Over-oll view of amplifier chassis. Parts
placement iz deliberately rocomy in order
to eliminate overheating and hum pickup.

The power supply chassis measures 10" x

12" x 3" and is separqte from amplifier.

8y LLOYD B. HUST

Triodes versus pentodes? Here's one answer. This 50-watt

amplifier uses four beam power tubes—two connected as

triodes, two as tetrodes—in push-pull parallel circuit.

HE range of development in the

field of audio frequency amplifica-

tlon is of such tremendous scope
that sometimes various methods of
amplification and various systems
with the claims made for them, tend
to be rather confusing to the lay per-
son, In fact, the proponents of dif-
ferent audio systems themselves often
cannot agree as to the value of the
various features of their systems. Per-
haps the lomgest and most bitter feud
has been between the advocates of tri-
odes for power amplifiers versus the
clique which claims that pentodes or
tetrodes arve superior. It is not in-
tended in this article to add fuel to
the flames of contention, but rather to
acknowledge that both sides have
some gooed points in their favor. The
“ROUA Regeiving Tube Manual” states:

“Power tubes of the triode type
in class A service are character-
ized by low power sensitivity, low
plate-power ' efficiency, and low
distortion. Power tubes of the
pentode type are characterized by
high power sensitivity, high plate-
power efficiency, and relatively
high distortion. Bearn pow#r tubes -
such-as the BL6 have a still high-
er power sensitivity and efficiency
and have a higher power output
capability than triode or conven-
tional pentode tubes”

These facts have lirmited the use of
triodes: ‘generally to amplifiers of rela-

a0

tively low power, but low distortion.
while pentodes, including beam power
tubes, have been used in public ad-
dress work and other applications
where the highest fidelity is not of
the greatest importance. This seems
to substantiate the claims of the tri-
ode supporters that if one desires an
amplifier of really “high quality” he
must use triodes. The other faction
points out that in order to have real-
ism in the reproduction of music, cer-
tain nassages call for surges of power
in a range beyond that which can be
economically supplied by tricdes. In
all probability the feud will never be
settled, but there are some compro-
mises which may give satisfaction to
the advocates of each type. One such
compromise is a system which uses
both types of tubes, but in such a way
that the advantages of each type can
be realized, without the attendant dis-
advantages.

This system is called “extended
class A” and is discussed by Howard
T. Sterling in his article “Tube Appli-
cations in Amplifier Design” which ap-
peared in the May, 1951 issue of the
Rap10-ELECTRONIC ENGINEERING edition
of Ranto & TELEVISION NEwS. In this
type of operation four, beam power

,tubes-~twﬂ congected as friodes and

twe as tétrodés—in-a push-pull par.
allel arrangement are used. The bias
voltage is such that under cdnditions
of low power the tetrodes are cut off
and the effect is ‘the same as if a
straight triede. amplifier were hieing

EXTENDED
LASS A AMPLIFIER

used. However, when the signal volt-
age reaches such a level that high
peaks of power are required, the pen-
todes conduct and satisfy the high
power requirements of the amplifier.
The tubes are operated under such
conditions that at no time does their
operation take them off the straight
portion dof the characteristic curve.
Voltage and current requirements for
807's connected in such a system are
as follows: plate voltage, 450; grid
voltage, —435; screen voitage, 300; zero
signal plate current, 110 ma. (triodes
only conducting); maximum signal
plate current, 256 ma. (all tubes con-
ducting); power ocutput, 47.5 watts.

The amplifier to be described in this
article uses this mode of operation,
and the extended class A feature does
not introduce any problems which can-
not be solved by the careful worker,
It is necessary, for best results, to
match the tubes, but that is the case
with every high-quality amplifier.
Tube types are not critical, and al-
though the author used 807's as out-
put tubes, many other types are suit-
able, including 6ARSE’s and 5881's.

The amplifier and power supply are
built upon separate chassis, each 10~
x 127 x 3”. This method of construc-
tion eliminates many problems and
makes testing very convenient. Of
course, it would be possible to build
the power supply on the same chassis
as the amplifier, but precautions,
would have to be taken to guard
against hum. The separate power sup-
ply method also has the advantage
that the power supply can be used for
experimental purposes with other
equipment if desired.

It will be seen from the schematic
diagram of the amplifier, Fig. 2, that
it is actually a modified Williamson-
type circuit. Some rather important
changes hdave been ‘made from the
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“trated in P 1.

original Williamson circuit, however.
First, it will be noticed that the cou-
pling between the first stage and the
inverter is not direct coupling as in
the Williamson- circuit. This change
was made in the interest of stability,
particularly to obviate any unbalance
developing in the circuit due to aging
of the tube.

The phase-inverter circuit as used
here can be thought to consist of three
resistive elements in series, as is ilius-
“The first element
consists of the 22,000 ohm plate-load
resistor; the second consists of the
plate resistance of the tube plus the
bias resistance; and the third consists
of the 22,000 ohm cathode-load re-
sistor. This arrangement allows the
biasing eircuit to act as part of the
tube resistance, and the only two ele-
ments which affect signal balance will
then be the two 22,000 ohm resistors.
Once these resistors are matched, the
circuit will remain in balance, despite
tube aging. The bias resistor, R in
Fig. 2, is shown as 3800 ohms. This
value is not critical. but it does have
some hearing on the signal balance as
it will be seen that R: and R. act as a
voltage divider as far as the signal
voltage is concerned. If it is found
that the signal voltage across R, is not
the same as that across R, then the
value of R. can be changed until the
two signal voltages are equal. R: may
range anywhere between 2000 ohms
and 5000 ochms.

As in any high-quality, push-pull
amplifier, it iz necessary to match the
load resistors on each side of the cir-
cuit. This means that R. and R, should

be matched as should B» and R.. Two
watt resistors were used as load re-
sistors 10 minimize changes due to
heating. The ones used by the author
are Ohmite 10% resisfors, pairs of
which were carefully matched from a
number. of resistors. If the builder
does not have equipment for matching
resistors, it is suggested that he use
1¢% precision units for R,, K., R.. and
Ria.

Although we often hear of the im-
portance of matehing load resistors in
a push-pull circuit, little, if anything
is said of the importance of matching
coupling condensers, Although this
may not be as important as thé
matching of resistors, it does have Im-
portance if good over-all balance is to
be achieved in the amplifier, Con-
densers may differ in capacitance over
a fairly wide range without too much
effect at high frequencies, but at low
frequencies, considerable unbalance
may occur. Let us take the case of
the condensers C, and C, each of
which is in one side of the push-pull
circuit. Let us assume that these two
condensers have a tolerance of + 207
which is common. Let us also assume
that €. varies 207 in the positive di-
rection and C, in the negative direc-
tion the same amount. The actual
capacitance for C. would then be 3
sfd., and ¢, would be .2 z#fd. The re-
actance unbalance at high frequencies
would not be important because at
high frequencies the capacitive react-
ance is low. However, a few simple
calculations show us that at a fre-
quency of 20 cyeles, the reactance of
C. would be about 26,500 ohms while
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Fig. 1. How the Inverter tube operates.

that of Cy would be approximately
39.800 ohms, This difference of over
13,000 ohms would cause considerable
signal unbslance at 20 cycles. Al-
though it is unlikely that this extreme
difference would exist with condensers
chosent at random, it is entirely pos-
sible, and even much smaller differ-
ences in capacitance can be important
at low frequencies.

Although the average experimenter
does not posgeds equipment for match-
ing condensers accurately, in most
cases he can, get this done at no cost.
In most cities of medium or large size
the high schiol laboratories will have
capacitance and resistance bridges and
those in charge of this equipment are
usually willitig to perform the service
of matching B few pairs of resistors
and condensers, In the smaller towns
where the l¢eal high school does not
have such equipment, one can usually
make contact.with the local telephone
maintengnce engineer. Even small
telephoné companies have accurate

Fig. 2. Schematic and parts list covering the amplifier section. Quality parts are used throughout to Insure good performance. A cable con-
nects this chassis to the pewer supply. Two Jones six.prong plugs are required for this cable. One pair of sockets and plugs could be
eliminated by extonding the wiring, cabled, betwesn the amplifier and power supply. The four-prong socketis for connecling a preamp,

10 MEATENS edils 4 e 70 HEATERS

R—-500,000 ohm yolume control
Ry—470 ohm, 1 w. res.

Ry—~5600 ohm, Vi w, res.

Ry, Rys, Ryg—47,000 ohm, 2 w. res,
Rep Rs, Ry, Rig~—22,000 ohm, 2 w. res,
Re; Ru, RM?’(’,MO ahm, '{'3 W TES,
R;~~2900 ohw, I w, res,

Ryg~330 oBm, 1 w, res.

By200 ohm wirewound pot

Biz, Rigy Ryg, Rypr100 shm, 1 w. res.

- Boye; Rygee 100,008 obm, Y w. res.
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Rys, Rog—1000 ohm, 1 w, res.
Rygr—100 olim wirewound pot
Rog—7500 ohim, 15 w. ves. .
Rg%-—}ﬂeﬂ ohm, 3 w, wirewound res.
Rygr—5060 ohm wivewound pot
Ri=1000 dhrm, 5 w. wirewound res.
Cy, Co, Cr—i05 ufd., /600 ». cond.
Copmm300 pufd. mica cond.

Cyy C 20720 pfd., 450 ¥, elec, cond.
Cypme30 pfd., 450 v, dlec: cond.

Cy Coy—.25 pid., 600 », cond.

Ly, Lg, Ly, Limed mhy. 1.f. choks

-

CHy—15 hy, 40 ya. filtar choke (Chicago
RS-1340)

SOy—G-prong socked. (Fones)

SO0g—drprong sockut flones)

Ji Je—~Closed-cirewis  juck (insulated from
chasiis )

Ty—Output trans, 3000/2300 ohms c.t. plate-
to~-plate ‘to 600, 16, B.ohmny or 130/4 okms
(Chicago BO-11,5¢ee tnxt)

¥y Poub6SN? tba

Vi, Vi Vo, Vo803 tube (see text)
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