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damping factor of eighty.
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Over-all and under.chassis views of the ulira-stable amplifier are shown here.

HE author has been intrigued with

output-transformerless (OTL) hi-fi

amplifiers for years. He felt that if
the output transformer could be elimi-
nated from an amplifier design, while
keeping all other phase-shifting com-
ponents to a minimum, then even with
very large ratios of over-all negative
feedback therc would be no problem of
instability. The present model, which
will be fully described, is the culmina-
tion of several years' work. It is de-
signed to operate with conventional
loudspeakers. The only test equipment
essential for its construction is a 20,-
000-ohms-per-volt multimeter.

The hasic design is extremely simple.
Referring to Fig. 1, a pentode, V,, is
operated as a high-gain voltage ampli-
fier and is directly coupled to the phase-
splitter tube V.. The cathode load re-
sistor of V. is returned to ground
through the output load, which may be
the 16-ohm voice coil of a conventional
loudspeaker. Signal voltage developed
across the plate load rcsistor of V. is
applied between grid and cathode of
output tube V, Likewise, signal volt-
tage 180 degrees out-of-phase, de-
veloped across the cathode load resis-
tor of V., is applicd between grid and
cathode of output tube V.. Careful test-
ing has substantiated the fact that
with low values of cathode and plate

resistors, the signals from this type of
phase-splitter are balanced over the
audio-frequency range.

The output tubes are connected in
series push-pull and are biased for
Class AB operation. The load for the
amplifier is connected with its high
side to the cathode of V, and plate of
V, and its low side to ground. Each of
the output tubes has its own power
supply, consisting simply of a metallic
rectifier SR and a capacitor C. Due
to the balanced nature of the circuit
there is no d.c. in the output load.

The potentiometer in shunt with the
load has its arm in the cathode circuit
of the voltage amplifier tube V,. When
the arm of the potentiometer is at
ground, there is no over-all negative
feedback and the full gain of the am-
plifier is obtained. With the arm at the
high side of the load, there is 100%
negative feedback and the gain of the
amplifier is essentially unity. Because
of the minimum of phase-shifting com-
ponents in this amplifier, large amounts
of negative fecdback may be uscd. The
author has constructed amplifiers of
this type with as much as 60 db of feed-
back without any instability!

In this circuit, the output tubes are
working as cathode followers and thus
require large driving voltages from
the phase-splitter tube. With this

e

Fig. 1. The diagram
shown here is the
basic circuit arrange-
ment employed in the
output-transformer.
less hi-fi amplifier.
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iype of phase-splitter, the signal volt-
age across the plate and cathode resis-
tors is essentially of the same magni-
tude as the input voltage to the tube.
Normally, this would require a large
voltage from V,. Fortunately. because
the speaker load is also in the input cir-
cuit of the phase-splitter tube and in
the correct sense to provide positive
feedback, a much lower voltage suffices.
In fact, the peak signal voltage to the
input of the phase-splitter need be only
as high as the fixed bias applied to the
power tubes, for maximum output. A
novel feature of this amplifier, as will
be noted in Fig. 1, is that the output
load is part of the input circuits of all
the tubes used in the amplifier for the
purpose of obtaining both positive and
negative feedback. This has been ac-
complished without the use of any re-
active components which might pro-
duce undesirable phase shifts,

Amplifier Circuit

The complete amplifier is con-
structed on a 13’2 x 6 x 1% inch chas-
sis. The schematic is given in Fig. 2
and along with the accompanying
photographs indicates the construction.
A 6ANS tube is used as a combined
voltage amplifier and phase-splitter.
The unusually large plate load resistor
(1.8 megohms) of the voltage amplifier
produces a gain of over 1000 from this
stage and is entirely practical since the
direct coupling to the phase-splitter
climinates the usual loading effect of
the following grid resistor.

Each half of the series-connected
push-pull output stage consists of five
type 12B4A tubes connected in parallel.
There are two identical plate current
supplies for this stage, each consisting
simply of a silicon or selenium rectifier
and two 300 afd. electrolytic capaci-
tors connected in parallel. The power
transformer is a special low-impedance
unit in which the primary and the 130-
volt winding feeding the power sup-
plies for the output stage, each has a
d.c. resistance of less than 1.5 ohms.
This is essential so that the large cur-
rent demands of the power tubes, when
peaks of program material are handled,
can be met. Despite the absence of
filter chokes or resistors in these power
supplies, the signal-to-hum ratio of the
amplifier is very high, better than 50
dbm. This is because the amplifier it-
self acts as an electronic filter.

To prevent the initial surge of charg-
ing current through the 600 sfd. filter
capacitors {two paralleled 300 ufd.
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Rr—270.000 ohm, Y3 ». res.

Rs, Rs, Riw. Riss Rut, Ris, Ris. Russ Rro Rio. Re—
100 ohm, V) . res.

Re—35100 eshm, V3 ». ves. = 5,

Ri—1.8 megohm, 1 ». res. & 54/

R:—750 ohm, V3 w. 1es.

Re—8.2 megohm, 1 w.res. = 54,

R:. Re—18,000 ohm, 2 w, res, (maiched mith ohm-
meter)

Rit. R10—47.000 ohm. Yy w. res. = 5

Rit, R:yy—15.000 ohm, V; w. res. = 5

R1+—82.000 ohm, V3 ». res.

Rix—82,000 ohm, I w_yes. ™ 547

Ry, —250,000 ohm pot (“"Hum Balancing™)}

Res—22.000 ohm, V3 ». 1es.

Rex—6800 ohm, I w. res.

Re—10.000 ohm, 1 w. res,

Ris—300 ohm, 5 =, res.

Riv—10.000 ohm por (“D.C. Balancing” }

Cr—50 ujd.. 6 ». elec. capacitor

€1, Co. Cy. Cy~.22 pfd., 400 ». capacitor

C:, C.. C:. Co—300 ufd.. 175 v. ¢lec. capacitor (1o
paraticled, sce text)

Cr-Cii-Cir—15/20/20 ufd.,

capactior

350/450/450 v. elec.

Fig. 2. Complete schematic diagram and

C19-C1y—10/10 ufd.. 50 v. clec. capacitor

Cis—.047 pfd., 600 v. capacitor

SRi. SR+—500 ma.. 130 +. a.c. silicon power recti-
ficr (Sarkes Tarzian M300 or Audio Devices
A750)

SRs—20 ma., 65 v. selenium reciificr (Radio Re-
wpior 4Y1)

J—Phone jack

RLr—9000-0hm relay (Sigma type 11F)

S—S8.pis.t. switch (sec text)

SO, —0ctal socket (1o maich preamp used nith this
amplifier)

Fi, Fe—1 amp fuse (Slo-Blo type)

F—3 amp fuse (Slo-Blo type)

Tr—Power trans. 365-0:365 v. @ 30 ma.; 6.3 v.
@ .6 amp;: 6.3 v. @ 5 amps; 31.5 v. @ .6 amp;
130 v. (d.c. resistance of winding to be less than
1.5 ohms), 117 volt primary with the d.c. re-
sistance of winding to be less than 1.5 ohms (see
text)

Vr—6ANE rubs

Ve, Va. Vi Vi Ve

V1. Va, Vs, Vio, Vir—12B4 A tube

Vi—6X4 tube

paris listing for the ulira-sicble amplifier.

units) from damaging the rectifiers
when the amplifier is first turned on,
a surge-limiting resistor of 300 ohms
(Rx) is connected in series with the
rectifiers. The function of the relay
(RL,) is to short out this resistor when
the voltage across the filter capacitor
C., C. builds up to a value high
cnough to operate the relay. This usu-

Fig. 3. Power response measuremenis made wiih both a 16-0hm and a 32-chm load.
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ally takes approximately two seconds.
The Sigma type 11F relay used here is
an inexpensive unit selling for $1.80 at
most parts distributors.

Fixed negative bias of 25 volts for
the upper half of the output stage is
obtained from a voltage divider R, Ra
connected across the plate supply of
the lower output tubes. These lower
tubes also have a fixed bias of approxi-
mately 25 volts, which is developed
across Ra. SR, Cu, and Ci,, supply this
voltage. The d.c. balance pot (R, is
used to adjust this bias so that there
is no d.c. in the speaker voice coil.

Plate voltage for the 6AN8 voltage
amplifier and phase-splitter is obtained
from a 6X4 rectifier tube (V). The
current required is less than 6 ma. and
is well filtered by Ci. Ci, and R
Plate voltage for an external preampli-
fier is available at the octal socket and
is filtered by Cw and Rx. Most pream-
plifiers such as the Heathkit and Dyna-
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kit require a heater supply that is not
grounded and this is also provided for
at the octal socket. The line switch on
the amplifier is a convenience. If it is
desired to operate the amplifier from
the “on-off” switch on the preamp,
then the amplifier switch should be left
in the "off” position and the preamp
switch wired to pins 5 and 6 of the
octal socket.

Construction

Actual construction of the amplifier
is relatively simple. The parts layout
shown in the photographs is recom-
mended. It will be noted that the tubes
which are the primary heat-producing
elements are separated by the power
transformer from the electrolytic ca-
pacitors and rectifiers. C; and C. are
insulated from the chassis.

Wiring is point-to-point, as direct as
possible. The 100-ohm suppressor resis-
tors are conveniently mounted across
pins 2 (grid) and 8 (unused) of each
12B4A tube socket. The pin 8 contacts
are then connected in parallel. The
only precaution necessary in wiring
the amplifier is to keep the lead from
the input jack to the grid of the 6ANS
tube (pin 8 short and direct. Particu-
larly, dress it away from the high side
of the output. If a different layout is
used and this lead is more than 3 inches
long, then use shielded wire,

Since the photographs of the ampli-
fier were taken, silicon power rectifiers
have become available in addition to
the selenium units shown, The specific
types recommended for this circuit are
given in the parts list.

Except for the power transformer
and possibly the 300 ufd. electrolytic
capacitors. all the components used in
this amplificr are standard items avail-
able at any parts distributor. The
power transformer and capacitors, ailso
the chassis with all holes punched, can
be obtained from Radio & Telerision
Service Co., 2768 Broadway, New York

25, N. Y. Cost of the transformer is
$11.90, each electrolytic is $1.85, and
the punched chassis and bottom plate
is $6.80.

Testing

In testing the amplifier it is ad-
visable to adhere to the following
procedure:

(1) Temporarily remove the two sili-
con power rectifiers. If they are of the
pigtail iype, unsolder one lead from
each. Short the amplifier input by
means of a phono plug, across which
has been soldered a short length of
wire, Connect to the output terminals
a resistor of any value from 10 to 100
ohms,

(2) Connccet the amplifier to the a.c.
line and allow a one minute warm-up.
Check to see that all the tubes are lit.
Use the 20.000-ohms-per-volt range of
the meter and measure the following
voltages: (A variation of *209: is
permissible. )

«. Chassis to Ci:: 410 volts.

b. Chassis to pin 9 of 6ANS tube: 1.2

volts.

c. Chassis to pin 3 of 6ANS tube; 100
volts.

d. Pin 1 of 6ANS8 tube to €., (across
R.}: this voltage should measure
the same as in step “¢".

If the voltage measured in steps “c”
and “d" is lower than 80 or higher than
120 volts, then either of the following
two expedients may be adopted: (1}
Substitute another 6 ANS8 tube and re-
peat steps *b". “c”, and “d”. (2) Paral-
lel R. (8.2 megohms) with a resistor of
22 megohms ('; watt, 1077) if the volt-
age is high. If low. then series K, with
a resistor of 470.000 ohms. Repeat steps
07, e, and Cd.

13) Measure the bias voltage across
R. (15000 ohms) plus side of meter
to end of resistor that goes to pin 1 of
the 12B4A tubes. Adjust this voltage
to 25 volts by means of R.. (d.c. balance
pot). Turn amplifier off and replace

Fig. 6. Intermodulation distortion measurements with clipping point shown (16-0hm load).
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Fig. 4. Frequency response of amplifier.

Fig. 5. Square-wave amplifier response.
(A) 20 cps. (B) 200 cps. (C) 2 kc.. (D) 20 kec.

the two power rectifiers. Remove the
1-amp fuses F,, F.. Turn amplifier on
again and note it the relay closes. (If
the amplifier should be turned off at
this point. it will take from 30 seconds
to a minute for the relay to open. This
is so because, with the power tubes not
drawing any plate current, the filter
capacitor takes a long time to dis-
charge. In normal operation of the am-
plifier the relay will both open and
close in approximately two seconds).
Measure the bias voltage across R.
(15,000 ohms) plus side of meter to
chassis. This should be 25 volts, =10%.

(4) Replace the two fuses. With the
voltmeter across the output terminals,
and using a progressively lower range,
adjust the d.c. balance pot (Rs) for
zero volts. Again measure the two bias
voltages (as in step "3"); they should
be within one volt of each other. If not,
then adjust R. to equalize the bias
voltages and, monitoring the voltage
across the output, interchange the five

n
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Fig. 7. The power output of the amplifier varies with amount of load that is presented.

Fig. 8. Impedance of RCA LC-1A specker may be used to calculate the power.
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upper 12B4A tubes with the five lower
tubes (onc pair at a time) for a mini-
mum meter reading. It is not neces-
sary to strive for a zero reading. This
can be obtained with a slight re-adjust-
ment of the d.c. balance control. This
procedure results in maximum output
from the amplifier and also assures
that clipping will occur simultaneously
on both positive and negative peaks at
the overload point of the output signal.

(5) Turn amplifier off and remove
either of the 1-amp fuses. Connect the
meter to the fuse post terminals, using
the 600 ma. range on the meter. Turn
amplifier on. The meter will indicate
the total plate current of the five 12B-
4A tubes in one-half of the output
stage, To insure low distortion on
small output signals the plate current
should be from 100 to 120 ma. If the
plate current is low, then paraliel R..
with another resistor (220,000 to 470,-
000 is about right); if high, parallel
Rs (82,000 ohms) with a resistor of
about 1 to 2.2 megohms, Re-adjust for
zero d.c. across the output with the d.c.
balance control and check the plate
current again.

(6) Remove the temporary load re-
sistor from the output terminals and
connect the loudspeaker. For this ad-
justment the amplifier should be close
to the loudspeaker. Listen closely and
adjust the hum balancing control (R.)
for minimum hum. The null point,

72
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where the residual hum voltages of the
amplifier cancel in the output, is quite
sharp, so it is advisable that this opera-
tion be performed in a quiet room. If a
scope or a.c. vacuum-tube voltmeter is
available it can be connected to the
output, in parallel with the loudspeak-
er, so as to more easily ascertain the
correct setting. Remove the input

shorting plug (first turning off the am-
plifier) and the unit is ready for use.

Performance

It has been found that in all cases,
the foregoing test proccdure will result
in the optimum performance designed
into the amplifier. Of course, for those
fellow experimenters who have access
to more elaborate test equipment, such
as a sine-square-wave signal generator,
distortion analyzers, oscilloscope, ctc.,
the following impressive specifications
can be checked.

Frequency response: Measured with
a Hewlett-Packard 200 CD oscillator
and Precision 550 oscilloscope at 1-watt
output, 16-ohm load. Flat from below
5 cycles to 100,000 cps, three db down
at 250,000 cps with no peak in response
at any frequency. Sce Fig. 4.

Power response: Flat within 1 db
from 20 to 20,000 cps at maximum un-
distorted output. See Fig. 3. This was
measured with both a 16- and 32-ohm
load, The Precision 550 scope was used
to monitor the output and the signal
set to just below the clipping point at
each test frequency. The power output
was then determined. This procedure
of testing for maximum output with a
sine-wave signal has to be done quickly
in order to avoid overloading the out-
put tubes. This will be covered later.

Harmonic distortion: Extremely low
at any frequency from 20 to 20,000 cps.
No graph is shown and precise figures
not given for the reason that with the
test equipment available (Hewlett-
Puckard 200 CD oscillator and 330B
distortion analyzer, also Precision 1300
signal generator) the distortion meas-
urements, at any output below over-
load, were in the realm of the residual
figures of the instruments themselves.
As an estimate we would say that the
harmonic distortion, at any audio fre-
quency below overload, is below 0.1
per-cent.

Intermodulation distortion: This is a
more sensitive method of measuring

(Continued on page 110)

Fig. 9. Impedance curve of KLH Model 4 speaker may be used to calculate the power.
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SURPLUS

BC1335 2-CHANNEL
FM TRANSCIEVER

30:39 mc. This unit is complete
with 18 tbes operating from
either 6 cr 16 volts D.C. (Seif-
contained power supply). Crystal
control, sensitive superhet circuit.
Approx. dimensions 11" x 107 x
6°. Approx. weight 24 Ibs. Unit
complete with tubes, schemotic diagrom and pre-
setting instructions,

Like NewW. . .ouvavurorronnnsnssonns each $29.95

44 POSITION
STEPPING SWITCH
With outomatic reset. 24 volt

A.C. Dimensions 4 %" x 4%"
x 3" deep. Mfgd. by Wico.

$3.00 each
Five for $12.50 postpaid

NT-6 WILLARD 6-VOLT STORAGE
BATTERY
Rated 2.4 amp. hr.

Approx d.mennom
I Ix1 % wx2 4" h.

Weight 11lb. 301 {plos-

tic case). Dry charged.

PRICE $2.50 co.

ELECTROLYTE

Pint Bottle with
Filler Bulb $1.00

NEW HEADSETS
Mir. W, J. Murdock. Type 111 adjustable headbend,
10,000 ohms impedance, with cord and plug
PONCE ciniors srvns wrsnwasss surinms misgminss o spsiinin wonia 3.95 each
Mir. Connon. Type CC-2 adjustable headbond, 2,000
ohms impédance, with cord and plug.

Price $2.95 coch

12-VOLT DYNAMOTORS
Eicor—input: 12 volts D.C.,, 3.8 omps. Qutputs 223
volts D.C., 100 ma.
Priceas s = sias auin veni vowss Svre sees $2.98 eoch
DM34—input: 14 volts D.C., 2.8 omps. Output: 220
volts, 80 ma.
s Ao oncs e s aeE DD onaCa o DC e $2.93 eoch
35X032—Input: 14 volts D.C., 2.4 amps. Ovtput: 250
volts, 60 ma. (This dynomotor fits commond receivers.}
PRICO s oniers v simmewanvarsisiairs snevss s $2.958 coch
DM35—Input: 12 volts D.C., 18.7 omps. Output: 625
volts, 225 ma.
(i o non000 DR 0D ONDoD D000 TOTE NG $9.95 eoch.

Crystols (set of 80) for BL404 transmitter, 20 10 27.9 mc.
PriCR o 50/t siai6.e B0 & S5 § Siiiess DAl B $5.00 per set
Monual with schematic for BC603 /8C604,

DFICE): o stminie wioinia o stmse mieinie.s sivinis Simssisie. sie $1.00 coch

BC659 FM TRANSCEIVER
29:40 mc, 2 chonnels, crystal control. Unit complete
with tubes, built-in specker ond dual meter for testing
filoment ond plote circuit. Approx. dimensions 16" x
13%% 2%
Like New. .. .ooeeerrtarnossarcnnas each $10.95

PE120 POWER SUPPLY

6, 12 or 24-volt (specify voltoge).
Used with BC659 ond 620...0vvnnenn. $6.95 cach

ANTENNA AN-29-C
(Used with BC659)
1 4.f1. 1elescoping.
o D QP $3.00 ecach
Hondset TS13, used with BC659, new—Price $3.95 eo,

RCA 18-WATT AMPLIFIER
Input 105-125 volts A,C.,
50/60 cycles, 180 watts.
Qutput with 117 volts on
120 volt tap, power trons.
5% mox. R.M.S. hormonic
distortion o1 400 cycles, 1 8
wotts. Avoiloble omp.
locding impedance 4, 8,
or 15 ohms. Tube comple-
ment: input 6J7, voltoge
amp. 615, omplifier-phose inverter 6N7, output 2 6L6,
rectifier 5U4G, field supply rectifier 5U4G, oscillotor
6F6. This is high quality omp., built to Gov't, specs.,
used normally with 1 émm sound projector. Case is steel
pointed black. Approx. dim. 9% x 20° x 8°. Schemoatic
furnished. Shipping wt. approx. 50 Ibs.. .. $24.93 ea.

NO C.0.D's. REMIT FULL AMOUNT WITH ORDER. ALL
PRICES F.O.8. PASADENA.

| € & H SALES CO.

21T E. Cslarada 51 -

Fasadena B Calid

Ultra-stable Amplifier
(Continued from page 72)

distortion and the instrument used was
a Meusurements Model 31 IM analyzer.
See Fig. 6.

Transien! response: This can best he
evaluated with a square-wave signal.
Sec Fig. 5. These photographs were
taken with a Tektronio Model 514 os-
cilloscope. The output load was a 16-
ohm resistor. Note the absence of tilt
on the 20-cycle square wave and the
complete absence of ringing on the
20.000-cycle square wave. Few output-
transformer-coupled amplifiers can du-
plicate this response.

Power output: This varies with the
impedance of the loudspeaker. See Fig.
7. It is recommended that a 15-ohm or
higher impedance loudspeaker system
be used. With a 16-ohm loudspeaker
the peak power is 38 watts. At fre-
quencies where the impedance of the
loudspeaker rises, the peak power is
correspondingly increased. Figs. 8 and
9 show the impedance curves of two
loudspeaker systems owned by the
author; an RCA LC-1A mounted in a
ten-cubic-foot infinite baffle and a KLH
Model 4. It is interesting to calculate
the power output capabilities of this
OTL amplifier at various frequencies
when using these loudspeaker systems.

Listeners who have visited the au-
thor's home (average size living room)
have agreed that there is more than
adequate power available, even when
reproducing heavy orchestral passages.
This was so even on the KLH Model 4.
Careful monitoring of selected program
material, using an oscilloscope. has
shown a moderate amount of clipping
at signal peaks, but the extremely fast
overload recovery of the OTL amplifier
has not made them discernible to the
ear.

Gain: The gain of the amplifier is 8.5;
that is, 1 volt of signal into the ampli-
fier will produce 8.5 volts across the
output. For maximum output using a
16-ohm load slightly over 2 volts is re-
quired. This is available from most
preamplifiers.

Feedback: This amplifier uses 35 db
of over-all negative feedback. The
complete stability of the OTL amplifier
can be dramatically demonstrated by
connecting a 3000-ohm control in paral-
lel with the feedback resistor R.. The
normal gain of the amplifier is 8.5;
with the total resistance of the control
in the circuit the gain is approximately
8 and the feedback 36 db. When the
control shorts out R. there is 100%
negative feedback (54 db) and the gain
of the amplifier is reduced to unity.
Even under these conditions there is
no evidence of instability. Again. no
output-transformer-coupled amplifier
can duplicate this stability. (If there is
need for a remote gain control, such as
in a stereo setup, then this control is
ideally suited as it is in a very low
impedance circuit.}

Damping factor: Referred to 16
ohms, the damping factor is 80. This

www.americanradiohistory.com

figure was arrived at as follows. A sig-
nal at 400 cycles from the Precision
E300 signal generator was fed to the
input of the amplifier. The meter sec-
tion of the Hewlett-Puckard 33013 dis-
tortion analyzer was connected to the
output of the amplifier and the signal
level adjusted to read full-scale on the
.3 volt range of the meter. This was
with no load connected to the output. A
Gencral Radio 1432F decade box was
then connected to the output and the
resistance reduced until the meter
reading was .15 volt. This occurred at
a load resistance of .2 ohm, the damp-
ing factor being the ratio of the in-
ternal impedance of the amplifier (.2
ohm) and the output load.

Miscelluneous wudditional specifica-
tions of interest include: Hum and
noise-—50 dbm. Power consumption at
a 117-volt line, when reproducing pro-
gram material at average room volume,
is 110 watts.

At this point it might be well to con-
sider that this amplifier is designed to
reproduce program material only; that
is, music and speech. It is not intended
for sine-wave signals and prolonged
testing. at high outputs, with this type
of signal will shorten the otherwise
long life of the 12B4A output tubes, It
should be appreciated that in the am-
plification of the complex signals that
make up music and speech. the instan-
taneous power requirements are very
many times the power averaged over
a period of time. What we desired is an
amplifier which, in the absence of sig-
nal input, uses a minimum amount of
current from its power supplies and a
minimum amount of plate dissipation
and, when called upon to do so. can
deliver a large amount of undistorted
power within the average plate dissipa-
tion of its power tubes. This we have
accomplished in what we believe is a
novel and economical manner in the
amplifier described here.

Enough of specifications! How does
the amplifier sound? We honestly be-
lieve that it is the closest thing to per-
fection yet developed in an audio power
amplifier. Given associated components
of first-class quality and good program
material, it recreates thrilling sound.

“OK. Joe. That's perfect. tighten
her up!”
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