dis-
tortionless output of 9 watts can be
obtained at the plates of the output
valves, which means that anything
from 5 to 8% watts can be delivered
to the voice-coil of the loudspeaker,
depending on the quality of the out-
put transformer used.

The unit as built up is purely an
amplifying system and requires a
separate power supply, of which
the required characteristics are
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given later, together with details of
a suitable unit. Because of this, the
overall dimensions could be re-
stricted to but little more than that
required by the valves used, and it
was found that the width of the
chassis was dictated by the dimen-
sions of three standard potentio-
meters (4 in.), though the left-

Figure 3. General view of the

Miniature “Cathamplifier,”” shown

alongside a cigarette packet for size
comparison.

hand control only need be retained
(volume control . . . see photograph
reproduced as Fig. 3), and the
cother two controls (feedback and
balancing) could be of the fixed
or semi-fixed type, thus reducing
the size still further. The cathode
transformer, five other resistors,
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and two capacitors are mounted be-
low the chassis.

In keeping with the general re-
ducticn in size made possible by
the simple circuit and the compact
“Innoval” valves, a check was made
of the power-handling require-
ments of the resistors, and al-
though iW resistors could have
been used in all cases except one,
half-watt units are more easily
procurable, and were used except
for the bias resistor on the output
stages where; although the power
dissipated is below 1 watt, a 2-watt
resistor was used. It is interesting
to note that IRC make a 2-watt
. 822 resistor which is sufficiently

close to the 852 shown in the
diagram (Fig. 4).

An interestihg feature is replace-

cuit, hence this capacitor should
be insulated from earth. A tiny
UCC 0.05+F 200WV capacitor (type
CT34H) was used for coupling, but
here the metal case may be carthed
if desired.

Valves

The new Philips “Innoval” 9-pin
series valves were used, the driver
being a 6N8 duo-diode pentode. The
diode plates are not used, but if
the amplifier is to be built as part
of a radio receiver, the existing de-
tector may be dispensed with, and
the diodes in the 6N8 used for
detection and AVC; the first valve
then becoming detector, AVC, and
first AF stage. The output valves,
which are capable of delivering 9.4
watts in PP, are type 6M5 pentodes.
Special 9-pin sockets are regquired

MINIATURE

FEEDBACK |
. CONTROL
6N8
9
%jsv o' smaFes
INPUT : =
@——————¢PIODES |%
NOT
USED
8000F 0-8M 0-2MA
1/2% VW VoW
— -

CATHAMPLIFIER

Figure 4. Circuit arrangement of the Miniature “Cathamplifier” which can
deliver up to 9W output with a suitable output transformer.

ment of the usual 0.5¢«F screen by-
pass capacitor by a 5uF electrolytic
of the miniature type (UCC type
CE30D) having a working voltage
of 50. The change was made to re-
duce space, and tests showed that
leakage was negligible. However,
a nasty peak on the leading =dge
of a square wave was experienced,
and this eventually was traced to
the earthing of the metal casing
of this capacitor. Evidently this
provided sufficient bypassing of the
cathode to bypass the feedback cir-
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for these three valves and as it is
doubtful whether all readers are as
yet in possession of socket data, the
pin numbering has been marked on
the circuit diagram.

The Cathode Transformer

Although the cathode trans-
former wused in the 15-watt
ampiifier could have been used, a
miniature one made on a special
nickel-iron stalloy core was made
by Nova of Sydney for trial and
was found quite suitable for the



job. It is stressed that where space
is not a factor (as when building
the power supply on the same chas-
sis), the standard size, which is
made by Fergusons’ Transformers,
and also by Nova, is also suitable,
and in fact may ke used with
amplifiers rated at up to 60 watts.

A 1002 potentiometer (anything
up to 50092 works just as well, but
may ke critical in adjustment), can
be connected across the cathode
winding for balancing if the
original 15-watt circuit is favored,
but in that case it would be wise
to connect a 10,0002 fixed resistor
(3 watt) across the secondary, as
there may be a tendency to high-
frequency oscillation. In the final
version, balancing was obtained by
using a 10,0002 pot across the
secondary, automatically reducing
the @ of this winding and over-
coming any tendency towards in-
stability, while making balancing
less critical than with the 50092 pot.
A single bias resistor is taken from
the tap on the primary, and this
tap can also be used to obtain
balance.

The presence of a resistor across
the secondary of the cathode trans-
former reduces the output slightly,
and the value of this resistor
shouid be, strictly speaking, as
great as possikle when using pri-
mary balancing. Alternatively, any
tendency to HF oscillation if this
resistor is high, or left out, can be
minimised by using a eapacitor in-
stead of it. Probably only about
50 — 100uuF would be adequate.

The Output Transformer

It has already been pointed out
that this amplifier is designed to
use a standard speaker transformer
instead of a special output trans-
former with a built-in feedback
winding. However, no modification
is required if a good-quality out-
put transformer is used.
than 50%

Not more efficiency

can be expected from a standard
speaker transformer, and it should
be noted that this transfer, or in-
sertion, loss from plate circuit to
voice-coil always applies and can
only be reduced to a minimum by
use of a specially-designed output
transformer. Even so, the loss will
seldom be less than 1db, which
means that only about 0.8 of the
rated power of an amplifier is ac-
tually fed to the loudspeaker, while
with standard speaker trans-
formers half the rated power may
ke lost in the transformer.

This point is emphasised to avoid
misleading impressions when read-
ing the following material and
adverse comparisons with other
amplifier designs. The tests on this
particular amplifier were made
using a standard speaker trans-
former with a rated loss in the
vicinity of 3db and as output
measurements were made in the
voice-coil circuit, the output men-
tioned seems rather less than
might be expected. As mentioned
above, greater effective output
could be obtained by the use of a
special transformer, but the objec-
tive in this case was to determine
the performance that could be
achieved using an existing loud-
speaker with its own transformer.
The figures quoted are on this
basis.

The loudspeaker used had a VC
impedance of 2 ohms (Rola 12-0O)
and a feedback factor of 4 is ob-
tained when the feedback resistor
is about 10,0002, but this only ap-
plies if the same VC impedance is
used, and will have to be varied as
explained later, for other VC im-
pedances though 2.3 and 2.72 VC
will require little if any change.

The plate-to-plate load of the
criginal transformer was 10,0009,
and at this figure the total distor-
tion is extremely low. The maxi-
mum usable output to the loud-
speaker voice-coil is in the vicinity
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of 5 watts under these conditions.

Just before going to press with
this Handbook, checks were made
with a laboratory-type maulti-
impedance high-quality output
transformer capable of being’ ad-
justed over a wide range of re-
flected impedances, and the load
on the plates was then varied from
5,000 to 15,0002 with some interest-
ing results.

‘With a load of 7,0002, 9 watts in
the voice-coil circuit was easily ob-
tained. A resistive load was placed
across the VC winding, instead of
the loudspeaker voice-coil, and the
feedback loop was removed, the in-
put signal being reduced so that
the output was still 9 watts. A CRO
was ‘then connected to the ampli-
fier output, and a check made on
the waveform with a square-wave
input signal. It was found that the
distortion was somewhat higher
under this condition. Feedback was
then re-applied, and the gain con-
trol advanced again to bring up the
cutput to normal, and it was noted
that the distortion was reduced to
below 1%, and this is low enough to
be ignored.

From this it is seen that the use
of a lower plate load with a high-
quality transformer enables higher
output, which in turn enables
greater feedback to be agpplied,
thus reducing the distortion to a
negligible value. Attempts to in-
crease feedback with an inexpen-
sive 10,0002 transformer led to

cscillation, but this condition was
not met with the more expensive
transformer.

If 5 watts is enough for require-
ments, the 10,0002 load will there-
fore be satisfactory, but for a 9-
watt output, the 7,0002 load is
recommended. In the latter case
the output transformer should be
a good one if the full output is to
be realised.

Construction

The socket holes must be made
large enough for the bases of the
valves to fit inside. No shielded
leads are necessary, but the cylin-
drical shield inside the contacts of
each valve socket should be
2arthed. The cathode resistor on the
first stage is small enough to be
soldered directly back to this con-
nection, and all three resistors on
this stage are mounted in an up-
right pcsition to conserve space.

It is a wisé plan to take the
leads from the cathode transformer
to a resistor strip in case they have
to be reversed later. Also the
centre-tap of the cathode winding
must be easily available for test
measurements. Keep the metal
shield of the 5uF electrolytic off the
chassis. Ancther resistor strip is
useful for terminating the power
cable, the seven connections being:
Common (B—, CT of heater wind-
ing, and VC), two plates of the O/P
stage, B+, VC feedback lead, and
two heater leads.

Adjustments

Balancing

Temporarily disconnect the lead
to the feedback control. Any ten-
dency towards instability will be
more noticeable thus. Check HT in-
put, and adjust to the required out-
put voltage on load (315V in the

15W amplifier, and 250V in the
miniature version) by means of a
resistor in the power supply (re-
ferred to on page 22), then check
plate, screen and bias voltages with
a VTVM.

Feed a 0.2V signal to the input,
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and turn up the gain control until
the output is about 2/3 maximum.
Thus working on an O/P figure of
4 watts with a 22 VC,

E V(WR) = V(4 X 2)

= V8 = 2.8 volts approx.

An exact reading is not required.
Connect the VI'VM probe between
the CT of the cathode winding and
earth using a 10V AC range, and
adjust balance control for mini-
mum reading. This may not be
zero, but it should be a very low
reading. The voitage remaining is
a measure of the normal distortion
voltage present after the funda-
mental voltages have been equalised
and cancelled. Switch to the low
AC range and complete the adjust-
ment. Check the voltages at each
output grid to ensure they are the
same, adjusting the balance con-
trol slightly if necessary. As the
voltage here may be several volts,
use the 10V range on the VTVM.

Alternatively the balance control
can be adjusted until the AF volt-
ages on the two P-P grids are equal,
but this necessitates two measure-
ments each time the balance con-
trol is adjusted, hence the former
method is preferred, with a final
check on the grids to ensure that
the adjustment is accurate. As the
balance control is left set at the
balance position, it can be mounted
under the chassis.

Many constructors will not have
a VTVM, CRO, or AF oscillator
available, but if not, balancing can
stiil be effected with reasonable
accuracy with the aid of head-
phones and a low-voltage AC source.
The AC source may be one of the
heater windings feeding the ampli-
fier or a separate transformer.

Connect a potentiometer of any
convenient value across the AC
source and earth one side of the
potentiometer to chassis if the
transformer winding is not already
earthed (which it will be if one of

the heater windings is used). The
moving arm of the potentiometer
then connects to the amplifier in-
put terminal so that a 50c/s AC
signal is applied. .

In the case of the 15W amplifier,
the centre-tap of the cathode
transformer is left open for balanc-
ing and it is only necessary to con-
nect the headphones between the
centre-tap and earth. Adjust the
AC potentiometer until the output
is about 2/3 of maximum as judged
by the ear, then adjust the balance
control until the hum in the head
phones is at a minimum. The ad-
justment should be quite sharp.
Then disconnect the headphones.
Fairly high resistance headphones
should ke used and their resistance
will not greatly affect the results,
because bias is obtained by separ-
ate resistors at the cathodes of the
output valves.

When balancing the 9W ampli-
fier by this means, it is advisable
to connect a 2009 resistor from
each 6M5 cathode to earth, open-
circuiting the earthed end of the
85Q resistor. Connect the head-
phones between the open end of

‘the resistor and earth, then balance
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for minimum hum as before. A
1,000c/s audio signal will permit
better balance than a 50c/s AC
signal. Remove the 2002 resistors,
and solder the 852 resistor back
into place.

It should be noted that the
balance control will have a differ-
ent setting if several adjustments
are made at various output levels,
since the balance is effective only
at the setting made. However,
since the input signal varies over
an average value, this has no detri-
mental effect on the final reproduc-
tion, but the point is raised because
some readers, rechecking the set-
ting at a different level to that at
first used, may wonder what has
happened!

It is the average effect on a vary-



ing signal that counts. Although
this may seem to indicate non-
linearity, a check (see description
of the 15-watt amplifier) shows
that the amplifier is essentially
linear up to full output, after which
it tapers off.

If a square-wave generator and
CRO are available, a square wave
fed into the amplifier at 1,000c/s
(even with an inexpensive O/P
transformer) should retain the
characteristics of the original.

Feedback

Feed a steady signal to the
amplifier and adjust the gain con-
trol until the output is about two-
thirds of maximum. The exact
setting is not critical as it is neces-
sary only to obtain a convenient
output voltage level as a basis for
adjustment of the feedback circuit.

This done, the feedback -circuit’

should be connected and the resis-
tor adjusted until the output level
is reduced to about one-quarter of
its initial value in the case of the
9W amplifier, and about one-sixth
in the case of the 15W amplifier.
These settings will provide the
recommended feedback factors of
about 12db and 15db, respectively,
for the two amplifiers.

If the amplifier oscillates when
feedback is applied, it means that
the voice-coil (or feedback) wind-
ing of the output transformer is
wrongly connected, and the leads
should ke reversed, connecting the
earth to the side where the feed-
back resistor was connected, and
vice versa.

It may be noted at this point
that oscillation may occur before
the feedback circuit is connected,
causing an output reading to be
obtained with no signal input. If
this occurs, the secondary connec-
tions on the cathode transformer
should be reversed. This point
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should be checked before the feed-
back circuit is connected (which is
another reason for disconnecting
the feedback loop before balanc-
ing) as the feedback may prevent
the oscillation and give misleading
results.

It is not practical to give exact
output level figures for the feed-
back adjustment, .because of the
variety of loudspeaker voice-coil
impedances which may be used.
However, as in the case of the
balancing operation, the equation
E = V(WR) may be applied to ob-
tain the voltage present in the
voice-coil circuit.

Taking as typical examples 2 and
8 ohm voice-coil circuits for the
9W and 15W amplifiers, respec-
tively, and working at output power
levels of 4W (assuming a standard
transformer) and 10W, the initial
voltages before feedback is applied
work out at something like 2.8V
and 9V. This means that the cor-
rect feedback setting for the
smaller amplifier will be reached
when the output voltage is reduced
to about 0.7V, and for the 15W
amplifier at 1.5V.

Having made this adjustment,
and if everything is in order, it
should be possible to restore the
initial output level simply by turn-
ing up the input gain control on
the amplifier. If this is not pos-
sible, either insufficient driving
signal is available or some portion
of the amplifier is out of adjust-
ment (incorrect voltages or resistor
values) causing gain to be insuffi-
cient to offset the loss due to the
feedback. As designed and built,
with the values and valves shown,
gain of these amplifiers is more
than adequate for this purpose, so
that failure to obtain sutficient
gain can be taken as an indication
of a wiring, valve or component
fault.



A 40-Watt “Cathamplifier”

No actual work has been done on
a 40-watt version of the “Cath-
amplifier,” but some consideration
has been given to the matter, and
for the benefit of readers who care
to try such an amplifier for them-
selves, the following suggestions
may be useful.

Type EL34 valves would provide
an output in excess of 40W, and the
circuit would remain the same as
the 15W “Cathamplifier” except
that the two cathode resistors
should be varied around 3009 each
so that the. total zero signal plate
current is about 140 — 150mA.

The plate-to-plate load to be re-
flected by the output transformer
would be about 4,400 and the cur-
rent per winding 100mA max DC,
with a rating of 40 —50W. A 6AU6
should easily drive the output
vaives, and the same cathode trans-
former as in the 15W version can
be used.

The efficiency of the output
transformer should not be less
than 80%, and the inductance of
the primary at maximum signal
should give less than 0.2db loss at
40c/s. No feedback winding will be
required, the output being fed back

from the VC as in the miniature
version of the ‘“Cathamplifier.”

The overall gain should not be
reduced more than 2 or 3 times by
the medium of overall feedback
with an amplifier of this power,
unless very detailed measurements
can be made. It should be possible
under the conditions suggested to
obtain full output for less than 0.5V
input and with less than 2% dis-
tortion.

A particular point worth trying
is to add a network to the second
grid, as shown in Fig. 1(d) in the
introductory section of this book,
to give the same grid- current
effects as apply to the first output
valve, which may be necessary with
a job of this power. A measure-
ment of linearity with and without
this network would quickly show
its value. The network could com-
prise a 10,0002 fixed resistor placed
across the secondary of the cathode
transformer, one end of which con-
nects to the grid of the second out-
put valve. The other end of the
winding, instead of being con-
nected to earth, connects to a
0.05¢F capacitor and a 0.5MQ re-
sistor in parallel, the other ends of
which connect to earth.

Power Supphes'

No power supplies were included
on the chassis of the two amplifiers
built. Primarily these amplifiers
were developed as substitutes for
existing amplifier systems in which
power supplies were available. In
addition, a workshop power supply
having a power transformer with
tappings either side of the second-
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ary centre-tap was available for
such projects as these. The taps
were merely varied to give the re-
quired output voltage on load (315V
at 160mA in the case of the 15W
amplifier, and 250V at about 90mA
for the 9W amplifier).

There is no reason why the power
supplies should not be built on the



same chassis as the amplifiers pro-
vided the usual precautions are
taken to prevent hum being in-
duced. Both supplies are conven-
tional, and use capacitor input.
Suitable arrangements will now be
described.

15-Watt Unit

A suitable power supply for the
15-watt amplifier is shown in Fig.
5. The rectifier is a 5V4G, which
will deliver 175mA output current.
Socket connections are shown on

240 v

Figure 5. Power supply unit for the

15W “‘Cathamplifier.”” The resistor

“R’” is inserted only if the output

voltage on load exceeds the required
value of 315V.

the diagram. Reference to valve
curves shows that with a 4uF input
capacitor, and a transformer rated
at 325V either side of the second-
ary centre-tap, the output voltage
on load is approximately 315V.

Variations in transformers, DC
resistance of filter chokes, and in
mains voltage may cause the out-
put voltage to be different, and 10V
either way may be ignored. If
however the mains voltage is high
enough to cause the output voltage
to be higher than say 325V, a drop-
ping resistor (R on the diagram)
should be inserted as shown.

The value of the resistor (if re-
quired) should not be more than
a few hundred ohms if the ampli-
fier is operating properly. The rat-
ing of the resistor in watts should
be (in this instance) approximately
1/20th of its resistance in ohms.
For example, if it is found that a
2009 resistor reduces the voltage on
load to 315V, the rating of the re-
sistor should be 200/20 = 10 watts.

The simplified calculation is
based on the fact that the wattage
rating should be approximately
twice the wattage dissipation, i.e.
As T =:160/1,000, 212 = '32/625
or approximately 1/20th. If the re-
sistor is not required, points (a)
and (b) should be joined.

Both the 6.3V windings should be
used, one for the output wvalves,
which have a fairly heavy load re-
quirement, and one for the heater
of the first valve. Use the centre-
tapped winding for the 6AU6, and
earth the tap. One side of the
winding supplying the EL35’s also
should ke earthed.

9-Watt Unit

The power supply for the 9-watt
unit is a lower power replica of the
previous power supply, and is shown

240 v

8 pF
600 WV I |szswv|

Figure 6. Power supply unit for the
Miniature ‘““‘Cathamplifier.” The 1,200-
ohm dropping resistor will usually be
required but may be adjusted to alter
the output voltage as necessary,
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in Fig. 6. The secondary voltage
either side of centre-tap need only
be 285V, and as the required load
is only 80mA, a 100mA transformer
is ample.

The series resistor was found
necessary, even with the low volt-
age transformer, and though the
voltage could have been re-
duced by using a smaller input
capacitor, it was found advisable
(because of the extremely good re-
sponse of the amplifier to low fre-
quencies) to keep the hum level as
low as possible by using an input
capacitance of 8uF. The voltage
dropping resistor and following
capacitor also tend to reduce the
hum, which is inaudible at a dis-
tance of a few feet from the

Microphone

If the amplifier is to be used with
a low-level microphone, an addi-
tional stage will be required. Either
a 6AU6 or a 6N8 may be used for
this stage, and suitable constants
will be 0.5MQ plate resistor, 2MQ
screen resistor, 0.54F screen bypass,
1,0002 cathode resistor (bypassed
with a 25uF electrolytic if greater
gain is required) and a 0.05xF
coupling capacitor. The ends of

Gramophone Pick-

As mentioned earlier, any com-
pensation required should be looked
upon as an accessory, rather than
as part of the amplifier, and it
should be interposed between the
signal source and the grid of the
first amplifying stage. No matter
how flat the frequency response of
an amplifier may be, the results
are not necessarily pleasing, especi-
ally on recordings.
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speaker. The resistor drops the
voltage on load to 250V, and here
again, a tolerance of 10V is permis-
sible. A 5Y3 rectifier was used. If
the voltage differs considerably,
and the amplifier is pulling its
proper load, the 1,200Q resistor
should be varied until the voltage is
250V. The rating of this resistor
should be about 25W.

The input capacitor used should
not exceed 8uF, though the other
capacitors may be of the 20uF
525WV type. The higher capaci-
tance provides ample filtering with
a 12H filter choke.

In the miniature “Cathamplifier”
all heaters were connected to one
of the 6.3V windings, the centre-
tap of which was earthed.

Operation

the screen and plate resistors can
connect directly to the B-plus con-
nection through a 50,0002 resistor,
the junction of the three resistors
being bypassed to chassis by an 8uF
electrolytic.

The coupling capacitor should
connect to the “live” end of the
amplifier volume control. For the
preamplifier stage a fixed grid re-
sistor of 1MQ will be suitable.

Up Compensation

Commercial recordings are made
with a cutter which has a lateral
or side-to-side movement. Two
methods of cutting are commonly
employed, viz., constant amplitude,
and constant velocity. In the con-
stant amplitude system, the cutting
stylus moves a constant distance
each side of centre as the frequency
varies, for a constant input to the
cutting head. In the constant



velocity method the cutting stylus
moves with constant lineal velocity
as the frequency varies. Thus as
the frequency decreases the stylus
increases the width of its swing in
order to maintain its velocity, while
in the constant amplitude system,
the stylus moves with greater lineal
velocity at high frequencies than
at low frequencies, since it has to
travel a fixed distance from centre
in a given period of time.

The constant amplitude system
has the disadvantage that at high
frequencies, the velocity is so great
that the playback needle will not
track properly, and difficulty is also
experienced in finding record
materials which can be cut accu-
rately at high frequencies. On the
other hand, the constant velocity
system has the disadvantage that
at low frequencies, the amplitude
of the swings may be so great as to
cut into adjacent grooves. As a re-

sult, most commercial discs are cut

by using constant amplitude at low
frequencies where its advantages
are greatest, and constant velocity
at high frequencies, for the same
reason.

The cross-over frequency of the
two systems is wusually in the
vicinity of 500c/s. Constant velocity
is a characteristic of crystal pick-
ups and cutters, and if a record
were cut with a crystal cutter by
the constant amplitude method,
and reproduced by a crystal pick-
up, the output would be substan-
tially constant at all frequencies.
This is also true in the case of a
disc cut with a magnetic cutter at
constant velocity, and reproduced
by a magnetic pickup. As discs are
cut by using both methods how-
ever, neither type of pickup will
give a flat response. The crystal
pickup being amplitude sensitive
will lose output above 500¢/s, while
the magnetic pickup being velocity
sensitive, loses output below 500c¢/s.
This loss is roughly 6db per octave

above the crossover frequency for
the crystal, and 6db per octave be-
low the crossover frequency for the
magnetic pickup.

This assumes perfect cutters and
pickups, but in fact resonances and
other effects sometimes compensate
for the differences, and sometimes
do not. It so happens that in-
creased gain is seldom required at
the high-frequency end of the
band, firstly because few standard
recordings contain  frequencies
much above 5,000c/s, while surface
noise “scratch” becomes annoying
at the HF end of the AF band.
Some of the newer recordings are
made to handle high frequencies,
particularly some of the newer
types of plastic recordings which
have received much publicity over-
seas.

For reasons explained above, it
will be seen that no bass compen-
sation is required if a crystal pick-
up is used, but in that case the
volume control should be increased
to at least 2MQ, and a series resis-
tor of several megohms should be
placed between the “high” lead of
the pick-up and the input terminal.
If however a magnetic pickup is
used, the 6db loss should be com-
pensated by a bass boost system.
This will only be necessary if the
pick-up is not already compensated,
some of the commercial pickups
available already having suitable
compensation (HMV for example).

> To
o 4 g input Figure 7.

O'OZ/JF
Fig. 7. E

Fig. 7 shows a simple bass boost-
ing system that can be inserted be-
tween a magnetic pickup and the
grid of the first amplifier stage to
give a bass boost of 6db per octave.

Simple
bass boost network
for use with an un-
compensated mag-
netic pick-up,

MAGNETIC
PICK - UP
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INSIST ON

FERGUSON TRANSFORMERS

("ATHAMPLIFIER Transformers, audio transformers,

<t output transformers, power transformers, modulation
transformers . . . no matter what your requirements may
be, there’s a FERGUSON TRANSFORMER made for the
job, because we specialise in transformers.

OR the 15 watt Cathamplifier you will need a Cathode
Transformer Type MTI109, an Output Transformer
Type OP51 (this has multiple tappings on the secondary
to suit all standard voice-coil impedances), a Power
Transformer Type PF142, and Filter Chokes Type CF109.

OR the 4.5 to 9 watt Cathamplifier you need Cathode

Transformer Type MT109, Power Transformer Type
PF245, and Filter Chokes Type CF106. Either the 10,000 ©
or 17,0002 push-pull transformers are available, the
10,000 © (Type OP85) having multiple secondary tappings
to suit any standard speaker voice-coil impedance, or the
7,000 2 PP transformer which can be supplied to suit
any single VC impedance which should be specified when
ordering. Order by indicating the required VC impedance
thus: 7,000PP/2.3 (for a 232 VC), 7,000PP/8 (for an
8 OVC), etc.

®
Ferguson Transformers are available from all
leading retailers and wholesalers.

FERGUSON TRANSFORMERS

Pty. Ltd.
CHATSWOOD, N.S.W.
‘Phone JA 2877

(iii)




Specified for the 9 watt
“Gathamplifier”

PHILIPS
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PHILIPS ELECTRICAL INDUSTRIES OF AUSTRALIA PTY. LTD.
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