Fig. 1. Linear
power amplifier.
Fig. 3. including
its own power supply.
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RECENT literature’ has focused at-

maximum power output. and distor-
tion are functions of the ratio of screen
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ance. Proper selection of this ratio
gives higher power output than that
obtainable from normally connected
triodes while exhibiting the low inter-

Fig. 2. Another version of the linear power amplifier with its own power supply
and including a preamplifier. The preamp diagram is not included in this arti.
cle. The photo has been presented merely to show relative placement of parts,
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FREDERIC T. C. BREWER

Amplifier conversion to "Ultra-Linear” operation

employing a standard audio output transformer unit.

nal impedance of the triode. Distortion
values are better than either straight
triode or tetrode operation. These
facts have led many to “ultra-linear-
iz¢"” the very poputar Williamson cir-
cuit. The results have been very sue-
cesslul = In effecting ““ulira-linear”
operation a new output transformer
was required in many cases. This ar-
ticle will deseribe a “linear amplifier”
using an output transfornier found in
many conventional amplifiers con-
structed during the last few vears.

Fig. 1 shows the complete linear
power amplifier. The complete circuit
of this amplifier is shown in Fig. 3. As
can be seen from the schematic the
circuit configuration resembles the
“Williamson™: a voltage amplifier di-
rect-coupled to a sptit-load phase in-
verter, followed by push-pull triodes
driving the output tubes.

The output transformer
LS-57. The primary of this trans-
former has two windings. Iach wind-
ing has a tap 60% from "B termi-
nal 10 plate terminal. Normally the
transformer will mateh 5000 or 3000
ohms depending on whether the total
winding or the tap is used. By con-
necting the plate leads to the "B+ "
terminals of the transformer the taps
are at 40% of the “B-'" to plate im-
pedance. 1f the taps are now con-
nected to the scrcen grids of the out-
put tubes. a ratio ol screen load im-
pedance to plate load impedance of
40¢: is obtained. Although this is not
the optimum ratio recommended by
Mr. Hafler and Mr. Keroes in their

is a UTC

Hafler and Keroes: “Iniproving tive Wil-
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erticle. the results are not too far
f -om optimum.

A pair of 5881's are the output
tabes. This tube is being widely used
{Hr high quality audio work. It is
riwore rugged than the 6.6 and may be
Lsed as a direct replacement.

Feedback is taken from the second-
sry of the output transformer to the
ciathode of the first stage. Apparently
2) db reduction in output, measured
viith a resistive load, is obtained with
t 1is loop.

A “high frequency” feedback loop
i:- connected from the plate of cach
cutput tube to the plate of the tube
¢riving it. The purpose of these loops
i: to provide a smooth control of the
tigh frequency region. High frequen-
cv oscillation often encountered in
f »edback amplifiers is prevented by the
I roper sclection of R and C in these
lyops. Transient distortion also seems
t> be greatly reduced.

It was discovered that by placing a
002 pfd. condenser across the common
¢ithode resistor of the 63SN7 the slight
b t of high frequency fuzz observable
01 a cathode-ray oscilloscope at high
Power output was eliminated.

All stages were designed for wide
Ezandwidth at low distortion. The dual
t 'iode 6SL7 in the first stages gives
nwore gain and less distortion than the
usual 6SN7,

Less than 05 volt will drive the
a nplifier to over 20 watts output. The
ir termodulation distortion rises to
ajrout 29 at an equivalent sine wave
power of 22 watts. Frequencies of 60
aid 3000 mixed 4 to 1 gave results
similar to those obtained with 60 and
7100 cps mixed 4 to 1. The power re-
sp-onse was 30 to 20,000 cps flat at over
20 watts.

Construction of the amplifier is
straightforward. Fig. 2 shows the am-
plifier together with a preamplifiers
on the same chassis. An amplifier
which had been in service three years
was converted to lincar operation. [t
is shown in Fig. 4. Note the precau-
tions that were taken to obtain the
desired results a few years ago. Bal-
ancing potentiometers were found un-
necessary and are not found in the
later models. In fact the amplifier
deseribed was constructed of standard
components with tolerances no hetter
than = 20%.

KEmitor's NoTk: We disagree, in part,
with the anthor's supgestion regarding the
precantions that were falen years aaa, Meany
of the present-day avdio wnplificrs inelude
these so-called “obsolete” precantions. For
wltimale pevformance to ‘ptease the nrost
eritical ear, it ig neceasary ta wse a hedeone-
ing pot or te echoose wilth care the valnes of
the vesistars in the ontput staue to produce
o balanced condition, # is aiso advisalile
that thie yesistaneces of R--1y and B.-1,
be wiatched taacithin = 19,

Excellent results, over a period of
time. have heen obtained from this
amplifier. It is a good construction
project and offers those who have am-
plifiers food for thought. —30—

4 8t George and Drisko; “Versatilic Phono-
uraph  Preamplifier,”  Awudio Enginccring,
Uarch 1444,

April, 1953
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6.3 volt heater winding.

Ry, R., Ry—470.000 ohim. I w. res. Ca. Co—75 ppfd.. 500 ». cond.

R.—270,000 ohm. | w. res. Cy—100 pfd.. 50 ». clec. cond.

Ry Ry1-—33.000 ohm. I =, res. Cy, Cro—.1 ufd.. 600 ». cond.

R\—47 ) ohm, V3 w. res. I —Ouwtput trans. (UTC LS.57, see text)

Rz, R, R, Ryjz—47.000 ohm, 2 w, res. To—Power trans. 375-0-375+. @ 150 ma.; 5 v.
R~-22 Q00 ohm, I ®. res. @ 3 amps.: 6.3 v. @ 4.7 amps. (Thordar-
Ry—5¢0 ohm, Vs w. res. son TS$-24R06-U)

Ry Ri:=10.000 ohnt. 1 w. res. CHy—8 hy. @ 150 ma. choke, 145 ohms d.c.
Ri.y Rix—100,000 ohm, I w. res. { Thordarson T-20C54)

Ryj—3:0 ohm, 10 w. res. Py\—117 ». a.c. plug recepracle

Ry—2500 ohm, 5 ». ros. V\—6SL7 tube

Cy, Ca, Tian Coup €12—20 pid., 450 v. elee. cond. Vo—6SN7 tube

C., C,, 177, C—.25 pid., 600 », cond. V., Vi—3881 tube

C.—.02 pfd., 200 v. cond. V.—5V4 tube

Fig. 3. Circuit diagram of the “linear” Williamson amplifier. The cutput transformer
is shc wn driving a 16-ohm load. To drive an 8.o0hm load. the secondary of the output
transiormer should be wired as follows: Join terminal 16 to terminal 18. also join
terminal 13 to terminal 15. The 8-ohm load is then connected 1o terminals 13 and
18. Il desired. the feedback resistor from the secondary of the output transformer
can be changed from 33.000 ohms to 27.000 ochms. However, the over-all performance
of the amplifier will not be appreciably altered if this resistor is not changed.

Fig. <. Another amplifier that was converted to “linear” operation. In this par-
ticula: case, the power supply was built on a separate chassis. The original
Willic mson amplifier was designed to be built on two separate chassis, that is. the
amplifier and power supply are built as separate units. When converting the Willi-
amson amplifier to “linear” operation, as described in this article. there need be no
chance in the power supply which may be used as is without affecting performance.
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