Left: Modified Williamson amplifier, featuring ultra-linear design, and power
supply. (Courtesy Stancor)

An Analysis of the

WILLIAMNON AMPLIFIER

AN INCREASING NUMBER of commer-
cial audio amplifiers featuring the
Williamson design are appearing on
the market. In common with all other
electronic devices these amplifiers,
rugged though they may be, will re-
quire repair, and Service Men should
be familiar with their circuitry.

The Williamson boom started when
D. T. N. Williamson described his
amplifier in the Spring of 47 in a
British publication.® This unit, a fived
basic gain niodel, was rated at 15 watts
output. and was intended to serve only
as the high-level section of an audio
amplifyving system: that is, preamp
and tone-control sections were not in-
cluded. Signal input for the full 15
watts output had to be about 2 volts.
Subsequent articles by Williamson
described circuits for preamp and con-
trol sections; but the tag IVilliamson
circiit is in general meant to refer to
the original fixed gain amplifier.

The Williamson amplitier contains
nothing revolutionary or tricky; it is a
well-engineered, conservative circuit
that takes full advantage of the prog-
ress of the audio art. It is especially
suited to large-scale production be-
cause the conservatism of its design
makes its quality leust susceptible to
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the differences between laboratory and
production line construction.

Basic Circuit Design

Williamson’s original circuit, natur-
allv, used British tubes: KT66s, 1.63s,
and a U352 rectifier. The main ditfer-
ing {cature, however, hetween British
and American tubes is the physical
shape, and our tubes can Dbe, and
usually are substituted in this country
for the British types, with suitable
changes in bias resistor values where
necessary. The identifying character-
istic of a Williamson amplifier is the
basic circuit design illustrated in block
form in Fig. 1.

A pair of push-pull output triodes
form the output stage; Williamson
used triode-conncected pentodes. These
output tubes are driven by a pair of
medium mu push-pull triode voltage
amplifiers, which in turn are fed by a
cathode-loaded phase-splitter. The in-
put voltage ampliher is directly
coupled to the phase-splitter, elimi-
nating the low-frequency phase shift
introduced by coupling capacitors, and
about 20 db of feedback is taken from
the voice-coil winding, back over the
entire amplifier to the cathode of the
first stage. The application of this
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block layout to the actual circuit is
shown in Fig. 2.

Although the original Williamson
circuit uses pentode output tubes, the
screen grids are tied to the plates, and
the tubes function as triodes. The
plates and screens are connected
through 100-ohm stopping resistors
rather than divectly, but this has no
significant effect on the triode charac-
teristics.

Output Stage Characteristics

Because the output stage is operated
i class 4 and not AB, and because
the push-pull signal currents are weil
balanced, the common cathode resistor
for the output stage bias is left unby-
passed. This helps to maintain dy-
namic balance, and will not introduce
current feedback so long as the signal
voltages across the common resistor
are exactly equal and out of phase.
Some amplifiers, designed on the Wil-
liamson model, however, have reintro-
duced a cathode bypass capacitor,
usually with a value of 100 mid or so.

The potentiometer in the output
stage cathode circuit of Fig. 2 varies
the relative bias on each tube, so"that
the tflow of dc current through each
can be equalized. The simplest method
of determining the correct setting is to
adjust the potentiometer for zero dc
voltage between the two output plates.
Some Williamson type amplifiers
eliminate this potentiometer.

In recent years a further modifica-
tion of the original design of the Wil-
liamson output stage has heen intro-
duced: the so-called ultra-linear
connection. In this design configura-
tion the output tubes are operated
neither as pentodes nor as triodes, but



as a compromise between the two. For
pentode operation the screen grids
must be connected to the center tap of
the output transformer; for triode
operation the screen grids are con-
nected to the top or plate end of the
output transformer. For ultra-lincar
operation the screen grid is connected
to a tap on the output transformer
primary winding, in-between the two
extremes, as shown in Fig. 3 (p. 61).

This connection divides the load be-
tween the screen grid and plate and
introduces negative feedback to the
screen, permitting more power output
at the same distortion, or lower distor-
tion at the same power output. Com-
menting on this design change recently
in an article, with the somewhat ironic
title  Amplifiers and Superlatives,
Williamson pointed out that once an
amplifier has, by one design or an-
other, achieved the performance char-
acteristics of the original circuit (less
than .16, distortion at 15 watts, fre-
quency response over the audio range
uniform within .2 db, noise level 80 db
below the signal output, very high
damping factor, etc.). it will sound ex-
actly like everv other amplitier that
has achieved or surpassed these stand-
ards. The only way such an amplifier
can be improved upon is to lower the
cost, size or weight without sacrificing
quality. Thus the real contribution of
the ultra-linear circuit was fiot to
make the original Williamson circuit
sound better, hut to open the way for
less expensive [Viliamsons or other
hi-fi amplifiers. The use of the ultra-
linear connection in an amplifier that
has not followed the original William-
son specifications should, of course,
make an audible ditference.

The Driver Stage

The phase-splitter in the William-
son does not feed the output tubes di-
rectlv but through a pair of push-
pull drivers. These, having a common
unbypassed cathode resistor, help to
correct any imbalance that may be
present due to imperfect operation of
the phase-splitter.  The benefits of
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Fig. 1. Block diagram of Williamson amplifier circuit design.

push-pull operation in reducing even
harmenic distortion are applied to the
driver stage, which of all the voltage
amplitiers must handle the highest
signal voltages, and is thus most sub-
ject to harmonic distortion.

The potentiometer between the plate
resistors  of the push-pull drivers
serves to adjust signal balance. A
method for making this adjustment
with a pair of earphones has been out-
lined by Williammson and was described
in a previous issue of Strvice.! Some
Williamson amplifier circuits, includ-
ing ore moditied by Williamson him-
self, eliminate this potentiometer and
connect the junction between the two
plate resistors directly to B+, as
shown in Fig. 4 (p. 61). The self-bal-
ancing characteristics inherent in the
circuit, plus the stabilizing effect of the
large amount of negative feedback, are
relied upon for proper balance.

The Phase-Splitter

The phase-splitter is one of the dis-
tinguishing features of the Williamson
circuit. The first voltage amplifier and
phase-splitter are designed together,
and the circuit combines cathode load-
ing with direct coupling from plate
to grid. The high dc positive voltage
applied to the phase-splitter grid by

the previous plate is counterbalanced
by a slightly higher negative bias volt-
age derived from the large cathode
resistor, and the resultant hias on the
grid is about 5 volts negative. The
bias voltage between grid and cathode
can he measured with a vrom.

Phase-Splitter Matching

Williamson has used direct coupling
to reduce the low-frequency phase
shift within the feedback loop. Such
phase shift limits the amount of leed-
back that can be used without low-
frequency peaking or oscillation in
the form of motorboating.

The balance between the plate and
cathode resistors of the phase-splitter
determines the signal balance of this
stage’s output. Therefore, when re-
placing either of these resistors, a high
quality unit, whose value is matched
to its mate with an ohwmmeter, must
be used. All of the paired plate and
grid resistors following the phase-
splitter are preferably matched in this
way, but matching is especially im-
portant in the case of the components
of the phase-splitter itself.

Negative-voltage feedback is taken
from the voice-coil to the input stage

(Continued on page 61)

Fig. 2. Simplified schematic of Williamson amplifier, showing some of the values used in the
original circuit. Bias resistor values are determined by the tubes used.
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Williamson Amplifier
(Continued from page 27)

cathode, as illustrated in Fig. 5.
Twenty db or more of feedback is ap-
plied ; therefore the voltage gain of the
amplifier is reduced at least 909,. If
the polarity of the feedback leads is
reversed, the amplifier will oscillate
instead of suffering a reduction of
gain; this means that the wrong side
of the voice coil has been grounded.
The large amount of feedback can only
be used in conjunction with a high
quality output tranformer, and when a
compromise is made in the choice of
the output transformer the amount of
feedback may have to be reduced by
increasing the value of the feedback
resistor, K.

Another possible source of phase
shift within the feedback loop is in-
sufficient capacitance for the coupling
capacitors. If the latter are replaced,
substitute values cannot be chosen at
random from the shelf. The replace-

(Continued on page 62)

Fig. 3. Ultra-linear output circuit, in which

the screen grids are connected to neither the

center-tap nor plate end of the output trans-

former, but to a point intermediate between

the two. The output tubes operate with char-

acteristics which are in-between those of tri-
odes and those of pentodes.

Fig. 4. Driver circuit, with potentiometer of
Fig. 2 eliminated.

Fig. 5. Feedback circuit of Williamson amp.
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rolytics for trouble-free

replacements. You don’t heVe to worry about premature
failure. Long life is realfy built into these capacitors. They
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electrolyte from evapo-
rating even under the
toughest conditions of
heat and humidity.

All these capacitors are
aged at 85° C to build a

- tough dielectric film that
will stand up under high |

heat.

All aluminum container
prevents the ‘“‘creeping””
corrosion that occurs in
capacitors when any
other metal is permitted
to contact the elec-
trolyte.

1a super-seal keeps the 4 Sangamo electrolyte is

really pure. Continuous
laboratory control of
every batch keeps the
chlorine ion concentra-
tion to less than 10
parts per million. That’s
99.9999, pure, or better!

No lead breakage.
Sangamo uses a special
wire that resists bend
fatigue. A specially
designed rivet that
“cradles’ the lead gives
additional protection.

P. S. These wire lead tubu-
lars fit those tight corners—
Their compact design gives
maximum capacity in mini-
mum space. See your Sangamo
Distributor for all your ca-
pacitor replacement needs.
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MARION, ILLINOIS

SC54-4

SERVICE, APRIL, 1954 * 6l



Adjustment and

\\
. \
for Quick TV Set }
]
]
Alignment! |
/!

¥,

* For adjustment of vertical
linearity and height controls

* Accurate positioning of focus
coil or magnet

* Precise setting of yoke

* Complete with instructions

Dealer Net

See Your Jobber Today!

Export: SCHEEL INTERNATIONAL
4237 N. Linceln, Chicago 13, I,

manufactured by

?mOMPANY

®

Chicago 25, Il

Manvlatturers of Electronic Equipment Since 1928

62 ¢ SERVICE, APRIL, 1954

Williamson Amplifier
(Continued from page 61)

ment must have as high a capacitance

as the original, bhecause insufficient
capacitanice may introduce motor-
hoating.

The Power Supply

The WWilliamson power supply is
conventional, and in the original uses
two chokes, one high current unit for
the output stage, and one low current
unit for the voltage amplifiers. The
B+ voltage of the original amplitier,
with KT66 output tubes, is 450.

Performance

The complete amplifier should per-
form so well that it does not intluence
the character of the reproduced sound
to any audible degree. The quality of
the system should he entirely de-
pendent upon the associated loud-
speaker pickup, and other compouents.

There 1s no special characteristic of
this amplifier that requires special
matching characteristics of the coni-
pouents with which it works; a good

speaker system connected to the cor- |

rect impedance voice-coil terminals,
and a good preamp and control ampli-
fier with standard high-immpedance or
cathode-follower output, is all that is
required. There is often a certain ad-
vantage to having the high-level power
amplifier as a separate fixed gain unit;
the heavv chassis can be mounted on
the cabinet floor. away irom the con-
trol panel.
The
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At an ad-campaign session in office of
Ray L. Triplett, prexy of Triplett Electrical
Instrument Co., where new program for
‘54 was discussed. Kneeling, left to right:
Burton Brcwne, head of agency handling
account; Lynn C. Wimmer, BBA public re-
lations department; Cleon Triplett, man-
ager of planti 2; Norman A. Triplett, sales
manager; Ray L. Triplett, and (back to
camera) Robert E. Abbott, BBA creative
chief. Standing, left to right: Arden R.
Baker, Triplett ad manager; James P.
Cody, assistant to Browne; W. Ropp Trip-
lett, vice president and assistant to presi-
dent and M. Mcrris Triplett, chief engineer.
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KENCO KATE SAYS

“NO
INSTALLATION
PROBLEMS

when you use

KENCO
MOUNTS”

Easily mounted on hanging
rafters or trim hoards of eave.
Eliminates need for drilling into
brick or masonry walls. Ideal for
buildings with extended roofs.
Hot dip galvanized.

AVAILABLE IN 3 SIZES:
Model 7122, . .22" Fave Mount
Model #128...28" Eave Mount
Madel #1148, . .48 Eave Mount

OTHER KENCO PRODUCTS:
All-Pasition Mounts; Parapet
Mounts: Sky Struts; *“‘Snap-
I Wall Brackets; “Suap-In”’
Chimney Mounts; Z-Type
Chimney Mounts; Lag Screws
and Hardware,

For information on the com-
plete Kenco line write Dept. S.

KENWOOD ENGINEERING |co., INC.
Kenilworth, New Jersey



