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Appendix I

parts of diagrams
The Marantz 8B
The Williamson

The Quad Il
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From Fisher X 101C ( 1964)

Provision for adjustment
of AC-balance.

TELEWATT VS56 (1963)

Different load resistors in anode
and cathode of the phase-splitter to
compensate for difference in output
resistances.
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Fig. . Circuit diagram of complete amplifier. Voltages underlined are peak signal voltages at 15 watts output.

R, IMQ  § watt & 20% Rie,Ryp0.1MQ 3 watt + 10% Cs, C; 0.254F 350V wkg.
R, 33,0000 1 watt = 20% Ris. R 1,000 § watt + 209 Cy 8uF 600V wkg.
Ry 47,0000 1 watt = 20% - Rie R;a100Q 1 watt + 20% Cso 200pF 350V wkg.
g. 2 ;700 a } watt & 10% Ry2, Ryq, 10002 3;:.:3: wirewound gg: :;,og at fsomAOmA
s« Ry 22,0000 1 watt + 5% 0H at
(or matched) ° g:z R 1]%%% f :::: 11 %g:é T Power transformer
Ry 22,0000 1 watt & 20% R;" 241900 = S2/0 Secondary 425-0-425V 150 m4, 5V. 34,
Ry Ry 0.47MQ  § watt & 20% 8 #2004/ speech coil nmpeglaneo 6.3V 44, centre-tapped
o o 390Q % watt10% Re 47000} wath o509 Vi V2 2X L83 or 815, 6SNT or BES
Rll' Ry347,0000 2 watt 4 5% C;. Cs, Cs. C; 8uF 500V wk;. Vs, Ve do. do.
(or matched) 3. Cs 0.05uF 350V wkg. Vs, Vs KT86 V; Cossor 33KU, 5V4

The Williamson Amplifier

D.T.N. Williamson was employed at Osram-Marconi, the company who developed and manufac-
tured the K66 beam tetrode. His famous design was published in 1947 and it was a major step for-
ward in terms of quality. Up to that time phase-splitting was normally performed by a transformer
with a center-tapped secondary. The inclusion of two transformers in the signal path, made global
feedback virtually impossible. The Williamson was able to deliver 15 Watts with a THD at 0.1% (at
1000Hz). It became a reference standard for more than a decade.



QUAD |1 POWER AMPLIFIER
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THE VOLTAGE AND CURRENT MEASUREMENTS SHEWN ARE APPROXIMATE, AND ARE ONLY PROVIOED
DRG 11175, 1ssve 1. AS A GUIDE. ALLOWANCE SHOULD BE MADE FOR THE LOADING EFFECTS OF A VOLTMETER,

Shown here is the famous Quad II. It was a very well-made amplifier, and many of them are still
in use after more than 30 years of service.

At first sight the diagram looks confusing, but after a closer look it becomes very simple.

The upper EF86 is quite a normal input stage. Signal for the lower EF86 is taken from the
output of the upper via a voltage divider consisting of the 680 kWgrid resistor of the upper KT66
and a 2.7 kWresistor.

The EF86° both invert the signal so the driving voltages for the output stage are in opposite
phase as required.

The voltage divider compensates for the gain of the lower EF86, where a gain of 680:2,7 »
250 apparently is expected. The actual gain is however much lower, but we find the explanation
in the global feedback loop, where feedback is normal NFB to the upper EF86, but due to the
inversion it is positive feedback to the lower EF86! This accounts for the high gain of that valve.

This combined input, phase splitter and driver stage is elegant, but the fact that the driving
voltage to the lower EF86 has been exposed to HF cut-off and phase shift introduced by the
loading of the output stage of the upper EF86 should not be overlooked.

It is unusual to tie the screen grids of the two valves together signal-wise instead of keeping
them signal-free by connecting capacitors to ground from each grid, but this arrangement will
keep the grids free from signal if they carry the same signal in opposite phase. If not, C, will help
to restore AC balance from the two EF86°.



Another unusual feature is the local feedback of the output stage by the cathode coils of the
output transformer. It could be thought that this negative current feedback would raise output
resistance of the entire stage. Because of the close coupling of all coils quite the opposite is the
case. If output voltage decreases because of external load, the feedback voltage from the cathode
coil will decrease too, which helps to restore the output signal. This local feedback of the output
stage is a brilliant idea (but it raises demands for voltage swing on the grids!) and | should wish
that such transformers were available. The ratio between anode — and cathode coils is approxim-
ately 10:1.

Despite its heavy weight and big transformers the Quad 11 was only rated as a 12W amplifier
—and despite the measured performance is average, the sound is very good.

Because KT66 is hard to obtain and very expensive, it is often replaced by EL34 when Quad®
are restored. EL34° works quite well, but remember to connect the 3" grid to cathode as this is
not done internally in EL34 (Pin 1 strapped to 8). Apart from that, the socket connections are the
same. The 180Wcathode resistor should be replaced by a 240Wresistor (two 470W5W resistors
in parallel). As there is no provision for adjusting DC balance (and no self-balancing!) the out-
put valves should preferably be matched. A 220Wresistor in the supply line to the screen grids is
recommended.

The GZ32 rectifier is often replaced by solid state diodes (LN4007), which also allows for a
higher value of the surge capacitor C6, where 100m450V would be a considerably improve-
ment. Remember that this is not allowable with the GZ32 because it can’t cope with the peak
currents of a 100n+ capacitor.

You cannot change the amount of feedback without changing the ratio of the voltage divider
in the grid resistor of the upper KT66, and this is not advisable.

Despite reservations, | have always been fascinated by the circuit. Although it is easy to
understand how it works, it has always been an enigma to me how it was conceived!
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performance curves
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CURSOR(1.0000kHz, 0.0917% )
LOG A:THD+N A 20000429 13:59
2.50 % T . : s ..ot R R

LOG
0.0500% 12.500 Hz LOG A:FREQUENCY 80.000kHz
SETTINGS( UN-WTD <10 Hz - 80 kHz GEN:SINE 243.5 mV )

AGEN FREQ THD+N A AGEN FREQ THD+N A AGEN FREQ THD+N A Ap
12.500 Hz 4.69 % 315.00 Hz 0.0997% 8.0000kHz 0.695 %
16.000 Hz 0.327 % 400.00 Hz 0.0958% 10.000kHz 0.991 %
20.000 Hz 0.155 % 500.00 Hz 0.0919% 12.500kHz 1.43 %
25.000 Hz 0.132 % 630.00 Hz 0.0885% 16.000kHz 2.05 %
31.500 Hz 0.110 % 800.00 Hz 0.0881% 20.000kHz 2.44 %
40.000 Hz 0.103 % 1.0000kHz 0.0917% 25.000kHz 2.55 %
50.000 Hz 0.0724% 1.2500kHz 0.100 % 31.500kHz 2.55 %
63.000 Hz 0.105 % 1.6000kHz 0.117 % 40.000kHz 2.15 %
80.000 Hz 0.106 % 2.0000kHz 0.140 % 50.000kHz 2.13 %
100.00 Hz 0.0715% 2.5000kHz 0.169 % -63.000kHz 1.58 %
125.00 Hz 0.106 % 3.1500kHz 0.212 % "80.000kHz 0.799 %
160.00 Hz 0.103 % 4.0000kHz 0.278 %
200.00 Hz 0.104 % 5.0000kHz 0.362 %
250.00 Hz 0.0920% 6.3000kHz 0.494 %

Total harmonic distortion + noise at 16W

Output valves operating as triodes (Rg, connected to anode)
15dB of negative feedback
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Appendix IV

PCB’s and layout
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0¢

C2, R4 . NOT USED
€3, C4 i NOT USED

VOLTAGES :

i. VALVE (Vv
ANODéL E:(Béb
CATHODE : 1.1V
2. VALVE (VE%
é A

HDDE Do

c1 A3 { R4 8 | B1, 420V
220n] a7} a7 61. 60V
" " GRID 1
EFes & 1
8 7
R2 ==\ va
4K7 | il ECCB3;2
7 2
3 3
F1
2 H
3 1. I
Fa
c3 4 CA_LFIS : R9
220u | 220n | 390€ 1M0
16V 1
] GRID 2
R RS e | c7 A1 ca €10 R1B  10E/SW | —
: AL 0 L 10 nis :osjsw CT4] CATHODE 1
1M0 3k3 7560p | 100E T | 4700 ] 4700 82K 47051— ~ CT2| CATHODE 2
16 GND| GROUND
FB | FEEDBACK
PA | AL, 45OV
—d
| P8 | B1. 420
—3 s PC | Cc1, 180V

D54 )S Ds3 ZIS cs3+] 151 10K C55+] 00K

1NS408°T" 1N5408 0.2AF

5 220 68y

Ly Seav 3855?

550 or

52 cs1 | cs2 | csas| 10K £56+ cs74]

D52 DS 470n] 4700 58y 22y Dss5

:Ns4maz|smsaoazlS T T 385V Fov 2§BZT030200

, PGN] GROUND

AUDIO INPUT

HEATER { 1
HEATER 1.2
HEATER 2.1
HEATER 2.2

INPUT GROUND

SEC 1, 370Vv/0.2A
SEC 1 START

SEC 4 CT

SEC 1 END

SEC 2, 6.3V/4A
SEC 2 START
SEC 2 END

SEC 3, 130V/50mA

[ e

{c] o1 180v

S64

PF1| HEATER 1

PF2| HEATER 2

AMPLIFIER PCB

POWER SUPPLY PCB

SEC 3 START c72im
SEC 3 END g%gv
A
B, PG | G1, -60V
_ VALVEAMPLIFIER T
The values of R51 and R53 are valid for mono blocks PA16 REPL [0004.2
i NPN ELEKTRONIK APS Ry
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