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M O D E R N I Z E 4f(U4A WltttamAxm Amplify**, 
by DAVID HAFLER 

THE Williamson amplifier circuit was 
first publicized in England in 1947, 

and in this country in 1949. It has 
achieved wide acceptance and popularity, 
and has been the basis for several modi
fications of the original design. The 
most basic change was the ultra-linear 
version of operation, which I developed 
and subsequently described*. This ar
rangement corrected 2 of the basic de
ficiencies in the original design — it 
increased the power capability of the 
amplifier to 25 or 30 watts, and it im
proved the margin of feedback stability. 

Now, as always happens, progress in 
amplifier design has continued: it is 
possible to make further improvements 
in the Williamson design (both triode 
and ultra-linear versions). These im-
povements again correct for limitations 
with respect to power output and 
stability. 

Increas ing P o w e r O u t p u t 
Present thinking on requirements for 
audio power is vastly different from that 
of a few years ago. Then, most people 
said, "Ten watts is enough for me." 
Now, however, modern program ma
terial has been increased in dynamic 
range many times over that of former 
years. This fact alone has increased the 
power requirements substantially for 
realistic, undistorted reproduction. In 
addition, source material frequency re
sponse has been extended, and this also 
introduces the need for a re-evaluation 
of amplifier power requirements. In
creased frequency response means that 
the amplifier has to handle power at 
greater extremes of frequency. At these 
extremes, the impedance characteristics 
of the loudspeaker change from the 
nominal values. This means that the 
amplifier is mismatched at frequency ex
tremes, and a mismatch decreases the 
maximum-power capabilities of any 
amplifier. 

To deliver clean power into a loud
speaker load, an amplifier must be cap
able of at least twice the power required 
for a resistor load such as is used in 
measuring and rating amplifiers. Thus 
the extension of both dynamic range and 
frequency range in modern recordings, 
PM sources, and tape means that 25 
watts are about a minimum if top-grade 
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performance is required. Even this mini
mum will probably be increased in the 
years to come unless the efficiency of 
loudspeaker systems can be increased. 

For these and related reasons, efforts 
have been devoted to increasing the 
power output of audio amplifiers. The 
advent of some new tube types has made 
this practical within the Williamson 
configuration without the need for com
pletely rebuilding the amplifier. Changes 
required are replacement of the output 
tubes, substitution of an output trans
former which will handle the increased 
power and provide suitable impedance 
matching, and addition of fixed bias. 

N e w O u t p u t T u b e s 
The new tube selected for modernization 
of the Williamson is the Amperex 
6CA7, which is also imported and dis
tributed as the Mullard EL-34. This is 
a compact tube with power capabilities 
up to 100 watts, depending on the sup
ply voltages available. It can be plugged 
directly into the sockets formerly used 
for 588 Ts, K T 6 6 s , I6 l4 ' s , and other 
tubes of this type, with the single addi
tional requirement that the No. 1 pins 
must be grounded. 

The 6CA7/EL-34 is a pentode tube 

of extreme linearity. Its preferred oper
ating condition is as a pentode: although 
the manufacturer furnishes triode ratings 
for the tube, triode operation results in 
higher distortion and reduced power out
put. The conventional ultra-linear con
nection cannot provide optimum results 
with these tubes either, since there is no 
type of operation more linear than the 
pentode connection for which they were 
designed. As will be discussed later, 
however, a compromise form of opera
tion fits the needs of the Williamson 
modernization very nicely. 

To derive the potential benefits avail
able in these tubes, proper impedance-
matching must be obtained in the out
put transformer. The Dynaco A-430 
transformer has been designed specifi
cally for this purpose. This is a 50-watt 
unit, the performance of which exceeds 
Mr. Williamson's specifications with re
spect to frequency response, permissible 
feedback, power handling ability, and so 
on. At present this is the only commer
cial transformer of correct impedance, 
but it is anticipated that others may be 
available soon. 

The Dynaco A-430 has primary taps 
which can be used to furnish about 1C7 
screen loading. This does not cause de-

l-'ig. i. Complete circuit diagram of a Williamson amplifier modified as described. 
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THE FINEST COMPONENTS 

All p remium components a r e used in the D Y N A K I T 
to insure pe rmanence of character is t ics wi thout fai lures 
and to p rov ide neat clean appearance . Some of these 
" e x t r a " features which a r e normal ly only available 
in custom built equ ipment a r e : 

• D Y N A C O A-430 output t ransformer . Th i s uni t 
sells separately from the kit for 829.95 net . It is 
the finest of its type 

• A heavy duty , conservatively ra ted power trans
fo rmer with capacity to power a p r e a m p l i f i e r if 
desi red 

• Ceramic cased and plastic p a p e r capac i to rs 
• 500 volt specially formed electrolytic capac i to r 
• 1000 volt mica capac i to r 
• Dependable highly l inear E L - 3 4 / 6 C A 7 tubes 
• Heavy duty rectifier tube 
• X X X P etched circui t boa rd with par t s mounted 

and d i p soldered. Metal eyelets for external con
nect ions to e l iminate s t ra in on plated wir ing . 

• Underwr i t e r approved line cord 
• On-off switch 
• "W i red i n " fuse 
• Bias set t ing control 
• Nickel plated, b inder (flat) head screws 
• High t empera tu re insulat ion, solid hookup wire 
• Spot welded heavy gauge chassis 
• Protect ive cover and bot tom plate 
• Spare socket for p re -amp power , remote on-off 

swi tching, etc . 

THE EASIEST TO ASSEMBLE 

T h e use of the pre-assembled pr inted circuit boa rd 
el iminates two-thirds of the work. An inexperienced 
cons t ruc tor can figure on abou t th ree hours of enjoy
able and interest ing assembly time in mount ing par t s 
and solder ing the connect ions. T h e work is simplified 
by detailed point-by-point instruct ions included with 
the D Y N A K I T and by two-step pictor ial d i ag rams 
which show the placement of every lead and every par t . 

THE DYNAKIT'S PERFORMANCE 

T h e measured specifications show that the Y)\ N A K I T 
rates with the very best of amplifier equipment in the 
highest pr ice brackets . Wha t these specifications can
not show, however , is how the D Y N A K I T amplifier 
sounds . T h e clar i ty , cr ispness, and smoothness that a r e 
at ta ined because of its low dis tor t ion, high stabil i ty, 
and super io r t ransient response can only be descr ibed 
th rough demons t ra t ion and compar i son with other 
equipment . 

T h e person who uses a D Y N A K I T amplifier will 
find that famil iar music has less s t r idency and harsh
ness at high frequencies and less muffled quali ty in the 
lower frequency passages . 

Percuss ive sounds will have more " s n a p " while 
s t r ings will have a more na tura l sheen. Distort ion 
which was formerly a t t r ibuted to record b reakup o r to 
speaker over load will vanish when the 50 watt 
D Y N A K I T replaces a lower powered amplifier. T h e 
advan tage of the large power reserve shows up most 
readily in r ep roduc ing la rge chora l works and massive 
s t r ing ensembles , and yet even solo ins t ruments will 
be reproduced more natura l ly because of t he perform
ance a t t r ibu tes of the D Y N A K I T amplifier. We be
lieve that the D Y N A K I T Mark II provides l istening 
quali ty unequal led by any amplifier regardless of pr ice , 
size, or degree of complexi ty . 



stability are important design problems. 
By these standards, then, original 

Williamson amplifiers have inadequate 
stability at both extreme low and high 
frequencies. This can be demonstrated 
f o r the low end by touching the input 
grid momentarily with the fingertip and 
watching the speaker cone. The heavy 
low-frequency transient which is gen
erated triggers the amplifier, and there 
are usually several surges before the 
effect is damped out. The speaker cone 
can be observed to move back and forth 
several times before coming to rest. This 
means that short signal impulses will 
also cause spurious cone movements 
which tend to blur the sound. 

At high frequencies, the correspond
ing effect can be viewed on an oscillo
scope with a square-wave signal input. 
A rippled square wave is indicative of 
basic instability, and indicates that 
there is a transient distortion of high-
frequency signals. 

Instability is due to the fact that 
the phase characteristics of the amplifier 
cause some of the feedback to be applied 
positively instead of negatively at the 
frequency extremes. The remedy is 
superficially simple — to shift the phase 
in the right direction at the critical fre
quencies. It is not always simple to do 
this. Fortunately, the phase characteris
tics of the A-430 transformer and the 
Williamson circuit arrangement permit 
complete correction of the low-frequency 
phase characteristic and appreciable cor
rection of the high-frequency character
istic. These corrections are made with a 
few inexpensive components. 

The low-frequency correction is 
achieved by shunting the 0.25-/^fd 
coupling capacitors which go t o the out
put grids with 1 megohm resistors. 
High-frequency correction is obtained 
with a 100-jU^tfd capacitor which is con
nected from the lower driver plate to 
the cathode of the first stage. Without 
going into the theory underlying these 
corrections, i t is worth mentioning that 
they have a tremendous effect on per
formance. (It is assumed that the 
10,000-ohm resistor in the input grid, 
change of the .05-jU.fd capacitors to 0.25, 
and the use of a small capacitor across 
the feedback resistor as indicated in the 
schematic are already included in the 
amplifier. If not, these should also be 
added in accordance with previous 
recommendations".) 

This completes the modernization of 
the Williamson. If the power supply puts 
out a full 450 volts with reasonable regu
lation, the output power will be about 
50 watts at 1% IM distortion. If the 
power supply provides lower voltage, the 
output power will be reduced somewhat. 
Below full output, the distortion drops 

•Holler. D . , "A 60 Wat t Ultra-Linear Amplilicr", 
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rapidly toward a v?nishing point. The 
frequency response of the amplifier will 
be approximately the same as that of the 
original version except that peaks in the 
response (associated with instability) 
are eliminated. The transient response 
— that unmeasurable intangible — will 
be audibly better. It will be particularly 
evident in more solid, better-defined 
bass and smoother, cleaner treble. 

A p p e n d i x 
The following specific hints will be 
helpful to those who are interested in 
modernizing the Heathkit W-3M Wil
liamson: 

T h e bias voltage divider and rectifier 
can go in the power supply chassis. Out
put of the selenium rectifier is connected 
to pin 5 of the power socket and carried 
through the spare wire in the connecting 
cable to one side of the 10,000-ohm 
bias-setting pot. 

The 250-ohm and two 100-ohm resis
tors are discarded, as is the 100-ohm pot. 
The bias pot replaces the 100-ohm bal
ance adjustment, and the blank tie 
points to which the 100-ohm resistors 
were fastened can then be used to con
nect leads which are part of the ground 
circuit. 

In the interests of economy, the 
20-^tfd capacitor which formerly by

passed the cathodes can be used for 
filtering the bias supply. The schematic 
calls for 40 /J.(<1, but the difference in 
hum level is only 2 db. 

Jacks formerly used for metering plate 
current can still be used to check equal
ity of the output tubes. The former con
nection to the 250-ohm bias resistor 
must now be grounded in order to com
plete the circuit path for the cathode cur
rent. At the same time the No. 1 pins 
(suppressor grids of the output tubes) 
should be connected at the socket to 
the No. 8 (cathode) pins. 

In order to insert the 10,000-ohm 
parasitic suppressor resistor directly at 
the input grid, the 2.2-mcgohm resistor 
should be reconnected directly from the 
input socket to ground. The 10,000-
ohm resistor can then be inserted from 
the input connector to pin 1 of the 
first 6SN7 tube. This replaces the .05-
ufd capacitor which is used as part of 
the bias supply in the power chassis. 
Make sure that the preamplifier used has 
an output coupling capacitor since the 
amplifier now has none in the input. 
Practically all preamplifiers are so 

equipped; if not, one should be added. 
The .05-/ifd coupling capacitors be

tween the two 6SN7's should be in
creased to 0.25 fifd. Care should be 
exercised in order to get these to fit 
the space. If difficulty is encountered, it 
is suggested that miniature capacitors be 
used, such as Aerolites made by Aerovox. 

The 1-megohm phase-correcting re
sistors across the coupling capacitors per
mit some positive DC to appear on the 
grids if the negative bias supply is in
operative. The existence of negative 
voltage at the grid should be checked 
with the rectifier removed before per
mitting the B-(- voltage to be applied. 
Then the rectifier should be inserted and 
the bias set to 35 volts from grid to 
ground after the tubes have had time to 
warm up. D o not remove the second 
6SN7 while the amplifier is on, because 
this will cause additional positive voltage 
to be applied to the grids of the out
put stage, upsetting the bias and possibly 
harming the tubes. 

A U D I O C R A F T T e s t Resu l t s 
The amplifier shown in Figs. 2 and 3, 
which was the basic Williamson con
verted in accordance with this article, 
produced 0 .6% IM distortion at 50 
watts output, 0 .2% at 36 watts, and 
0 . 1 % at 15 wans. Below 15 watts dis
tortion was in the residual range of the 
meter and could reasonably be called 
negligible if not unmeasurable. Test 
frequencies were 60 and 7,000 cps, 
mixed in a 4-to-I ratio. 

These readings could have been im
proved slightly by using parts matched 
more precisely, or by adding to the 
power supply filtering. It is doubtful 
that such small improvement would be 
apparent audibly. On the other hand, if 
the phase inverter balance were off, or 
certain other elements had drifted in 
value, the distortion figures might be 
doubled — still exceptionally good per
formance. 

Frequency response was perfectly flat 
within the range of our test equipment. 
Calculated response, without the 100-
Hfifd feedback capacitor at the driver 
stage plate, is ± 1 db from 2 to 200,000 
cps; with this added, response above 
80,000 cps slopes off smoothly. This 
capacitor causes a very slight increase in 
distortion at 20,000 cps, which is quite 
insignificant compared to the 12 db in
crease in the high-frequency stability 
margin. Stability at the low end, deter
mined by recovery characteristics from 
a sharp overload pluse, was apparently 
perfect. 

Square-wave response at low frequen
cies was excellent, and exceptionally 
good at high frequencies. Power re
sponse was completely flat from 20 to 
20,000 cps at 50 watts. Total cost for 
all parts required to make the complete 
conversion: less than $40.00. 


