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INTRODUCTION

Dear Reader,

I would like to take this opportunity of thanking the following manufact-
urers of extremely high grade audio equipment for giving us permission
to use data and circuitry from their technical publications and engine-
ering departments.

G.E.C. Marconi Osram Valve Co. Ltd., Mullard Ltd., R.C.A. Ltd.,
Thorn Radio Valves and Tubes Ltd.

It should be noted, however, that no application should be made to any
of these firms for help, further information or data with reference to
any of the contents published in this book. Any help required must be
sent to the publishers of this book who will then answer to the best of
their ability.

We also would like to thank many technical magazines and manufacturers
of audio equipment in the continent of Europe and the United States of
America who have made available to us vast quantities of data.

NOTES

This book covers the design of amplifiers up to 1100 watts output and
most of these circuits are using valves. The reason is that the design
of high powered Hi Fi audio amplifiers using transistors with an output
of above 100 watts are difficult to construct outside of commercial
laboratories etc. and the cost could be extremely high. At a later date
we shall publish a handbook covering construction of high powered solid
state amplifiers, as soon as we are satisfied that the home constructor
can build them without any serious problems arising. Many of the
circuits shown for tremolo's, vibrato's and fuzz boxes use transistors
as this makes them easy to construct, cheap and portable. They may
be connected to valved apparatus without any problems and will work
just as well as when operated with transistorized amplifiers of lower
output.



SPECIAL NOTE FOR NORTH AMERICAN READERS CONTENTS

Page
In order to help readers of this book in the U.S.A., a table of tube CHAPTER
equivalents showing American types that may be used in place of Tremolo and Vibrato Units 7
the British tubes shown in the circuits in this book. Where no alt- Circuit 1 - Add-On Tremolo Unit
ernatives are shown, your local parts dealer will, undoubtedly, be Circuit 2 - Tremolo Unit using 2 Valves
able to supply you with a British original Circuit 3 - Transistorised Tremolo Unit
. Circuit 4 - Combined Tremolo and Vibrato Unit for
British U.S.A. Types Electronic Guitars
Circuit 5 - High Power Vibrato Add-On Unit
Tubes Circuit 6 - Self Powered Vibrato Add-On Unit
B309 12AT7-6061-6201-6679 Circuit 7 - Transistorised Vibrato Unit
DHTT 6AT6-6BT6-6066 Circuit 8 - Simple Vibrato Unit with Single Transistor
ECC82 12AU7-5814-5963-6067-6189
ECC83 12AX7-12BZ7-12DF7-5751-6057 CHAPTER 2
ECL86 6GW8 Electronic Accessory Units for Discotheque and Musical Group
EF86 6BK8-6CF8-6267 Use 17
EL84 6BQ5-7189-7320 3 .
EZ90 6BX4-6X4-5993-6202 Qirpnlt 0 - Blmpis Fueg: Box
Gz34 5AR4-5AW4-5CG4-5T4-5U4-5W4 Precals 10 < -HIER Dofpol /fycs Bk
KT33C 25A6-25C6 Circuit 11 - Tone Control Corrector
KT66 6CN5-6L6-5881-5932 Circuit 12 - General Purpose Transistorised Micro-
KT88 6CA7-6550 phone Pre-Amplifier
N709 6BQ5-7189-7320 Circuit 13 - Sub-Miniature Audio Compressor
U52 5AR4-5AW4-5CG4-5T4-5U4-5W4 Circuit 14 - Valved Electronic Compressor /Limiter
U8 6BX4-6X4-5993-6202 Circuit 15 - Psycl}e.dehc Coloured Light Unit for Audio
U709 6BW4-6CA4 MpUTIEES
7729 6BK8-6CF8-6267
CHAPTER 3
Transistors Amplifiers of 12 to 14 Watt Output 23
BC109 SK3020
CHAPTER 4
Rectifier Diodes |
Amplifiers of 15 to 30 Watt Output 32
BY105 SK3051
CHAPTER 5
Amplifiers of 50 to 100 Watt Output 42
CHAPTER 6
Class B Amplifiers of 175 to 200 Watt Output 51
CHAPTER 7
Class AB Amplifiers of 100 to 300 Watt Output 59
CHAPTER 8
Class AB Amplifiers of 300 to 1100 Watt Output 66

S



CHAPTER 9
Multiple Pair Push-Pull Amplifiers

CHAPTER 10

Pre-Amplifiers and Tone Control

CHAPTER 11

15 Watt High Fidelity Audio Amplifiers by R.C.A.

CHAPTER 12

30 Watt High Fidelity Audio Amplifiers by R.C.A.

CHAPTER 13
Audio Units by R.C.A.

Two Channel Audio Mixer
Magnetic Pick-Up Pre-Amplifier
Tape Head Pick-Up Pre-Amplifier
Ceramic Pick-Up Pre-Amplifier
Low Distortion Pre-Amplifier
Bass and Treble Tone Control Amplifier
CHAPTER 14
Mullard 20 Watt Amplifier
CHAPTER 15

Mullard 2 and 3 Valve Pre-Amplifiers

CHAPTER 16

Brimar VP10 Mono Pre-Amplifier

CHAPTER 17

20 Watt Brimar VA12 Amplifier

CHAPTER 18

75 Watt Amplifier - Brimar Design

6

73

82

94

96

99

105

112

124

133

139

CHAPTER 1

TREMOLO AND VIBRATO UNITS

CIRCUITS FOR TREMOLO UNITS

Tremolo is the name given to the effect produced when an amplitude
modulation is presented to the signal. This modulation functions
normally at a frequency of between 5 - 15 cycles per second from a
phase shift oscillator. The oscillator is controlled by a potentiometer
which varies the frequency. The depth control fitted varies the output
level which is the actual depth of modulation taking place. This output
in commercial operations will often be fed to the biasing point of a pre-
amplifing stage and, therefore, alters the bias voltage and thus varies
at a regular rate the gain of this stage. The most commonly used
method of achieving these variations, which can be controlled by hand,
is to use a light source operated from the oscillator and a facing L.D.R.
(Light Dependant Resistor). This causes the resistance of the L.D.R.
to alter with the level of light presented to it and thus cause the vary-
ing oscillations. In some cases, this variation is so connected that it
can short the amplified signal to earth at the rate of oscillation. This
has the effect of producing a variable volume change automatically at
the amplifier itself.

ADD ON TREMOLO UNIT PRECEEDING OUTPUT STAGE OF A
VALVED AMPLIFIER Circuit 1

This circuit can be built to fit in as a permanent part of a valved
amplifier using half of an ECC83 twin triode valve and very few
components. It will produce excellent results.

TREMOLO UNIT USING TWO VALVES Circuit 2

A most effective and efficient circuit. The LDR (Light Dependant
Resistor) should be an ORP12 or RPY25 or LDR03. Mount it ina
light proof box with the 15 watt lamp shown in the circuit. Instru-
ctions on how to arrange this combination of LDR and lamp is
explained in the details on the transistorised vibrato unit.
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TRANSISTORISED TREMOLO UNIT  Circuit 3

This 5 transistor design is extremely simple, inexpensive to build and
will produce remarkable results when carefully constructed. The
transistors for this circuit may be any of the following:- (TR1-TR2-
TR3-TR5) AC122-AC125-AC151-AC163-0C71-ACY 35-2N280-2N1305-
2SBT77

(TR4) AF101-AF117-AF126-ASY55-0C170-OC171-2N1303-2SA15

COMBINED TREMOLO AND VIBRATO UNIT FOR ELECTRONIC
GUITARS Circuit 4

This circuit uses one twin triode valve. All components are freely
available and assembly should take about two or three hours to build.

The unit is inserted between the pre-amplifier and power amplifier
and its H.T. supply is taken from the H.T. line at upto 250 volts
rectified and supplied from either power amplifier or pre-amplifier.
The 4 diodes in the bridge circuit may be any of the following types:
AA111, AA117, AA119, AA137, AA138 or OA8I, OA85, OA91.

A foot control switch is fitted. This gives the guitar player complete
control over the unit whilst playing. The speed control is a dual

1 Meg potentiometer. Both this and the depth control can be pre-set,
if desired, or it is possible to fit them on to a separate small control
panel clipped to the guitar and the leads run at the side of the guitar
amplifier lead.

This unit can also be used with any other electronic musical instru-
ment and will give perfect control to the operator with a full range
of desirable effects.

HIGH POWER VIBRATO ADD-ON UNIT Circuit 5

This circuit is especially recommended for heavy duty mains
operation and uses its own built in power supply. This makes it
completely independent from the rest of the audio circuits used
with it.

SELF POWERED VIBRATO ADD ON UNIT Circuit 6

A recommended circuit of high efficiency. Particular care must be
taken to place the LDR within an inch of the neon tube so that it may
be easily modulated by the neon light. Instructions on how to do this
are shown in the section on the Transistorised Vibrato Unit. The
LDR in this circuit may be an ORP12, RPY25 or LDRO3.
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240V.
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Circuit 7
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TRANSISTORISED VIBRATO UNIT Circuit 7

This unit should be inserted into the output lead of whatever electronic
musical instrument is being played and must preceed the pre-amplifier
stage. It uses an L.D.R. and a 6 volt low amperage bulb. The bulb
is modulated to alter the resistance value of L.D.R. The L.D.R. is
an ORP12 or RPY25 or LDRO3 and should be fixed about one inch from
the bulb. The two are then enclosed in a small plastic box which must
be light proof. This can be done by painting the box with black enamel.
Care in assembling this portion should be exercised as the perfect
working of the vibrato unit depends on this box.

TR1 can be of any of the following types: AC122, AC125, AC151, AC163,
OC71, ACY35, 2N280, 2N1305 or 2SB77. TR2 is either an AC105,
AC117, AC121, AC124, AC128, AC153, ACY20, 2N1141, 2N1142 or
2N2391.

A control on/off switch should be inserted in the negative battery line

and can be either foot or hand operated according to the wish of the
user.

SIMPLE VIBRATO UNIT WITH SINGLE TRANSISTOR Circuit 8

This is one of the most simple designs for a vibrato unit that can be
built by the amateur constructor at very low cost. It will give good
performance. The transistor used is an OC72 but any of the follow-
ing types are equally suitable for use in this circuit:- NKT212-
2N281-2N1305-AC128-AC131-AC132-AC151-AC153-ACY36.
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CHAPTER 2

ELECTRONIC ACCESSORY UNITS FOR DISCOTHEQUE AND MUSICAL
GROUP _USE

FUZZ BOXES

Fuzz boxes are a recent addition to the growing list of special effect
gadgets used with electronic music. The unit operates by squaring

off the sound wave form to give a very distorted output which is then
clipped before being fed into the pre-amplifier and power amplifier.

SIMPLE FUZZ BOX Circuit 9

A very elementary fuzz box that will give good results. The two trans-
istors may be any of the following types:- ACY17-ASY48-AC117-AC184
2N652A-NKT237

-9V. 1.8K

Circuit 9

INPUT  5uF

25K

OUTPUT

B,wo Log.

SIMPLE FUZZ BOX

.
o
2

aH

17



HIGH OUTPUT FUZZ BOX Circuit 10

This design is the result of research work by R.C.A. and other well —
known manufacturers of audio equipment and is most effective in its g — ! ! !
performance. The transistors used are as follows:- (TR1) SK3020- 470K
BC107B (TR2) SK3005-0OC45-AF127 (TR3) SK3020-BC107B. 220pf 470pt| .001uF|
Alternatives are shown to the original in case any one has difficulty 100K
in obtaining the R.C.A. types SK3020 and SK3005 but it must be noted T T T -
that the original circuit was designed around these 2 types of R.C.A. TREBLE CONTROL i . OUTPUT TO
transistors. INPUT FROM BASS CONTROL AMP. OR
REGORDS | REGORDER
L]
= 1Ll1l-
Fag fesu st Circuit 11 ™
';JZZ‘OH-O'{ .022uT .01{0047{
switch
27K 2
3 ¥

TONE CONTROL CORRECTOR

3V Bittery GENERAL PURPOSE TRANSISTORISED MICROPHONE
Dw - D ‘1""?"* PRE-AMPLIFIER Circuit 12

This design is of Spanish origin and very easy and cheap to build.
Notice that the transistor used is a n-p-n type but if one has a p-n-p,
such as an OC71 or OC72, this may be used. Simply reverse the
battery polarity and the 32 mf capacitors should be wired with

=
X
w

4.TuF

o)

16 polarity in reverse to that shown in the circuit.
Fuzz
S Tl Y ey
n.
100K | 100K 33K SKLin. |100K 27K Battery L ;l.é’:w
. E B on_—oH p
rﬁic:loni'n:l:rﬁxl}; 'ﬁ,’,‘..’:’:‘,'\z‘gr S:rThmggint siieh (}/Ptoamp, Circuit 12
¢ = 33K
470K 32uF,
- J . * O

HIGH OUTPUT FUZZ BOX w o
TONE CONTROL CORRECTOR  Circuit 11" " s2u BC 108
This easily built gadget allows the operator to decide how much microphone
treble or bass shall be recorded on to tape or into the amplifier (low imp,)
via inputs from either microphone, records or electronic music.
This is particularly effective in dealing with old pressings which
are worn or scratched and can very often extend the life of an old O— =
record which would normally be destroyed. =

GENERAL PURPOSE TRANSISTORISED MICROPHONE PRE-AMPLIFIER
18
19



SUB-MINIATURE AUDIO COMPRESSOR Circuit 13 VALVED ELECTRONIC COMPRESSOR /LIMITER Circuit 14

'.I‘wo diodes are used for this circuit and can be either of the follow- This design produces a slow expansion rate but a very fast compression.
ing ty;')es:- AA119-0OAT71-AA113-IN541-IN542. The circuit is built This is particularly important in recording work. The unit uses 2

on a piece of Veroboard. The amplifier output is fed to the input of twin-triode valves and can be built quite cheaply. It draws its H.T.

this circuit and the output of this unit feeds the loudspeaker. Two (high tension) from any rectified supply at about 150 volts. This may
units are needed for stereo. pe taken from either the amplifier or pre-amplifier. This unit should

be placed in circuit between pre-amplifier and main amplifier. None
470K of the component values used in this unit are critical. The 1 Meg
o— ? 1r_L control in the cathode circuit of the first ECC83 allows variation of
l 2 compression speed. The 25K control in the second ECC83 alters the
- 2uF level of compression as desired.
. O B o PSYCHEDELIC COLOURED LIGHT UNIT FOR AUDIO AMPLIFIERS
— o Circuit 15
Many discotheques and even private audio enthusiasts will like a simple
15K - 2GF % circuit which can produce coloured lights which literally dance when
5 b2 music is being played through an amplifier. The circuit is transistor-
5. ised, inexpensive and extremely easy to build and produces superb
—C)
Circuit 13
3
SUB-MINIATURE AUDIO COMPRESSOR
§/p O1uF i§ Circuit 15 Gb Cb
K ——o Lt Lm Lb
i T e et
470K
TRfEBLE MlDi-RANGE
, Ecces
A } y
L |
+ 1004y
.01uF
10K ™ 25K
N
T = =
Circuit 14 Rx = 470 - 82K & = 2
ELECTRONIC COMPRESSOR LIMITER WITH VALVES PSYCHEDELIC COLOURED LIGHT UNIT
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results with both small and large amplifiers. The unit is connected

in parallel to any amplifier at the loudspeaker output point, and does
not interfere with the amplifier's performance or the quality of repro-
duction from the loudspeakers. The circuit is not difficult to construct
and the cost of the parts are extremely low.

In order to set up this unit it will be necessary to set a value for the
three resistors marked Rx on the drawing and this will be somewhere
between 500 - 10,000 ohms. It is recommeded that each of these be

a 10K ohms linear potentiometer and their values adjusted by connec-
ting the unit to the amplifier which must be switched on but with volume
control at minimum so that the different coloured lamps each show a
low glawing light which can just be seen under ordinary room lighting
conditions. Once this adjustment has been made it should not be alt-
ered when the amplifier has its volume turned up and music fed
through it so that the lights commence to dance.

The light unit may be operated with a supply voltage from 6 - 15 volts
thus enabling it to be used if necessary from car batteries when con-
nected to mobile amplifiers. When operating on a 6 volt supply, the
bulbs used for the lights should be 2 volts each at 50 to 70 ma. When
used with a 12 volt supply 6 volt, 60 - 200 ma bulbs are suitable. The
bulbs in each of the three sound ranges should be either coloured with
a heat proof translucent paint of the desired colours or they may be
placed under coloured bulb holders, which are manufactured by Bulgin,
Belling Lee and other suppliers.

TR1, TR2 and TR3 may be any of the following types:- AD130-
AD131-AD138 /50-AD140-AD149-2N1331-2N1333-2N1435-2N2836-
2N2869-2N3611-0OC16-0C26-2SB83.
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CHAPTER 3
AMPLIFIERS OF 12 TO 14 WATTS

3-1. A 14W Ultra-Linear Amplifier.—This class of amplifier is probably
the most popular for use in domestic equipment. As it is frequently required
to work from a diversity of signal sources—radio tuners, record players, tape
recorders, microphones etc., the domestic amplifier is generally used in con-
junction with auxiliary pre-amplifying and equalisation equipment. Conse-
quently, a slight departure is made here by describing a complete amplifier with
tone controls and, in addition, alternative input selection and equalisation units.
Higher power amplifiers suitable for domestic use are described in Chapter 4
and separate pre-amplifier and tone control circuits are discussed in Chapter 9.

The main amplifier circuit is given in fig. 3-3 and the two types of input
unit appear in figs. 3-4 and 3-5. This design is based on the very popular
« G.E.C. 912-PLUS ” amplifier. The full output of 12-14W (the precise
value depending upon the quality of the output transformer) is obtained with
less than 19, total harmonic distortion over the frequency range of 30c/s to
20kc/s. An input of 50mV will give 12W output.

Comprehensive tone controls are built into the main amplifier and both the
alternative input selection units provide switching for radio input, four different
record characteristics and microphone. The pre-amplifiers described in
Chapter 9 are very suitable for combining with the G.E.C. 912-PLUS when
the flexibility of a separate pre-amplifier and tone control unit is desired.
Details are given at the end of this chapter.

One of the units contains passive networks (i.e. there is no amplification) for
equalising the four record characteristics and is intended for use with crystal
pickups and microphones. The alternative unit is a single-valve pre-amplifier
for which details are given not only for equalising the four record characteristics
from different types of pickup but also for matching radio and microphone
outputs to the main amplifier.

The passive input unit (fig. 3-4) has a sensitivity of 150mV on the *“ record
positions of the selector switch. The * radio ” and * microphone ” inputs are
switched straight through to the main amplifier and consequently the original
sensitivity of 50mV is retained.

The pre-amplifier (fig. 3-5) can be made specifically to suit the requirements
of the particular pick-up, radio and microphone used, but maximum sensitivities
are : 10mV for the *“ record ” positions of the selector switch, ImV for * micro-
phone,” and, nominally, 50mV for “ radio.” The required input impedance
and sensitivity at any particular position of the input selector switch will depend
upon the pickup or microphone used. Table 3-II gives appropriate alter-
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native values for the resistors which determine these characteristics.

: ? The first stage con-
sists of a Z729 low-noise pentode followed by the tone control networks, des-
cribed later. Next, the first section of a B309 double triode* is a typical voltage

Y
*A B719 may be used ; b, éqoqo[oow

Q42

+10 | T [
+5 "
%- LT n
T
.-5 ] =
105 100 7,000 0,000 20,000 L

Frequency (c/s)

Fig. 3-1. 12W ultra-linear amplifier : effect of the ** presence " control, with bass
and treble controls at the level positions (mid-travel).

JjEe
2
1
.
2

amplifier with negative feedback applied to the cathode circuit from the output =, I_ = W o

transformer secondary. The feedback network contains an additional tone % — o
control (“ presence ”’) as described later. The second half of the B309 is a b
phase-splitter which feeds the N709 ultra-linear output stage, the character-
istics of which are given in Table 3-1. The output transformer is tapped at
20%, to 40%, of the turns of each half-primary from the centre tap. The power
supply is of conventional design with a U709 feeding a capacitance-input filter.

Bass Loudness.—This control is continuously variable, giving linear response
at the centre, bass attenuation anticlockwise, and bass accentuation clockwise.

Treble—This is a switched control providing a linear position, two degrees L " e ey
of attenuation and one degree of boost. L RS gy v

Treble Slope.—A continuously variable control which alters the slope of the oo
high frequency cut selected by the treble switch.

Presence.—This switch, the effect of which is shown in fig. 3-1, is designed
to vary the listener’s apparent position when listening to music. It introduces
a frequency-selective network into the negative feedback loop.
+15 M)
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sES
4x] 5 Hay
+10 SN ! ! e TEE
5 2N X\t 5508
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=15 W M br\p ~ 5o g
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Y : l S wﬂ——“lh‘ <F: <
-25 b i) S 5
5 'A\\ 65
3 b EE:
35 b . o B
20 1,000 10,000 20,000 g = 5
Frequency (c/s)
Fig. 3-2. 12W ultra-linear amplifier : the effect of the bass, treble and treble slope
controls. The right-hand solid curves illustrate the four positions of the treble switch.

The dotted curves show how the two treble cut curves are modified by fully rotating
the treble slope control. The position of each dotted curve will alter as treble slope is
decreased until, when it is at minimum, the treble response is that shown by the corres-

ponding solid curve.
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COMPONENT VALUES FOR FIG. 3-3
14W ULTRA-LINEAR AMPLIFIER

TABLE 3-11
ALTERNATIVE COMPONENT VALUES For FIG. 3-5

Gramophone Input (all figures for 50mV input to main amplifier)

G.E.C. VALVES CAPACITORS
v1 Z729 C1 0-0054F Pickup Output | Required Load
V2 B309/12AT7 C2 8uF 450V (at 4cm/s as a Impedance R2 R3 RS R19
V3 N709 C3 25uF 25V guide)
V4 N709 C4 0-05uF 10kQ 15kQ
V5 U709 Cc5 0-1“1; 5mV { 22kQ 47kQ } 47%Q 100kQ 47kQ
Cé 470pF 5% iz [ty
RESISTORS C7 1000pF 5:/ 10mV { 47kQ 1001129 } 100kQ 100kQ 47kQ
(20%, 0-5W unless otherwise shown) C8 2000pF 5% 100kQ Infinity
R11MQ Log. C9 0-02pF y 22k 33K0
2 22MQ C10 16uF 450V 20mV A7KQ 100kQ 100kQ [ 220kQ
R 100kQ Infinity
R3 47kQ 0-25W C11 8uF 450V 7K0 58k0
R4 1-2kQ 8% %%(F)’FF 55/3 50mV { 10060 22060 } 220kQ 0 220k
R5 100kQ P o nfinity
C14 470pF 55 100kQ 150kQ
%; ﬁ%ﬂ b 15 25“’; 25&’ 100mV { fggtg 147‘?::‘? } 470kQ 0 220kQ
R8 220kQ 5% c1é 8}5‘E 200mV. 100kQ ;:)omy IMQ 0 220kQ
R9 1MQ Log. C17 01yl 500mV 100kQ 100kQ 2:2MQ 0 220kQ
R10 22kQ 5% C18 2uF (paper)
R11 150kQ c19 O'OSp.F Microphone Input (ImV for full output)
R12 100kQ 5% C20 0-05uF
R13 22kQ 812 ggu; %g\‘; Approximate Input R1 R7
R14 680Q L ;
C23 0-001uF 2:2MQ Infinity 2:2MQ
&}2 lg.g C24 0-001uF 1MQ 2:2MQ 2:2MQ
R17 47kQ C25 16uF 450V :470}(11 680kQ 2-2MQ
R18 22kQ 5% W C26 Sy.F 450V 220k 220k 2-2MQ
E;g ggﬁg 57 1w MlSCELLANEOUS Radio Input (Input impedance R:z) r
R21 1kQ & L1 10H 110mA Required input for full output-- - ;;0 mV (R4 in kQ).
R22 47Q T1 14W Ultra-linear transformer Standard value for R4~ 220kQ (input=50mV).
R23 1MQ 7kQ anode-anode b
R24 220kQ Primary inductance : 50H
R25 220kQ Leakage inductances : R iy
R26 10kQ Prim.—sec. : 320 mH =a
R27 10kQ prim.—UL tap : 3 10mH
R28 10kQ 1W T2 Mains transformer 7 Mic
R29 270Q 10% 1W Secondaries :
R30 270Q 10% 1w 300-0-300V  110mA #s By
R31 47Q 63V 2:5A CT =c
R32 47Q 63V 1A e
S1 2-pole 4-way m.b.b. . "
S2 1-pole 3-way m.b.b. it )
TABLE 3-1 F =c
OPERATING CONDITIONS OF THE N709 OutpuT STAGE OF FIG. 3-3 -
Va ) 300 A\ "
Va, g2 295 Vv i, =c9
Tatg2 (o) 2X44 mA o5 e
Ia+g2 (max sig) 2% 50 mA e
R 2% 270 Q Fig. 3-4. Circuit of the passive input seiector unit.  Both switches are shown fully
V i 1 1 V anticlockwise.
& iy
Pout 12 w
RL (a—a) 7 kQ
Zout (approx.) 2 kQ
D <1 %
Vin (rms) (to first stage) 50 mV 27
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RESISTORS
(10%, 025W)
R1
R2 »470kQ
R3
R4
RS +150kQ
R6
R7
R8 L470kQ
R9

CAPACITORS
C1 470pF 10%
C2 0:002uF 25%,
C3 0-0054F 25%
C4 0-005uF 25%
C5 0-01uF 25%
Cé 220pF 10%
C7 100pF 109
C8 100pF 109
C9 33pF 10%

SWITCH

S1 2-pole 6-way m.b.b.
To junction of C2 & R3

on main amplifier.
4 S
RO 3 SRN
i [ Cl: Output
Mic. e
vi ir
%R. L\ £
-
R3 —O SIA R8 A
el O AW 0.
U, o J 0,0
R2
R4
Radio MW RI4 RIS Ri6 Ri7
= 3 =
cal Tes c6 T [c7
RS [R6 [r7 R9 RI2 RI3|
< < < + < < g
e 3T 3T = 32 2T == 3
E = 2 Moz i o g
cl c2 _]_

R1B 3

W

L

Fig. 3-5. Circuit of the pre-amplifier input selector unit. The equalising components
are incorporated in a negative feedback loop The switches are shown
fully anticlockwise.

G.E.C. VALVE

Component values are given below.

R15 330kQ 5%

V1 2729 R16 330kQ 59
R17 470kQ 5%
RESISTORS R18 3-3MQ
‘(20"/ , 0:25W unless otherwise shown) R19 See Table 3-II
E} CAPACITORS
R3 »See Table 3-Ii C1 25uF 25V
R4 C2 01y
RS C3 0-05uF
R6 220kQ C4 330pF 10%
R7 2:2MQ C5 150pF 109
R8 2:2kQ Cé 68pF 10,
*R9 3-3kQ 59 C7 33pF 10%
*R10 220kQ 59, 0-5wW C8 1000pF 10%
*R11 470kQ 59
*R12 330kQ 5% SWITCH
R13 220kQ S1 2-pole 6-way m.b.b.

R14 220kQ 5%
*High Stability
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Using a Separate Pre-Amplifier—The 912-PLUS may be converted for
use with the pre-amplifier described in Section 9-3 (fig. 9-3) in the following
way :

Referring to fig. 3-3, the connection to the grid of the left-hand section of
V2 is removed so that the whole of the circuit to the left-hand side of V2 is
discarded. The ‘ presence” components are removed from the feedback
loop, leaving only the series feed resistor R15 and the lower part of the V2
cathode resistance R16. This results in a normal application of negative
feedback from the output transformer secondary to the cathode circuit of the
first valve of what is now the main amplifier.

The h.t. line is terminated at C10 and C11, R13 is.removed and C10, C11
are strapped to give a total capacitance of 24uF. The h.t. series resistor R28
is reduced to 3:3kQ (1W) and the h.t. connection to the pre-amplifier is taken
from the junction of C11 and R28. No additional decoupling is required in the
pre-amplifier h.t. line. The heater supply for the pre-amplifier should consist
of a separate pair of twisted wires running direct to the mains transformer.

The pre-amplifier connections should be made through an octal socket
mounted on the main amplifier chassis near V2 and, to prevent damage to V2
by disconnecting the pre-amplifier when the power is switched on, a grid leak
of 1IMQ should be connected between the input grid of V2 and earth.

This combined equipment will have somewhat less overall distortion than
the normal 912-PLUS, the second harmonic distortion being, in fact, as low
as 0-3%,.

The pre-amplifier of fig. 9-2 is also suitable for operation with the 912-
PLUS

3-2. A 14W d.c./a.c. Amplifier.—Although the d.c./a.c. amplifier is
hardly to be recommended when high quality is the main consideration, fig.
3-6 shows a circuit for use on d.c. or a.c. mains of 190-250V. Two KT33C
valves are used in an ultra-linear output stage which provides from 7W to 14W
depending upon the mains voltage. About 20db of negative feedback is
applied from the output transformer secondary to the cathode circuit of the
first valve, a Z729 pentode.

Two U31 half-wave rectifiers are used, the final h.t. voltage being from
180 to 240, depending upon the mains voltage. Resistors R23 and R25, in
series with the rectifier cathodes, limit the h.t. voltage on a.c. mains to about
the same as that obtained from d.c. mains of the same value. In addition these
resistors limit the rectifier peak current and equalise the flow through the two
valves. The power supply circuit in fig. 3-6 on 190-250V a.c. or d.c. mains
but, for continuous operation on 240-260V a.c., R23 and R25 may be increased
to 180Q each in order to limit the anode and screen dissipation of the output
valves.

For d.c. operation only, the rectifiers, resistors R23, R25 and the reservoir
capacitor C14 may be omitted. Without rectifiers there is no protection for
the electrolytic capacitors against reversed polarity of the mains and paper

29



types should be substituted. A lower capacitance of 4uF will be adequate

Fig. 3-6. Circuit of the d.c./a.c. 14W amplifier.

v
for C8 and Cl11 on most d.c. mains. 5%
The current in the heater chain is controlled by a 303 barretter for mains g Ik" T
voltages of 190-250 but for continuous operation above 240V a Type 304 should e
be substituted. ‘@_‘
<
On low mains voltages, the resistances of L1 and T1 are important and should .2 o
be as low as possible. & ) !
N
Table 3-111 gives the operating data for the output stage of this i3 E N S
amplifier.
COMPONENT VALUES FOR FIG. 3-6 2
e
KT33C 14W DC/AC ULTRA-LINEAR AMPLIFIER g
G.E.C. VALVES R21 470—1500Q
v1 Z729 R22 470—1500Q
V2 L63/6J5 R23 100Q 5W e
V3 KT33C R24 62Q 5W il
V4 KT33C R25 100Q 5W 3
V5 U3
Ve U31 CAPACITORS
V7 Barretter 303 C1 0-02uF
C2 25uF 25V
RESISTORS C3 0-1uF
(20%, 0-5W unless otherwise shown) C4 4uF 350V-
R1 'S00kQ < 005
R2 2504/speech coil impedance i 3
R3 2:2kQ . ’ C7 0-1uF 23
R4 47Q C8 32uF 350V
R5 220kQ C9 25uF 25V
R6 1MQ C10 254F 25V
R7 15k0 C11 324F 350V
R8 22MQ €12 1000pF
R9 15kQ 1W} R C13 1000pF
R10 15kQ 1w jMmatched to 5% C14 32uF 450V
4 A — o
s L MISCELLANEOUS i G } ? <
R13 220kQ L1 5—10H 200mA :l
R14 15kQ T1 14W Ultra-linear transformer J 2= T
R15 15kQ 3-2kQ anode-anode > e 2
R16 220Q 5% 1W Primary inductance : <25H ] bl
R17 220Q S°Z 1w Leakage inductances : <
R18 15kQ 1W Prim.—sec. : »5mH i
R19 100Q TABLE 3-III 4 prim—UL tap : 35mH 2 =
R20 100Q WA 1
OPERATING ConpiTIONS OF THE K T33C OUTPUT STAGE OF Fic. 3-6 7 )
Va (v) (approx) 235 v oA [{ ! @:
Va, g2 (approx) 220 v NG 2
Taig2 (o) 2x70 mA > t :n.‘. 5
Ia+g2 (max sig) 2x75 mA ‘?_'L A:‘:u
Pa+g2 (0) 2x15 w ) v
Pa+g2 (max sig) (approx) 2x10 w :,-L o
Rk 2 %220 Q &
Ve —15 v
Pout 14 w
RL (a-2) 32 kQ
Zout (approx) 3 kQ
D <05 %
Vin (rms) (to first stage) 05 v 31
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CHAPTER 4
AMPLIFIERS OF 15 TO 30 WATTS
Amplifiers giving from 15W to 50W output are adequately catered for by the
three beam pentodes, KT55, KT66 and KT88. This chapter gives details of a
14-15W KT66 triode amplifier, two versions of a 30W ultra-linear amplifier
(K'T66 and K'T88), and a 25W KT55 ultra-linear amplifier for d.c. or a.c. mains.
Chapter 5 describes amplifiers of 50W to 100W using the KT55 and the KT88.

The K'T66 has achieved a world-wide reputation in setting a standard of
performance in its class. Introduced in 1937, it was used in very large quantities
by the military services in World War II because of its efficiency and reliability
and it has since become the basis of many amplifiers with output powers up to
50W. It is widely used in domestic and industrial amplifiers connected in
push-pull triode or ultra-linear circuits for outputs of high quality from 15W
to about 30W. A well-known example of a push-pull triode design is the
“ Williamson * amplifier introduced by the M-O. Valve Co. Ltd. in 1947.

The KT88 might be described as a larger version of the K'T66 and this
chapter includes details of a high quality KT88 30W amplifier suitable for
domestic use. This valve was primarily designed for amplifiers of up to 100W
output and Chapter 5 gives circuit information for amplifiers of that class and
compares the characteristics of the KT88 and the KT66. Appendix A
describes the use of the KT88 in multiple pairs for obtaining outputs of
several hundred watts.

The KT55 has a 52V, 0-3A heater and was designed specifically to give a
high-power output from the low h.t. voltage inherent in the d.c./a.c. amplifier.
Details are given of a d.c./a.c. amplifier of 25W output at 1-5% distortion with
notes on operation with low mains voltages. -

4-1. KT66 Triode Amplifier.—The circuit of the original Williamson
amplifier is shown in fig. 4-1*. An output of 14-15W is given at a distortion of
0-1%. Table 4-1 gives the operating conditions of the output stage.

TABLE 4-1
OPERATING CONDITIONS OF THE K'T66 OuTpUT STAGE OF FI16. 4-1

Va (v 450
Va, g2 (approx) 410 \Y
Ta+g2 (0) 2x62:5 mA
Ta+g2 (max sig) 2 7%-5 mA
Pa+g2 (0) 2% 25 va

Pa+g2 (max sig) 2x21

Rk See fig. 4-1
V¢ (approx) —-37 v
out 15 w
Rui(a-a) 10 kQ
Zout 300 Q
D <01 o('
19 \%

Vin (pk) (approx) (to first stage)
32

o

L2

450V

3R

RI8
Ri
RI7

RI3
RI4

&
¢

R7
R

1k
L]
4

=,L.fcq

V4
R22 is adjusted for a total cathode current of 125mA for the

frequencies.

‘“ Williamson *’ amplifier.
and adjusting R16 for zero reading. C2 and R2 increase the margin of stability at.high

R4
RS

The output stage is balanced by connecting a d.c. voltmeter across the whole of the output

R&

Circuit of the
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two output valves.
transformer primary

Fig. 4-1.



COMPONENT VALUES FOR FIG. 41
“ WILLIAMSON ”* AMPLIFIER [ i I }

G.E.C. VALVES R22 100Q 2W w.w. _—

V1 B65/6SN7 or 2x L63/615 R23 150Q 5% 3W w.w. (o0 q
V2 B65/6SN7 or 2x L63/6J5 R24 100Q 0-5W 3
V3 KT66 R25 100Q 0-5W 4 6%
V4 KT66 ES

V5 U52/5U4 or US4 CAPACITORS | |
RESISTORS C1 8uF 500V 8

see the components list opposite.

(20%, 0-25W unless otherwise shown) 273' (Z)P&PFF ;:‘;
RO C4 0.03.F =
R C5 8uF " 500V
R3 4700, 10% Cé 8uF 500V ° [
R4 33kQ 1W C7 025,F ! -
RS 47kQ 1W . - i3 q
Liad: A i C8 0-25,F [ 1

R6 12004/ speech coil impedance C9 8yF 500V S = e
R7 22kQ 1W C10 8uF 600V i = ST ] x
R8 22kQ 1W 5 i e S
RO 22kQ qw [ Matched to 5% | J-ww - 5
R10 470k MISCELLANEOUS 3 g | 3 &
R11 470kQ L1 30H 20mA ' < gl SRl
o i ; ‘

T1 14W Output transformer
R14 47KQ 2W}Matched to 5% Aol analkwnads _€|-}' _—[a:< <:6]_ |
R15 100kQ 109, Primary inductance : < 100H 2 N\ B g7 -
mg ?Iggfg Z“Il\étyw.w. Leakage inductance : 3 30mH t w 1 s

T2 Mains transformer H & 3 Sy |- 3c
R18 1000 1W Secondaries : - b Ak T
R19 100Q 1W 425-0-425V  150mA 2 Me
R20 1kQ 63V 4A CT z 2
R21 1kQ 5V 3A wil i

4-2. Two 30W Ultra-Linear Amplifiers.—The basic circuit of fig. 4-4 g Myl o o T

may be used with either KT66 or KT88 valves and the components list on page L B | 4

43 gives suitable values for each type of valve. LIS i
o Y

‘With negative feedback, the K'T66 amplifier will give 32W output with

about 0-5%, distortion at an anode potential of 400V and the K'T88 will give "3 g 23

32W with 0-259%, distortion at an anode potential of 335V.* The input signal 5 i1 ] ®A

to the first stage of the amplifier for full output in the K'T66 version is 600mV .

whereas the KT88 version requires 500mV. With no negative feedback these o= =5 &
figures become 120mV and 100mV respectively. It will be noted that the T o
KT88 version has less distortion, higher sensitivity and requires a lower h.t. il Ly o <

voltage than the KT66 for the same maximum output. If feedback is omitted i 5

the K'T8S amplifier has only 19, distortion at 32W output as against the 29, EE— . i 2

of the K'T66 version. As the K'T88 valves are conservatively run in this circuit ‘ s 2 Z

Fig. 4-4. Circuit of a 30W ultra-linear amplifier using KT66 or KT88 valves in the output stage.
The component values and circuit conditions differ :

they will have a long life.

The output stage is preceded by a conventional double triode voltage ampli- J
fier which is fed by a triode phase-splitter comprising one half of a further double
triode. The other half of this valve is the input stage voltage amplifier, which is

*The KT88 output stage is, in fact, operated here almost in Class A, hence the
reduced distortion compared with the KT66 version. 35
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directly coupled to the phase-splitter. As in other ultra-linear amplifiers in
this book, instability is guarded against by the capacitors and resistors across
part of each output transformer half-primary and by grid and screen *“ stopper "
resistors in the output stage.

Negative Feedback.—14db of negative feedback is used and this is adequate
for all normal purposes. This value will reduce the output impedance, distor-
tion and sensitivity of the basic amplifiers by a factor of 5.

Feedback from the output transformer secondary is introduced into the
cathode circuit of the first stage via R2.  Since the sensitivity of either amplifier
without feedback is approximately 100mV, a feedback voltage of about 500mV
is required for 14db feedback. As the voltage across the output transformer
secondary for 30-32W is about 215 for a 15Q load and about 11V for a load of
4Q), the resistors R2 and R4 are chosen so that 500mV will exist at their junction
at full output. Assuming R4 to be 22Q, R2 is given by 2254/ Zo (where
Zo=the loudspeaker impedance) and the nearest standard value may be used.
If Zo=15Q, R2 should be 1kQ and if Zo=4€, R2 should be 470Q.

The operating conditions for the output stage of the amplifier of fig. 4-4 are
given in Table 4-IL.
COMPONENT VALUES FOR FIG. 44
KT88 30W ULTRA-LINEAR AMPLIFIER
Values required for KT66 valves are indicated where necessary

G.E.C. VALVES CAPACITORS
V1 B65/6SN7 C1 50puF 12V
V2 B65/6SN7 C2 0-05pF
V3 KT88 (KT66) C3 0-054F
V4 KT88 (KT66) C4 8uF 350V
V5 US54 C5 g(J.F 450V
Cé 0-05u.F
RESISTORS C7 0-054F
(20%, 0-25W unless otherwise shown) C8 50uF 50V
R1'TMQ  Log. C9 50uF 50\\;
*R2 225 h coil impedance C10 8uF 500
R3 1kQ\/ Lt €11 1000pF
R4 47Q C12 1000pF
R5 100kQ C13 8uF 500V (KT66 : 600V1)
R6 15kQ 0-5W
R7 15kQ o-%\g\// }M“"‘“‘ to 5% MISCELLANEOUS
R8 470kQ 10% L1 10H 200mA
R9 470kQ 107, T1 35W Ultra-linear transformer
R10 1kQ 6kQ anode-anode (KT66 : 7kQ)
R11 22kQ 1W tPrimary Inductance : <« 50H

R12 33kQ 109 1W

Leakage inductances :
R13 33kQ 109% 1W

tPrim.—sec. : >3 10mH

R14 220kQ 4 prim—UL tap : 3 10mH
R15 220kQ T2 Nfain‘; transformer

R16 10kQ Secondaries :

I'gg 1497!(& 3 375-0-375V  200mA

R19 4000 (KT66:5600) 5% 5W ks '5;5(’5‘}'4582’7625;04'1';‘)
R20 4000 (KT66 : 560Q) 5% 5W A

R21 270Q 0-5W
R22 270Q 0-5W

R23 470—1500Q 0-5W
R24 470—1500Q 0-5W

*For 14db feedback.

tOr two 16yF 350V in series.
{ With these values, R23, R24 and C11,C12
may be omitted.
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TABLE 4-II
OPERATING CONDITIONS OF THE OUTPUT STAGE oF Fic. 4-4
KT66 Valves KT88 Valves

Vit 450 3
Va, g2 400 3.‘32 3
Ta+g2 (0 2% 625 2x 80 mA
To+g2 (max sig) 2x725 2x85 mA
pa+g2 (0) 2%25 2x27 w
Pa+g2 (max sig) 2x15 2x12 w
Rk 2% 560 2400 Q
Vg (approx) —36 -32 v
Pout 32 30 w
RL (a—a) 7 5 kQ
Zout 1'8 1 kQ
‘1?' 05 025 o
in (rms) (approx) (tO first stage) 600 500 m‘(;
ot If negative feedback is omitted, theglast three values are as follows :
{; : l. kOQ
in (rms) (approx) (to first stage) 120 100 mé

41-'3. A 25W d.c./a.c. Qmp!iﬁer.w—The main problem in the design of an
rmp lge}x; for dl.c./a.c. operation lies in providing adequate output power with a
imited h.t. voltage, and the K'T'55 bea tod i i
o i e m pentode has been specifically designed

T : : 2 3
o ;v‘(l) KTS5 valves in push-pull will provide 25W output with a mains supply

Circuit Description.—The recommended circuit is sh i it i

. own in fig. 4-5 and it
designed round one Z72.9, one L63 and two KT55 valves, the h.%. supply beinl:
prov1;ied !}),y a metal rectifier when the amplifier is operated on a.c. mains. The
use of a thermionic rectifier is impracticable d i ql
which o G et practicable due to the high current required,

The input signal is applied to a 2729 volta i
[ \ ] ge amplifier, followed b, -
ventional triode phase splitter which feeds the K'T'55 ultra-linear outpl);tastcaogr;
bei The sex.lsmvify of thF amplifier without negative feedback is high, full output
bemg obtallned. for an input of 55mV. The sensitivity is reduced to 300mV
y the application of negative feedback as indicated in fig. 4-5. Before feedback

is applied, the hum and noise level with th i i
e s e wi e volume control at maximum is

COMPONENT VALUES FOR FIG. 45
KTS5 25W DC/AC AMPLIFIER

G.E.C. VALVES R22 Thermistor CZ1 or TH1
5w

Vi z729 R23 630 59
V2 Levigs R24 050w
V3 Krss 5 470-15000 0-5W

V5 Barretter 303
37



CAPACITORS

RESISTORS & Sy
(20°/°, 0 25W unless otherwise shown) C3 0-1yF
Log. C4 50 pF

‘RZ 300\/speech coil impedance C5 0-01yF

R3 2:2kQ C6 0-1uF

R4 22Q C7 0-1uF

R5 220kQ 10% O0-5W C8 16uF 350V

R6 1MQ 10% C9 50uF 25V

R7 10kQ C10 50uF 25V

R8 1MQ C11 %%FF 275V

R9 22kQ 0-5W Cc12 pl

R10 22kQ 0-5W }"““"e" 0 5% €13 1000pF

R11 1-5kQ TN C14 100pF 275V

ﬁ}% §§8tﬁ MISCELLANEOUS

R14 10kQ L1 1:52H 300mA 75Q

R15 10kQ T1 25W Ultra-linear transformer
R16 185Q 5% 5W w.w. 2kQ anode-anode

R17 185Q 5; SW w.w. Primary Inductance : < 10H
R18 10kQ 1034 1w Leakage inductances :

R19 47Q Prlm —sec. : > 20mH
R20 47Q 3 m.—UL tap : 3»10mH
R21 15+15Q 10% 10W w.w. MR1 250V 275mA (G E C. 13H16XG)

*For 14 db feedback

Separate bias resistors are essential in the output stage in view of the high
mutual conductance. The 50uF cathode bypass capacitors give a loss of 6db
at 50 ¢/s. They may be increased to 250u.F when this loss is objectionable.

The output transformer is tapped at 409, of the turns on each half-primary
from the centre tap. The small capacitors, C12, C13 and resistors R24, R25
are required with some output transformers to prevent the possibility of spurious
oscillation.

Negative feedback is applied over three stages, about 14db giving a satis-
factory reduction in distortion and output impedance without introducing the
danger of instability. It is probable that more could be applied with high-
quality output transformers but with this value of feedback an output of 25W
at 0-259%, distortion is obtained. R7 and C4, in the grid circuit of the phase
splitter, assist in ensuring stability by reducing the loop gain at ultrasonic
frequencies—they result in a loss of 6db at 20kc/s. (See Appendix B, page 119).

A low impedance power supply is obtained by the use of components
primarily designed for television receivers. L1, which should have an induct-
ance of about 2H and a d.c. resistance of about 752, is used with two large-value
electrolytic capacitors C11 and C14. On d.c. the mains adjusting resistor is not
in circuit and the metal rectifier protects the capacitors against reversed polarity.
The heater current of 0-3A is controlled by a barretter and thermnistor.

The circuit of fig. 4-5 may be changed to pentode operation by simply
connecting R19 and R20 to the output transformer centre tap. This will, of
course, result in somewhat higher distortion. Compared with pentode opera-
tion the ultra-linear circuit reduces the output impedance from 9kQ to 2-35kQ,
giving unity ratio with the anode-to-anode load. The distortion is 1-5%,
compared with the 2%, of pentode operation. The advantages of ultra-linear
operation are gained at the expense of a slight fall in the overall sensitivity of
the amplifier, that is, it will require a slightly larger input signal to give the same
output.
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R7 and C4 increase the margin of stability at high frequencies

Fig. 4-5. Circuit of the 25W d.c./a.c. amplifier.



The heater current is maintained within the limits 285mA to 315mA by the
barretter Type 303. A satisfactory performance will be obtained over a rather
wider range than the usual 200-250V without adjustment. The thermistor
prevents surges during switching-on periods when the valves are cold. No
thermistor shunt is required.

TABLE 4-III

OpERATING CONDITIONS OF THE KT55 Output STAGE OF FIG. 4-5

Va (b 225 VvV
Vs, 2 200 v
Tatg2 (0 2% 120 mA
Ta+g2 (max sig) 2% 127 mA
Pa+e2 (0) 2x23 W
Pa+g2 (max sig) 2x%x11-5 w
Rk 2% 185 Q
Ve —22 v
Pout 25 W
RL (a—a) 2 kQ
Zout 325 Q
D 0-25% %
Vin (rms) (to first stage) 1-5V mV

If negative feedback is omitted, the last three values become 2-35kQ, 1-5%,
and 300mV.

Operation from Sub-Normal Mains Voltages.

Low d.c. Mains.—The KT55 may be used successfully on low-voltage d.c.
mains supplies, as in some marine installations.

The recommended circuit in this case is similar to fig. 4-5 but, to obtain
maximum h.t., the rectifier should be omitted and the output transformer
connected to the mains side of the smoothing inductor. Cl14 also should be
omitted and C8 and C11 made 4uF paper capacitors. The output stage bias
resistors R16 and R17 should be reduced to 150Q and the optimum load to
1-5k€Q.

The heater connections depend upon the value of the mains voltage. From
150 to 200V the existing series arrangement may be used with a 305 barretter,
which is replaced by a suitable resistor for 125-150V. Below 125V two chains
will be required, the K'T55 valves being connected in series in one chain with a
small resistor, if necessary, and a 303, 304 or 305 barretter in series with the
remaining valves in the second chain. A suitable tapped resistor may be used,

if preferred, instead of the barretter.
Low a.c. Mains—For low a.c. mains voltages an auto-transformer may be

used for the h.t. supply, with the heaters connected as for d.c. mains. An
alternative method of obtaining the h.t. supply from low a.c. mains is shown in
" fig. 4-8. Avoltage doubler circuit is used to give an h.t. of 220V from 110V a.c.
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The smoothing inductor used for the circuit of fi
i used g. 4-8 has a lower resi
(20!%) and the specified rectifier is specially designed for voltage douglri(l.':xsglstance
he h.t. voltage and power output at various mains voltages is as follo‘;vs :

AC Mains Voltage HT Voltage Output Power
110 200 19W
110 220 23W
120 235 27W

Heater Circuit for Four Valves.—The heater

; 2 s of four KT55 val
cox:lnected (via a shun.ted thermistor) directly to a mains suppl; 1:::/;1:}]233
and 215V. For supplies between 215 and 250V, additional series resistance is
necessary. See fig. 4-9 for details of the recommended arrangement.

L MRI
—— C3
!
I} —
) vi
o : RI
Y %)
: s
E -L Cl *Cl MR2 g
: 2 v
ST T :
KT55
KTSS 3R
\__I 3
Fig. 4-8. Voltage doubler circuit f
e it for the KT55 amplifier. C 2
P ?hgg ]?arrceztter 303, 304 or 305 (depending upon ‘I;oltage acx?:slg ?1222; vﬁh’ws ;
8 275V1§ <Iar1 : lorTH1 ; R2: 60Q5W ; Cland C3 : 200uF 275V ; C2 'c lam) 3
; L1: 1H 20Q ; MR1and MR2 : 250V 300mA (G.E.C. 13DSXG) i

LN

230-
250v

0

Fig. 4-9. Heater circuit for four K
’ TS5 valves. Component values : R1: T i
CZ1or TH1 ; R2 : 750Q 10% 2W ; R3and k4 : 500 59, 110\5v.1 hermistor
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CHAPTER 5

AMPLIFIERS OF 50 TO 100 WATTS
h the amplifiers described earlier in this book, giving outputs up to
aboﬁﬂg())‘\l/%, are adgquate for domestic purposes aqd sma.ll public addrf.ss
equipment, the demand often arises for a SQW amplifier with a conse:lx.rfat.we
rating and with the possibility of increasing its output to 100W by %nscxs 1bymg
the circuit and operating conditions. For such amplifiers the K' eam
pentode is particularly suitable.

i i i i 50W ultra-
This chapter discusses the use of the KT88 in a <.:le31gn for. a !
linear a.mpliﬁP;r with cathode bias and in a 100W fixed bias ultra-linear amplifier.

i also given of a relatively simple and inexpensive a.c. gmphfler,
witl?leit'?éz ":rr:lves ingthe output stage, Jhich gives 50W output at 5% distortion.
5-1. Comparison of KT66 and KT88.—Compared with the KT66, the
K'T88 has an increased anode dissipation of 35W, a higher mutua.I c.onductance
and a cathode of larger emissive area. The physical characteristics are a}so
different in that it is mounted on the more modern wafer Pctal base ‘whlch
eliminates the glass pinch. The higher anode potential pemptted by tl}ls type
of construction results in a power output from a push-pull pair up to twice that
obtainable from the K'T66.

Table 5-1 overleaf compares the principal characteristics of the two Yalyes
and, as they have the same base connections, initial trials of the K'T'88 in existing
KT66 equipment are facilitated.

It is usually possible to substitute the KT88 for the KT66 m most push-pull
triode or ultra-linear amplifiers without cireuit modification, since the cathode
bias resistor is required to be about the same (500-600C) for both valves. No
great increase in output will be obtained, however, unless the circuit conditions
are suitably modified.

TABLE 5-I
ComparisoN oF KT66 anpo KT88

KT66 KT88
Vi 63 63 v
In 1-27 18 A
Va (max; 500 600 v
Vg2 (max) 400 600 v
Pa (max) 25 35 w
Pe2 (max) 35 6 w
gm 63 11 mA/V
*Pout (cathode bias, ultra-linear) 32 50 w
*Pout (fixed bias, ultra-linear) 50 100 w
Pout (cathode bias, triode-connected) 14 27 w
Opverall length 135 120 mm
Seated length 120 105 mm
Diameter +Class AB1 Push-Pull. 52 52 mm
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5-2. KT88 50W Ultra-Linear Amplifier.—The circuit of a complete
amplifier with a KT88 ultra-linear output stage giving 50W output at 0-2%,
distortion is shown in fig. 5-2*. The design follows the practice for other
amplifiers in this book but also incorporates the capacitors C8 and C9 shunted
by R12 and R13 to ensure stability at frequencies below the cut-off frequency
of the output transformer. The desirability of incorporating these components
is discussed more fully in Appendix B (page 119). Also shown in fig. 5-2 are
networks for reducing the amount of overshoot and consequent “ ringing
in the output transformer. These are C6, R10 and C7, R11 between the first
two stages. The method of introducing these networks is a variation of the
recommendations given in Appendix B for eliminating high-frequency in-
stability in feedback amplifier circuits.

In other respects, the amplifier follows conventional practice. The first
double triode, V1, is arranged as a self-balancing floating paraphase phase in-
verter which feeds V2, the following push-pull voltage amplifier. Potentiometer
R22 allows the signal input to the output stage to be adjusted for output stage
dynamic balance, as explained on page 8.

The power supply incorporates a thermistor in the h.t. output line in order
to reduce the surge from the directly heated rectifier while the remaining valves
are warming up. The performance of this amplifier is illustrated in fig. 5-3 and
the output stage characteristics are given in Table 5-II below :

TABLE 5-II

OPERATING CONDITIONS OF THE OUTPUT STAGE OF FIG. 5-2

Va ) 500 v
Vs, g2 425 A
Tatg2 (o) 2% 87 mA
Ia+g2 (max sig) 2x 100 mA
Pa+g2 (o) 2% 40 w
Pa+g2 (max sig) 2x18 w
Rk 2X 525 Q
V¢ (approx) —50 A
Pou! 50 W
RL (a—a) 5 kQ
D 0-2%, %
Vin (rms) (to first stage) 500 mV

COMPONENT VALUES FOR FIG. 5-2

KT88 50W ULTRA-LINEAR AMPLIFIER
G.E.C. VALVES  RESISTORS R5 1MQ

V1 B339/12AX7 (20%, 0-5W unless otherwise shown) R6 220kQ 10%
V2 B329/12AU7 R1 1MQ R7 220kQ 109,
V3 KT88 R2 3-3kQ R8 1MQ
V4 KT88 R3 100Q R9 1MQ
V5 US52/5U4 R4 3:3kQ R10 10kQ
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R11 10kQ

R12 47MQ

R13 47MQ

R14 100kQ

R15 470kQ

R16 470kQ

R17 10kQ

R18 680Q

R19 10kQ

R20 4-7kQ

R21 33kQ 2W
*R22 25kQ  4W

R23 33kQ 2W

R24 220kQ

R25 220kQ

R26 10kQ

R27 10kQ

R28 525Q 5% 6W
R29 525Q 5% 6W
R30 100Q

R31 100Q

R32 100kQ 1W
R33 100kQ 1W
R34 Thermistor CZ6
tR35 6-8kQ

tR36 6-8kQ

*Optional potentiometer for dynam{cally
balancing the output stage. If omitted,
R21 and R23 should be 47k, 2%, 2W.

CAPACITORS
C1 8uF 500V
C2 50uF 12V
C3 50uF 12V

C4 0-35.F
C5 0-254F
Cé 470pF
C7 470pF
C8 0-005,F
C9 0-005.F

C12 504F 100V
C13 50uF 100V
C14 24uF 350V
C15 24uF 350V
C16 4uF 750V
1C17 84F 500V

MISCELLANEOUS
L1 5H 250mA
T1 50W Ultra-linear transformer
5kQ anode-anode
Primary inductance : < 30H
Leakage inductances :
Prim.—sec. : 3 10mH
4 prim.—UL tap : 3 10mH
T2 Mains transformer
Secondaries:
500-0-500V  250mA

63V 5A CT
63V 1-2A CT (for pre-amp.)
5V 3A

F1 1A delayed fuse

tR35, R36 and C17, shown dotted in fig.
5-2, provide the decoupled h.t. feed for the
pre-amplifier of fig. 9-3 which was designed
to work with this amplifier.

5-3 KT55 50W Fixed Bias Ultra-Linear Amplifier.—Although the
KT55 was designed primarily for d.c./a.c. amplifiers, its characteristics lend
themselves well to the design of a 50W a.c. mains amplifier. This circuit,
illustrated in fig. 5-5, provides an economical method of obtaining SOW output.
The use of fixed bias in the ultra-linear arrangement enables a pair of KT55
valves to give 50W output at about 59, distortion with an h.t. potential of only
300V.

There is a large change in anode current between the quiescent and full
output conditions and a power supply of very low impedance is necessary. The
circuit diagram includes details of a single-phase half-wave rectifier power
supply having an impedance of 100Q over the working range. The grid bias
voltage is rectified by a small rectifier from the 52V heater supply for the KT55
valves. :

The h.t. supply is derived from an auto-transformer which provides 255V
r.m.s. for the metal rectifier MR1. Two other windings of 52V and 6-:3V
supply the heaters of the K'T55 valves and earlier valves, respectively, and a
small metal rectifier MR2 provides the grid bias potential for the output stage.
The range of negative bias required is from 50V to 60V.
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The components shown in broken line provide a

decoupled h.t. feed for the pre-amplifier of fig. 9-3

Circuit of the KT88 50W amplifier (the “ 88-50 ).

Fig. 5-2.



The auto-transformer does not need to be of large size since it has only to
cater for the voltage difference between the mains and the rectifier supply of
255V. It is this feature of the auto-transformer that is responsible for the
excellent regulation of the power supply circuit. Satisfactory results are
obtained from a transformer similar in size to those used in domestic radio
receivers.

The capacitance-input filter contains two large capacitors of 160uF and a
low-resistance 1H smoothing inductor and provides a hum-free d.c. supply.

The correct quiescent current of 70-75mA is set for each valve on the meter
in the cathode circuit by adjusting potentiometers R8 and R9. Resistors R17
and R18 are meter shunts, the value of which will depend upon the meter
characteristics and the type of meter circuit adopted. The potentiometer RS
in the anode circuit of the first stage is adjusted at 909, of maximum output to
give equal cathode currents in the output stage for obtaining dynamic balance.
Resistor R19, in the bias line, reduces the potential at C8 to 60V from the 70V
it would otherwise be.

TABLE 5-III
OPERATING CONDITIONS OF THE OUTPUT STAGE OF FiG. 5-5

Va, g2 (o) 325 Vv
Va, g2 (max sig) 300 v
Tay g2 (o) 2X75 mA
Ta4g2 (max sig) 2% 165 mA
Pa+g2 (o) 2x25 w
Pa+g2 (max sig) 2x12:5 w
Ve —50 to —55 \'
Pout 50 W
Ro (a—a) 225 kQ
Zout 27 kQ
*D 5 %
2X2:5 v

Vin (rms) (o first stage)

*Assuming the cathode currents are balanced at 90% of maximum output by R5

COMPONENT VALUES FOR FIG. 5-5-
KT55 50W ULTRA-LINEAR AMPLIFIER

G.E.C. VALVES R8 10kQ w.w. preset
R9 10kQ w.w. preset
Vs R10 100kQ 10%
g R11 10kQ 10% 1W
R12 10kQ
R13 10kQ
RESISTORS R14 47kQ 10% 1W
(20%, 0-25W unless otherwise shown) R15 270Q
R11MQ R16 2700
g :E‘? BR:; }Meter shunts
R4 33kQ 1W
RS 4 R19 1500
R 5 2o prasmt R20 470-1500Q 0-5W

R7 100kQ 10%
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470-1500Q 0-5W

Ll

RI4

CAPACITORS
C1 16uF 350V
C2 O-1uF

C3 01uF

C4 160uF 450V
C5 1000pF

Cé 1000pF

C7 160uF 450V
C8 32uF 100V

MRI

~
=

f

MISCELLANEOUS
L1 1H 350mA 20Q
T1 50W Ultra-linear transformer
2-25kQ anode-anode
Primary inductance : 3 12H
Leakage inductances :
Prim.—sec. : 3 10mH
4 prim.—UL tap : 3 10mH
T2 Mains auto-transformer (see text)
MR1 275V 350mA (G.E.C.Z13H17XG)
MR2 60V 10mA (G.E.C. Z11H4X)
S$1 1-pole 3-way

255V

00U0YT0TY 4 TOIVIY
> |iE
b

< <

MR2

A

RIS

-
=
3

[«

1
W} -
o

RIS
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5. Circurt of the KT55 50W amplifier. The earth line or chassis is connected to one side of the mains
If this amplifier is preceded by a triode phase-splitting stage such as that in fig. 5-8, the required signal

Fig. 5-
supply.

input will be 2-5V.



xed Bias Ultra-linear Ampliﬁer.—Th_e circu.it of
this amplifier is given in fig. 5-8 and it follows, in geperal, the main q:;axls of
the K'T55 50W amplifier described in the previous section. Points of di ;reﬁcte
include the addition of a phase-splitter at the input and, of course, the h.t.
power and grid bias supplies.

er provides 100W output at 59, distortion with an h.t. potential

5-4. KT88 100W Fi

This amplifi
of 560V

With fixed bias, the large change in anode current necessitates a low imped-
ance power supply and, with normal rectifier circuits, an inductance-input
smoothing filter is essential. The smoothing capacitor should be of high value
to prevent an instantaneous fall in h.t. potential upon the occurrence of a tran-
sient signal. Satisfactory performance will be obtained with a single inductor
and a capacitance of 50-150uF. The circuit diagram shows two 160uF 450V
electrolytic capacitors in series as an economical method of obtaining the
reauired capacitance. Reducing the h.t. potential to 460V, the load impedance
to 4kQ and the grid bias to —65V results in an amplifier giving 65W output.

TABLE 5-1V
OPERATING CONDITIONS OF THE QOUTPUT STAGE OF FIG. 5-8

Va ) 460 560 v
Va, g2 450 550 A%
Tatg2 (0) 2x 50 2x50 mA
Ta+g2 (max sig) 2% 120 2x 150 mA
Pa+g2 (o) 2% 25 2x 30 W
Pa+g2 (max sig) 2x%20 2x33 W
*Vei —65 —80 \Y%
Pout 65 100 W
RL (a—a) 4 45 kQ
Zout 65 65 kQ
D 3-6 3-6 %
1to 15 1to 1'5 mV

Vin (rms) (to first stage)
*A bias voltage range of at least +259%, is recommended.

Protection against Bias Failure—Should the bias supply fail, the KT88
anode currents would increase excessively and it is recommended that some
device be incorporated for protecting the output valves in the event of bias
failure. The arrangement illustrated in fig. 5-9 inserts a suitable resistor into
the output stage cathode circuit which will enable the amplifier to function
temporarily at half maximum output.

A triode, which could be one half of a double triode used also in the first
stage of the amoplifier, is connected in series with a relay across the main h.t.
supply. The relay contacts are normally closed and short-circuit the emergency

\ cathode resistor R1.  The triode is held at cut-off by the connection of its
grid to the bias supply at a point about 50V negative to earth. Should the bias
fail, the grid of the triode will rise to earth potential and current will flow through
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conditions for obtaining either
Cl14 and R28 prevent the build-up of high voltage transients across L1.

e operating
qualise the voltages across Cl11 and C12

Table 5-IV gives the
R26 and R27 e

ircuit.

Circuit of the KT88 fixed bias amplifier.

65W or 100W maximum output from this ¢

Fig. 5-8.

series-connected smoothing capacitors.
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the triode. 'This energises the relay, the contacts of which will open and bring
into circuit the cathode bias resistor.

COMPONENT VALUES FOR FIG. 58
KT88 100W FIXED BIAS AMPLIFIER

G.E.C. VALVES 21/\31;1‘:';"0!\5
Vi L63/6J5 Oty
V2 B65/6SN7 C2 0-05uF
V3 KT88 C3 005,F
V4 KT88 C4 8uF 350v
Ve U9 (or GXUSO with delay) & Ofi”;
C7 04y
RESISTORS . C8 1000pF
(20%, 0-25W unless otherwise shown) C9 1000pF
R1TMQ <10 gk 250V
R 1o it 1o Jreach 100-+60 dual
R3 33KQ WY ooy o 59 C12 1604F 450V f ¢ach 100+
R4 33kQ W™ 5 C13 8uF 250V

R5 470kQ 109,

C14 0-014F 750V
R6 470kQ 109

'l'g ﬁl&ﬂ o MISCELLANEOUS
L1 5H 325mA
RF1{3 2143k9 e L2 20H 10mA

100W Ultra-linear transformer
i 4-5kQ anode-anode (100W)
4kQ) anode-anode (65W)
Primary inductance : < 40H
Leakage inductances :
Prim.—sec. : 3 émH
4 prim—UL tap: * émH

oo 109% W
R11 33kQ o
R12 100kQ 10% 0-5W
R13 20k w.w. preset
R14 20kQ w.w. preset
R15 100kQ 10% 0-5W
R16 10kQ 10% 1W
R17 47kQ 1W

T2 Mains transformer
E:llg ggtg Secondaries :
R20 700-0-700V  325mA

R21 Meter shunts
R22 270Q 0-5W

R23 270Q 0-5W
R24 470-1500Q 0-5W

63V S5A CT

5V 7A i
75V 10mA (bias)
S1 1-pole 3-way

1
R25 470-1500Q 0-5W MR
R26 100kQ 10% 1W MR2 Lrsy 1oma
R27 100kQ 1057 1W MR3
R28 10kQ 0-5W
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Fig. 5-9. Bias failure protection for the
KT88 fixed bias amplifier. R2 is connected
to the positive (earthy) junction of R13
and R14 in fig. 5-8. R2 and R3 take the
place of R16 in the amplifier. The earth
connection to the meter in fig. 5-8 is broken
and the meter (and R20, R21) taken to
R1. Component values : V1: G.E.C.
163/6J5GT; Rl : 330Q109% 5W; R2:
6-8kQ10% 0-5W ;*R3 : 15kQ10% 0-5W ;
RL1 : 20kQ.

CHAPTER 6
CLASS B AMPLIFIERS OF 175 TO 200 WATTS

The Class B amplifier is recognised as an economical method of obtaining a
high audio output because of its high efficiency and the simplicity of the circuit
arrangement. The absence of a separate grid bias supply renders the valve
self-protective and eliminates the need for an interlock for delaying the applica-
tion of h.t. until bias is established. It is necessary to qualify this statement
in view of the small degree of bias used in the output stage of the amplifier of
fig. 6-5. In this case, however, the bias serves only to limit the quiescent
dissipation and, unlike normal fixed bias arrangements, no harm results from

running the output stage for short periods of a few minutes without this bias
being fully established.

Much of the distortion associated with the Class B amplifier in the past was
due to the leakage inductance of the driver stage coupling transformer but this
has now been largely overcome by using the cathode-coupled bridged trans-
former. This arrangement was discussed in more detail in Section 1-3.

This chapter describes 175W and 200W amplifier circuits containing the
DA42, an indirectly heated triode designed specifically for Class B operation.

6-1. DA42 175W Amplifier.—The complete amplifier circuit is shown in
fig. 6-1 and comprises—apart from the output stage—a K'T66 driver stage,
which supplies the necessary 75+75V for full output, and a push-pull inter-
mediate stage consisting of two N709 pentodes. The resistance-coupled N709
valves are required to deliver 80480V, and this output is obtained at low dis-
tortion because of the high h.t. voltage available, provided the screen and cathode
resistors are of optimum value. The input stage may utilise any small triode
such as the DH77 shown, which draws an anode current of 2mA.

The combined anode and screen current of each N709 is 6mA, the anode
and screen potentials being 150 and 60, respectively. An input not exceeding
141V to this stage gives an output of 80480V at less than 29, distortion.

With 500V h.t. supply for the K'T66 valves a bias of 45V is required, giving
an anode current of 70-80mA for the pair. A common cathode resistance of
600Q) is necessary to give this bias and this is partly supplied by the resistance of
the half-primaries of the coupling transformer. An additional resistor (R19),
common to both valves, is usually necessary. In the transformer used for the

prototype, the resistance of each half-primary was about 30002 and R19 was
found to require a value of 440Q.

The coupling transformer bridging capacitors are not critical in value within
the limits of 2uF to 16uF.

The output transformer should have low leakage inductance between the

two half-primaries and between the primary and secondary. For a 100V output
line (602 in this case), the primary/secondary ratio is 13:1.

The amplifier of fig. 6-1 gives 175W output at 6%, distortion for an input of
less than 1V r.m.s. and the performance of the output stage is displayed by the
curves of fig. 6-3. Table 6-I gives the operating conditions.
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COMPONENT VALUES FOR FIG. 6-1

‘1-9 “S1d
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?
- =0 DA42 175W AMPLIFIER
e G.E.C. VALVES R17 10kQ
V1 DH77/6AT6 R18 10kQ
W o _\5 V2 N709 R19 (See text above)
e z I w V3 N709 R20 100Q
G - V4 KT66 R21 100Q
V5 KTé6 R22 5kQ 10% 10W
Lo Vé DA42 R23 5kQ 109] 1ow
i V7 DA42
s
2 RESISTORS il
= L 20%, 0-25W unless otherwise shown ot
Y (20%, ) C2 0-01uF
Z2 & $ » @
4 z 5 R1 “470kQ C3 0-01uF
s H s 2 R2 1.5k Ca4 4uF 450V
> [ z ! R3 22ka 05w matched to 59 C5 0-5uF
! > = i R4 22kQ 0-5W o
| C6 16uF 450V
R5 470kQ  10% C7 0-05.F
2 R6 470kQ 109 C8 0.05.F
n A R7 10kQ -
i B K R8 10kQ C9 16uF 100V
o A C10 16uF 100V
Ak | C11 2000pF 1kV
e i o R10 2200 0-5W C12 2000pF 1kV.
L z 3 &=q R11 470kQ 10% 0-5W C13 150 pF
— 0,
e L R12 47kQ 5% 5W  w.w.
3 R13 47kQ 55 5W w.w.
R1% 4700 1@% AR TRANSFORMERS
z 2 » R15 470kQ T1 Bridged transformer (see fig. 6-7)
O - i R16 470kQ T2 Output transformer (see fig. 6-8)
G - " ! TABLE 6-1
——el 3 = > | H
z ' el
OPERATING CONDITIONS OF THE OUTPUT STAGE OF FIG. 6-1
ol AN =3 Va ) 1 (approx) kv
T 350070070505 ———— r
S 000100 7070500 V. 1 KV
Ia (o) 2x25 mA
& I. (max sig) 2x 140 mA
% Pa (o) 2% 25 W
Pa (max sig) 2 x50 w
Vg 0 \%
i . Ig (max sig) 2% 25 mA
" o Pout 175 w
RL (a-a) 10 kQ
= g Zout 15 kQ
: D 6 %
h Pdr 5 w
Vin (g—g) (pk) 175 \'
Vin (rms) (to first stage) *1 A%

These conditions should be used only for normal speech and music. A
continuous tone at maximum output will exceed the permitted dissipation and
for such applications Ri. (a—a) must be increased by at lcast 209,.

52 53




The addition of negative feedback, as described below, results in the follow-
ing conditions :

Pout 175 w
Zout 3to4 kQ
D 2 %
Vin (rms) (to first stage) +5 \%

Negative Feedback.—An improved performance is obtained at the expense
of a reduction in sensitivity by adding negative feedback. The circuit modifi-
cations are given in fig. 6-2 and this arrangement applies 12-14 db feedback,
which provides a damping factor of about 4-5 and reduces the distortion to 2%,
at 175W.

The coupling transformer T1 introduces negligible phase shift so that
feedback may be taken from the output transformer secondary to the N709
cathode circuit. The single cathode bias resistor is replaced by R1 and R2, and
resistors R3 and R4 provide the feedback paths from each end of the trans-
former secondary.

The values of R3 and R4 arc determined by the load impedance but, with
a 100V line (60Q), they are each 3-3k.

Power Supply.—The power supply circuit of fig. 6-4 is unconventional in
that one set of rectifiers and one transformer provide two h.t. voltages, one of
which is twice the value of the other. Compared with conventional circuits,
this arrangement, which is described more fully in Section 1-9, would appear to
offer a saving in both initial cost and space.

The rectifiers are not equally loaded, two of them having to supply the low
voltage current of 100mA in addition to the 275mA at 1000V required by the
DAA42 stage at maximum output. However, this is well within the capability of
the four U19 rectifiers specified since their rated maximum output in this type
of circuit is 500mA at 4kV. The GXUS50 xenon rectifier may be used as an
alternative to the U19 ; a 10-second switching delay being then required.

As the power supply impedance causes some interaction between the low and
high voltage supplies, a sudden demand for maximum current would cause a
reaction in the 500V supply if a conventional 4-8uF smoothing capacitor is used
in the high voltage supply. Connecting three 160p.F, 450V electrolytic capaci-
tors in series achieves an effective capacitance of 50-60uF, with a working
voltage of 1350. Resistors R1, R2 and R3 equalise the voltage across each
capacitor. The same principle is applied to the capacitors in the low voltage
supply.
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Fig. 6-2. Adding negative feedback to the
DA42 175W ampliﬁerg Component values :
R1 and R2: 330Q 10% 0-5W ; R3 and R4 :
3-3kQ 10% 1W (for 100V line output). Other
designations are as shown on fig. 6-1.

b: + I
| RS 3 S2C5 C7= R7
- —4
.
R6 T Z=Cb c8== 3 Re

Fig. 6-4. Power supply circuit for the 175W and 200W amplifiers of tigs. 6-1 and 6-5.

Although three secondary windings can be used for the rectifier filaments, as shown,

transformer winding is simplified if four identical windings are used. Component
values are given bhelow,
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G.E.C. VALVES

Vi
g U19 or GXUS0
v4
MISCELLANEOUS

L1 10H 275mA
L2 10H 100mA
L3 10H 100mA
T1 Mains trdnsformer

Secondaries

1200V CT 275mA
63V 5A CT
7-5v 25A CT
4V 3-5A

4V 3-5A

4V 7-0A (or two 3-5A)

RESISTCRS
(10%, 1W unless otherwise shown)

R2  »>100kQ
R3

R4 10kQ 2W
R5
R6
R7 100k
R8
CAPACITORS
c1 )

c2

c3

160xF 450V (each 100 60 dual)

C9 0-01pF 1-5kV

6-2. DA42 200W Amplifier.—The amplifier of fig. 6-1 may be modified
to give 200W output by increasing the outpurt stage anode potential to 1250V
and by applying about 4V negative grid bias in order to limit the quiescent

dissipation.

The modifications are shown in fig. 6-5. The bias potential is obtained by
inserting a resistor (R25) in the negative line of the h.t. supply for the driver
stage. 'The value of R25 will depend upon the total h.t. current, but it will be

about 47Q in the arrangement shown.

The bias is applied to the output stage

grids by connecting it to the centre tap of the coupling transformer secondary.

The bias is set to 4V negative in the quiescent condition and at full output it
will increase to about 5V as a result of the DA42 grid current. This has very
little effect upon the performance and is in any case partially suppressed by C15.

The performance of the output stage is shown by the curves of fig. 6-6 and

CAPACITORS (C::14 8uF 600V

C1 0-01uF 15 100uF 12V

C2 0-01yF C16 150pF

C3 0-01uF

C4 4uF " 450V MISCELLANEOUS

C5 0'5uF L1 10H 120mA

C6 16uF 450V T1 Bridged transformer (see fig. 6-7)

C7 0-054F T2 Oquut transformer (see fig. 6-8)

C8 0-05.F T3 Mains transformer

C9 16uF 100V Secondaries
C10 16uF 100V 425-0-425V  120mA
C11 2000pF 1kV 63V 5A CT
C12 2000pF 1kV 75V 2.5A CT
C13 8uF 500V 5V 3A

TABLE 6-II
OpPERATING CONDITIONS OF THE OUTPUT STAGE OF F16. 6-5
Va m 1-25 (approx) kV
Va 1-25 kV
o 2 x20 mA
La imax sigt 2% 120 mA
P (0) 2x12:5 \%
Pa (max sig) 2% 25 W
Ve (o) —4 Ay
Ig (max iz 2x20 mA
Puut 200 A%
RI,\:-~,.- 13 k&)
Zout 15 kQ
D 6 0()
Pa 45 W
Vin (g—g) (ph) 200 A
Vin (rmsy (to. first stage) +1 vV
These conditions should be used only for normal speech and music. A

Table 6-1I gives the operating conditions.

COMPONENT VALUES FOR FIG. 65
DA42 200W AMPLIFIER

G.E.C. VALVES
V1 DH77/6ATé
V2 N709

V3 N709

V4 KTé6

V5 KTé6

RESISTORS

(20%, 0-25W unless otherwise shown)
R1 470kQ

R2 1-5kQ

';i ;_72'::8 g?x }matched to 5%
R5 470kQ 109,

R6 470kQ 109,

R7 10kQ

R8 10kQ

R9 47kQ 0-5W

R10 220Q 0-5W

R11 470kQ 10% 0-5W
R12 47kQ 5% SW
R13 47kQ 5% 5SW
R14 47kQ 10% W
R15 470kQ

R16 470kQ

R17 10kQ

R18 10kQ

R19 (See page 66)

R20 100Q

R21 100Q

R22 7-5kQ 10W

R23 7-5kQ 10W

R24 47kQ SW

R25 47Q 1W
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continuous tone at maximum output will exceed the permitted dissipation and
for such applications Ri. (n—a must be increased by at least 209

Power Supply.—The combined power supply in fig. 6-4 cannot be used
because of the common negative connection. Two separate supplies are
required : one inductance-input supply giving 240mA at 1250V for the output
stage and one, which may be capacitance-input, of 400-500V for the carlier
stages. A suggested arrangement for the latter is incorporated in fig. 6-5.
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P, P,
S Sz
S| Sl
P, P,

Fig. 6-7. The coupling transformer T1 in figs. 6-1 and 6-5. Winding details are as
follows :

Core : Stalloy No. 4 ; square section ; no gap.
Primary : 20002000 turns, 28 s.w.g.
Secondary :  2000+2000 turns, 30 s.w.g.
The primary and secondary half-windings Il and S1 are wound in the opposite direction

to P2 and S2 so that, when the inner ends of each half-winding are joined, they are
series-aiding. The number of turns in each of th= four sections must be identical.

S
P
P,
S
S
P.
P
S

Fig. 6-8. The 100V line (60Q) output transformer T2 in figs. 6-1 and 6-5. Winding
details are as follows :
Core : Stalloy No. 66 ; square section ; no gap.
Primary : 1250+ 1250 turns, 28 s.w.g.
Secondary : 1004100 turns, 15 s.w.g.
All windings are wound in the same dire_((:jt'ion. The secondary is connected in series-
aiding.
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CHAPTER 7

CLASS AB AMPLIFIERS OF 100 TO 300 WATTS

The DA100 triode is designed for use in Class AB circuits and this chapter

gives design information for Class ABI and AB2 amplifiers which provide output

powers of 175W and 270W respectively. The data includes the conditions for

giving reduced outputs of 115W and 200W respectively thereby providing a
choice of four amplifiers covering the range 115W to 270W.

7-1. DA100 115-175W Class AB1 Amplifier.—The circuit diagram of fig.
7-1 illustrates the output and driver stages of this amplifier and Table 7-1 gives

the operating data. The performance is shown by the curves of figs. 7-2, 7-3
and 7-4.

The DA100 grids are not. driven positive and the preceding stage is of
orthodox design and consists ‘of a pair of triode-connected N709 or KT61
valves in a transformer-coupled push-pull Class A amplifier circuit. The output
stage requires an input of 1504150V r.m.s. and this is obtained from a coupling
transformer having a 1:2 ratio.

A diode is shunted across each DA100 grid circuit in order to prevent
““ triggering.”  If these diodes are absent, the output valves may be seriously
damaged by excessive anode current in the event of * trigger effect ”’ should
their grids be driven positive. )

Meters in the DA100 anode lines enable the grid bias to be adjusted to give
the correct anode currents. These meters or other anode current measuring
facilities as well as the anode circuit fuse (fig. 7-5) should always be incorporated.

A suitable power supply for the output stage is given in fig. 7-5 in which two
GXU50 xenon rectifiers or U19 vacuum rectifiers are used in a bi-phase half-
wave circuit having a source impedance of 400Q2. The grid bias is provided by
the separate circuit also shown in fig. 7-5. The power supply for the driver
and earlier stages may be of conventional design.

Table 7-11 gives the data necessary for operating this amplifier at a reduced
anode potential to give 115W output.

G.E.C. VALVES 2}12 ltg
x; Eggg R13 10kQ 10% 20W
V3 DA100 Fig. 7-1. R14 10kQ 109, 20w
V4 DA100
V5 U709 or U78/6X4 CAPACITORS
C1 0-02uF
RESISTORS C2 0-02uF
(20%, 0-25W unless otherwise shown) C3 50uF 50V
R1 270kQ C4 50uF 50V
R2 270kQ C5 2000pF 1-5kV
R3 10kQ Cé 2000pF 1-5kV
R4 330Q 10% 0-5W
R g3 1075 09w TRANSFORMERS
R7 100Q T1 Intervalve transformer, 1 : 2
R8 100Q T2 Output transformer
R9 5kQ 7k anode-anode (175W)
R10 5kQ 6k anode-anode (115W)
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Fig. 7-1. Circuit of the driver and output stages of the DA100 Class AB1 115-175W

amplifier.
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TABLE 7-I

OPrERATING CONDITIONS OF THE Cr.Ass AB1 175W AmpLIFIRR OF FIG. 7-1

Va )
Va
*[a (o)

[a (max sig)

Pa (0

Pa (max sig

Vg )

Pout

RL (a—a)

D

Vin (pk) (—&)

Vin (rms) (to driver stage)

*Precise valuc unimportant ¢

1:25 (approx)
1-25

2x50
2x 150
2Xx70
23 100
225
175
7
3
2x 225
2x 10

aind may be between 40 and 60mA

60

kV
kv
mA
mA
W
W
\,'
“,’
kQ
Yo
\7

v

COMPONENT VALUES FOR FIG. 75
POWER SUPPLY FOR DA100 AB1 AND AB2 AMPLIFIERS

G.E.C. VALVES MISCELLANEOUS
V1 U19 or GXUS50 *L1 5H 300mA
V2 U19 or GXUS50 *L2 5-25H 300mA swinging choke
V3 US52/5U4G L3 20H 150mA
T1 4V 7A
RESISTORS T2 As required

R1 10kQ 20% 0-5W
R2 2kQ 5W w.w.
R3 2kQ 5W w.w,

Bias transformer
Secondaries
250-0-250V  100mA (1kV opera-

g tion)
R4 2kQ 10% 20W w.w. 325-0-325V  100mA  (1-25kV

operation)
CAPACITORS 6V 4A CT
C1 4uF 1-5kV 6:3V CT as required
C2 4uF 1-5kV 2 5050V A3A
C3 0:01uF 1-5kV 1 m

C4 16uF 350V * 500 for AB2

TABLE 7-I1
OPERATING CONDITIONS OF THE CLASS AB1 AMPLIFIER OF FIG. 7-1
FOR REDUCED OuTPUT OF 115W

Va ) 1 (approx) kV
Va 1 kV
*Ia (o) 2x50 mA
I. (max sig) 2% 135 mA
Pa (o) 2% 585 w
Pa (max sig) 2%X90 w
Ve (0) —175 \Y%
Pout 115 %Y
RL (a—a) 6 kQ
D 3 o
Vin (pk) (g—g) 2x165 A%
Vin (rms) (to driver stage) 2% 8 \Y

*Precise value unimportant and may be between 40 and 60mA.

7-2. DA100 200-270W Class AB2 Amplifier.—This amplifier, shown in
fig. 7-6, requires a driver stage capable of providing the 3W driving power for
the DA100 grid circuit and two K'T66 in a cathode-coupled bridged transformer
arrangement are recommended.

The amplificr preceding the K'T66 stage is a push-pull resistance-capacitance
coupled arrangement using two N709 valves as described in Chapter 1, page 14.
This circuit will provide the 200--200V required at the cathodes of the KT66
driver stage.

Meters are placed in the DA100 anode lines to enable the grid bias to be
adjusted for correct anode current. It is inadvisable to omit these meters or the
fuse in the anode circuit (fig. 7-5). There is no danger of trigger effect ”
with the Class AB2 circuit because of the low d.c. grid circuit resistance,
consequently, diodes arc not required in this output stage.
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1-1:25kV
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Thermal delay
Switch
Vgl
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Fig. 7-5. Power supply circuit for the AB1 and AB2 amplifiers of figs. 7-1 and 7-6.
The thermal delay switch at T2 is not necessary with U19 vacuum rectifiers,

The power supply of fig. 7-5 is also suitable for this amplifier and the grid
bias network should provide a range of 175-250V negative to cater for differ-
ences in valve characteristics. The d.c. resistance of the inductors in the high
voltage smoothing filter should not exceed 50Q. If quality of reproduction is
not important and some hum is tolerated the second inductor (I.1) and capacitor
(C1) may be omitted. In this event, the signal will be modulated at 100c/s
ripple frequency at outputs exceeding 75%, of the maximum.
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The power supply for the driver and earlier stages may be of conventional

design.

Table 7-11I gives the output stage operating data for this amplifier and
Table 7-1V the output stage characteristics for a reduced output of 200W at

1kV h.t.

TABLE 7-II1

OPERATING CONDITIONS OF ThE CrLass AB2 270W Awmpriier or Fig. 7-6

V.. (»

Va

Id (o)

Ia (max sig

Pa (o)

Pa (max sig:

Vi o)

Iy (max sig)

Ig (pk) (max sig)
out

Rl. (a—a

Zin

D

Par

Vin (pk) (g—g)

Vin (mi) (to driver stage)

OPERATING CONDITIONS OF THE CLASS AB2 AMPLIFIER OF F 1G. 7-6
FOR REDUCED QUTPUT OF 200W

Va )
a

Iu (o)

Iu (max sig)

Pa (o)

Pa (max sig)

Vi (o)

Ig (max sig)

ig (pk) (max sig)
out

RL (a—a)

Zin

D

Pa

Vin (pk) (g—g)

Vin (rms) (to driver stage)

1-25 (approx)
1:25

2x59
2% 200
2% 70
2x90
225

3

20
270
7

2

pnn

3
2 x 300 (approx)
2x15

TABLE 7-IV

1 (approx)
1

2x50
2x150
2x55
2% 85
—175

15

[Se]
\’U]\‘U]%%

2x 250
2x10
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kV
kV
mA
mA
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COMPONENT VALUES FOR FIG. 7-6

? 9
:%f: Fo DA100 200-270W AB2 AMPLIFIER
f—1— R R | { G.E.C. VALVES R13 100Q
— = V1 N709 R14 (See Sect. 1-3)
< z | c | £ i V2 N709 R15 5kQ 10% 50w
N 2
T - » ® m ‘ V3 KTé6 R16 5kQ 10% sow
i - b # U i | V4 KTé6
] | » i V5 DA100 CAPACITORS
i - Pk V6 DA100 C1 0-01uF
i = T C2 0-01uF
= RESISTORS C3 0-5uF
| oo " + (20%, 0-25W unless otherwise shown C4 0-05.F
2 2 R1 '220kQ ) C5 0-05F
£000000009900 ———1—— | R2 220kQ Cé6 4uF 350V
£ R3 2200 10% 1w C7 4uF 350V
T2 =2 A R4 220kQ 10% 1W C8 2000pF 1-5kV
r* RS 47kQ 3wW? C9 2000pF 1-5kV
— | R6 47KkQ) 3W}matched to 5%
4 | i R7 47kQ 10%, 1w MISCELLANEOUS
R8 470k L1 Centre-tapped inductor 100-200H
R9 470kQ T1 Bridged transformer (See fig. 6-7)
R10 10kQ T2 Output transformer
- R11 10kQ 7kQ anode-anode (270W
R12 1000 5k anode-anode (200W'

e
A00S
ASTI=1



CHAPTER 8

CLASS AB AMPLIFIERS OF 300 TO 1100 WATTS

’ The largc§t amplifiers dealt with in this book are designed round the V1505
a Class AB triode of 275W dissipation, and this chapter describes the design o}
both Class AB1 and AB2 circuits. The ABI amplifier will provide up to 450W
output and the l_\BfZ amplificr up to 1100W.  An output exceeding 900W requires
(:on51dc'rablc driving power and the data should be closely followed in order
to obtain minimum distortion.

8-1. V1505 300-450W Class AB1 Amplifier.—Fig. 8-1 is the circuit diagram
of the output and driver stages of this amplifier.  Little explanation is required ;
the driver stage contains a pair of triode-connected K'T66 valves which arti
coupled to the output stage by a transformer of 1:2 ratio. The spark gap across
the output transformer primary is optional but, if it is used, the series resistor
(R13) must not be omitted. A load impedance of 10k is specified and this

should'not be reduced as a lower load will result in excessive anode dissipation
at maximum output.

Fig. 8-5 contains the power supply circuit recommended for providing h.t.
for the output stage. The bias voltage is provided by a normal full-wave
rectifier circuit which is also shown in fig. 8-5. The KT66 driver stage power
§upply may be a conventional capacitance-input circuit sinice there is no variation
in h.t. current. The KT66 valves require about 350V at 100mA.

Table 8-1I gives the data nccessary for operating this amplifier at a reduced
anode potential to give 300W output and fig. 8-2 illustrates the corresponding
pcrft?rrnance. At this reduced level, a load impedance lower than the 10k(2
spccified is permissible and this would provide a somewhat higher output

66

vi

.

ine

2-2.5kV.

v3
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RI3 ; I”i
i E
a5 T
V4
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Fig. 8-1. Circuit of the output and driver stages of the V1505 Class AB1 300-450W
amplifier. Component values are given below.

G.E.C. VALVES
V1 KTé66
V2 KTé6
V3 V1505
V4 V1505

RESISTORS
(20%, 0-25W unless otherwise shown)
R1 470kQ

R2 470kQ
R3 10kQ

R4 600Q 5% 3W
RS 6000 55 3w
Ré 10kQ

R7 100Q 0-5W

R8 100Q 0-5W

R9 33kQ 10% O0-5W
R10 33kQ 105 O-5W
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R11 1kQ
R12 1kQ

R13 10kQ 10% 100W (see p. 86)
R14 10k 10 SOW

R15 10kQ 10% 50W

CAPACITORS
C1 0-02uF

C2 0-02F

C3 25uF 50V
C4 254F 50V
C5 2000pF 1-5kV
Cé 2000pF 1-5kV

TRANSFORMERS

T1 Intervalve transformer 1:2

T2 Output transformer
10kQ anode-anode



COMPONENT VALUES FOR FIGS. 85 AND 87
POWER SUPPLY FOR V1505 AB1 AND AB2 AMPLIFIERS

G.E.C. VALVES

V1
v Lu19or GXU
V4

V5 Us2/5U4
RESISTORS

R1 10kQ 20% 0-5W

*R2 2kQ 5W w.w.

*R3 2kQ 5W w.w.

*R4 2kQ 10% 10W

R5 700Q 10% 25W (fig. 8-7)

C3 0-01uF 3KV
C4 16uF 350V
C5 4uF 350V (fig. 8-7)

MISCELLANEOUS

F1 HV type
L1 5H 600mA

L2 5-20H 600mA swinging choke

L3 20H 100mA
T1 As required
2-5V 5A

2-5V 5A
2-5V 10A (or two 5A)

*In Class AB1, may be increased to 5k to T3 Bias transformer

reduce current consumption.

CAPACITORS

Secondaries :

TABLE 81  Ly0a0/ 8mA

OPERATING ConDITIONS OF THE Crass AB1 450W AwmpLIFIER OF Fi1G. 8-1

Va »
a
*Ia (o)
Ia (max sig)
Pa (o)
Pa (max sig)
Ve (o)
Pout
RL (a-a)
D
Vin (pk) (5—g)
Vin (rms) (to driver stage)
*See section 8-3,

OPERATING ConDITIONS OF THE CLASS AB1 AmPLIFIER OF FIG. 8-1

2:5 (approx)
2:5

2x50
2200
2130
2x 275
—155
450

10

3

2x 150

2x10

TABLE 8-II

FOR REDUCED QuTPUT OF 300W

Va )
Va
*1a (o)
Ia (max sig)
Pa (0
Pa (max sig)
Ve o)
Poul
RL (a—a)
D
Vin (pk) (g—8)
Vin (rms) (to driver stage)

*See section 8-3,

2 (approx)
2

2x 65
2% 180
2x 135
2x 200

—125

300

10

3

2% 120
2% 8
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8-2. V1505 600-1100W Class AB2 Amplifier.—The recommended circuit
for Class AB2 operation of the V1505 is shown in fig. 8-6 which also contains the
KT66 driver stage with its preceding amplifier. Bridged transformer coupling
is used, as described in Chapter 1, page 5, between the KT66 and V1505
stages. Up to 900W will be obtained with-a driver anode supply of 475V at a
total current of 130mA. The bias required for the KT66 valves for this
operating point is 40V and this is provided by an effective cathode resistance of
6002 per valve. Part of this resistance is provided in each cathode line by the
half-primaries of the coupling transformer, the remainder (R13) being inserted
in the common earth line to the transformer centre-tap.

Thermal delay
T (Gxu1 only)

o

»
>
o
a
>

,.|||

Fig. 8-5. Power supply circuit for the V1505 Class AB1 and AB2 amplifiers in figs.
8-1 and 8-6.
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To obtain 1100W output, the V1505 valves will require a driving power
approximately double that needed for 900W and a considerable signal voltage is
necessary. The KT66 valves (the KT88 is also suitable) must operate at an
anode supply of 575V and they will cach consume 55mA. The required bias

of about 55V is produced by an effective cathode resistance of 1000Q per valve
made up as above.

A load impedance of 10kQ is specified and this should not be reduced as a
lower load will result in excessive anode dissipation at the half-power point—
where maximum dissipation occurs in Class AB2.

The power supply circuit is the same as that recommended for the Class
ABI arrangement and is shown in fig. 8-5.

The curves in figs. 8-3 and 8-4 show the performance in detail and Table
8-I1I gives the output stage operating data for either 900W or 1100W output.

For an output of 600W the V1505 anode supply is reduced to 2kV and the
resulting performance is illustrated in fig. 8-2. The output stage data are given
in Table 8-IV. At this reduced level, a load impedance lower than the 10kQ
specified is permissible and this would provide a somewhat higher output.

TABLE 8-III
OPERATING CONDITIONS OF THE CLass AB2 900-1100W AMPLIFIER oF FIG. 8-6
Va (h) 2:5 (approx) 2-5 (approx) kV
Va 25 2:5 kV
*1a (o) 2x 50 2% 50 mA
I. (max sig) 2% 275 2x 300 mA
Pa (o) 2x130 2x130 W
'h?a (max) 2275 2x275 w
Ve () —155 —155 A%
Ig (max sig) 30 60 mA
ig (pk) (max sig) 75 140 mA
Pout 900 1100 w
RL (a—a 10 10 kQ
Zin 8-12 8-12 kQ
D 6 7 %
Par 101 20§ %%
Vin (pk) (g—g) 2% 230 2% 280 \%
Vin (rms) (to first stage) 2%5 2X6 v

*See section 8-3, page 96.

Pa (max) occurs at half output.

iDriver stage operating at 475V, 130mA.
§Driver stage operating at 575\, 110mA.
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Va (v)

Va
*Ia (o)

I. (max sig)

Pa (o)
Pa (m:

ax sig)

Ve (o)

lg (max sig)

ig (pk) (max sig)

Pout

RL (a—a)

Zin
D
Pdr

Vin (pk) (g—8g)
Vin (rms) (to first stage)

TABLE 8-IV

OPERATING CONDITIONS OF THE CLAss AB2 AMPLIFIER OF FIG. 8-6
FOR REDUCED OuTPUT OF 600W

2 (approx kV

5 (approx) o

2x 60 mA
2% 230 mA
2% 120 \4%
2x170 w
—125 \'
40 mA

95 mA
600 w

10 kQ
8-12 kQ

6 %o

10+ W

2% 200 M
2x4 V

*Sec section 8-3, page 96.

+Driver stage opcrating at 475V, 130mA.

G.E.C. VALVES

V1
V2
V3
V4
V5
Vé

N709
N709
KT66
KTé6
V1505
V1505

COMPONENT VALUES FOR FIG. 8-6

RESISTORS
(20%,, 0-25W unless otherwise shown)
R1 470kQ

470kQ
220Q
100Q
100Q

1-5-2:5kQ  SW

100kQ
100kQ2
10kQ
10kQ

10%
10%
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V1505 600-1100W AB2 AMPLIFIER

R11 100Q

R12 100Q

R13 See Sect. 8-2, page 92
R14 10kQ 10%, SOW
R15 10kQ 109, S50W

CAPACITORS
C1 0-02uF

C2 0-02uF

C3 4yF 600V
C4 4-16uF 350V
C5 4-16uF 350V
Cé 2000pF 1-5kV
C7 2000pF 1-5kV

TRANSFORMERS
T1 Intervalve transformer 1:2
T2 Bridged transformer (see fig. 6-7)
T3 Output transformer
10k anode-anode
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Fig. 8-7. Bias failure protection for the V1505
amplifiers. The relay coil is connected in series
with R4 (fig. 8-5) and the normally-open contacts
are held closed by the bias supply current. Bias
failure opens the contacts and the V1505 filaments
are then auto-biased by RS5.
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8-3. Quiescent Current in AB1 and AB2.—The quiescent currents
selected (65mA and 50mA for anode potentials of 2kV and 2-5kV respectively)
are not critical and any current of this order may be used. In both Class AB1
and AB2, the quiescent dissipation is low, at 150W, which is a desirable featurc.
However, too low a current will result in increased distortion whereas currents
in excess of those recommended will not reduce distortion. These two values
of current are chosen to give similar orders of the crossover distortion which
occurs at full output as a result of the regulation of the grid bias supply circuit.
Although a stabilised bias supply would remove the effect at the cost of some
circuit elaboration it should be noted that the effect is virtually absent up to 90%,
of full output.

8-4. Protection against Bias Failure.—In the simple arrangement shown
in ﬁg. 8-7 a relay, with its operating coil connected to the bias supply, inserts a
resistor in the V1505 filament circuit when its normally-open contacts are
released by bias failure. The value of the resistor is chosen so that the V1505
valves operate with auto-bias at 100mA anode current per valve and give a
reduced output of 200-300W.

CHAPTER 9
MULTIPLE-PAIR PUSH-PULL AMPLIFIERS

When an output exceeding 100W is needed, the KT88 valve may be used in
multiple pairs in parallel push-pull instead of a single pair of larger valves.*
One of the advantages of this method is the low cost of the power supply which
is required to give an h.t. of only 550V. Another advantage is that a valve
failure in the output stage merely reduces the available output power with a
probable increase in distortion.

The circuit diagrany of fig. A-1 illustrates the use of ten valves in a fixed
bias ultra-linear output stage and this arrangement gives 400W output. More or
less than five pairs of valves can be used, depending upon the power required.

A single control is used for grid bias adjustment and this simplifies the
amplifier at the expense of somewhat higher distortion and lower output. For
this to be successful the power supply must have good regulation and a suitable
circuit is included in fig. A-3.

It is not essential to use accurately matched valves but the total current in
each half of the push-pull stage should be equalised as closely as possible. This
becomes easier with an increasing number of pairs and is facilitated by the
cathode current meter built into the amplifier. The individual cathode currents
will vary from about 35mA to about 60mA and each valve should be measured
in turn and the valves sorted into two groups of approximately similar total
current.

When the valves have been sorted and the two groups plugged into their
respective halves of the amplifier, the optimum operating condition is obtained
by adjusting the grid bias with RS (fig. A-3) so that the current drawn by any
single valve does not exceed 60mA. In this way an output of 400W will be
obtained at a distortion of about 5%.
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When using six or more valves in this type of amplifier, the value of the grid
return resistors R14 and R15 is of importance and a low value is desirable. In
order to facilitate the production of the necessary distortion-free input signal of
55-+55V r.m.s., the output stage is driven by a pair of cathode followers V2B
and V3B. With four output valves the grid resistors could be increased to
100k and the cathode followers dispensed with. However, as they form parts
of double triodes, the saving in cost is insignificant and, on the whole, it is
preferable to retain them.

The method of measuring the cathode current of each K'T88 valve is shown
in fig. A-1. A resistor of 10Q is inserted in the cathode lead of each valve (i.e.
R38, R39, etc.) and a meter M1 is connected across this resistor through switch
S1 and a series resistor (R48, R49, etc.).

It was found convenient to use a meter with a full-scale deflection of 20044,
the value of the series resistor being such that the meter indicated 0-200mA.
At full output each cathode current is about 100mA to 125mA. It may be
preferred to substitute the individual cathode series resistors with a single
resistor inserted between the meter and switch but the possibility of instability
should be borne in mind as the individual resistors act as cathode circuit isolators.

The ultra-linear output transformer must have low leakage inductance
between : primary and secondary ; half-primary and half-primary ; and each
half-primary and its tap. The absolute values of leakage inductance will
depend upon the number of valves used but a 400W transformer used in the
prototype had the following characteristics :

Primary Inductance : 4H
Leakage Inductances :
Primary to secondary : 0-75mH
Half-primary to half-primary : 0-75mH
Each half-primary to tap : 1-5mH

To prevent ultrasonic oscillation, resistor/capacitor combinations are con-
nected between each tap and the anode terminal of each half-primary. In the
prototype, C10 and R60 were also found to be desirable, the values used being
3500pF and 1kQ respectively.

Negative feedback may be added to this amplifier in the normal way, from
the secondary of the output transformer to the cathode circuit of the input valve.
The values of the resistors R2 and R3 in fig. A-1 are determined by the amount
of feedback and the ratio of the transformer.

Fig. A-2 illustrates a recommended layout for the output valves and is self-
explanatory. Adequate ventilation should be provided ; if in doubt, a tempera-
ture sensitive paint should be used (see footnote on page 9).

Power Supply.—The design of the power supply is an important factor in
the satisfactory operation of an amplifier of this type. The regulation should be
good ; Dbetter than 10% with a current variation of 400-1200mA was obtained
in the prototype. This order of regulation was achieved by using the xenon
filled rectifier GXU1 which, in this application, is considerably under-run at a
PIV of 1kV as against the rated PIV of 10kV. For up to six output valves, the
smaller xenon rectifier GXUS50 is suitable.
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The circuit of a complete power supply is given in fig. A-3 and this provides
the lower h.t. voltage required by the earlier stages as well as the grid bias
supply-

A single inductance-input filter is shown and, with a smoothing capacitance
of 150-200uF (obtained by series-connecting two larger capacitors), this should .
be satisfactory for most purposes. A further filter section may be inserted if
desired. The smoothing inductor(s) should have a value of 2-3H and a d.c.

resistance of about 25. TABLE A-I
OPERATING CoNDITIONS OF THE QOUTPUT STAGE orF Fic. A-1

Va () (0) 570 \Y%
Va (b) (max sig) 530 v
Va, g2 (o) 565 A\
Va, g2 (max sig) 525 \%
Tatg2 (o) (per valve) 35 to 60 mA
Tatg2 (max sig) (per valve) 100 to 125 mA
Ta+g2 (o) (total) 450 mA
Ta+g2 (max sig) (total) 1200 mA
Pa+e2(0) (per valve) 35 W
Pa+g2 (max sig) (per valve) 25 W
Vg1 (approx) —75 \%
P out 400 W
RL (a-a) 1 kQ
Zout 1-2 kQ
D S5to7 %
Vin (rms) to first stage 250 mV

If 10db of negative feedback is applied, the last three values become 4000,
2% and 750mV respectively.

52 Bus Wire

53V Bus Wire
Anode Bus Wire
R30
©
— Valves Vays | “0 Valves VIV8—
¥
R40 ?@
= Vb R20
Tosty RO ==
51 Bus Wire

Fig. A-2. Recommended layout
for the output valves of the 400W
amplifier.

91 Bus Wire
R2S vl

® 00
~—Valves V9,VI0 . I volves Vi2vi3—~

R3S 3 Y4
Anode Bus Wire

63V Bus Wire

92 Bus Wie
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Circuit of the 400W multiple-pair
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Fig. A-3. Power supply circuit for the 400W multiple-pair amplifier. The winding

of T3 is simplified if four identical secondaries are used. To prevent mains-borne

interference with nearby receivers, generated by the xenon rectifiers, a pair of capacitors

(0-05pF, 700V a.c.) should be connected in series across the 700V winding and their
junction connected to the negative (earth) line.

COMPONENT VALUES FOR FIG. A-1

KT88 400W AMPLIFIER

G.E.C. VALVES R48-R57 Meterseries resistors, .
V1-V3  B65/6SN7 R58 1kQ 2w
V4-V13 KT88 R59 1kQ 2w

R60 See p. 113
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RESISTORS
(20%, 0-25W unless otherwise shown)

R1 1MQ
R2

R3}See page 113
R4 1kQ

R5 100kQ 0-5W
s; }gtg g:gw}matched to 5%
R8 1MQ

R9 1MQ

R10 47kQ 10% 0-5W

R11 33kQ 0-5W

SRy —
mg :;tg 1w}matched to 5%,
R16 47kQ 109 0-5W

R17 47kQ 10% 0-5W

R18-R27 15kQ

R28-R37 220Q

R38-R47 Meter shunts, see p. 113

CAPACITORS

C1 0-01uF
C2 50puF 12V
C3 0-01pF
C4 0-01uF
C5 8uF 450V
Cé6 0-25uF
C7 0-25uF
C8 1000pF
C9 1000pF
C10 See p. 113

MISCELLANEOUS

M1 200uA meter (see p. 113)
S1 1-pole 11-way switch b.b.m.
T1 400W Ultra-linear transformer
1 kQ anode-anode
Primary inductance : <« 4H
Leakage inductances :
Prim.—sec. : 3 750uH
4 prim.—UL tap : * 750pH

COMPONENT VALUES FOR FIG. A-3
POWER SUPPLY FOR KT88 400W AMPLIFIER

G.E.C. VALVES
V1i-V4 GXU1
V5 U709 or U78/6X4

RESISTORS

R1 100kQ 10%, 0-5W
R2 100kQ 109% 0-5W
R3 47kQ 209, 2W
R4 22kQ 20% 1W
R5 10kQ wirewound

R6 47kQ 109% 1W
R7 47kQ 1

R8 10kQ 209% 1W
R9 22kQ 209, 1W
R10 1-5kQ 20% 0-25W

CAPACITORS

C1 32uF 350V
C2 32uF 350V

< gggﬂ 320V beach 1004200 dual
C5 0-01uF 500V

C6 2uF 250V

C7 wF 250V

MISCELLANEOUS

Lt 2H 1200mA 25Q
T1 700V 1200mA*
T2 Bias transformer
Secondaries
150-0-150V  10mA
63V 20A
T3 2:5V 5A
2:5V 5A
2-5V  10A (or 2:< 5A)
F1 2A
F2 5A

*10V taps on primary

OUTPUT TRANSFORMERS AND STABILISATION

The output transformers used in the prototypes of the ultra-linear amplifiers
described in this book were components of good quality made by various
manufacturers. The leakage inductance was found to vary considerably, not so
much between units by different makers, as between the dates of manufacture.
The most recently made transformers incorporated improved methods of winding
which gave very low values of leakage inductance. As a guide to this improve-
ment, the values are tabulated below :
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{ Relative | Leakage Inductance (mH)
Age of Comments
Transformer| P-S |3P-3P [4P-UL tap

Early 20-25 | 20 50 a-g2 capacitors required for stability

Medium | 10-15 | 10 25 Stable without capacitors

Late 5-10 5 5 Stable with 30db of negative feedback

The capacitors mentioned in the last column are those shown connected
between the anode and screen of each output valve in the ultra-linear amplifier
circuit diagrams in previous chapters. They have a value of 1000-2000pF and
are connected in series with resistors of 470-15000.

All amplifiers and transformers were examined with a square wave generator
and oscilloscope at a frequency of 5-10kc/s and it was found that the overshoot
produced was roughly proportional to the leakage inductance. The earlier
transformers produced an overshoot of about 25%, and a ringing frequency
below 40ke/s. In the later types the overshoot is reduced to less than 10%,
at a frequency above 100kc/s.

When negative feedback was applied it was found essential with the two
earlier groups and desirable with the latest transformers to attenuate the high
frequency response of the amplifier. The method of doing this is shown by the
circuit of fig. B-1, in which the attenuation is achieved by a capacitor and resistor
in series between the anode of the first triode amplifier stage and earth. A
slightly different arrangement is necessary when the first stage consists of a
balanced phase inverter such as the one used in the KT88 50W ampli-
fier of fig. 5-2 (page 55). In this, the attenuating components (C6, R10 and
C7, R11) are incorporated in each half of the phase inverter in order to maintain
the balance of the stage. The principle is the same, however, and the following
comments apply to both arrangements.

Referring now to fig. B-1, the optimum values of C1 and R1 will depend upon
the degree of attenuation required but, with the latest transformers, values of
500pF and 10kQ gave an attenuation of 3db at 25kc/s and 10db at 40kc/s.
With these values, complete stability was obtained with feedback applied. = With
earlier transformers the capacitor and resistor were required to have values
up to 2000pF and down to 1kQ. All these values assume a valve impedance of
about 10kQ but if V1 in fig. B-1 is a pentode-connected Z729 with an anode
load of 100-330kQ, suitable values for C1 and R1 would be 50-200pF and
100-10kQ2 respectively.

To ensure stability at very low frequencies, below the cut-off frequency of
the output transformer, it is advisable to insert low frequency attenuation
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b Fig. B-1. Stabilising networks in the first stages of a feedback amplifier.
between the first and second stages within the feedback loop. The recom-
mended arrangement is shown in fig. B-1 and consists of a capacitor and shunt
resistor in each grid line between the two stages, designated C4, R4 and C5, R5.
Assuming the following grid resistors R6 and R7 to be each 1M, values of
5000pF and 3-3MQ will attenuate frequencies below 25c/s and will be satis-
factory with an output transformer of high primary inductance.

Low values of transformer primary inductance will need correspondingly
lower and higher values, respectively, of capacitors and resistors. Values of
2000pF and 10MQ will be found adequate for transformers of poor quality
in terms of primary inductance. Low frequency instability (“motor-
boating *) in amplifiers containing poor-quality output transformers may be
eliminated by incorporating these networks.
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COMPONENT VALUES FOR FIG. B-1
STABILISING NETWORKS

\\/I1ALVES R6 1MQ

V3 } BESI6SNT BF A

REISYIHE CAPACITORS

(20%,, 0-25W unless otherwise shown) gl g?gs_ngOPF (see text above)
R1 ‘T-10kQ C3 0-054F

R2 15kQ 0-5W C4 50008

R3 13kQ 0~5W} matched to 5% 5000pF

oL C5 5000pF

R5 3-3MQ [ See text above

CHAPTER 10
PRE-AMPLIFIERS AND TONE CONTROL

This chapter discusses some of the requirements of pre-amplifiers for use
with the power amplifiers described in earlier chapters and includes details of
two complete pre-amplifier circuits containing record and tape equalisation and
tone controls.

9-1. The Purpose of a Pre-Amplifier.—This can be summed up, within
the context of this book, in three requirements : (a) the amplification of small
signals, of the order of millivolts, to a level suitable for operating a power ampli-
fier without adding hum and other noise ; (b) frequency “ equalisation ™ of
the output from gramophone records, tape, etc. ; (c) the provision of variable
tone controls, which, to satisfy present-day demands requires at least bass and
treble cut and bass lift.

These three requirements are dealt with in more detail in the following
paragraphs.

) Amplification.—A comprehensive pre-amplifier of the type described later in
this chapter must be suitable for use with microphones, tape playback heads and
low-sensitivity pickups.

The output voltage of a typical crystal microphone of the diaphragm type
connected directly to the grid of the first valve is about ZmV for a sound pressure
of 1 dynefcm?2. This is roughly equivalent to loud speech 2 foot or so from the
microphone and normal conversation will give about 0-5mV. ~ Signal magnitudes
of this order will also be obtained at the input valve grid from a moving-coil or
ribbon microphone connected via an appropriate step-up transformer. With
such low level input voltages the hum and noise level at the grid must not exceed
about 1-5.V for a signal-to-noise ratio approaching 50db (300:1), which is an
acceptable standard for high-fidelity equipment.
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The output from tape playback heads varies from about 1-5mV, at 1000c/s,
for the cheapest kinds up to about 10mV for the more expensive heads. Obvi-
ously, the greater the output, the better will be the signal-to-noise ratio obtained
with any given tape. Magnetic tape is recorded at constant peak flux density so
that the head output falls with decreasing frequency at the rate of 6 db per
octave. Consequently, the output at 50c/s will be about 24db less than that at
1000c s, that is, about 0-1mV for a low-output head. It follows that, with this
type of head, a signal-to-noise ratio of 40db (100:1) will necessitate a noise level
at the grid no higher than about 1uV.

An input stage which meets the requirements of high signal-to-noise ratio
with adequate gain can be built by using the 2729, a valve especially designed
for this type of application. The pre-amplifier circuits of figs. 9-2 and 9-3 both
contain a tape playback amplifier of this kind, the valve being V1 in each case.
Certain precautions must be observed, particularly with the wiring of grid,
heater and cathode circuits and in the use of suitable components in order to
take full advantage of the performance of the valve itself.

The grid and cathode wiring must be compact and direct in order to mini-
mise the electrostatic pick-up of hum and the magnetic loop formed by the input
terminal, grid, cathode and earth must be as small as possible. A single earth
connection is essential and this should be close to the input socket, which should
be screened. The part of the chassis containing the input stage may, with
advantage, be totally enclosed with metal screens. The heater wiring should
consist of a twisted pair and should be kept well clear of the grid circuit. The
heaters should be wired up from the supply end starting with the output valve
and finishing with the input stage. In this way, the heater supply wires running
to the first stage will carry only the current drawn by the input valve and the
electro-magnetic field about these wires will be at a minimum.

Care in the choice of components used in the input stage is necessary and all
capacitors should be of high quality if they are not to introduce noise due to
variable insulation resistance etc. Resistors should be of the high-stability type
in order to minimise noise produced by thermal agitation (Johnson noise) and
other effects. The valve socket should be of unloaded plastics or ceramic
material and should preferably contain a central screening boss, this being
carthed together with contacts 2 and 7 which connect to the internal screening
svstem of the Z729 valve.

Equalisation. As explained above, the frequency characteristic of the output
from a tape playback head or gramophone pickup is not level and a suitable
equalising nctwork must be incorporated in the pre-amplifier in order to re-
produce these signals with a flat frequency characteristic.

Such a network introduces a loss in amplification which must be made good
and it is convenient to combine it with a valve amplifier, the amplification of
which makes up for the insertion loss of the correcting circuit. By arranging the
equalising network in the form of a negative feedback loop in this amplifier
stage, valve distortion is reduced to a minimum.
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The equalisation basically comprises bass boost of 10-15db at 50c:s for
record reproduction and 24db or more at 50c/s for tape playback. This is
achieved by suitably attenuating the higher frequencies, full gain being obtained
only at the lowest frequencies.  Fig. 9-1 is a simplified diagram of this circuit,

Fig. 9-1. Simplified circuit showing o

how the response of an amplifier may

be modified by placing a suitable net
work in the feedback loop.

AMA

&

the corresponding valves in the full circuits of figs. 9-2 and 9-3 being V2 in each
case.

The feedback loop can be made to modify the response of this amplifier
stage in any desired way by introducing into it a suitable frequency selective
network. To obtain bass boost, this network consists basically of C1 and R1 in
fig. 9-1 and the values of these components are chosen so that the impedance of
'C.l becomes greater than the resistance of Rl at a particular low frequency.
The amount of feedback thus becomes smaller with decreasing frequency and
the amplification increases, giving bass boost. For record reproduction, high
frequency de-empbhasis is introduced by the addition of C2.

Inthe comp}ete pre-amplifiers, a suitable equalising network is automatically
switched into circuit for each type of input source. For radio reproduction the
gain of this stage is reduced uniformly at all frequencies, by introducing pure

resistance into the feedback loop, to suit the larger input signal from a radio
tuner.

As stated above, when the signal is from a tape playback head considerable
attenuation of all but the lower frequencies is necessary for truc equalisation
and an additional stage must precede the equalising amplifier. The require-
ments for this input stage were discussed under “ Amplification ” on page 97.

A.n additional amplifier is not nccessary for record equalisation because the
required bass boost is considerably less and, normally, the input signal is larger.

1 h? gain control follows the equalising stage as the signal Ievel is such that
any noisc generated by a potentiometer may be neglected.
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Tone Control.—Having achieved a signal of uniform frequency characteristics
from any of the input sources by the action of the equalising stage, tone controls
can be introduced for adjusting the balance and frequency range to suit listening
conditions, programme quality and personal taste.

Both pre-amplifier designs incorporate tone controls, those in the circuit of
fig. 9-3 being somewhat more comprehensive. The details of the tone control
circuits are given in the descriptions of the pre-amplifiers below.

9.2. Pre-Amplifier Circuit No. 1.—The circuit diagram of this pre-
amplifier is given in fig. 9-2. This design, the simpler of the two described in
this chapter, utilises three Z729 valves and is suitable for feeding an amplifier
requiring about 0-5V input. V1 is the tape playback amplifier and the sensitivity
at the input socket of this stage is ImV. The output of this stage and the input
signals from the pickup and radio sockets are connected to the grid of V2 via
the input selector switch S1A.

COMPONENT VALUES FOR FIG. 9-2
PRE-AMPLIFIER CIRCUIT NO. 1

G.E.C. VALVES R28 100kQ
Vi R29 470kQ
V2 $Z729 R30 220kQ 5%
v3 R31 1MQ Log.
R32 22kQ 5%
RESISTORS R33 22kQ
10%, 0-25W unless otherwise sh
; (R1 /3-2MQ Sg/:', ess otherwise shown) CAPACITORS
“R2 5% C1 16uF 350V
R §°3°kﬂse:°"°3e‘°2 C2 250F 25V
‘RS 47kQ s‘yf’ 8 gig)?ir
:zg 320kQ 5% C5 33pF_10%
ikt 70k 5% C6 330pF 10%
il 20kQ 5% C7 68pF 10%
R9 MO 5%, C8 220pF 10%
R10 470kQ 5% C9 470pF 10%
R11 220kQ C10 254F 25V
R12 220kQ C11 01yuF
R13 47kQ C12 0-05.F
R14 470kQ C13 8yF 350V
R15 1MQ C14 0-005uF
e i o 2
6 01
R18 10MQ c17 0~0!§;LF
s;g g&k{(}z C18 2000pF 10%
C19 0-02uF
*R21 33kQ 5% €20 16uF 450V
*R22 220k2 5% C21 1000pF 10%
R23 1MQ 5% €22 2000pF 109,
:3; 3020:;% Log. C23 0-05uF
R26 47kQ SWITCHES

. 0,
RT95KL. 57 S1 2-pole 4-way m.b.b.
“High Stability S2 1-pole 4-way m.b.b.
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Switch S1 has four positions and in clockwise order these are : radio (100mV),
pickup 78 r.p.m. (20mV), pickup 33 r.p.m. (20mV) and tape playback (ImV).
SIA selects the required input signal and S1B automatically inserts into the
feedback loop of V2 the appropriate equalising network.

The values of resistors R2 and R3, in the pickup input circuit, will depend
upon the type of pickup used. Variation of the value of R2 will alter the load
impedance presented to the pickup and variation of R3 will alter the input
sensitivity to suit the output of the pickup. With many moving iron (variable
reluctance) pickups R2 should be open-circuited (R2=0c0Q) and R3 short-
circuited (R3=04Q) but if this results in full output with the volume control at
less than half-travel, a suitable value of R3 will attenuate the pickup output and
so prevent distortion in V2. A value of 47kQ for R2 will provide a suitable
load impedance for most magnetic pickups. The output of a crystal pickup
can be made similar to a magnetic type by making R2 100k and reducing its
output by making R3 1MQ (see fig. 9-8).

The tone control stage consists of V3 and its associated bass and treble con-
irols R31 and S2. Both controls utilise conventional circuits, the bass control
being a potentiometer which boosts the bass as the slider travels away from the
centre in one direction and cuts as it is moved in the opposite direction, with the
centre position giving a level response. The treble control consists of a four-
position switch giving three degrees of cut and one level position.

The input sockets and the first valve should be grouped together with a single
carth connection to the chassis. The earth connection from the equalising

stage (V2) should be returned to the same point. The two selector switches
may be of the bakelite wafer type, with make-before-break contacts.

The grid coupling capacitors are chosen so that their combined effect
produces attenuation below 30c/s in order to reduce rumble.

As the output impedance of the pre-amplifier is about 22kQ, up to four feet
of ordinary screened wire or up to twenty feet of coaxial cable may be connected
without high frequency loss.

This pre-amplifier may be used as a substitute for the built-in tone controls
of the 912-PLUS amplifier when the flexibility of a separate control unit is
preferred. The h.t. feed for the pre-amplifier .is taken from the junction of
C11 and R28 in fig. 3-3 (page 28). 'The output of the pre-amplifier, fed into the
first grid of V2 in fig. 3-3, provides the correct input signal for the 912-PLUS.

9.3. Pre-Amplifier Circuit No. 2.—This pre-amplifier was designed for
use with the K'T88 50W amplifier described in Chapter 5* but it may be used to
feed any power amplifier requiring an input signal of 0-5V. It is very suitable
for use with the G.E.C. 912-PLUS amoplifier as a substitute for the built-in
tone control stage.  Details of its use with the 912-PLUS arc given in Chapter 3.

The pre-amplitier circuit is illustrated in fig. 9-3 and it is designed to operatc
from a gramophone pickup, a tape playback head (for which a separate input
stage, V1, is used), a high-impedance microphone and a radio tuner. Choice
of any of these inputs is provided by a selector switch which also automatically
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modifies the pre-amplifier sensitivity and cqualisation to suit the selected input
source.

The six positions of the input selector switch are given in clockwise order by
the table below which also shows the input sensitivity, input impedance and an

'
Lo
vws-z

ag'
indication of the equalisation obtained at each position. g Ego?
0
g8 %
Frequency ® % _—
. 5 ; Input Correction g8 TT EH
Switch Position Sensi- | Imped- & »--5 { i
tivity® ance Bass | Treble é‘, E: & 23, .|, E: 1 = a
Boost at| Cut at 588 25 "7 1 © s
@8y R §
@
Radio wo e e . |02V | 470kQ | — — Bg?
hes : e
£33 : B8 | 5
78 r.p.m. Records ... | 14mV 50kQ | 400c/s | 6kc/s BB H ™"z i
g8 Qi
British Microgroove Records ... | 10mV 50kQ | 500c/s | 3kc/s " gg i = =
B =2 =
Le] <} 2 - »
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Egqualisation Networks.—The equalising stage is of the negative feedback
type as described in Sect. 9-1 above and it utilises another G.E.C. Z729 low
noise pentode. The various equalisation characteristics are illustrated in figs.
9-4 to 9-7. 'The tape playback equalisation is based on the recommendation
that tape recorded at 73in/s should be played back with a time constant of
100us and that treble loss in recording should be offset by pre-emphasis.+ This
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is equivalent to a bass boost of 6db per octave from 1500c/s and is obtained by ;\l/—ﬁl LI 1

C10 and R19 in the feedback loop. At other tape speeds, these components I

should be as follows : g 3 ‘i
Speed Time Constant Ci0 RI9 g% 3 - ol
33in/s 200us 1000pF 220kQ --—'|!'jﬁ
15in/s 35us 150-220pF 220kQ W

The selector switch may be provided with more positions if these additional
equalisation characteristics are required to be built into the pre-amplifier. It
should be noted that R17 is connected across C10 merely to eliminate switch
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clicks and does not form part of the equalisation circuit. S ) e 2l
o : : L
In general, it is undesirable to compensate for tape losses by treble boosting 1

on playback as this will accentuate tape hiss. However, a degree of treble boost

TO AMPLIFIER
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COMPONENT VALUES FOR FIG. 9-3
PRE-AMPLIFIER CIRCUIT NO. 2

G.E.C. VALVES m; :%kmﬂ
v 8 Nie 1ot
V3 B329/12AU7 RaZ 188
R49 100kQ
RESISTORS . R i
(10%, 0-25W unless otherwise shown) R51 2:2kQ
R1 470kQ R52 100kQ
*R2 220kQ 5% R53 100kQ
R3 470kQ R54 2:2kQ
R4 10MQ
A3 DO 5% CAPACITORS
*R7 33kQ 5% C1 254F 12V
18 s < & o
[

R10 1:5MQ 5% C4 220pF 5%,
1 2 = o
- C6 0-02uF
R13 1MQ C7 82pF 5%
2}; wk% 5% C8 100pF 5%

C9 0-054F
R:; 122?4"8 (see page 107) c10 470;? 5%,
R C11 8uF 450V
R18 220kQ C12 8uF 450V
R19 220kQ C13 25uF 12V
*R2(1) 122%9 5% C14 0-054F
R2 C15 0-uF
*R22 3-3kQ 5% C16 254F 12V
*R23 220kQ 5% C17 0-1uF
R24 1MQ C18 5000pF 5%
R25 500kQ Log. C19 0-04yF
s 2 S0 jor o
R%g %gfn C22 680pF 5%
R 00k C23 330pF 5%
R} 10k F &5 470 soL°
P
R32 47kQ C26 470pF 5%
) s Lw =
- C28 0-002¢
:gz 1zglon Log C29 25uF 12V
C30 0-02uF
R37 100kQ C31 8uF 500V
R38 680kQ C32 220pF 5%
Rig }i(smn
R Q
SWITCHES
R41 47kQ
R42 10kQ S1 2-pole 6-way m.b.b.
R43 150kQ S2 3-pole 3-way m.b.b.

*High stability
on playback 1s an aavantage when the playback head itself is responsible for high
frequency loss. A suitable amount of treble boost may be introduced by
shunting R18, in the output circuit of V1, by C8 as shown in broken line in
fig. 9-3. C8 should not exceed 100pF for 74in/s and the effect of this capacitor
is shown in fig. 9-4. The limiting resistor R16, in series with C8, should be
100k<2.
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Gramophone record equalisation is obtained in the same way as for tape,
e.g. for American Standard records bass boost is provided by C4 and R14 with
treble roll-off or de-emphasis by C7. Resistor R15, in series with C7, is
inserted to limit feedback at very high frequencies which would cause instability.
It was not found necessary to include this resistor in the other feédback paths.
Resistors R4, R9 and R17 eliminate switch clicks and, in addition, limit the bass
boost.

The record equalisation networks are designed for use with moving coil or
moving iron (variable reluctance) pickups which give an output voltage propor-
tional to recorded velocity. The pre-amplifier input impedance and sensitivity
are suitable for use with most pickups of this type, which give a maximum output
of 10mV to 50mV. When using a pickup of different characteristics, such as a
crystal type, the input network must be appropriately modified. Normally, with
the optimum load impedance of about 1M, a good quality crystal pickup
gives an approximately flat response from a record, in other words it provides
its own bass boost to compensate the falling bass characteristic of the record.
However, it has been found that a very smooth frequency response, extending up
to the high frequency peak, can be obtained if a crystal pickup is connected to a
load lower than the optimum. The resulting response is very similar to that of a
velocity pickup and it is then corrected by the equalising network as for a
magnetic type.  Fig. 9-8 shows the response of a Collaro “ Studio P ” crystal
pickup to a British microgroove test record plotted with a normal load of 1MQ
and with a load of 100kQ. The fall in bass in the latter curve is caused by the
internal capacitance of the pickup and the result closely resembles the British
Microgroove recording characteristic, also shown in the graph.

As the output of a crystal pickup is considerably greater than that of a
magnetic type, the input network of the pre-amplifier must be modified to
attenuate the signal to the level required for correct operation of V2. Inset in
fig. 9-3 are three alternative pickup input networks. Inset “ A ” is for use with
magnetic pickups having a maximum output greater than 50mV. Maximum
output is here defined as that given by a recorded velocity of 7cm/s and
corresponds to high modulation on an average record. Inset “ B’ is for use
with good-quality popular crystal pickups, such as the Collaro * Studio P.”
Inset “ C” is for best quality crystal pickups having a less pronounced treble
peak, such as the Collaro ““ Transcription.”

Tone Control.—The gain control is inserted after the equalising stage and the
various tone controls are built into a following double triode amplifier stage.
V3A feeds two frequency selective potential divider circuits which provide
variable control of bass and “ presence.” Logarithmic controls are used for
R30 and R33 in order to give a level response when their sliders are at the mid
position. The effect of these controls is shown in fig. 9-9.

The presence control alters the level of all frequencies above about 1500c/s.
It therefore alters the balance between high and low frequencies so that an
increase in presence, i.e. turning the control clockwise from mid-travel thereby
lifting the high frequencies, gives a more “ forward >’ quality. This is as
though the listener were to move nearer the orchestra or speaker. Conversely,
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anticlockwise rotation from the mid position simulates the effect of an orchestra
receding and approximates to listening from the back of the concert hall.

The signal passes from these controls to V3B, to which is applied negative
feedback, the loop consisting of R38 in conjunction with isolating resistors R36
and R37. Associated with these resistors are the treble boost capacitors C22
and C23, and the treble cut capacitors C24 to C27. Appropriate combinations
of these capacitors are switched into circuit by the treble selector 52 and the
response curve so obtained may be modified by the treble slope potentiometer
R35. This control is inoperative when S2 is at the level position but an overall
cut or boost is obtained by rotating the potentiometer when S2 is at either of the
cut positions. The variation in treble response with rotation of the treble slope
control at both *“ cut ” positions of S2 is shown in figs. 9-10 and 9-11.

If a normal logarithmic potentiometer is used for treble slope, it will attenuate
the treble as it is rotated clockwise. An inverse log potentiometer must be used to
obtain increasing treble with clockwise rotation if this is preferred.

Rumble Filter—Within the feedback loop of V3B are two coupling nctworks,
(28 R39 and C30 R42 R43, each having a time constant of 3ms.  As a result,
low frequencies are attenuated and positive feedback is introduced below 50c/s,
the combined effect giving a flat response down to 30c/s below which the res-
ponse falls steeply down to about 15¢/s, when the coupling capacitors elsewhere
in the pre-amplifier provide additional attenuation.

The effect of the rumble filter is shown in fig. 9-9. Ifit is desired to attenuate
below 40c/s instead of 30c/s, R39 and R43 should be made IMQ and 100kQ
respectively.

Output Impedance.—The negative feedback on V3B maintains a low output
impedance over the greater part of the frequency range of the pre-amplifier.
The actual value is approximately equal to R42, i.e. about 10kQ and up to five
feet of ordinary screened wire may be connected to the output terminal with no
deterioration in high frequency performance.

Construction.—The circuit diagram, fig. 9-3, is drawn in a way that illustrates
the method of earthing all the components to a continuous earth wire which is
connected to the chassis only at a tag mounted on the microphone input socket.

The two switches are bakelite wafer types, S1 having each pole on a separate
wafer whilst S2 is a single wafer 3-pole 3-way switch.

The pre-amplifier earth bus wire should be connected to the main amplifier
chassis only by a single wire which may conveniently be the screening braid
on the signal output cable. This cable itself may be one of the elements of a
multi-core cable between pre-amplifier and main amplifier.

The precautions to be taken in constructing a pre-amplifier of this type are
described on page 11 and if these are borne in mind and the circuit diagram
intelligently interpreted, the construction should be quite straightforward. The
original article, mentioned on page 102, in which constructional information and
illustrations were given, should be consulted by those with little experience in
building this type of equipment.
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Power Supplies—The pre-amplifier was designed to draw its power supplies
from the KT88 50W amplifier (Chapter 5) and the h.t. line smoothing is the
minimum necessary for adequate ripple attenuation in order to maintain the h.t.
as high as possible. When using the KT88 amplifier, no added h.t. decoupling
is necessary because the stabilising circuits in that amplifier and its good push-
pull balance contribute greatly to its freedom from instability at low frequencies.
It is possible that further smoothing and/or decoupling may be required when
using the pre-amplifier with a different type of power amplifier. 'This point is
covered in Chapter 3 when using the pre-amplifier as part of the G.E.C.
912-PLUS (see page 33).

Performance—The KT88 50W amplifier requires 0-5V r.m.s. input f(?r
maximum output and the pre-amplifier will supply this signal at a harmonic
aistortion comparable with that of the KT88 amplifier. The distortion does
not increase with variation of the controls but to avoid the possibility of distor-
tion in the equalising stage (V2) all input levels must be adjusted so that the full
output of 50W from the K'T88 amplifier (corresponding to 0-5V pre-amplifier
output) is not obtained until the pre-amplifier gain control is beyond the centre
of its travel. Given this condition, an increase in input signal level of nearly
20db can be accepted with no increase in distortion.

The signal-to-noise ratio of the complete equipment comprising the pre-
amplifier and the KT88 amplifier is —76db relative to 50W with the gain con-
trol at minimum and the tone controls set for level response. With the gain
control at maximum and the input sockets short-circuited to earth, the following
signal-to-noise ratios were obtained at each position of the input selector on a
prototype : Radio : —69db ; A.S. Records : —63db ; Tape: —52db ;
Microphone : —55db.
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CHAPTER 11

HIGH-FIDELITY AUDIO AMPLIFIER
Class AB:; Power Output, 15 Watts

Circuit Description

This high-fidelity audio power
amplifier can deliver 15 watts of rms
output power with less than 0.4 per
cent total harmonic distortion and
less than 1.5 per cent intermodulation
distortion. The frequency response of
the amplifier is flat within +0.5 dB
from 20 Hz to 60 kHz, and the sensi-
tivity is such that the rated output of
15 watts is obtained for an input of
1.2 volts rms. The total hum and
noise, with the input shorted, is 84
dB below 15 watts. The circuit op-
erates from a 117-volt ac power line.
The transformer-coupled ac input
power is converted to de operating
power for the amplifier stages by the
5BC3 full-wave rectifier. Heater pow-
er for the amplifier tubes and the
rectifier are obtained from the 6.3-
volt and 5-volt secondary windings,
respectively, on the rectifier power
transformer (T:).

A high-gain pentode voltage
amplifier is used as the input stage
for the audio power amplifier. The
output of this stage is direct-coupled
to the control grid of a triode split-
load type of phase inverter. The use
of direct coupling between these
stages minimizes phase shift and,
consequently, increases the amount of
inverse feédback that may be used
without danger of low-frequency in-
stability. A low-noise 7199 tube,
which contains a high-gain pentode
section and a medium-mu triode sec-
tion in one envelope, fulfills the
active-component requirement for
both the pentode input stage and the
triode phase inverter. Potentiometer
R. in the input circuit of the 7199
pentode section is the volume control
for the amplifier. :

The plate and cathode outputs of
the phase inverter, which are equal in
amplitude and opposite in phase, are
used to drive a pair of pentode-con-
nected 6973 beam-power tubes used

in a class AB, push-pull output stage.
The 6973 output tubes are biased for
class AB; operation by the fixed nega-
tive voltage applied to the control-
grid circuit from the rectifier circuit.
Fixed bias is used because a class AB
amplifier provides highest efficiency

and least distortion for this bias
method.

Transformer T, couples the audio-
amplifier output to the speaker. The
taps on the secondary of this trans-
former match the plate-to-plate im-
pedance of the output stage to the
voice-coil impedance of an 8- or 16-
ohm speaker. Negative feedback of
19.5 dB is coupled from the secondary
of the output transformer (speaker
voice coil) to the cathode of the input
stage to reduce distortion and to im-
prove circuit stability.

Fixed-bias operation of the out-
put stage requires that the power
supply provide very good voltage
regulation because the rlate current
of the 6973 tubes varies considerably
with the signal level. The conven-
tional choke-input type of power
supply used provides the required
regulation. The fixed bias for the out-
put stage is obtained from one-half
the high-voltage secondary winding
of power transformer T. through a
capacitance-resistance voltage divider
and the 20-milliampere, 135-volt
selenium rectifier. Potentiometer R-,
connected across the 6.3-volt second-
ary winding of transformer T. pro-
vides a hum balance adjustment for
the audio power amplifier. The wiper
arm of this potentiometer is con-
nected to the junction of a resistive
voltage divider across the output of
the power supply. The resulting posi-
tive bias voltage applied to the tube
heaters minimizes heater-to-cathode
leakage and substantially reduces
hum.
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Parts List

C1=40 uF, electrolytic, 450 V.
Cs, C4, C5=0.25 uF, paper,
400 V.

Cx;3.3 pF, ceramic or mica,
Co=150 pF, ceramic or mica,
Cr, Cs=0.05 uF, paper,

400 V. x

C9=0.02 uF, paper 600 V.
01%71‘(}0 1F, electrolytic,

Cu=80‘uF, electrolytic,

C12=40 4F, electrolytic,
450 V.

Fi=Fuse, 3 amperes

L1=Choke, 3 H, 160 mA, dc

resistance 75 ohms or less,
Triad C-18X or equiv.

HUM BAL. ADJ.

Ri=Volume control, potenti-
ometer, 1 megohm
R2=10000 ohms, 0.5 watt
Rs=0.82 megohm, 0.5 watt
R(=820 ohms, 0.5 watt
Rs=0.22 megohm, 0.5 watt
Res, R7=15000 ohm =5 per
cent, 2 watts
Rs=3900 ohms, 2 watts
Rs, R10=0.1 megohm,
0.5 watt
R11, R12=1000 ohms, 0.5 watt
R13, R14=100 ohms, 0.5 watt
R: ohms, 0.5 watt
§1a=15000 ohms, 1 watt

Rai=Hum balance adjust-
ment, potentiometer, 100
ohms, 0.5 watt

SRi=Selenium rectifier, 20
mA, 135 volts rms

T1=Output transformer,

(having 8-ohm tap for feed-
back connection) for match-
ing impedance of voice coil
to 6600-ohm plate-to-plate
tube load ; 50 watts; fre-
quency response, 10 to 50000
Hz ; Stancor A-8056 or
equiv.

Ts=Power transformer,

860-0-360 volts rms, 120
mA;6.3V.,35A;5V,

3 A ; Stancor 8410 or equiv.
(see Note 1)

Notes: 1. For stereo operation from a single power suppiy, the power transformer T: must
be replaced by one that has a higher current rating. A Stancor Type 6315 or
equivalent (870-0-370 volt rms, 276 mA) is recommended.

2. If the amplifier oscillates or "mowrbouts.'_'r reverse ground and feedback connec-
1.

tions in dary of

output
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CHAPTER 12

HIGH-FIDELITY AUDIO AMPLIFIER
Class AB;; Power Output, 30 Watts

Circuit Description

This audio power amplifier can
deliver 30 watts of rms output power
with less than 0.7 per cent total har-
monic distortion and less than 1.5
per cent intermodulation distortion.
The frequency response of the ampli-
fier is flat within +0.5 dB from 15

Hz to 40 kHz. The total hum and
noise, with the input shorted, is 85
dB below 30 watts. The rated output
of 30 watts is obtained for an input
of 1 volt rms.

The 30-watt amplifier is essen-
tially identical to the 15-watt ampli-

fier (circuit 26-9) except that it uses
7868 beam power tubes in the out-
put stage to develop the higher audio
power output and uses a resistive
network in the negative leg of the
power supply, rather than a separate

Rig
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nrv SrT a3 POWER Fi
A [ L 3 S ool PREAMPLIFIER
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3

rectifier, to supply the fixed-bias
voltage for the output stage. A po-
tentiometer (Ri) connected across
the 6.3-volt heater winding also pro-
vides the hum balance adjustment
for the 30-watt amplifier.
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Parts List

C1=25 uF, electrolytic, 50 V
C2=22 pF, ceramic or mica,
600

v
C3=80 uF, electrolytic, 450 V
—0.25 uF, paper, 600 V
01 uF paper, 600 V
=0.05 uF, paper, 600 V
Cn, Cnv40 ‘LF electlolyhc,

C10=100 uF, electrolytic, 50 V
C12=20 uF, electrolytic,
450 V

F1=Fuse, 3 amperes, 150 V

Ri=Volume control, poten-
tlometer, 1 megohm

0000 ohms, 0.5 watt

Ra—O 22 megohm, 0.5 watt

=820 ohms, 0.5 watt
10 ohms, 0.5 watt
18 megohm, 0.5 watt
R7, Rs=15000 ohms *5 per
cent, 2 watts
=1000 ohms, 0.5 watt
2000 ohms, 0.5 watt
R11=2000 ohms, 2 watts
Riz, R13=0.1 megohm, 0.5
watt
R, R15=1000 ohms, 0.5 watt
Ris, R17=56 ohms, 0.5 watt
R1s=270 ohms, 0.5 watt
Riv=Hum balance adjust-
ment, potentiometer, 100
ohms, 0.5 watt
R2=220 ohms, 100 watts

0 ohms, 10 watts
0000 ohms, 2 watts

ing 16-ohm tap for feedback
connection) for matching
impedance of voice coil to
6600-ohm plate-to-plate
tube load ; 50 watts ; fre-
quency response, 10 to
50000 Hz ; Stancor A-8056
or _equiv.

Ta=Power transformer, 375-

0-375 volts rms, 160 mA ;
63V.,5A;5V.,,3A;

Tholdnrson type "T22R33 or

equivalent (see Note 1).

Notes: 1. For stereo operation from a single power supply, the power transformer T: must
be replaced by one that has a higher current rating. A Stancor Type 6315 or
equivalent (370-0-370 volts rms, 275 mA) is recommended.

2. If amplifier oscillates or ‘“‘motorboats,” reverse ground and feedback connections
in secondary of output transformer Ti.

HIGH-FIDELITY AUDIO AMPLIFIER
Class AB,;; Power Output, 50 Watts

o
)

T2 460V

Rz
SANAA

+120V




Preliminary Adjustments

The following adjustments should
(1) With rectifier out of socket,

and ground bus.

arm
(2) With speaker connected, adjust
pin f

8 of 6GF7 and ground bus.
(8) With input shorted, adjust Hum Bal. Adj. Rex for minimum hum from speaker.

(4) With input open and Vi
hum

{from

Parts List

paper, 400
Cs, Co=0.05 uF, paper, 600 V
C10=20 uF, electrolytic,
450 V
Fi=Fuse, 5 amperes
La=Choke, 8 H, 250 mA, de
resistance 60 ohms, or less
Ri=Volume control, potenti-
ometer, 0.5 megohm

R2=4700 ohms, 0.5 watt
Rs: 82 megohm, 0.5 watt
R 2 megohm, 0.5 watt

20 ohms, 0.5 watt
—10 ohms, 0.5 watt
Rz Rs= 15000 ohms, 2 watts
Re, Ri0=1.5 megohms,
0.5 watt
Ru=33000 ohms, zkw-m

Ris=47 ohms, 0.5 w:tt

be made before_ operation:
adjust Bias Adj. Rss for —

Screen-Grid Voltage Adj. Rs for 400 volts between

40 volts between the wiper

ker.
. Cont. set for maximum volume, adjust Bal. Cont. Rur for

Rss=10000 ohms, 1 watt
R id voltage ad-

0.5 watt
Rie, R18=390 ohms, 0.5 watt
Rir=AC balance control, po-
tentiometer, 500 ohms
R20=0.15 megohm, 1 watt
Rai, Ru=0.33 h

justment, potentiometer,

25000 ohms, 2 watts
R40=15000 ohms, 2 watts
Ra=12000 ohms, 2 watts
Rez=0.22 megohm, 2 watts
R 0 ohms, 2 watts

1 watt

Ras. R2s=0.12 megohm,
2 watts

Rss, R2s=0.1 megohm,

0.5 watt

R27, R2s—=47000 ohms,
0.5 watt

R29=600 ohms to 4-ohm tap;
820 ohms to 8-ohm tap; or,
1200 ohms to 16-ohm tap:
0.5_watt

Reo=Hum balance adjust-
ment, potentiometer, 100

ohms
Ra=0.12 megohm, b watts
Raz, Ras, Ras, Rer=33000
ohms, 2 watts
Bi j ten-

Riz, Ru=1.8
0.5 watt

Notes: 1. For stereo operation from a single power s
quired: (a) The power transformer T2 must
current rating; a United Transformer Corpo

300 mA) is recommended. (b)

be replaced by two 1000

channel) connected in parallel. (¢) A second 6R4-GYB recti

connected in parallel with the one used for monaural operation. (Connect the
ections of each tube are in parallel with the
do not use separate tubes for eacl

0-600 volts rms,

ometer Rss should

5R4-GYB tubes so that the two s
corresponding sections of the other tube;

ad
tiometer 5000 ohms,

section of the rectifier circuit.)

2. If the amplifier oscillates or “motorboats,’

tions in secondary of output transformer T1.

upply,
be rep!
ration

0-ohm Do

SRi=Selenium rectifier, 20
mA, 135 volts rms

T:=Output transformer for
matching impedance of
voice coil to 5000-ohm
plate-to-plate tube load ; 50
watts ; frequency response,
10 to 50000 Hz ; United
Transformer Corp. LS56
or_equiv.

T.=Power transformer,
600-0-600 volts rms, 200
mA, 63V.,5A;5V.,

3 A’; Thordarson 22R36 or
equiv. (see Note 1)

Ts=Filament transformer,
6.3 volts, center tapped,

1 ampere ; Thordarson
21F08 or equiv.

the following changes are re-
laced by one that has a higher

Type H-93 or equivalent (600-
The 5000-ohm Bias Adj. potenti-
tentiometers (one for each
ifier tube should be

» reverse ground and feedback connec-

CHAPTER 13
TWO-CHANNEL AUDIO MIXER
Voltage Gain from Each Grid of 6EU7 to Output is Approximately 20
OUTPUT TO
GRID OF
NEXT STAGE

+250 Vv

Parts List

C1=10 uF, electrolytic, 26 V 0.5 watt
C2=0.05 uF, paper, 400 V Re0.
R1, R, Re=1 megohm, B

w Rs, Rr=Potentiometers, 0.

Re=0.1 megohm, me; i o
gohm, audio ta;

0.5 watt Re=1200 ohms, 0.5 watt

Circuit Description

This high-fidelity mixer circuit
can be used to combine audio-fre-
quency program material from two
sources. Each signal channel consists
of‘ a one-stage voltage amplifier
using one section of a 6EU7 low-

qf about 20, and can handle an input
signal of about 0.2 volt rms without
overloading. The de plate supply of
+?50 volts (nominal value) for the
mixer stages can usually be obtained
from an auxiliary tap on the power

noise twin-triode. Each section of

supply for the audio power amplifiers.

Circuit Description

This four-stage audio power
amplifier can deliver 50 watts of rms
power output with less than 0.1 per
cent total harmonic distortion and
less than 1 per cent intermodulation
distortion. The frequency response
of the amplifier is flat within +0.5
dB from 10 Hz to 50 kHz. Sensitivity
is 0.4 volt rms input for 50 watts
output. The total hum and noise is
70 dB below 50 watts.

The 50-watt amplifier, like the
15-watt and 80-watt high-fidelity
amplifiers (circuits 26-9 and 26-10),
uses a 7199 low-noise triode-pentode
as an input amplifier and phase-
splitter, but has a push-pull driver
stage, which uses 6CB6 sharp-cutoff
pentodes. The superior performance
of this amplifier can also be attrib-
uted, in part, to the use of a 450-volt
plate supply and a 400-volt electron-
ically regulated grid-No. 2 supply

for the T027TA beam power tubes in
the output stage and to the use of
inverse-feedback loops from the plates
to the grids of the output tubes, from
the plates of the output tubes to the
cathodes of the driver tubes, and
from the voice-coil winding of the
output transformer to the cathode of
the input amplifier. Additional fea-
tures are the operation of all heaters
at a positive voltage with respect to
ground and use of a balancing adjust-
ment (Rx) in the heater-supply cir-
cuit to minimize hum, a grid-No. 2
voltage adjustment (Rw), a grid-No.
1 bias adjustment (Rs) for the 7027A
output tubes, and an ac-balance
adjustment (R.s) which may be used
to balance the outputs of the push-
pull stages. Operation of the 50-watt
amplifier is essentially the same as
that of the 15- and 30-watt amplifiers.
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the mixer can provide a voltage gain

PREAMPLIFIER FOR MAGNETIC PHONOGRAP
With RIAA Equalization e
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5 ==C;

Sensitivity=3 millivolts rms input for output of 0.55 volt at frequency of 1000 Hz.
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Parts List
C|,5(21:25 uF, electrolytic,

2!
Cs, C5=20 uF, electrolytic,
450 V

C3=0.1 uF, paper, 600 V
C=0.0033 uF*5 per cent,

output cable)

paper, 600 V i ¢
C1=0.01 pF=5 per cent, netic phono pickup (10 mV
paper, 600 V output, approx.)

Circuit Description

This two-stage audio preamplifier
is intended for use with high-fidelity
magnetic phonograph pickups. The
two amplifier stages provide an over-
all circuit gain of approximately 150.
The 7025 twin triode used in the
circuit features exceptionally low
hum and noise and is designed es-
pecially for use in high-fidelity cir-
cuits that operate at low signal
levels. The preamplifier is ideally
suited for use as the low-level input
stage for audio power amplifiers such
as the 50-watt unit, circuit 27-11. For
use with audio power amplifiers such
as the 15- and 30-watt units, circuits
27.9 and 27-10, which require higher
input signals, another low-level am-
plifier (e.g., the tone-control ampli-
fier, circuit 27-20) must be inserted
between the preamplifier and the

power amplifier to obtain the full
rated output. The heater and de
operating power required for the pre-
amplifier can usually be obtained
from the power-supply circuit for the
power amplifier.

The audio signal from the phono-
graph pickup is applied to J and
coupled through a length of shielded
cable to the control grid of the input
stage of the preamplifier. The inter-
stage coupling between the two am-
plifier sections of the preamplifier
includes an RIAA equalization net-
work (R and Cs). This network com-
pensates for-the Orthophonic record-

ing characteristic* introduced into a
record disc by the manufacturer. The

Cs=180 pF=5 per cent,
ceramic or mica, 500 V
(includes capacitance of

Co=0.22 uF, ceramic, 500 V'

J=Input connector, shielded,
for high-impedance mag-

Ri=Value depends on type

of magnetic pickup used.

Follow pickup manufac-

turer’s recommendations
Re, R7=2700 ohms, 0.5 watt
Rs, Rs=0.1 megohm, 0.5 watt
9000 ohms, 0.5 watt
.47 megohm, 0.5 watt
Rs=0.68 megohm, 0.5 watt
Re=15000 ohms, 1 watt
R10=22000 ohms, 0.5 watt

output from the preamplifier is
coupled from the plate of the second
stage by output coupling capacitor
Co to the input of a tone-control
amplifier (if used) or directly to the
input of the power amplifier. Because
of its relatively high output imped-
ance, the preamplifier is recom-
mended for use in systems in which
the preamplifier is mounted on the
same chassis as the power amplifier
and/or tone-control amplifier. The
preamplifier may be used at distances
up to 6 feet from the following am-
plifier provided that the capacitance
of capacitor C. is reduced approxi-
mately 30 picofarads for each foot
of shielded cable used for the audio-
frequency connection between the
preamplifier and the following ampli-
fier.

* To achieve wide frequency and dy-
namic ranges, manufacturers of com-
mercial recordings use equipment
which introduces a non-uniform re-
lationship between amplitude and
frequency. This relationship is known
as a “recording characteristic.” To
assure proper reproduction of a high-
fidelity recording, therefore, some
part of the reproducing system must
have a frequency-response character-
istic which is the inverse of the re-
cording characteristic. Most manu-
facturers of high-fidelity recordings
use the RCA “New Orthophonic”
(RIAA) characteristic for discs and
the NARTB characteristic for mag-
netic tape.
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HIGH-FIDELITY PREAMPLIFIER FOR TAPE-
With NARTB Equalization e RDIRIEKLIE

Re

| WW
e

AUXILIARY

+B
SUPPLY

Cio
OUTPUT
(LOAD=50000
OHMS MIN.

I

Sensitivity=3 millivolts rms input for output of 0.55 volt at frequency of 1000 Hz,

Parts List

C1=0.047 uF, ceramic, Cs=0.22 uF,

ic, 400 V. R ohms, 0.5 watt

v
C::;_‘SIOOV‘LF, electrolytic, C10=0.47 uF, ce

C3=0.1 uF, ceramic, 400 V BT peschm,
Cs=25 uF, electrolytic, 25 V
C5=0.22 uF, ceramic, 400 V
C6=0.015 uF, ceramic, 400 V
C1=25 uF, electrolytic, 25 V

Circuit Description

This three-stage preamplifier
provides the amplification necessary
to increase the output from a tape-
head pickup to the level required to
drive an audio power amplifier. The
circuit uses a 5879 low-noise sharp-
cutoff pentode in a high-gain input
voltage amplifier, one section of a
7025 twin triode in a second voltage
amplifier, and the other section of the
7025 in a cathode-follower output
stage. Because of the low-impedance
cathode-follower output circuit, the
preamplifier may be installed at dis-
.tances up to 50 feet from the follow-
ing stage (tone-control or power
amplifier) without adverse effect
upon its frequency-response charac-
teristics. The preamplifier is intended
for use as the low-level input stages
for an audio power amplifier. such as
the 50-watt unit (circuit 27-11) or,
when followed by another low-level
arppliﬁer (e.g., the tone-control am-
plifier, circuit 27-20), the 15- or 30-
watt unit (circuit 27-9 or 27-10).

Ra=1000 ohms,

Co=40 uF, electrolytic, 450 V

R2=0.1 megohm, 0.5 watt

R4=0.47 megohm, 0.5 watt
R5=0.22 megohm, 0.5 watt
Re=22000 ohms, 0.5 watt

Rs=3.3 megohms, 0.5 watt
Re=1500 ohms, 0.5 watt
R10=0.1 megohm, 0.5 watt
R11=1500 ohms, 0.5 watt
R12=15000 ohms, 0.5 watt
R13=0.47 megohm, 0.5 watt
R14=4700 ohms, 0.5 watt

ramic, 400 V
0.6 watt

0.5 watt

The heater and dc operating power
for the preamplifier can usually be
obtained from the power supply for
the power amplifier.

The preamplifier provides an
over-all circuit gain of 180. An input
of 3 millivolts rms at the input
terminals, is amplified by the pentode
and triode voltage amplifiers to de-
velop an output of approximately
0.55 volt rms at the cathode of the
cathode-follower output stage. The
interstage coupling between the
pentode and triode voltage amplifiers
equalizes the playback frequency
response of the preamplifier to com-
pensate for the NARTB recording
characteristic introduced into the
magnetic tape by the manufacturer.
(See footnote for circuit 27-16.) The
output of the preamplifier is coupled
by capacitor Ci to the input of the
audio power amplifier or to the input
of an intermediate tone-control
amplifier.
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PREAMPLIFIER FOR CERAMIC PHONOGRAPH PICKUP

Cathode Follower (Low-Impedance) Output

+230-300V

gy

f-Lcs

Rio

Cs
It
—oO

AF OUTPUT
(LOAD =

50000
OHMS MIN)

O

Parts List

C1=0.1 uF, paper, 400 V
C2=0.01 uF, paper, 400 V
Ca:%O ‘;;F, electrolytic,

40
C4=0.25 uF, paper, 400 V
Cs=0.22 uF, paper, 600 V

for high-impedance
ceramic phono pickup
(0.5-volt output)
R1=1.8 megohms, 0.5 watt
Ra=Volume control, potenti-
ometer, 0.5 megohm, audio

R3=0.82 megohm, 0.5 watt
R1=0.22 megohm, 0.5 watt
Rs, Rs=4.000 ohms, 0.5 watt
Re=4700 ohms, 0.5 watt
R7=1000 ohms, 0.5 watt
Ro=1 megohm, 0.5 watt

Ji=Input connector, shielded, taper

Circuit Description

This two-stage preamplifier is
intended for use with a high-imped-
ance ceramic phonograph pickup. The
circuit features a cathode-follower
(low-impedance) output which makes
it possible to install the preamplifier
at distances up to 50 feet from the
succeeding stage (tone-control or
power amplifier). The preamplifier
operates from a de supply of 230 to
300 volts and a heater supply of 6.3
volts. These voltages can usually be
obtained from the power supply for
the power amplifier in the audio
system.

R10=1800 ohms, 0.5 watt

The preamplifier uses a 7199
triode-pentode in a high-gain pentode
input stage and a triode cathode-
follower output stage. These stages
provide the amplification necessary
to increase the output from a crystal
phonograph pickup, applied at J,, to
the level required to drive an audio
power amplifier. The output of the
preamplifier, coupled from the cath-
ode of the 7199 triode section, may
be applied directly to the power
amplifier, or to an intermediate tone-
control amplifier.
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LOW-DISTORTION PREAMPLIFIER
For Low-Output, High-Impedance Microphones

+250-300V

Sk

O

OUTPUT

(LOAD =

220000
OHMS MIN.)

Sensitivity=3 millivolts rms input for output of 220 millivolts.

Parts List

C1=0.047 uF, paper, 400 V. 50 V

450
Ce=25 uF, electrolytic, 256 V R1=2.2 megohms, 0.5 watt
R2=0.1 megohm, 0.6 watt

Cs=0.22 uF, paper, 400 V
Ci=40 uF, electrolytic,

Circuit Description

This single-stage preamplifier is
intended for use with a high-fidelity,
high-impedance crystal or dynamic
microphone. The circuit uses a 5879
low-noise sharp-cutoff pentode in a
conventional amplifier circuit that
has a high-impedance output, a volt-
age gain of approximately 70, and
a flat frequency response over the

R3=1000 ohms, 0.5 watt
R4=0.47 megohm, 0.5 watt
Rs=22000 ohms, 0.5 watt

audio range. Because of its high out-
put impedance, the preamplifier
should be mounted on the same
chassis as the power amplifier and
tone-contro! amplifier (if used).
Heater and dc power for the circuit
can be obtained from the power
supply for the audio power amplifier.

BASS AND TREBLE TONE-CONTROL AMPLIFIER

Parts List

C1=0.047 uF, paper, 400 V

Cz, C4=20 uF, electrolytic,
450 V

C3=0.1 uF, paper, 400 V
C5=0.0022 uF, paper, 400 V
Cs=0.022 uF, paper, 400 V
C7=0.22 uF, paper, 400 V.
Cs=220 pF, ceramic or mica,

Circuit Description

This high-fidelity tone-control
amplifier uses a 6EUT low-noise twin
triode in a two-stage amplifier cascade
that consists of an input cathode
follower connected to a triode voltage
amplifier through a frequency-sensi-
tive (tone-control) interstage cou-

0.5 watt

500 V
C9=0.0022 uF, paper, 400 V
R1=0.47 megohm, 0.5 watt
R2=1500 ohms, 0.5 watt taper
Ra, R11=15000 ohms, 0.5 watt
R4=22000 ohms, 0.5 watt
Rs, R7, R10=0.1 megohm,

Re=1000 ohms, 0.5 watt
Rs=Bass control, potenti-
ometer, 1 megohm, audio

R»=10000 ohms, 0.5 watt

Riz=Treble control, poten-
tiometer, 1 megohm,
audio taper

pling network. The bass and treble
controls in the coupling network can
be adjusted to provide up to 16 dB
of boost or attenuation (cut) at 30
Hz and at 15 kHz. With the bass and
treble controls set at the mid-range
positions, the amplifier provides an
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Sensitivity=0.5 volt rms input for output of 1.25 volts with controls set for flat response.

over-all voltage gain of approxi-
mately 2.5, and its frequency re-
sponse is flat within +=1dB from 30
Hz to 15 kHz.

The tone-control amplifier is de-
signed for use immediately ahead of
an audio power amplifier, such as the
15-, 30-, or 50-watt unit (circuit 27-
9, 27-10, or 27-11, respectively).
Operating power for the tone-control
circuit can usually be obtained from
the power supply for the power am-
plifier. For operating convenience,

1

the volume control on the power
amplifier may be physically located
on the tone-control chassis. In this
case, it is advisable to insert a
1-megohm resistor in place of
the volume control on the power
amplifier. If partial compensation for
the reduced high- and low-frequency
sensitivity of the ear at low volume
levels is desired, the volume-control
potentiometer may be replaced by a
loudness-control potentiometer.
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CHAPTER 14
MULLARD TWENTY-WATT AMPLIFIER

The circuit is designed to give the highest standard of sound repro-
duction when used in association with a suitable pre-amplifier, a
high-grade pick-up head and a good-quality loud-speaker system.

Two Mullard output pentodes, type EL34, rated at 25W anode dis-
sipation, form the output stage of the circuit. These are connected
in a push-pull arrangement with distributed loading, and give a
reserve of output power of 20W with a level of harmonic distortion
less than 0.05%. The intermediate stage consists of a cathode-
coupled, phase-splitting amplifier using the Mullard double triode,
type ECC83. This stage is preceded by a high-gain voltage ampli-
fier incorporating the Mullard low-noise pentode, type EF86.
Direct coupling is used between the voltage amplifier and phase
splitter to minimise low-frequency phase shifts.

The main feedback loop includes the whole circuit, the feedback
voltage being derived from the secondary winding of the output trans-
former and being injected in the cathode circuit of the EF86. The
amount of feedback applied around the circuit is 30dB, but in spite

of this high level, the stability of the circuit is good and the sens-
itivity is 220mV for the rated output power. The level of hum and
noise is 89dB below the rated 20W.

The rectifier used in the power-supply stage is the Mullard full-
wave rectifier, type GZ34. This provides sufficient current for
the amplifier (about 145mA) and also for a pre-amplifier and radio
tuner if (about 40mA) required.

CIRCUIT DESCRIPTION
Input Stage

The EF86 input stage of the circuit of Fig. 1 provides high-gain
voltage amplification, the stage gain being approximately 120 times.
High-stability, cracked-carbon resistors are used in the anode,
screen-grid and cathode circuits, and they give an appreciable im-
provement in the measured level of background noise compared with
ordinary carbon resistors.

The stage is coupled directly to the input of the phase splitter. The
purpose of this is to minimise low-frequency phase shift in the ampli-
fier and to improve the low-frequency stability when negative feedback
is applied. A CR network (C1, R3) connected across the anode load
produces an advance in phase and thus improves the high-frequency
stability of the amplifier.

Intermediate Stage

The second stage of the circuit uses a Mullard double triode, type
ECC83, and fulfils the combined function of phase splitter and driver
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5’ mTITrZZZ amplifier. The phase splitter is a cathode-coupled circuit which
g;'ﬁ 9 g —1»—15;; enables a high degree of balance to be obtained in the push-pull drive
’5;5 .g g é g A ; signal applied to the output stage.
-5 & 883258
S8R g dTTEEE With the high line voltage available, the required drive voltage for an
32 B B88°LEY output power of 20W is obtained with a low level (0. 4%) of distortion.
28" 8 83303°% The anode load resistors R11 and R12 should be matched to within 5%,
28 S 'wgf_;?‘ E‘g R12 having the higher value for optimum operation. Optimum balance
36 eEb 2¢3 Sgs is obtained when the effective anode loads differ by 3%. The grid res-
82 LEig%ew istors R14 and R15 of the output stage should also be close-tolerance
o = g%@ = components because they also form part of the anode load of the driver
§ ® B 3*’ &5 stage. High-frequency balance will be determined largely by the wir-
Szg 83 ing layout because equality of shunt capacitances is required. Low-
K& 8 frequency balance is controlled by the time constant C6R10 in the grid
&m circuits of the triode sections, and the time constant chosen in Fig. 1
) gg will give adequate balance down to very low frequencies.
a2 g
%g 2 3 A disadvantage of the cathode-coupled form of phase splitter is that
5 B gg N the effective voltage gain is about half that attainable with one section
g g o g g of the valve used as a normal voltage amplifier. However, as the
TS el 2 mutual conductance of the ECC83 is high (100), the effective gain of
s g % % the cathode-coupled circuit is still about 25 times.
PLAN @
Z ;g $ ‘:’: § 5 Output Stage '
?btfg § Ho5wr 85 The main feature of interest in the output stage is the use of two EL34s
‘2:454&; :i ®ETS3G with partial screen-grid (or distributed) loading, the screen grids
2228 T 2R e being fed from tappings on the primary winding of the output transf
WSS 2 QELES g rom tapping e primary winding of the output transformer.
3’2;% 5255 R The best practical operating conditions are achieved with this type of
> B = & 82 output stage when about 20% of the primary winding is common to the
> g g :wé anode and screen-grid circuit.
%g' % ‘.u"%. N
?.w-i.?': & The anode-to-anode loading of the output stage is Tk ohms and, with a
§%$>E§ line voltage of 440V at the centre-tap of the primary winding of the out-
5 W 'w;‘:'? g,a put transformer, the combined anode and screen-grid dissipation of
2 e E Egr  F3 the output valves is 28W per valve. With the particular screen-grid-
§ g S "g’jgg A~ to-anode load ratio used, it has been found that improved linearity is
22 E A = obtained at power levels above 15W when resistors of the order of
;; o E 3 1k ohm are inserted in the screen-grid supply circuits. The slight
g% Q ES reduction in peak power-handling capacity which results is not signi-
:)B = L2 ficant in practice.
—
§ : Separate cathode-biasing resistors are used in the output stage to
> limit the out-of-balance direct current in the primary winding of the

output transformer. The use of other balancing arrangements has not
been thought necessary although it is likely that some improvement in
performance, particularly at low frequencies, would result from the
use of d.c. balancing. It is necessary in this type of output stage for
the cathodes to be bypassed to earth even if a shared cathode resistor
108 is used. Consequently, a low-frequency time constant in the cathode
circuit cannot be eliminated when automatic biasing is used.
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NEGATIVE FEEDBACK

Negative feedback is taken from the secondary winding of the output
transformer to the cathode circuit of the input stage. In spite of the
high level of feedback used (30dB), the circuit is completely stable
under open-circuit conditions. At least 10dB more feedback (obtain-
able by reducing the value of R13) would be required to cause high-
frequency instability. The most probable form of instability would
be oscillation with capacitive loads, but this is most unlikely to
occur even with very long loudspeaker leads.

POWER SUPPLY

The power supply is conventional and uses a Mullard indirectly-
heated, full-wave rectifier, type GZ34, in conjunction with a cap-
acitive input filter. The values of the limiting resistors R26 and
R27 will depend on the winding resistances of the mains transfor-
mer used.

Their purpose, when required, is normally one of voltage control
only. Where a transformer with a very low winding resistance is
used, a secondary voltage rated at 400-0-400V may be found ade-
quate. The rating of the mains transformer is such that about 40mA
may be drawn from the h.t. supply to feed a pre-amplifier circuit
and tuner in addition to the normal current required (about 145mA)
for the amplifier.

Extra decoupling will be needed for these ancillary supplies. The
smoothing components R22, R23 and C7 can only be chosen when the
type of tuner to be used is known. The values given in Fig. 1 would
be suitable for typical current and voltage requirements of approx-
imately 40mA and 200V. The components R16 and C8 depend on the
pre-amplifier to be used. The values given in Fig. 1 refer to the
2- and 3-valve pre-amplifiers described in the next chapter.

PERFORMANCE

At the full rated output, the distortion without feedback is well below
1% and with feedback is below 0.05%. The distortion rises to 0.1%
for an output power of 27TW. The loop-gain characteristic is such
that a level of at least 20dB of feedback is maintained from 15c /s to
25c /s, and of at least 26dB down to 30c/s.

Measurements of intermodulation products were made in the proto-
type amplifier using a carrier frequency of 10kc /s and a modulating
frequency of 40c /s. The ratio of modulating amplitude to carrier
amplitude was 4 : 1. With the combined peak amplitudes of the mixed
output at a level equivalent to the peak sine-wave amplitude at an
r.m.s. power of 20W, the intermodulation products, expressed in
r.m.s. terms, totalled 0.7% of the carrier amplitude. At an equi-
valent power of 27W, the products totalled 1% of the carrier ampli-
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tude. The beat-note distortion between equal-amplitude signals at
frequencies of 14 and 15kc /s is 0.25 and 0. 3% at equivalent powers
of 20 and 27W respectively, and between frequencies of 9 and 10kc /s
it is 0.2 and 0. 25% at the same equivalent powers.

FREQUENCY RESPONSE

The frequency- and power-response characteristics show that, at an
output of 1W, the characteristic is flat (+1dB) compared with the
level at 1ke /s from 2c /s to 100kc /s and the power response chara-
cteristic is flat (+0.5dB) from 30c /s to 20kc /s.

It is important that adequate power-handling capacity is available
at the low-frequency end of the audible range and this is determined
chiefly by the characteristics of the output transformer.

SENSITIVITY

The sensitivity of the amplifier measured at 1kc /s is 6.5mV for an
output of 20W when no feedback is applied, and approximately 220mV
with feedback, the loop gain being 30dB. The sensitivity, with feed-
back, at the overload point (27W) is approximately 300mV.

The level of background noise and hum is 89dB below 20W, measured
with a source resistance of 10k ohms. This is equivalent to a signal
of about 5.5pV at the input terminals. It is possible to increase the
overall sensitivity of the amplifier by 6dB while still maintaining a
low background level, a high loop gain and a good margin of stability,
but various design requirements of associated pre-amplifier circuits
(the need for a high signal-to-noise ratio, for example) render a
higher sensitivity a doubtful advantage.

PHASE SHIFT AND TRANSIENT RESPONSE

Emphasis has been laid in the amplifier on a good margin of stability
and, consequently, the phase shift is held to a comparatively low level.
The shift is only 20° at 20kc /s. Excellent response to transient sig-
rslals is obtained, the rise time of the amplifier being of the order of

N sec.

OUTPUT IMPEDANCE
The output stage has a low inherent output impedance, and this is
further lowered by the use of negative feedback. It is approximately

0.3 ohms with a 15 ohms load for an output of 20W at frequencies of
40c /s, 1kc/s and 20kc /s. This gives a damping factor of about 50.
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CHAPTER 15
MULLARD TWO- AND THREE-VALVE PRE-AMPLIFIERS

The circuits described in this chapter have been designed principally
for use with the 20 watt amplifier previously described. They can,
however, be used with any power amplifier which does not require
an input signal greater than 250mV for full output. Input facilities
are provided for magnetic and crystal pick-up heads, tape-recorder
playback heads, radio tuner units and (in the 2 valve circuit) a
microphone. An auxiliary input position is provided for ancillary
equipment.

An additional output position, which is independent of the tone con-
trols, is also provided with both circuits, enabling programmes to
be taken to a tape amplifier while they are being fed from the normal
output position to a power amplifier. Both the auxiliary input and the
additional output positions have jack sockets which are situated at the
front of the chassis.

All the input sockets in each circuit are connected to one switch
which selects one input at a time. In both circuits this switch also
short-circuits the unused sockets to earth, an arrangement which
considerably reduces the amount of 'break-through' between channels.
The positions of the switch, from left to right, are: Auxiliary, Radio,
Tape, Microphone (in the 2 valve circuit only) Microgroove and 78
r.p.m.

The equalisation for disc recordings conforms to the present R.I.A.A.
characteristics which has been adopted by most of the major record-
ing companies. The tape-playback characteristic is intended for use
with high-impedance heads when replaying pre-recorded tapes at a
speed of 73 inches per second.

The tone controls used in both circuits cover a wide range of frequen-
cies and provide boost and cut for high and low frequencies. Switched
high- and low-pass filter networks are included in the 3-valve circuit
so that unwanted signals such as rumble and record scratch can be
eliminated.

CIRCUIT DESCRIPTIONS

Two Mullard high-gain pentodes, type EF86, are used in the 2-valve
circuit of Fig. 2. In the 3-valve circuit shown in Fig. 3, two EF86s
and a Mullard double triode, type ECC83, are used.

First Stage of 2- and 3-Valve Circuits

All the equalisation takes place in the first stage of both circuits, and
is achieved by means of frequency-selective feedback between the anode
and grid of the first EF86. This arrangement has been chosen because
the grid-circuit impedance of the first stage should be low. A low
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impedance at this grid lessens hum pick-up and reduces the effect of
plugging-in external low-impedance circuits. Furthermore, the arran-
gement also results in low gain in the first stage. Hence, Miller effect
between the anode and grid of the first EF86, which can be trouble-
some when high values of resistance are used in series with the grid,
is reduced.

Series resistors are used in the input circuits so that the sensitivity and
impedance of any channel can be adjusted accurately. The component
values given in Figs. 2 and 3 are intended for sources encountered most
frequently, but the sensitivity and impedance (the impedance of the in-
put channels includes the grid impedance of the EF86 modified by the
feedback components as well as the impedance of the input network) of
each channel can be altered by changing the value of the appropriate
series resistor.

Second Stage of 2-Valve Circuit

No feedback is used in the second stage of the 2-valve pre-amplifier.
The full output from the anode of the second EF 86 is taken to the passive
tone-control network and an auxiliary output is taken from the junction
of R20 and R21 to the programme-recording jack socket.

Second Stage of 3-Valve Circuit

The second stage of the 3-valve pre-amplifier circuit of Fig. 3 has a
linear frequency-response characteristic and its gain is reduced by a
small amount of negative feedback applied at the control grid by way

of the resistor R23. The output of this stage is taken from the anode
to the tone-control network, and also to the programme-recording out-
put socket. Because of the negative feedback, the tone controls have
very little effect on the frequency response at this anode.

1
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5l ->Control arid
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®
Fig. 1—Output-attenuating networks for use with both pre-
amplifiers

Third Stage of 3-Valve Circuit

The output stage of the 3-valve pre-amplifier is made up of the filter
circuits. The low-pass filter is situated between the two sections of
the ECC83, and is arranged on the switch SB. It incorporates a Mul-
lard wound pot-core inductor, type WF1428, in a pi-type network.
The high-pass filter is arranged on the switch SC and consists of two
RC networks in a feedback loop around the second triode section of
the valve.
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LIST OF COMPONENTS FOR THREE-VALVE

PRE-AMPLIFIER
Inductor, L1
Wound Ferroxcube pot core, Mullard type WF1428

Valves
Mullard EF86 (two), ECC83

Valveholders
B9A (noval) nylon-loaded, with screening skirt
McMurdo, XM9/AU, Skirt 95 (three)

Miscellaneous
Supply input socket, 6-way. Bulgin, P194
Lampholder. Bulgin, D/675/1/Red
Pilot lamp. 6-3V, 150mA
Input socket (four), coaxial. Belling Lee, S.604/S
Input jack. Igranic, P71
Output socket, coaxial. Belling Lee, S.604/S
Output jack. Igranic, P71
Selector switch SA, 5-way rotary
Specialist Switches, SS/593/A
Low-pass filter switch SB, 4-way rotary
Specialist Switches, SS/593/B
High-pass filter switch SC, 4-way rotary
Specialist Switches, SS/593/C~
Set of 3 switches. Shirley Laboratories, SBL F/5/62
(Note: Details of proprietary switches may not be identical
with those given in the diagrams.)
Tagboard, 5-way (one). Bulgin, C120
Tagboard, 10-way (three). Bulgin, C125

Position of SA
for equalisation

a=Auxiliary
b=Radio
c=Tope
d=tong Ploy
es78r.0.m

Position of SB.
o=Skels
b= Tkels
¢ =OKels

a=Flot

Position of
0 =160cis
b=80css

¢ =40cs.
a=20cis

Three-Valve Pre

*hign_ stability
gn.

Fig. 3 - Circuit Diagram of ;

-Amplifier
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Output Attenuating Networks

The sensitivity and impedance of each channel have been chosen for
sources which are likely to be encountered most frequently. The
level of output signal from the pre-amplifier will have to be adjust-
ed if it is to be used with power amplifiers having different sensi-
tivities from the 20W circuit. The signal should be attenuated by
using a simple potential divider as shown in Fig. 1.

H.T. SUPPLIES

The h.t. currents taken by the 2-valve and 3-valve pre-amplifiers
are respectively 3mA at 230V and 6mA at 250V. The values of the
smoothing components for these supplies depend on the combination
of pre-amplifier and power amplifier. Appropriate values are
given in Tables 1 and 2. The points from which these supplies are
taken are shown in the complete circuit diagram for the 20W ampli-
fier.

The 1.t. current taken by the 2-valve pre-amplifier is 0. 4A at 6.3V
and that required by the 3-valve circuit is 0.7A at 6.3V.

CONSTRUCTION

The connection to the programme-recording output jack on the front
panel of the 3-valve pre-amplifier should be made with coaxial cable
from the junction of R27 and C13. This jack socket and that of the
2-valve circuit may be connected to a coaxial output socket on the
back of the pre-amplifier if it is needed for a fixed recorder.

PERFORMANCE

The values for hum and noise in the pre-amplifiers which are quoted
below for each input channel have been measured with each of the
pre-amplifiers connected to the 20W power amplifier. The measure-
ments were made at the output socket of the power amplifier when

the input terminals of the pre-amplifier were open-circuited. The
frequency-response curves were also obtained with these combinations
of pre-amplifier and power amplifier.

The sensitivity figures given provide full outputs from both pre-ampli-
fiers. Total harmonic distortion in the two-valve pre-amplifier is less
than 0.15% at the rated output level and is only 0.24% at ten times this
output. Total harmonic distortion in the 3-valve pre-amplifier is less
than 0.1% at the rated output and only 0.65% at ten times the rated out-
put. A rapid increase in distortion does not occur until the pre-ampli-
fiers are considerably overloaded.

MAGNETIC PICK-UP POSITION

2-valve 3-valve
pre-amplifier pre-amplifier

Input Impedance 100k ohms 100k
Sensitivity at 1 ke /s i

(a) microgroove 4.8mV TmV

(b) 78 r.p. m. 13mV 12mV
Hum and Noise (below 20W)

(a) microgroove 55dB 53dB

(b) 78 r.p.m. 57dB 58dB

This channel is most suitable for pick-up heads of the variable-reluct-
ance type, but moving-coil types which have higher outputs can be used
if a larger value of series resistance is included.

CRYSTAL PICK-UP POSITION

2-valve 3-valve
pre-amplifier  pre-amplifier

Input Impedance 100k ohms 100k ohms
Sensitivity at 1kc /s

(a) microgroove 7T0mV 150mV

(b) 78 r.p.m. 210mV 270mV
Hum and Noise (below 20W)

(a) microgroove 55dB 53dB

(b) 78 r.p.m. 57dB 58dB

Low- and medium-output crystal pick-up heads can be used for this
channel. The input is loaded with the 100k ohms resistor (causing
bass loss) in order that it characteristic shall approximate to that
of a magnetic cartridge, and to allow the same feedback network to
be used. This produces the best compromise with most types of
pick-up head.

However, if the head is not suitable for this form of loading, or if its
output is too high, then it can be connected to the auxiliary input soc-
ket, which is discussed fully below. With this channel, the pick-up
output is fed into a 1M ohm load which compensates automatically
for the recording characteristic.

TAPE PLAYBACK INPUT CHANNEL

2-valve 3-valve
pre-amplifier pre-amplifier
Input Impedance 80k ohms (aj
pprox 80k ohms
Sensitivity at 5kc /s 4mV ) 2. 5mV(apprOX)

Hum and Noise
(below 20W) 52dB 47dB

121



Each channel is intended for replaying pre-recorded tapes using
high-impedance heads, and the characteristics adopted result in
good performance with these heads. If a greater sensitivity is
required, the value of the series input resistor can be decreased
until the desired sensitivity is obtained.

MICROPHONE INPUT CHANNEL

(two-valve circuit only)

Input Impedance 1M ohm
Sensitivity 7.5mV
Hum and Noise (velow 20W) 44dB

The microphone input channel is intended for use with high-imped-
ance systems such as crystal microphones or magnetic microphones
with transformers

RADIO INPUT CHANNEL

2-valve 3-valve
pre-amplifier pre-amplifier
Input Impedance 1M ohm 1M ohm
Sensitivity 330mV 250mV
Hum and Noise (Below 20W) 63dB 63dB

With the values of impedance and sensitivity quoted above, this
channel should meet most requirements. Other values can easily be
obtained, however, by altering the feedback resistor and the series
input resistor. If the input impedance of the channel is too high, it
can be reduced by connecting a resistor of the appropriate value betw-
een the input end of the series resistor and the chassis.

AUXILIARY INPUT CHANNEL
It can be seen from the circuits that the auxiliary channel is identical

with the radio input channel in both pre-amplifiers. The channels can
therefore be used for high-output crystal pick-ups, or for a tape pre-

amplifier. If it is desired to use a microphone with the 3-valve circuit,
a separate microphone pre-amplifier or an input-mixing pre-amplifier

can be connected to the auxiliary socket. The auxiliary input is taken
to a jack socket at the front of the chassis. This makes it easier to
connect a portable tape recorder. The jack-socket termination of the
auxiliary input position is such that insertion of the jack disconnects
the coaxial socket on the rear panel.

TONE CONTROLS

Low-impedance controls have been adopted in the 2-valve circuit so
that any capacitance resulting from the use of long coaxial leads be-
tween the pre-amplifier and main amplifier will have a minimum
effect on the output impedance of the pre-amplifier.

122

AUXILIARY OUTPUT POSITION

The output from the second EF86 of both circuits is available at this
auxiliary position enabling a record of programme material to be
made with tape equipment. This additional output is taken to a jack
socket at the front of the chassis. Excellent recordings can be made
even when the input signal is derived from a low-output magnetic pick-
up.

An output of about 250mV is available at this socket, and the imped-
ance is low. Recording equipment plugged into this socket should
not have an input impedance less than 500k ohms. The tone controls
and the filter networks are inoperative when this output is used.

FILTER NETWORKS (three-valve circuit only)

The characteristic of the low-pass filter has a slope of approximately
20dB per octave. The components of the network are arranged for
operation at 5, 7 and 9%c /s in positions (a), (b) and (c) respectively
of the switch SB in Fig. 3. Position (d) of the switch gives a flat
characteristic.

The characteristic of the high-pass filter has a slope of approximately
12dB per octave. Operation is at 160, 80 and 40c /s respectively at
positions (a), (b) and (c) of the switch SC. Position (d) of the switch
custs at 20c /s: this is considered preferable to allowing the response
to continue to lower frequencies because of the possibility of the am-
plifier or loudspeaker being overloaded.
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CHAPTER 16
BRIMAR VP10 MONO PRE-AMPLIFIER DESIGNED BY

THORN RADIO VALVES AND TUBES LTD

The Brimar VP10 mono high'fidelity pre-amplifier circuit is suitable
for driving any power amplifier which requires an input of 130mV for
full power output such as the Brimar VA12 20-Watt amplifier.

The VP10 pre-amplifier incorporates full equalisation in accordance
with the British Standard recommendation, and controls are provided
for adequate bass and treble cut or boost, input selection and output
level. Low hum and noise level is obtained without stringent layout
specifications.

Tone Controls: Continuously variable

+17.5dB at 30c /s referred to 1kc/s.
T 18.5dB at 15kc /s referred to 1ke /s.

Bass:
Treble:

Estimated to be better than 0.03% for an
output of 130mV at 1kec /s.

Harmonic Distortion:

H.T. supply 250 /260V at 2.85mA.
Heater supplies. 6.3V, 0.6A
Panel Bulb 6.3V, 0.14A

INTRODUCTION

Power Supply:

Input facilities are selected as the input selector switch is rotated
clockwise for magnetic pick-up, microphone, radio tuner, and tape
playback. The inputs are selected one at a time, leaving the other
input sockets open circuited.

The output voltage level is controlled by a 1M ohm potentiometer
which performs the function of a volume control.

Two Brimar ECC807 double triodes are used in this circuit. These
valves are specially designed for use in high gain pre-amplifier
stages operating from low level inputs.

Circuit Description

The valves are arranged as follows: (see circuit diagram also).

-54dB
Input s/c

36dB
at 5kc /s

370mV

4mV

Tape Replay

at 5kc /s
+21dB

lift at 30c /s

(B.S. Recom-

mendation)

10c /5 to

20ke /s
500mV

32mV

at 1kc /s
-58dB

Radio Tuner

Input o/c

Flat + 0.5dB
56dB

at 1kc /s

-56dB

Input o/c
500mV

ImV
37dB
at 1kc /s

at 1kc /s
Flat + 0.5dB

Microphone
15ke /s

SPECIFICATION SUMMARY

Magnetic

Pick-up
4mV

at 1kc /s
-53dB

Input s/c

R.ILALA. u

Groove recom- |10c /s to

mendation.
37dB

| at 1kc /s
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First Amplifier

This stage operates at full gain which is of the order of 70 times.
Although the cathode of this stage is connected to R3 (680 ohms)
which is not bypass, the hum pick-up is negligible because R3 is
shunted by the output impedance of the cathode follower V1b which
is further lowered due to the additional gain of Vla and V2a.

Second Amplifier Stage

The first stage is capacity coupled to the second stage via C11.
This stage is grid current biased by R17. R16 provides some
current feedback, which helps to reduce distortion.

V1a has a gain of 70 without feedback, V2a a gain of about 60 and
the total gain of the two stages is 4,200. This is appropriately
reduced by feedback to give the required sensitivity. Feedback
is obtained from the anode circuit V2a and fed to V1a via the
cathode follower V1b.

1f, during switching from one input facility to another, a mom-
entary open circuit occurs in the feedback loop, instability is
likely to occur because of the high loop gain. To prevent this,
a "make-before-break' selector switch is used.

Equalisation Network

Equalisation for magnetic pick-up and tape replay is achieved by fre-
quency selective networks, and for microphone and radio by resistive
networks.

Magnetic Pick-up

Equalisation in accordance with RIAA recommendation is provided
(see magnetic pick-up response). The gain of the pre-amplifier, when
switched to this channel, can be controlled by R8, which in turn con-
trols the amount of feedback. The sensitivity of this channel is suf-
ficient for any of the magnetic pick-ups presently available.

At the anode of V2a, the base lift continues to increase below 20c /s.
C10, R19, which couple the signal into the Baxendall circuit provide

a low frequency droop below 20c /s which ensures correct equalisation
for the complete pre-amplifier.

At the low frequency end, when the lift is a maximum, the pre-amp-
lifier still has about 34dB of total feedback. The maximum input
voltage that can be safely used without causing amplitude distortion
is 420mV.
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Microphone Input Channel

This channel is designed for a high quality low output microphone.
The frequency response is flat (within + 0.5dB). Phase shift corre-
ction is provided by C6 connected across R12. The gain of this
channel can be controlled by R7. This channel has 54dB of feed-
back. To ensure level response at very low frequencies C10, R19 are
included in the feedback loop. {

Radio Tuner Input

The frequency response is flat over the whole audio range. With
the sensitivity figure of 31.5mV, it should be suitable for any type
of tuner. Feedback in this channel is 61dB. Phase correction is
provided by C5 connected across R11. Once again C10, R19 are
included in the feedback loop. The gain of this channel can be
controlled by R6.

Tape Replay

The required equalisation characteristic depends upon the replay head
to be used. The performance of a head is affected by the quality of
the front gap, its depth, its relation to the back gap, the iron losses,
self capacitance loss, and the condition of the working face. In this
channel nearly 21dB's of lift at 30c /s is provided.

This should be adequate for playing back recorded tape
at a speed of 3.75 inch /sec. from a reasonable quality tape replay
head. At maximum lift the feedback is at least 33dB. Hence the
distortion is low. As for the magnetic pick-up C10, R19 are left
outside the feedback loop to provide the desired low frequency
droop. The gain of this channel can be controlled by R5.

Cathode Follower

The required feedback boltage is applied to the input valve cathode
through the cathode follower (V1b). This cathode follower has 2
gain of 0.6 and provides a low impedance feedback voltage source
to the input valve.

Modified Baxendall Tone Control and Amplifier

This is a ""see-saw'' type of circuit. When the treble and bass
controls are at a mid-position, the gain of the stage is unity. The
base lift and cut is 17.5dB at 30c /s and trebie lift and cut is 18.5dB
at 15ke /s.

The lift or cut is initially provided at the end of the frequency scale
without appreciably affecting the mid frequency range. A very high
degree of feedback is present even at full lift, hence the distortion
at this stage is extremely low. The degree of lift and cut provided
should be adequate to provide compensation for room acoustics,
studio and recording deficiencies, record surface noise etc.
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Bandwidth

This was measured in the microphone channel. The tone controls
were set in the "flat" position and the output control was in its
maximum output positon. The generator had an impedance of 600
ohms and the output voltage was developed across a 1M ohm load.
The frequency response was flat at 10c /s and -1dB at 20kc /8.

Sensitivity

Measurements were made with a generator impedance of 600 ohms.
Tone controls-flat, volume control maximum, output across
1M ohm.

Hum and Noise

For this measurement the pre-amplifier was connected to Brimar
VA12, which gives an output of 20 watts with an input of 130mV.
DB measurements were made with respect to 20 watts with input
appropriately short-circuited or open-circuited. The power ampl-
ifier was terminated with its appropriate resistive load.

Tone Controls

The performance of the tone controls are plotted in the tone con-
trol response. The range is for bass control + 18.5dB's. Gener-
ator impedance was 600 ohms and the pre-amplifier load was 1M
ohm.

Harmonic Distortion

Very low harmonic distortion in the pre-amplifier made any real-
istic measurements impossible for 120mV output. Hence measure-
ments were made with an output of 1V r.m.s. The estimated
distortion figure for 120mV rated output was 0.03%, since distor-
tion is approximately proportional to output at these levels.

Overload

Measurements were made to see the effect of overloading the inputs.
A visual inspection of amplitude distortion was made using a Tek-
tronix 535 series oscilloscope with 53 /54C plug-in unit.

Overload factor

Magnetic Pick-up: = 105 = 40dB

Microphone: = 109 = 41dB

Radio: = 16 = 25dB

Tape Replay: = 92.5 = 39dB
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Transient Response

A good quality pre-amplifier should have a good transient response.
A transient pulse was obtained from a Tone Burst Generator. This
Tone Burst Generator has facilities to vary the on /off ratio. The
output was observed on the oscilloscope and was compared with the
input. The output was completely free from any ringing or high
frequency attenuation effect.

A Short Note on Layout

The specified performance of the amplifier was obtained without
any special plan for layout. Due care should be taken to keep the
heater leads, which should be twisted, well away from the input
grid. The heater supply is balanced with respect to earth by means
of resistance from each lead. Two 330 ohms resistors are wired
in series across the heater leads, the centre tap is connected to
earth. The power supply to the pre-amplifier should be adequately
smoothed.

D.C. Conditions

Valve Type Point o;l eMn:asure- Voltages D.(i V lcl)z’magf of
Via Anode 135 1,000 Volts
Via Cathode 1.15 10 Volts
Vib Anode 207 1,000 Volts
V2a Anode 140 1,000 Volts
V2b Anode 160 1,000 Volts
V2b Cathode 1.4 10 Volts

* 1,000 Volts range resistance = 20M ohms.
10 Volts range resistance = 200k ohms.

129



Component Lists Circuit Value Type Rating

Ref
Resistors (All ¥ W Rating) @
C1 16 pF Electrolytic 300 Volts
Circuit Value Tol. Circuit Value Tol. C2 0.5 }lF Metalised Paper
e Ret. c3 27 pF Silver Mica
oM 5 C4 220 pF Silver Mica
RO 1 M H.S. R14 8.2M H.S.
F ; )
R1 220 k  H.S. R15 1 M +10% ca a Apenl T
R2 1 M HS. R16 470 + 10% e U Silver Mica
R3 680 H.S. R17 8.2M + 10% o 100 pF Silver Mica
+ - ]
R4 22 k  +10%  R18 100 k H.S. cs 330 PF Bitsrag Mtes
R5 33 k  H.S. R19 1 M +10% €3 0.01 p Visconol 300 Volts
R6 270 k  H.S. R20 120 k  +10% iR LG ¥, - o 300 Volts
R7 27 k  H.S. R21 1 M +10% e 0.01 pF Visconol 300 Volts
RS 4 Xk H.S. R22 1.8M  + 10% C12 0.002 pF Metalised Paper 150 Volts
R9 560 k  H.S. R23 120 k  +10% oL 0.002 pF Metalised Paper 150 Volts
: F i
R10 8.2M H.S. R24 100 k  +10% C14 0.01 p Metalised ‘Paper 150 Volts
F ) 2
R11 470 k  H.S. R25 3.3  +10% C15 00 P Silver Mica
F . !
R12 470 k  H.S. R26 15 k  +10% o8 00 . @ Silver Mica
c17 0.01 pF i 1 150 Volt
R13 820 k H.S. B Viscono! Volts
C18 16 pF Electrolytic 300 Volts
C19 0.1 pF Visconol 300 Volts
Potentiometers 20 100 oF Flectrolytic "
Circuit Ref Value Function
Miscellaneous
RV1 500 k Treble control
RV2 1M Bass control Input and output sockets. coaxial
RV3 1M Output level control Switches: Made from 2 wafers 4-way 2-pole make-
before-break.
Valves: 2 - ECC807

Valve Holders: 2 - B9A (noval) with screening skirt.
2 - Screening cans.
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CHAPTER 17
POWER AMPLIFIER

260V
LVOLUME

The Brimar VA12 high sensitivity, high fidelity, 20 watt, audio power
amplifier circuit. The output stage uses two Brimar EL506 pentodes

gi W in the class AB1 push-pull ultra linear mode.
MWW l "( | | o) b )

LIN <CONTROL

AW
R26
M3

RV3
3.3k

R2S

§ =t « % ‘§o The amplifier may be driven from a suitable pre-amplifier such as the
<A o 8, 90 Brimar VP10.
A 53
LA R A = The valve and rectifier complement is as follows:
o0 ” AMA
;EE%__“A&?_LH 33y @ L4 3 oS EL506 pentode output power valves,
L2 & we To3% Y
S I H 159 5 ECC83 double triode amplifier driver and phase
& AW—S - splitter,
g% "-’E 1 - ECC807 double triode high voltage gain input
& Buz valve, and
=22 T 4 BY105 forming a silicon H.T. rectifier bridge.
6T =l b3 .hl' g
o [l H 3 32T Re
= "Q;U’ N P PERFORMANCE

100k
RIS S
O-OIpF
olm
co

' 32 & Power Output and Distortion: 20 watts at 1 k¢ /s with total harmonic

L ],” 1%, w distortion of less than 0.1%
I T - Y T, & Sensitivity: 130mV for 20 watts output.

S ? Bandwidth: Flat to 0.1dB between 30 c/s and 20 ke /s at 20
N s watts.
: ] fEL334s 5 Feedback: 36dB overall feedback.
?31:? f: 3 :, S Hum and Noise:  80dB below 20 watts with input short circuited.
R 5 (g"[;: Sra o CIRCUIT DESCRIPTION

. B For the first two stages of the amplifier a high gain, low noise valve

type ECCB807 is used (Ref. V1a and V1b in the circuit diagram). The
total voltage gain of a double triode ECC807, connected in cascade,
is approximately 4900 times. Used as the input stages of the VA12
Amplifier, however, a total gain of only 380 times was required.
Consequently R5 and R6 form an attenuator for the first stage and
R10 and R16 an attenuator for the second stage.

ECC807

It can be seen from the circuit diagram that the first three stages of
the amplifier are d.c. coupled. This improves the low frequency
stability when negative feedback is applied by minimising low fre-
quency phase shift in the amplifier.

b o il N B S gy

A silicon voltage regulator diode BZY88 /C9V1 is used in the cathode
circuit of Vla in order to give a stabilised d.c. reference to the
amplifier. This is necessary for the amplifier which, apart from
being d.c. coupled over the first three stages also employs d.c.
feedback from the anode of V2a to the grid of Vla. Any drift or
changes in H.T. voltage is, therefore, compensated for by the use
of the voltage regulator diode.

ALL RESISTORS £10%, UNLESS OTHERWISE STATED

H.S. HIGH STABILITY

w
z
o
I
4
o
@
L
3

TAPE
PLAYBACK
RADIO
MAGNETIC
PICK=- UP
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Vla, V1b and V2a form part of a negative feedback loop with R7, R12,
R13 and C8. This only becomes operative at frequencies below

100c /s, which compensates for the lack of low frequency feedback, due
to the limitations of the output transformer, which forms part of the
overall feedback loop (Ref. C15 and R27 in the circuit diagram). The
negative feedback loop formed by R7, R12 and R13 also controls the
overall d.c. gain. C8 causes the amount of negative feedback to be
reduced as the signal frequency is raised.

To prevent high frequency instability within the amplifier a CR net-
work (Ref. C3, R2 in the circuit diagram) is connected in parallel
with R3 the anode load of V1a, giving an advance in phase.

Miller effect in V1b and V2a increases the attenuation and phase shift
of the coupling circuits at high frequencies. These effects are re-
duced by the use of C5 and C7 which, thereby, further improves the
high frequency stability of the amplifier.

The third stage, the driver and phase splitter of the amplifier uses
the ECC83 double triode (Ref. V2a and V2b in the circuit diagram).
To ensure sufficiently equal drive to the EL506 grids, the resistors
R18, R19 and R20, R21 should be matched to within 5%.

At the junction of R11 and R14 the voltage is arranged to be the same
as that of the grid of V2a. This voltage is applied to the grid of V2b,
decoupled to audio by C12. The arrangement so made, provides a
measure of d. c. compensation for ‘any change of components etc.
occuring in the circuitry of V2b.

The gain of the ECC83 in the cathode coupled form of phase splitter
used is about 26 times. This is sufficient to provide a drive of 15V
r.m.s. (distortion 0.3%) to each grid of the output stage, needed, for
a total output power of 20 watts.

For the output stage two valves, type EL506, are connected in a
push-pull, Class AB1, ultra linear mode. The anode-to-anode load-
ing of the output stage is 6.6k ohms with an H.T. voltage of 438V
at the centre-tap of the primary winding of the output transformer.
Primary taps at 43% feed the screen grids. Anode and screen grid
dissipations are 17 and 2. 2 watts respectively.

Direct current, out-of-balance in the primary winding of the output
transformer, is limited by the use of separate cathode-biassing
resistors R26 and R25 for the two EL506 valves.

Negative feedback is taken from the secondary winding of the output
transformer to V1a cathode circuit. With 36dB of feedback applied,
as in circuit diagram, the amplifier is completely stable.

The H.T. supply is provided by a winding on the mains transformer
and four BY105 silicon H.T. rectifiers connected in a bridge.
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The bridge rectifier is connected across the mains transformer
0-320V secondary winding and is capable of supplying 150mA d.c.
108mA is drawn by the amplifier, leaving a further 42mA available
for a pre-amplifier and f. m. tuner.

For such auxiliary equipment additional decoupling will be necessary
since, in order not to alter the H.T. voltage for the amplifier input
stage, the auxiliary supply much be connected to the reservoir con-
denser as shown in the circuit diagram. The mains transformer also
contains two additional heater windings for use with auxiliary equip-
ment.

NOTE: Due to the use of silicon rectifiers it is possible for 521
volts H.T. to appear immediately on switch-on, and re-
main until the valves draw current. This no load voltage
can reach this value due to:

(a) High mains voltage.

(b) High secondary voltage. The rated secondary
voltage, having allowed for a voltage drop in the
winding, being for the loaded condition.

(¢) Two heater windings of the transformer not being
used.

It is important, therefore, that capacitors across which the
H.T. voltage appears should have suitable surge voltage
ratings.

CONSTRUCTION
A suggested layout is shown.

The chassis is made from 16s.w.g. aluminium sheet. Im-
portant points to note when constructing the amplifier are as follows: -

1. The ECC807 input valve must be mounted as far as possible
from the mains transformer in order to minimise hum pick-
up.

2. The amplifier has only one earth point, this being in the
input stage.

3. Valve heaters are connected in parallel, with the ECC807

input valve being connected directly to the transformer
heater winding.

4. High-stability, cracked carbon resistors are used in the
input stage as they give an improved level of noise compared
with standard carbon resistors. They are also used as feed-
back components and at points throughout the amplifier where
high stability is essential.

NOTE: All resistors and capacitors are either mounted on the tag
strip shown in the suggested layout or between the tag strip
and the valve holders.
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GUITAR AMPLIFIER

The circuit is suitable as a 30 watt guitar amplifier when the input
signal is 220mV. For increase in sensitivity the feedback components
(C15 and R27) may be disconnected from the loudspeaker. The sen-
sitivity will then be TmV for 30 watts output.

OUTPUT TRANSFORMER
USED IN VA12 POWER AMPLIFIER CIRCUIT

PRIMARY LOAD

PRIMARY SCREEN
GRID TAPS

PRIMARY INDUCTANCE

ULTRA LINEAR PUSH-PULL

6.6k OHMS ANODE TO ANODE

43% OF 6.6k OHMS

200 H

CHAPTER 18

PRIMARY /SECONDARY
LEAKAGE INDUCTANCE

20 mH
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