Fig. 1. Ower-all view of an improved ver-
sion of the wellknown Kappler amplifier.

HE November 1950 issue of this

magazine carried a description of an

excellent single-chassis, 10-watt am-
plifier employing 18 db negative feed-
back around three stages and the out-
put transformer (“A Flexible General
Purposc Amplificr” by J. N. A. Haw-
kins). The design was the product not
of onc person but of many, each of
whom contributed at wvarious times
over a period of some twelve years.
Most important among such additions
was an cxcellent direct-coupled phase
inverter designed by M. O. Kappler, by
virtue of which the circuit was called
the “Kappler'” amplifier. The unit, con-
structed at a very reasonable cost, pro-
vides sound of excellent quality. Onc of
them, for instance, has been installed
in the Films and Recordings Center of
the Cincinnati Public Library and, even
when played through a very mediocre
speaker, listeners have agreed that the
reproduction jis good.

The fact that a single chassis sup-
ports the power supply, amplifier, and
preamplifier makes for a simplicity
that appcals to many music lovers, par-
ticularly sinec the layout of the unit
makes this economy possible without
undesirably high hum or noise levels.
Actually, the greatest advantage of
putting the preamplifier and power
amplifier on a single chassis is that it
can result in a substantial reduction in
the noisc level at a given output level
by permitting the most favorable cir-
cuit location of the volume and tone
controls, which is not cconomically pos-
sible in a separatc preamplifier fecding
a power amplificr capable of handling
only about one volt. The degenerative
typc of tonc control, for example,
which as will be scen is capable of
furnishing far more desirable boost
characteristics than any other type, has
a noise level sufficiently high to pre-
clude its use in conventional separate
preamplifiers’ but in a single-unit am-
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plifier it can be located so that its
noise level is of no consequence and
full advantage can still be taken of its
distortionless control characteristics.

The unit previously describcd has
nevertheless suffered from a few short-
comings; namely, a completely inade-
quate preampiifier (which was, how-
cver, equivalent to that included in
most other single-chassis amplifiers),
a rather unsatisfactory tone-control
stage, a paucity of input jacks, and cer-
tain undesirable layout features. By
retaining the excellent power-amplifier
scetion of the original amplifier and
completely redesigning the front end,
the writer has developed the first unit
to his knowledge that combines, on a
single chassis, not only a power ampli-
fiecr of surpassing quality but also a
preamplifier znd tone-control circuit
filling the most exacting requirements
for high-quality reproduction. The im-
proved amplifier is shown photographi-
cally in Fig. 1, and schematically in
Fig. 4.

Circuit Features

In order to handle dises with the (un-
fortunately) wide diversity of current
recording characteristics, the pream-
plifier of the previous unit has been re-
placed by a simple dual-triode eircuit
utilizing straight-through equalizers, of
the type described in previous arti-
cles.* 3456 With only five condensers
and ten resistors, the equalizing switch
(Fig. 4 insct) compensates exactly for
nine different recording characteristics.
The features of this switch have been
described in a previous article® which
also indicates the discs for which each
position is to be used, and the precau-

IMPROVED
KAPPLER
AMPLIFIER

By
CHARLES P. BOEGL!

A RS AR

A self-contained, low-cost amplifier for crystal or magnetic

pickups, tuners, etc. It can be housed on a single chassis.

tions to be followed in constructing the
switch. The position of the switch on
the chassis is critical in scveral re-
spects: it must be placed well away
from strong hum fields, that is, from
the power transformer, and it requires
enough room under the chassis to ne-
cessitate the eareful location of adja-
cent components like tube sockets. The
preamplifier tube itself, a 12AY7, must
be situated quite close to the switch in
order to avoid hum pickup in long in-
terconecting leads. Low-noise plate-
load resistors should be used in the pre-
amplificr stage if records are to be
played with low-output cartridges like
the General Electric.

Four input jacks are provided, two
for tuners and one each for magnetic
and erystal pickups. The latter two are
properly loaded so tHat the entire pre-
amplifier is used not only with mag-
netic cartridges but also with crystal
pickups. With this arrangement, play-
back with a high-quality crystal pickup
is often difficult to distinguish from
that with a magnetic cartridge. The
exact reason why such complicated
equalizing systems are used in most
preamplifiers for magnetic cartridges
while the output of a crystal cartridge
is subjected to no cqualization whatso-
ever has never been very clear. The
present circuit permits, for example,
the use of a magnetic cartridge for
33.3-rpm dises and a crystal for 45-rpm
records (the usual 45-rpm changer has
a crystal pickup) with realization of
excellent reproduction and full com-
pensation of recording characteristics
in each case.

The input switch is arranged so that
when the tuner inputs are used the pre-
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Fig. 2. (A, B & C) Response curves for ampli-
fier with resistive load, (D} Responsze with
RCA speal n d in J T

amplifier inputs are grounded. By
means of simple resistive networks,
average tuner input voltages are
brought to a level comparable to the
output from the preamplifier when a
low-voltage magnetic pickup is used,
so that large alterations in the vol-
ume control settings are not required
when changing from phonograph to
radio. At the same time, the tuner
signal-source impedance at the 65L7-
GT grid has been made approximately
equal to the output impedance of the
last 12AY7 section, so that the high-
frequency response attained with tun-
er input is substantially the same as
that with phonograph input.

The size of the volume-control po-
tentiometer has been carefully chosen
so that, irrespective of its position, the
high-frequency response is never down
more than 3 db at 55 ke., even though
the 6SLTGT stage suffers from the
common complaint of all high-mu tri-
odes, large input capacitance. The gain
of the 6SL7GT is quite adeqguate with-
out cathode bypassing but the bypass
condenser is nevertheless required if a
suitably low hum level is to be realized.

Tone control is accomplished by
means of a degenerative circuit utiliz-
ing the second section of the 6SL7GT.
The performance of this tone control
is superior to that of a previously-
described circuit! utilizing a low-mu
triode because the bass and treble
boosts continue to the very limits of
audibility instead of leveling off at
moderatcly low or high frequencies.
The importance of this type of charae-
teristie, particularly in the bass region,
eannot be overestimated. The differ-
ence between this and other tone con-
trol cireuits is most marked when play-
ing organ recordings, which generally
make heavy demands upon the low-
frequency performance of the repro-
ducing equipment. Other than the use
of a high-mu triode this circuit is sub-
stantially the same as that described
in the previous reference, and it has
the same desirable simplicity of con-
trol. Use of low-noise load resistors is
also desirable in this stage, particu-
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larly in the cathode of the 6SL7GT.
Direct current is blocked from the
bass-control reactor by means of a
large electrolytic condenser which, in
a single-ended stage, cannot be elimi-
nated; its presence sometimes causes a
thump to be heard in the output when
the bass control is twisted rapidly.
Once the bass control is set, however,
it has absolutely no adverse effects. It
is important that the 6SL7GT tube be
located very near the reactor and the
tone controls to reduce noise pickup in
the high-impedance circuits.

Tone controls of this type have gen-
erally been subjected to several criti-
cisms, among which are hum pickup
by the choke and “transient distortion”
from the resonant circuit. The Triad
A-T5J choke used in the circuit has 45
db of shielding and a hum-bucking
winding which virtually eliminates it
from consideration as a source of hum.
The presence of excessive transient dis-
tortion has never been demonstrated
and it can furthermore be proven that
the transient response of a circuit con-
taining a resonant combination is ex-
actly the same as that of a circuit
utilizing only resistors and condensers,
if the frequency responses of the two
circuits are identical. With a degener-
ative tone control of the type described
here, the “flat” position is always at
the center of each control. This is not
the case with the familiar RC tone
control utilizing audio-taper potenti-
ometers, with which flat response must
generally be set with the aid of re-
sponse-measuring equipment.

The output of the tone control stage
is fed directly into the first tube of the
power amplifier, the 6SJ7. Except for
minor changes, the remainder of the
circuit is the same as that of the pre-
viously-described unit. Specifically, the
availability of an improved output
transformer (Triad HSM-81) permits
the elimination of the phase-correcting
network that appeared across the
transformer primary in the previous
design. Other output transformers may
of course be used but a phase-correct-
ing network may again be necessary
to avoid oscillation. The filter-con-
denser arrangement has been slightly
altered.

By means of careful layout, the new
amplifier can be accommodated on a
chassis of the same size as the previous
one. The input jacks are located on the
side of the chassis away from the out-
put tubes, which prevents troublesome
high-frequency oscillation at high vol-
ume settings and the need for shielded
cable for connections.

Fig. 3. The responses of the amplifier with
tone controls in their extreme posilions.

——

In order to make the underchassis
wiring as compact as possible, vector
turret-sockets are used for the 6SJ7,
6SL7GT, and 12AY7 tubes in the ex-
perimental amplifier. The remaining
stages are simple enough to permit the
employment of Cinch BAB sockets,
which mount in holes of the same size.
Following the writer's preference, all
stage grounds were made to the tube
socket saddles, power transformer
grounds were made at the power trans-
former, filter condenser cases were
grounded to their mountings, and all
other grounds were generally made to
the nearest point.

The 117-volt leads going to the a.c.
switch on the volume control have al-
ways been a troublesome source of
hum. In an effort to reduce the hum
radiation, a d.p.s.t. switch was installed
on the velume control. Both sides of
the 117-volt line were switched, and the
leads going to the switch were paired
and twisted. None of the buzzing type
of hum usually introduced by 117-volt
leads was present in the amplifier out-
put; the improvement may possibly be
attributable to this arrangement of
the leads.

It is often quite desirable to replace
slotted-head knob set screws with sock-
et-head screws on the switch knobs.
‘The latter can be screwed much more
tightly and the twisting of the knob
on the shaft, most troublesome with
heavy-detent switches, is thus pre-
vented.

Performance

The response of the amplifier con-
nected for 16-ohm output and loaded
with a 16-0hm resistor is shown in Fig.
2 for several output levels. Also illus-
trated in the same figure is a typical
response curve for the power amplifier
only; that is, with the input into the
6SJ7 grid. This latter response is to be
compared to curves for such amplifiers
as the Williamson, which include no
controls of their own.

The response of the amplifier into a
typical speaker load is shown in Fig.
2D. The speaker in this case was an
RCA 51581 housed in a Jensen D-151
enclosure. The absence of humps or
peaks in the curve is particularly to
be noted; it is an indication that the
output impedance of the amplifier is
sufficiently low for quality perform-
ance.

Responses with the tone controls in
extreme positions are shown in Fig. 3.
That the boost actions are quite uni-
form to the limits of audibility is obvi-
ous and particularly important for rea-
sons previously given. The crossover at
about 1000 ¢ps has been chosen on the
basis of Fletcher-Munson equal-loud-
ness curves. Because of the powerful
boosting action of the bass control in
the lowest bass region, less use of the
control will generally be required with
this particular amplifier than with
other amplifiers utilizing different
types of controls.

The noise level of the completed unit
will of course depend to a large extent
upon the care taken in construction.
For the experimental unit described

RADIO & TELEYISION NEWS



i

p Vi vz v3 ve vi8

R.— 13500 ohm, Vi w. ncs.

Ry. Rg—0680 obn, V3 w. res.

Ry, Rs Run Ry=30.000 chm, Vg ®. res. {Conti-
nental X-type low noiscl)

R+, Ri—120,000 ohm, Vs w. ves.

Ry Ryy—22,000 ohm. V5 », res.

Ru— 100,000 ohm audio-raper pot {with switch

Sa)
Ry—1200 ohm, V3 w. res.
Rin. Rer—100.000 ohm, V5 w. vos.
Ry, Rar—1 megohm, 15 w_res.
Ryz—1800 ohm, ¥3 . res.
Ry Rip—300,000 ohm, 15 w. lincar-taper pot
Rayy—35860 ohm, V3 w, res,
Rev—100 0hm, V5 w, res.
Ry 1 80,000 ohom, VY3 w. res.
Ruy—31.000 ohm, I w. res. = 5%
Re.. Re—470.000 ohm, Vi w. res.
Ror—270 ohow, 2 w. yes,
Ray— 10,000 ohim, 20 w, wircwound rcs.
Rax=—2200 ohme. I w. res.
Rixo, Rysw Ry—22,000 ohm, 1 w. res.
Rag—3S¢e text
CC—30/350 pfd., 150 v. elec. cond. (Mallory
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L) .
L r CH2 4 TUNER ETC
e R32 R33 R34 R3S
O SMALL LETTERS AT SOMZ
CONNECTIONS REFER TOTER-
cil+ cal+ s+ csle  cT|+  cel+  MNALS OM VECTOR SOCKET
= A = U= T 7= F7= Tueeen
e
? ey
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L]
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Ry, Ry, Ho—d7.000 ohm, Vy w. res, FP 214}

Cr—.25 pfd., 400 ». cond.

Ci—30 pid.. 23 v. elec. cond.

C;, Cig—.05 pfd., 600 v. cond.

Cy=3 pfd.. 250 v. elec. cond.

C—.002 pfd., 600 v, cond.

C—.1 pid., 200 v. cond.

Cy, Cor—25 pfd., 25 v. elec. cond,

Cioy Cri—.1 pfd., 600 v. cond.

Cio-CyaCy—30/ 10120 pfd., 50/450/450 ».
{respectively) elec. cond. (Mallory FP 366)

C15-Cro-C15-C—20/ 20/ 20120 pjd., 450 v, clec,
cond. (Mallary FP 444)

CH\—1% hy., 0 ma. chake (Triad 47571}

CH.,—% hy., 125 ma. choke ( Tviad C-10X}

Xy, Juo Ja. J)—Input jack

S —D.p.4-pos. switch (Mallory 3134))

So—D.p.d.ta switch (on Ryl

PL—6.3 v. pilot light

Tr—Power trans,, 350-0-350 v. @ 125 mo.; §
v. @ 3 omps.: 6.3 v. ct. @ 4.5 omps (Tried
R-134)

Ts—Audic trans. 8000 ohms <.t. to 16/8/4
ohms @ 15 watts (Triad HSM-81)

Vi—I12AY7 wbe

VICTOR"NO &

weily)

V—65L7 tube
Vi—65)7 tube
Vi—6SN7 tube
Vi Vi—6V6 tube
V—5Y3 tube

Fig. 4. Complete schematic of improved Kappler amplifier. Equalizer circuit is shown in the inset diagram above.

here, the noise level was 56 db below
maximum output (10 watts) with
tuner input and tone-controls in flat
position. The noise level with pream-
plifier input corresponded to a noise
input approximately 38 db below 10
mv. at the magnetic cartridge input
jack. Thus, even with a General Elec-
tric pickup the noise is quite inaudible.
Because of the large boost available at
very low frequencies, turntables of low
quality are apt to cause an objection-
able amount of rumble in the output,
and if this cannot be alleviated by pro-
curement of a better turntable it may
be advisable to reduce the size of the
coupling condensers in the preamplifier
stages. Some loudspeakers are casily
overloaded by large low-freqguency sig-
nals; this difficulty may be remedied by
the same expedient used for excessive
rumble. In both cases, the employment
of high-quality componcnts is the pref-
crable alternative.

The minimum input to the magnetic-
cartridge jack for full 10-watt out-
put is .01 volt at 1000 cps. The tuner
inputs require approximately 1 volt
minimum. At the full output of 10
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watts, the distortion remains very low
(less than 0.5% from 40-40,000 eycles).

Feedback Circuit

Just a word or two on the feedback
network. Except for the specified
values for the feedback resistor, R,
the circuit is conventional.

The loop itself includes Vi Vi, Vi
Ve and the output transformer, T.. As
shown in the diagram, Fig. 4, the feed-
back resistor is connected to the 16-
ohm tap. If a 16-ohm speaker is used,
the resistance of R.. should be 1000
ohms. If an 8-ohm speaker is con-
nected to the 8-ohm tap, R. should
be 750 ohms, connected to the 8-ohm
tap. The same holds true with a 4-
ohm unit in which case R, 500 ohms,
is connected to the 4-ohm tap.

Conclusions

The improved “Kappler” amplifier is
tailored to the needs of individuals who
want reproduction of superlative qual-
ity without investing heavily in multi-
ple-chassis amplifiers and control Sys-
tems. Wide frequency response and
low distortion, coupled with the large

number of recording-characteristic
equalizers available, place this ampli-
fier ahead of current developments in
other audio components like pickups
and loudspeakers and insure it against
carly obsolescence.

Once the parts have been properly
located on the chasiss, the wiring of the
unit is quite free from complications
and the lead placements are not criti-
cal. Construction of the amplifier can
thus be recommended to the audiophile
interested in building his own equip-
ment with a minimum of difficulty.
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