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FOREWORD

For many years, the editors of RADIO & TELEVISION NEWS have been
dedicated to the task of publishing top-flight articles on hi-fi in as great a
volume as space would permit. This policy has resulted in the publication of
a large quantity of audio material and has established RADIO & TELEVI-
SION NEWS as the leading publication in this field.

Because of the tremendous and growing interest in hi-fi, it was felt that
a publication combining the best of the material published in the last couple of
years within the covers of a single volume would be welcomed by hi-fi en-
thusiasts everywhere. This book is the result. It consists of reprints of care-
fully selected articles chosen for their individual merit and assembled irito
chapters for ready reference. Sufficient variety is included to satisfy the in-
terests of practically any hi-fi fan, particularly one desiring to build his own
equipment.

The material is divided into six chapters. First is a chapter on pream-
plifiers which includes a number of different designs of varying complexity.
Next comes tone-controls and equalizers, presenting information on equaliz-
ing for practically every recording curve ever used, including the new AES
curve. There is even an article on mixers in this chapter! Chapter 3 contains
details on a number of different amplifier designs with power outputs to suit
individual needs. The final stage of the audio system, loudspeakers and en-
closures, is covered in chapter 4, again with a wide variety of designs in-
cluded. In chapter 5, information and advice is presented on how to intelli-
gently select the various components of a hi-fi system. Chapter 6 has been
reserved for a miscellaneous assortment of audio material which did not fit
logically in any of the other chapters.

We sincerely hope that you enjoy this book and urge you to read RADIO
& TELEVISION NEWS regularly to keep up-to-date on the latest in hi-fi
equipment and techniques.

THE EDITORS
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A TONE-COMPENSATING PREAMP

Author housed his preamp In a standard wood cabinet,

S

Chassis measures 5 x 92 x 3 inches over-all,

By JOHN H. DANIEL

This design incorporates, on a single chassis, almost every

conceivable tone compensating network. It includes separate

circuits for bass and treble controls, additional bass boost and

sharp cut-off high-frequency attenuator, and loudness control.

builds his own equipment can find

numerous articles to guide (or con-
fuse!) him in (1) selecting a suitable
design for a high-quality audio am-
plifier, (2) converting the electrical
output of such an amplifier into rela-
tively undistorted (or at least pleas-
ing) sound, and (3) choosing a pre-
amplifier with appropriate equaliza-
tion curves to be used with magnetic
phonograph pickups. For a summary
of the three general types of circuits
employed. see “A Preamp for Mag-
netic Pickups,” by William Creviston,
Rapio & TEeLEvVision NEws, December
1952. While such a combination of an

THE high-fidelity enthusiast who

equalizing preamplifier with a flat-
frequency-response amplifier and a
well designed speaker-baflle system

may possibly give all that is desired
for the playing of records, it is prob-
ably a rare individual who does not
desire further tone adjustment and
control, even in this case. Such a com-
bination almost certainly will not sat-
isfy a discriminating listener when
used (minus the equalizing preamp,
of course) with various AM or FM
radio programs, or with TV sound.
To obtain the additional tone varia-
tion desired, one can refer to numerous
articles on the general principles of,
and special circuits for, bass and
treble “boosts” and ‘“‘cuts.” However,
it appears that somewhat less atten-
tion has been devoted to the problem
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of integrating these ideas and circuits
into a satisfactory over-all system.

The system presented in Fig. 1 is a
preamplifier designed to work from
the equalizing preamp of the record
player, the AM or FM tuner, or the
TV discriminator output, into the in-
put of the audio amplifier. It is not
intended to be the simplest arrange-
ment that might give a desired tone
control, but was made as simple as
possible while still furnishing nearly
cvery type of control for which the
author has heard a desire expressed
by several high-fidelity experimenters.
It can be said to be ‘versatile” not
only because of the large number of
tonal effects which may be incorporat-
ed, but also because it furnishes a
basic framework which lends itself to
the substitution of alternative circuits
to accomplish certain results, as will
be discussed in the section on “Modi-
fications.”

Features

The schematic of Fig. 1 incorporates
the following general features:

1. “Primary” tone controls consist-
ing of continuously variable amounts
of bass and treble ““boosting” or “cut-
ting"” on cither side of a middle audio
frequency (800 cycles- per-second),
with flat frequency response resulting
when all controls are in “zero” posi-
tion.

2. Additional tone controls consist-

ing of a bass boost and a treble boost
which can be switched in at any de-
sired frequency (or frequencies, result-
ing in several steps of boost) and for
various amounts.

3. A separate gain control and loua-
ness control, allowing the former to be
set for various inputs so that the latter
operates on the proper Fletcher-Mun-
son curve, and avoiding the likelihood
of saturation in any stage for high
level inputs.

4. A sharp treble cut which may be
set at various frequencies, as desired,
to eliminate record scratch or high
frequency noise.

5. A sharp bass cut to be used with
record players or programs having ex-
cessive turntable rumble or 60 cycle
hum.

Primary Tone Controls

The primary tone controls (Feature
1) are realized by the network between
the two halves of the 12AU7 tube, V,,
as indicated in Fig. 1. Because the
impedance of this network is low for
certain frequencies at certain potenti-
ometer settings, it is driven by a low-
impedance cathode-follower source
which, with its high input impedance,
serves as a buffer between the net-
work and the high impedances asso-
ciated with the output of the 5879
tube, V.. The frequency response
curves for this section are shown in
Fig. 3. The four potentiometers, one
cach for bass boost, bass cut, treble
boost, and treble cut, are arranged so
that the boosts turn clockwise from
the zero or flat position, and the cuts
counterclockwise from that position.

Additional Tone Controls

The adjustable treble boost of Fea-
ture 2 is accomplished by shunting
networks such as R,, R., C,, C: (Fig.1)
across the 0.47 megohm resistor R.
With no shunt, this resistor, in series
with R,, cuts the gain of the preamp

HI-FI ANNUAL & AUDIO HANDBOOK
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to about a fifth. Shunting R., partially
restores the gain for those frequencies
for which the shunting impedance is
low. Examples of the effect of several
network parameters R, R. C, and C:
are shown in Fig. 2, curves 1-5.

The adjustable bass boost of Fea-
ture 2 is accomplished by feedback
networks R;, R, C, C, etc. (Fig. 1)
which feed the output of the second
half (Vi) of the 12AXT back to its
grid input. Its operatiopn° may be un-
derstood if it is remembered that the
gain of this stage is approximately
equal to the ratio of the total feed-
back impedance between plate and
grid to the resistance Ri. For flat re-
sponse, network R C; R. C. becomes
a direct short (position 1 of switch
S,), giving a constant gain and a low
output impedance of approximately
3000 ohms. This low output impedance
is desirable if the preamplifier is to be
cabled any distance to the amplifier
proper, both from the standpoint of
reducing 60- or 120-cycle pick up, and
of preserving the high frequencies.

To boost the bass below a given
frequency, a network, R.C,; having a
higher impedance below this frequency,
is switched in place of the short. The
higher impedance results in less feed-
back and therefore greater gain below
this frequency. Examples of several
choices of parameters R and C are
given in the frequency curves of Fig. 2,
curves 6-14.

Feature 2 furnishes an ideal means
of properly equalizing the acoustic
output between a woofer and a tweet-
er. It is not unusual for the high
damping factor of”a good amplifier-
speaker system to be nullified to a
large extent (usually for the tweeter)
by the insertion of a resistance-type
equalizer in the dividing network for
the speakers. Feature 2 avoids this by
making an equalizer in the dividing
network unnecessary. (Theoretically,
our method, since it uses essentially a
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single element in the feedback loop to
produce a 6 db-per-octave slope, is per-
fectly suited only to a dividing network
having a 6 db-per-octave roll-off, such
as is produced by a single capacitance
in series with the tweeter and induct-
ance in series with the woofer. In prac-
tice, however, it seems to work equally
well with the 12 db-per-octave net-
works, probably because the transi-
tion region is small, and the departure
from flatness within it usually less
than 2 db for the equalizations nor-
mally required), besides providing ad-
ditional possibilities for obtaining tonal
effects at frequencies other than the
one selected for the primary tone con-
trol of Feature 1 (and other than the
crossover frequency of the dividing
network).

Loudness and Gain Controls

The loudness control shown between
V. and V, in Fig. 1 is the one advo-
cated by Johnson! with the addition
of a 0.1 megohm resistor R This ad-
dition gives less emphasis on the high
frequencies at low volumes, which
seems desirable, at least in the au-
thor’s opinion.

To use the loudness control prop-
erly, the operator must associate a
given position of the control with its
corresponding (and unique) loudness
level, preferably choosing the position
corresponding to the level at which he
is accustomed to listen. With the con-
trol in this position, the gain control
R, is varied to obtain this accustomed
loudness level. From this point on,
any desired “loudness” change is made
with the loudness control, so that
proper tonal balance is maintained at
all levels.

1t is quite properly argued that such
tonal balance can usually be main-
tained by adjustment<of the primary
tone controls; however, this requires
(for finicky listeners) a new ‘“experi-
mental’”’ balance each time the loud-

ness is changed, instead of the one
initial balance. Occasionally also the
range of the primary controls may be
found insufficient to take care of both
the primary tone adjustment and the
Fletcher-Munson effect.

Sharp Treble Cut

When record scratch or high-fre-
quency noise is reduced by means of a
treble cut-off (Feature 4) such as is
introduced by switch 8. in Fig. 1, the
sharper the cut-off the more effective
the noise elimination before it inter-
feres with quality of reproduction.
The high plate impedance of the 5879
pentode as a constant-current source
is somewhat more effective in produc-
ing a steep slope than a triode would
be. In addition, a two-section, low-
pass filter is used. The frequency char-
acteristics are given in Fig. 2, curves
15-17.

Sharp Bass Cut

The bass cut (Feature 5) introduced
by switch S, in Fig. 1 is obtained by
means of a two-section, high-pass filter
whose characteristics are given in
Fig. 2, curves 18 and 19. Should the
input impedance of the amplifier driven
by this preamp be other than 047
megohm, the 0.47 megohm resistor R
of the filter should be changed to equal
it. The cut-off frequency, of course,
varies inversely as the product of this
resistor and the value of the two equal
condensers switched in.

The undesirable hum or rumbling
which would lead to the use of this
feature should, if possible, be eliminat-
ed at their sources. However, the ex-
penditure required to produce an am-
plifier and speaker system which re-
produces well at such low frequencies
may sometimes be such that the finan-
cial limit has been reached without
including the considerable amount
necessary to replace a hitherto per-
fectly acceptable record player or

7



tuner with one meeting the new and
more stringent requirements of ex-
tended low-frequency coverage. In ad-
dition, there are, at times, radio and
TV programs with objectionable hum
over which the listener has no other
means of control.

Layout

The finished unit is shown in the
photo on page 57. In its final form
the unit includes an equalizing pre-
amplifier? for reluctance pickups and
a selector switch (for various equali-
zation curves as well as different in-
puts) in addition to the elements of
the circuit of Fig. 1. The plate supplies
of 130 and 160 volts for the first and
second halves, respectively, of the pre-
amp tube were obtained by cascade
decoupling filters from the 180 volt
supply of the 5879 tube (V,).

A chassis measuring 5”x9%"” al-
lowed easy access to all components
with a soldering iron when metallized
condensers were used for values of .05
to .25 ufd. Paper condensers would
make access more difficult.

Fig. 1. Circuit diagram and parts list covering the tone.compensating preamplifier.

With usual judicious placement of
leads, no compartmental shielding was
found necessary if the input leads to
the equalizing preamp and to the 5879
grid were shielded, and tube shields
used on the preamp and 5879 tubes.
The 250-volt plate and 6.3 volt fila-
ment supplies were taken from the
main audio amplifier. With the fila-
ment supply connected as shown in
Fig. 1, 60-cycle hum can be adjusted
to a negligible value.

Modifications

It is a fair assumption that no two
people will agree on what effects are
desirable from a preamplifier as de-
scribed here nor the best way to pro-
duce any effect they do happen to
agree upon as desirable. Consequently,
the preamp has been designed to allow
substitutions of other types of circuits
with minimum disruption.

For example, if it is desired to use a
different circuit for obtaining the
Fletcher-Munson curves than that
shown in Fig. 1, it can undoubtedly be
inserted as a direct replacement, since

it is driven by a fairly low impedance
and works into the high impedance of
a cathode follower.

Similarly, if it is desired to use a
primary tone control which has bass
and treble controls in series, with each
driven separately by a triode section,
the two sections of the 12AU7 may be
used for this purpose. The Fletcher-
Munson circuit may then be inserted
between the two halves of the 12AX7.
If it requires more than the 0.27 meg-
ohm impedance, R, shown in Fig. 1,
this can easily be obtained by increas-
ing the value of both R. and R. to
the desired impedance, and increasing
the grid resistor R.: by the same factor
(or not less than % this factor). This
will, of course, require larger values
of R.R, etc., and smaller values of
C.C., etc, by the same factor. It may
also be desirable to insert between re-
sistors R; and R.. a condenser of ap-
propriate value (such that the product
of its capacity and resistor R.. gives a
time constant of at least 0.025 second)
to avoid possible leakage of plate volt-
age to the grid.

It offers unusual circuit flexibility.
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Ry, R.. Ry, R,—See section in text on " Addi
tional Tone Controls"

R:—500,000 ohm audio taper pot (““Gain Con-
trol”)

Re~—100 ohm, V3 w. res.

R, Ry, R3,;—120,000 ohm, Vy w. res.

R,—39,000 ohm, V3 w. res.

R.,—560,000 ohin, V3 w. res.

R0, Ria, Ry, Rig—470,000 ohm, Vi w. res.

Riz. Ry—10,000 ohm, V3 w. res.

R,;—82,000 ohm, V) w. res.

R\5s—730,000 ohm reverse audio taper pot
(Clarostat M-48,75,000-V) (“Treble Boost”)

R,6—3000 ohm audio taper pot (“Treble Cut”)

R—360 ohm, V3 w. res.

R1i—300,000 ohm reverse audio taper pot
(“Bass Cut”)
R,y=—=300,000 ohm audio taper pot (" Bass

Boost”)
Roy—350,000 ohm linear taper pot
R.A—200 ohm linear taper pot
Rx—130,000 obhm, V3 w. res.
Ry—22,000 ohm, V; w. res.
R.,—47,000 ohm, V3 w. res.
R.,—1200 ohm, V3 w. res.
Rog=-300,000 ohm linear taper pot (ganged with

Roy. Rso—IRC Q 11-133) (Part of " Loudness
Control”)

R.:. Rys Riv—100,000 ohm, V3 w. res.

Ry —1 megohm audio taper pot (ganged with
Ry, Ryy—IRC M 13-137) (Part of “Loud-
ness Control”)

R3=—100,000 ohm audio taper pot (ganged with
Roes Ro—IRC M 13-128) (Part of “Loud-
ness Control”)

Rin, R3y—1800 okhm, V3 w. res.

Rx.. Ras—270,000 ohm, V3 w. res.

R,—2.2 megohm, Yo w. res.

C), Cy. C;, C,—Sce Table 1 and section in text
on ‘““Additional Tone Controls”

C., Cyo, Cos, Cor—.05 pufd., 400 v. metallized
cond. (see text)

Cs—2 ufd., 200 v. metallized cond. (sec text)

C—30 ufd., 25 v. elec. cond.

C—20 ufd., 230 v, can-type clec. cond.

Cy, Cys Cr6—100 uufd. mica cond.

Cioy C13—230 pufd. mica cond.

Ci1, C1,—300 upfd. mica cond.

130 C1gs Cazy Cyy, Ca—.01 pfd., 400 v. cond.

Ci6—25 ufd.. 25 v, clec. cond.

Ci—.5 ufd., 200 v. metallized cond. (sce text)

C14—.002 ufd. mica cond.

C21, C25—.03 ufd., 400 v. metallized cond. (sce
text)

Ca—40 ufd., 2350 v. can-type elce. cond.

C.y, Coo—.1 ufd., 400 v. paper cond.

C.—.1 ufd., 400 v. metallized cond. (sec text)

Cya. C3,—.005 ufd., 400 v. cond.

S1, S5—2-gang. 11-pos. rotary switch (Mallory
176C or equiv. Author used 5 pos. on S,
“Treble Boost” and 9 on S., “Bass Boost'’)

S,—2-gang, 4-pos. switch (Sharp “‘Treble
Cut”)

S,—2-gang, 3-pos. switch (Sharp “Bass Cut”)
V,—3879 tube
V.—12A4U7 tube
V—124AX7 tube
The following parts are shown in the photograph
on page 37. They make up an equalizing pre-
amplifier used by the au’hor which feeds into
the preamp discussed. This equalizing preamp
is not covered in the article nor shown in the
schematic.

C—30-30 ufd. decoupling cond.

S—Selcctor switch (AM, FM, TV, cqualizing
curves for phono)

V—124X7 tube

HI-FI ANNUAL & AUDIO HANDBOOK
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It might be pointed out that the
primary tone control scheme of Fig. 1,
if it is considered to include the entire
12AU7, has the advantage over any
scheme with separately driven bass
and treble circuit elements of being
able to drive another type of circuit
(such as the Fletcher-Munson) di-
rectly from its output because of its
constant and comparatively low out-
put impedance. It has the possible dis-
advantage of requiring a cathode bias
condenser and a 0.5 pfd. coupling con-
denser. Both schemes are equivalent
in providing roughly unity gain at the
mid-frequencies.

For those who desire step rather
than continuous controls, no change in
basic design is necessary; the burden
of the problem is to provide switching
facilities with the desired resistance
steps. A simpler means for obtaining
essentially the same result is to use
calibrated dials on the panel so that
the eontinuous controls can be set ac-
curately and reproducibly to the de-
sired step value.

To effect a slight economy, a type
6AU6 may be used for the pentode in
place of the 5879, using circuit com-
ponent values recommended in the
RCA *“Receiving Tube Manual,” and
maintaining the ratios of the resist-
ances in the two-section, low-pass filter
to the plate resistor.

For those who have a satisfactory
equalizer for their woofer-tweeter di-
viding network, or who are satisfied
with a single speaker, and who do not
feel the need for frequency control of
bass boost other than that provided by
the primary tone contro!l, a simple ar-
rangement is given by merely omit-
ting the 12AX7. The price of the treble
boost control and the treble sharp cut-
off is that of the RC components and
switches, since no tubes can be omit-
ted by leaving them out, although an
increase in gain (which is not needed)
may be obtained.

It is worth noting that the type of
primary tone control used in Fig. 1,
when considered as not including the
second half of the 12AU7, still has an
output impedance not exceeding 5600
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"C 9!‘(5 .‘OO(C‘
ohms for the treble and 75,000 ohms
for the bass (except for bass cuts).
This is suitable for driving the Fletcher-
Munson circuit directly. Thus, prob-
ably the most economical version of a
preamp with 3g]l the features listed
would have the primary tone control
driving the Fletcher-Munson circuit,
which then drives the last half of the
12AU7 in a circuit like that of the last
half of the present 12AX7. Alternative-
ly, the 12AX7 can be used with its first
half connected as a cathode follower
to drive the tone control. This version
has less gain than the present arrange-
ment. If more gain were necessary
for inputs other than the record
player, it could be provided by a

2x¢ correspond to the network component values shown in Table 1.

switching arrangement which would
place these inputs on the equalizing
preamp of the record player and pro-
vide it with a flat characteristic. Or,
the gain could be increased for the
record player as well by omitting the
additional trebhle boost feature and
using a single-section filter for the
sharp treble cut-off.

Try constructing this unit for good,
reliable psrformance.

REFERENCES

1. Johnson, E. E.: “A Continuously Vari-
able Loudness Control?”” Audio Engineering,
December 1950

2. Goodcll. John D.: **Problems in Phono-
graph llecord Reproduction.” Raplo & TELE-
visiON NEwWS, November 1950

30—

Table 1, Component values for the additional tone controls and bass and treble
sharp cut-offs. Refer to Fig. 2 for the various response curves obtained from
the above listings (Curves 1.19). Only one set of values for R,-R.-C\-C. and

R.-R.-C.-C; are shown in the schematic

diagrem of Fig. 1. Additional controls

may be added at the discretion of the builder. Switches S, and S, have added

contacts as shown in the diagram and may be used for this purpose.

The con-

densers involved in C.-C., C,»-Ci. Ci-Cii. and Ci-Ci. Ci-Csi are intended

to be substituted for those used by the author.

They can be added if the

switches S. and S, are changed to provide the additional contacts required.

CURVE R. C. R, C,
1 0 18 uufd open |
2 0 50 pufd open '
3 100,000 75 uufd I open ,
4 560,000 75 pufd | open
5 560,000 75 uufd 0 50 uufd.
RJ C1 Rq Cq R;. Cn
6 120,000 .01 ufd. 0
i, 120,000 ,001 pfd. 0
8 120,000 .001 ufd. 330,000 ‘ .003 ufd. 0
9 270,000 .0005 ufd. 0 { 0
10 270,000 L0005 ufd. 220,000 .009 nfd. | 0
1 120,000  .0025 ufd. | 180,000 | .016 ufd. | 0
12 470,000 .0003 ufd. 0 | 0
13 270,000 .002 ufd. 560,000 .001 ufd. 1.2 meg. | .005 ufd
14 1.8 megohm .005 ufd. 0 0 |
| Cy, Ci. Cio. Cis C.,Cu l
1S | .0001 pfd. f
16 | 0005 ufd. |
17 .002 ufd. |
C3I| C(IJ C.'!'Z- C(N

— R, and C, is an additional paral
18 l .005,fd. lel combination in serles with R,.
19 .01 ufd.




A SIMPLE—YET GOOD QUALITY —PREAMP

Front and bottom views of the assem-
bled preamplifier. The chassis meas-
over-all.

By ALEXANDER FINLAY

Battelle Memorial Institute

HE preamplifier in a modern high-
Tﬁdelity installation is called upon to

perform several very important
tasks. It is required to supply the am-
plifying system with most of its volt-
age gain. It is required to supply
the proper gain wvs frequency char-
acteristics of the program material,
and it must act as the control center
for the entire high-fidelity system.

The usual power amplifier in use to-
day requires about one to two volts
input for full output. The usual mag-
netic transducer or pickup used in
these installations has an output which
may be as low as ten millivolts. This
means that in order to be suitable for
use with any of the popular types of
magnetic pickups, an amplification of
about 46 db or 200-to-1 is required
from the preamplifier.

The gain vs frequency characteristic
of the preamplifier must complement
the output vs frequency characteristic
of the record and magnetic pickup
combination. The usual practice is to
record in such a way that the output
from a magnetic pickup is proportional
to frequency from the lowest recorded
frequency to a frequency of about 500
or 800 cycles. The output of the pick-
up is normally constant with respect
to frequency from 500 or 800 cycles to
a frequency of about 1590 or 2500
cycles. Above 1590 to 2500 cycles the
output from the magnetic pickup is
again proportional to frequency. The
equalization system of the preamplifier
must be such that the over-all fre-
quency response from record to power
amplifier input is flat or constant
throughout the audible frequencies.

In order to accomplish the desired
result, the preamplifier must have a
gain inversely proportional to frequen-
cy from below audible frequencies to
500 or 800 cycles (turnover fre-
quency). The gain must be constant
from the turnover frequency to 1590
or 2500 cycles (roll-off frequency).

10

Details on a well designed
pickups. Amplification of 46

Above the roll-off frequency, the gain
must once again be inversely propor-
tional to frequency. In order to carry
the proper compensation to frequencies
below audibility from a turnover point
of 800 cycles, for example, a total in-
crease in amplification of about 40 db
is required. This amplification plus
the over-all gain necessary means that
a total amplification of 86 db will be
required of the amplifier. The compen-
sation above the roll-off frequency re-
quires a reduction in gain, usually of
6 db per octave but sometimes of 2.5
or 3 db per octave. Thus, high-fre-
quency compensation has no effect on
the amplification requirements.

The fact that the preamplifier is the
control center makes a small, attrac-
tively designed unit very desirable.
The unit must have sufficient flexibil-
ity to cope with the several recording
curves in use today. The ability to
operate properly, even though a con-
siderable distance from the remainder
of the amplifying system, is a definite
advantage.

Electrical Design

There are, of course, many combina-
tions of elements which will produce
the required gain. The compensating
system can be designed in a number of
ways. However, designing the low-fre-
quency compensation into the feed-
back loop of an inverse-feedback am-
plifier has the advantage of improving
the performance of the amplifier with-
out any disadvantage, such as a re-
quirement for a higher-gain circuit
when compared to the “losser” type
of equalization system. When this sys-
tem of compensation is used it does,
however, become necessary to be some-
what careful of the design as anyone

ures a mere 5 x 10" x 3*

unit for use with magnetic
db is provided in preamp.

who has attempted a similar unit can
no doubt attest. Without careful de-
sign instability will undoubtedly exist,
particularly when as much as 40 db of
feedback is applied around more than
one stage of amplification.

In order to allow sufficient gain
while keeping the number of stages to
a minimum, type 6SJ7 tubes were
chosen. This allows the necessary 86
db of amplification to be obtained in
only two stages. The use of triodes
would require at least three stages for
the same amplification. The problem
of applying the feedback around such
a three-stage amplifier would be a
much more difficult one than with the
pentodes.

The 6SJ7 pentodes are connected in
the usual manner except that the cath-
ode bias resistances are quite low.
This makes it possible to eliminate
cathode bypass condensers without an
excessive amount of current feedback
and also minimizes the possibility of
hum trouble due to the unbypassed
cathodes. In addition, the bias is quite
low and allows the maximum trans-
conductance to be realized from the
tubes.

One of the most common failings of
amplifiers of this type is the method
of applying the feedback loop. In the
normal case the impedance of the feed-
back loop is a small fraction of the
impedance of the plate load of a pen-
tode amplifier. If the feedback loop
is connected directly to the plate of a
pentode, part of the gain reduction is
due to loading of this plate circuit
rather than negative feedback. This
difficulty has been avoided by taking
the feedback from the output of a
cathode follower which is driven by
the second 6SJ7. This cathode fol-
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lower input is modified to produce
high input impedance in order to mini-
mize phase shift which would cause
low-frequency instability.

The original amplifier built along
these lines achieved high-frequency
compensation by the simple and well-
known method of loading the magnetic
pickup with resistance. While this
method is simple and works well with
pickups which have a resistance which
is low compared to the reactance of
the unit at the roll-off frequency, it has
the disadvantage of being suitable for
only one type of pickup. Later models
have incorporated a type of high-fre-
quency compensation which does not
depend on the type of pickup used.
This is accomplished by R, and C. as
shown in the circuit diagram. R, can
be made continuously variable to give
complete control of the roll-off fre-
quency or can be a step adjustment.
In the latter case R. plus R. should
be equal to 1/27f.Cs where f. is the
roll-off frequency. Different R values
can then be selected with a switch to
give the desired roll-off frequencies.

A second cathode follower is used to
provide a low-impedance output sys-
tem which allows the preamplifier to
be remotely located with respect to the
power amplifier without any detrimen-
tal effects on the frequency response.
The two cathode followers cause a re-
duction in voltage gain of about 3 db
which is not serious since the over-all
gain is still about 43 db.

The combination Rx, R, and Cy al-
lows an adjustment of the high-frequen-
cy response. With R, in midposition
no modification of high-frequency re-
sponse exists. At one extreme of R,
half of the feedback loop is shunted
by C.. This results in a 6 db reduc-
tion of the frequencies above about
6000 cycles. The other extreme of Rx»
bypasses the center of the feedback
loop to ground and results in an in-
crease of amplification above about 4000
cycles. With R in this position, the
gain increases to a value determined
by the resistance of R.. At inter-
mediate settings of R:, about the mid-
point, modifications of the frequency
response less than that produced at the
extremes will be obtained. This control
in conjunction with the roll-off control
can be used to approximate 2.5 and 3
db rates of attenuation above the roll-
off frequency as shown in the plot of
frequency vs amplification.

In any amplifier which has high gain
at low frequencies, the problem of
making the internal impedance of the
power supply low enough so that low-
frequency oscillation or “motorboat-
ing” does not occur is a serious one.
In this instance it was necessary to
use a voltage-regulator tube to isolate
the cathode-follower plate circuits
from the rest of the amplifier. By the
same token, care must be exercised
when utilizing the main amplifier-
power supply to supply power to the
preamplifier. This can be done but
considerable decoupling must be em-
ployed in order to avoid low-frequency
oscillation. The simplest and best solu-
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Ry, Rs, Rs, R1, Re, Rie—1 megohm, 1 w». res.
Rz, Re—240 ohm, 1 w. res.

Rs, Re—240,000 ohm, 1 w. res.

R, Ris—1000 ohm, 1 w, res.
R1u—10,000 ohm, 1 ». res.

Ri1s—24,000 okm, 1 w. res.

Ris, R0—250,000 ohm pot

R1e—10,000 ohm pot

Ri1, Rn—15,000 ohm, 1 w. res.

Ris, Rsa—18,000 ohm, 1 w. res.

Rio—10 megohm, 1 w. res.

R2s—3600 ohm, 1 w. res.

R2¢—10,000 ohm, 10 ». wirewound res.
Ci, Cs, Cr—1 ufd., 200 v. cond. (see text)

250V

Cz, Cy, Cs, Cis—.5 ufd., 200 v. cond. (see text)

Ce—250 nufd. mica cond.

Cs, Cis—15 ufd., 300 v. elec. cond.

Co—.006 ufd. mica cond. (800 cycles)

Ci0—.01 ufd. mica cond. (500 cycles)

Cu—.015 ufd. mica cond. (a .01 and 005 ufd.
in parallel) (300 cycles)

Ci+—350 uufd. mica cond.

C14—.002 ufd. mica cond.

Jv—Microphone jack

Jr—Output jack

$1—S.p.4-pos. rotary switch

Vi, Ve—6S8J7 tube

Vo—6SL7 tube Ve—0A42 tube

RELATIVE RESPONSE (08)

Complete schematlc covering a preamplifier designed to be used with magnetic pickups

1/42-C

The amplifier section was constructed on an "L”-shaped aluminum bracket with shield.

Preamplifier equalization curves.

See text for discussion of measurement procedures.
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tion is to use a separate power supply
if possible.

Considerable attention was devoted
to reducing hum in the amplifier. Hum
was reduced to inaudibility by a com-
bination of design practices and con-
structional features. Heater leads to
the amplifier tubes are made of Num-
ber 22 switchboard wire. This wire
has a very thin insulating covering
and can be twisted very tightly. The
wire also forms well and can be
placed close to the metal base. Ceram-
ic tube sockets were used. Mica-filled
Bakelite should also be satisfactory,
but trouble with leakage is sometimes
experienced with ordinary Bakelite
sockets. In addition to these construc-
tional features, a potentiometer is
placed across the heater circuit to al-
low a balance with respect to ground
to be obtained. The rotor of this po-
tentiometer is returned to about 20
volts positive rather than to ground
potential.

The amplifier displays no hum and
very little random-noise output with
ordinary type 6SJ7 tubes. The 5693,
which is a premium version of thd
6SJ7, has also been used. This tube
has considerably less microphonic out-
put than the 6SJ7 even though micro-
phonics have not been a problem with
the 6SJ7. In addition, the 5693 ap-

pears to have a very low hum content.
This was apparent since with 5693
tubes in place no hum was observed,
irrespective of the position of the hum-
balancing potentiometer. With the
6SJ7 tubes the balancing control had
to be used to eliminate hum.

Operating Characteristics

The original unit has been in use for
over a year. The results have been out-
standing. Universal comment among
those who have heard it in compari-
son with other amplifiers has been
most favorable. Most noticeable is the
exceptional ‘“cleanness’” and ‘“clarity”
of the highs and the *“depth” of the
low frequencies.

The unit has not been provided with
a bass-boost and attenuation control.
However, there is less need for one
when proper equalizing curves are
available. There is a way provided to
produce a similar result by switching
to a higher or lower turnover fre-
quency. In the opinion of many who
have listened to the amplifier, this
produces a more pleasing effect. The
original unit was built with six turn-
over frequencies available. The ac-
companying plot of frequency vs am-
plification shows these characteristics.
If more turnovers than those shown
in the circuit are desired they can be

Interior of cabinet with amplifier removed to show equalization network and controls.
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added very simply by the addition of
switch positions on the turnover con-
trol. These switch positions should in-
sert a capacitance in series with the
feedback-loop equal to 1/47 f; Ru»where
f: is the turnover frequency, in cycles-
per-second, desired.

A series of performance tests has
been run on the preamplifier. A Hew-
lett-Packard Model 202A low-frequen-
cy function generator was available for
these tests. The sine-wave response
of the amplifier with all frequency-
selective circuits inoperative extended
from one cycle-per-second to over 300
kilocycles. Square-wave response was
checked within the limits of the 202A
function generator. Square Wwaves
showed negligible tilt at four cycles-
per-second. At 1200 cycles, which is
"the upper limit of the generator used,
square waves showed no overshoot or
ringing and no trace of rounding. Ad-
vancing the high-frequency boost con-
trol produced no ringing effects. Inter-
modulation distortion was checked at
an output level of four volts. No de-
flection of the intermodulation meter
could be observed on the three per-
cent full-scale range. An inspection of
the equalization curves shows that the
objective of extending equalization be-
low audible frequencies has been met.

The general mechanical features of
the preamplifier can be seen in the ac-
companying photographs of the original
unit. The equalization system and
other controls are mounted in a 5" x
10” x 3" chassis which serves as a cabi-
net for the amplifier. The amplifier
itself is constructed on an aluminum
bracket. This bracket is assembled
with a shield and placed in the chassis.
Connections to the equalizing network
and other controls are made with
shielded leads through the aluminum
shield. As with any amplifier of this
type, care must be taken when wiring
to insure proper operation. Metallized
paper condensers were used through-
out. The small size of the preampli-
fier is largely due to their use. Power
is brought in through an octal tube
socket in the rear of the unit.

Several units have been built using
the same mechanical features and lay-
out so that any duplication of this pre-
amplifier would probably be most suc-
cessful if constructed along the same

lines. —30-
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A FOUR-CHANNE
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The four-channel audio mixer. All of the controls are identified. The
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“not-used” toggle switch was incorporated to provide an extra switch
should it be required. It could serve as a power supply “on-off” control, if desired.

very smallest has, on occasion, need

for audio mixing facilities. Unfor-
tunately, most of the inexpensive mix-
ing equipment that is commercially
available is, at best, of amateur quali-
ty while professional-type equipment
is usually priced in direct proportion
to its quality.

The problem faced by the author in
building the unit to be described was
one of small budget and the fact that
the mixer was to be used with profes-
sional-type recording equipment. The
mixer could not be permitted to add
materially to either the noise level or
distortion of the system. Thus, such
shortcuts as had to be made to keep
the cost to a minimum, had to be
taken keeping this performance re-
quirement firmly in mind.

The particular studio for which this
unit was intended was that of a pro-
ducer of documentary motion pictures
and the facilities were designed for
recording sound tracks by the “live-
mix”’ method. That is, the narrator's
(or at times, two narrators’) voice
would be recorded on, at most, two
microphones while simultaneously the
musical score would be dubbed from
discs or tape. A total of four channels
were therefore required, two for
microphones and two for phonographs.

Under normal circumstances a pro-
fessional - type, four - channel mixer
would have a total of nine transfor-
mers up to the mixer stage, four in-
put transformers to the preamplifiers,
four output transformers from the
preamplifiers to the line-mixer poten-
tiometers, and a line-to-grid trans-
former to the mixer stage. Two addi-
tional transformers would be required,
between the mixer stage and the out-
put of the “line” amplifier and an out-
put transformer to line, making a

EVERY recording studio except the
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10 MIXER

Ay,

By JOHN S. CARROLL

Construction details on a professional-type unit which uses

only four audio transformers instead of the usual eleven.

total of eleven audio transformers re-
quired in the whole unit.

In the mixer unit to be described
the total number of audio transfor-
mers was reduced to four by resort-
ing to the following expedients. It was
decided at the beginning that the
phonograph channels would be fed by
a pair of the new, high-fidelity crystal
pickups, eliminating the need for pre-
amplification for the two phono stages.
Thus, only two input transformers
were required.

With the preamplifiers and mixing
amplifier on a single chassis, there
appeared to be little objection to high-
independence mixing, especially since
the associated power supply would be
remotely placed. Using molded car-
bon-element potentiometers (Ohmite
or Allen-Bradley types) cut down on
the slider noise and “frying” until it
was virtually inaudible as compared
to ordinary broadcast radio-type vol-
ume controls. In any case, the mixing
is done at a point in the circuit where
the signal levels are high and not too
much amplification follows the mixer
potentiometers.

Many references in current audio
literature point out that a mixer cir-
cuit of this type tends to have some
interaction between the channel con-
trols. Our experience with this unit
indicates that this particular problem
has perhaps been unduly exaggerated.
If any interaction exists, it is so slight
as to be completely negligible. Some
variation in the noise level was found
at a point about two-thirds of clock-

wise rotation of the master gain con-
trol. This was eliminated by a slight
circuit change which will be explained
in detail later in this article. Interac-
tion between the channels is apparent-
ly completely eliminated by the iso-
lation resistors connected in series
with each of the potentiometers.

The basic circuit is the one recom-
mended by United Transformer Com-
pany for a portable remote broadcast
amplifier. The two phonograph chan-
nels were added by simply paralleling
them with the original two mixer po-
tentiometers. Construction is straight-
forward but due to the very high gain
of the unit certain precautions must
be taken. For the lowest possible hum
level, the ground points are placed as
near the two inputs as possible. These,
then, are the only two places where
the ground connects to the chassis. A
ground bus is used between these two
points and the “B—" terminal and is
completely insulated from the chassis
at all other points. All of the other
grounds, including the condenser cans,
are jnsulated from the chassis and
connected to the ground bus.

The heater circuit is not grounded
at any point. The center tap of the
6.3 volt winding is returned to a tap
on the voltage divider across the power
supply. This places a fairly high posi-
tive bias on all heaters and prevents
hum due to heater-cathode leakage or
heater emission. With these precau-
tions it proved unnecessary to use d.c.
on the heaters of the preamplifier
tubes. If any residual hum is present
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despite this precaution, it can be mini-
mized by increasing the value of the
cathode bypass condensers, C; and C,,
to 100 ufd. or higher.

In order to insure minimum distor-
tion, feedback is used around the pre-
amplifiers, around the mixer amplifier
stage, and around the output stage.
There is little or no danger of in-

Complete wiring diagram for the four-channel audio mixer.

stability due to the loops around the
preamplifiers and, in this case, the
output stage also exhibits good sta-
bility. However, some resonance be-
tween the interstage transformer
windings and capacitances in the mixer
stage caused an ultrasonic oscillation
which, while not audible, threw the vu
meter completely off scale. This oscil-

lation was suppressed by placing small
phase-shifting condensers (50 to 100
pufd.) across either R: or Ru, or both.

If the builder wishes to add an
equalizer to the unit, this may be
placed between the two mixer ampli-
fier stages and the feedback loop eli-
minated to provide sufficient gain for
the equalizer. A 12AU7 was used in

If only two inputs, Mic. 1 and Mic 2, are required, the

schematic with its original driver stage will work without any difficulty. Should Phono 1 and Phono 2 inputs be re-
quired in addition, interaction may occur between the various controls. To eliminate this, it is suggested that the

alternate driver stage shown below be used in place of the original circuit.

When this is done, the master gain

control R.. is replaced by a standard 3-megohm, Yz2-watt resistor. The dual potentiometer, R.-R.;, then becomes the
new master gain control. Resistor R,, should be connected to the top of the newly-connected 3-megohm resistor to ob-

tain maximum gain.
the audio mixer unit.

Also shown below is an alternate equalizer-mixer stage.
It should, however. work out advantageously and may be worth the installation effort involved.

This has not been incorporated in

\E
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ALTERNATE EQUALIZER-MIXER STAGE

R\, B:—68,000 ohm. V3 w. res.

Rz, Rz, Ri:—10,000 ohm. '3 u, res.

Ry, Ro, R::y Rar—1.5 megohm, V; w, res.

R4, Rs—1800 ohm, V3 w. res.

Rs, R:v—270.000 ohm., V3 ». res.

R:, Rw, Ru, Rie—300.000 ohm andio taper pot
Rs, Ruy, Ry, Ri:—470.000 ohm, 1) w. res.
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TAPE IN PLAYBACK TRANSFORMER
l,— SHIELD LEAD
“'A'“ Ri—20,000 ohm, V3 ». res. Cs, Cii—1 pfd.. 200 v. metallized cond.
Ri—3 mcgohm pot Ci-C:—40/40 uid., 350 v. elcc. cond.
ReS Ri1i—100.000 ohm, V, wn. res. (if required) C:, Co—.5 ufd., 400 v. mctallized cond.
/%0 R—120.000 ohm, '3 =, rcs. Cr, C1i, C::—.05 pid.. 400 v, cond.
.zlg" co 12 Ria, Ri:—820 ohm, 1 w, res. C-C17-Ci»——20/20/20 pid.. 450 v. clcc. cond.
vés I [ '2‘/‘6‘:7 Ru, Ri:—47,000 ohm, 1 ». rcs. C, C.o—.002 pfd. mica cond.
L 2 Py ] I Riwv—1 megohm, Vi w. res. C.r—.02 pufd.. 400 v. cond.
T e Riv—3600 ohm, 1 w. res. C.i—.0002 ufd. mica cond.
< Riny, Rr—18.000 ohm, V, ». res. T:, T—Input trans. 50 ohms to single grid
<] R, Rex—82.000 ohm, V3 ». res. (UTC A.10 or A-11)

R.—290 ohin, 1 w. res.

Rw—3600 ohmn, V; w. res.

Ri:—36 ohm, V3 w. res.

Rn—470 ohm, V3 w. res.

Ruv—24,000 ohm, 2 =, rcs.

Rur—3000 ohm, 5 w. res.

R\ —6000 ohm, 2 ». res.

Ri:, Riy—300.000 ohm dual pot

R, Ri:—1 megohm lincar taper pot
Ru, Rw, R.=—100.000 ohm, V3 ». res.
Ri-—3300 ohm, V3 =, res.
R:ur—22,000 ohm, YV ». res.
R:.—2200 «hm, Vy n. res.

C\, Co, Ci, C1i—30 uid., 25 . clec. cond.
C:, Ci—.1 ufd., 400 v. cond.

Ts—Imterstage trans. Single plate 10 push-pull
grids, split sccondary (UTC HA-106)

T—Outpuet trans. push-pull plates 1o 500 ohm
tine (UTC HA-114)

7 -—Power trans. 240-0-240 v. @ 40 ma., 6.3
vcd. @ 2 amps; Sv. @ 2 amps. (Thordar-
son TS-24R00 or cquiv.)

CH—7 hy., 50 ma. choke

M —Vw meter (see text)

S$1—S.p.s.t. toggle switch

S.—3 p. 31. rotary switch

S—S.p.d.1. togglc switch

Vi V—6J7 tube (1620 preferred)

Vi Vi—12AY7 nube

V:—35Y 3GT tube Ve—12AU7 1ube
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preference to the 12AY7 for the
equalizer. The circuit of this altered
section is included in the diagram.

As previously mentioned, while there
is no interaction between the four
channels, there was some between the
channel potentiometers and the master
gain control. This was eliminated by
feeding the combined output of the
four mixer potentiometers directly to
the grid of the mixer-equalizer stage
and by placing the master gain control
in the grid circuit of the output stage.
A double potentiometer is used to con-
trol the push-pull grids simultaneously,
as shown in the alternative schematic.

The output of the unit was designed
to feed either a tape recording setup
with a 500-600-ohm line bridging input
or a 16 mm film recorder with a 50-
ohm line input. To avoid complicated
switching of the output transformer
secondary taps, a simple matching pad
was placed on a switch on the output,
so that switching from “tape” to “film"”
automatically adjusts the output im-
pedance. It is evident that this pad
causes a loss of output level of about
16 db; however, the film recorder in
question had ample gain and the loss
was not important. Using the pad per-
mitted the vu meter to work across a
500-ohm line at all times. In addition,
the pad has the effect of terminating
the line, even when the output is dis-
connected. Thus, rehearsals can be run
while feeding only a bridging monitor
amplifier having a 20,000-ohm input.

The vu meter can be switched off
during preliminary set-ups so that ac-
cidental jolts while moving the micro-
phone will not damage the needle. The
3600-ohm resistor in series with the
meter is the standard calibrating re-
sistor usually used with vu meters. If
variation in output level is required, or
changes in meter range are desirable,
this resistor can be replaced by a
7500/3900-ohm variable pad to extend
the meter scale. Such pads are avail-
able from the manufacturer of such
meters.

In this article great emphasis has
been placed on instability and the
causes and cures for it. This may come
as a surprise to those audiophiles who
are not accustomed to the extremely
high-gain circuits used in recording
work. The tube complement is based
on the use of low-noise types through-
out. If 6J7’s are used instead of 1620's,
it may be necessary to select the quiet-
est from a number of tubes. The same
thing applies to the 12AU7 if sub-
stituted for the 12AY7 in the mixer
stage. The output stage should, in
any case, be a 12AY7. The 12AX7 is
not a good substitute due to its higher
mu and plate resistance. The over-all
gain of the unit is such that the
thermal agitation noise of the first
stage sets the limit on following am-
plification. If all recommendations are
followed, this hiss should be stronger
than any other noise, residual hum,
ete.

The power supply, which is not
shown in the photographs, should be
built on a separate chassis and the
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Rear view of unit. Note particularly the type of jacks and plugs that were used

In the construction of this unit.

It is important that all of these components

be of the shielded type to prevent hum pickup. The jacks and plugs are. from
left to right: Mic. 1, Mic. 2, power cable connector. (far right, top) 50 and
500 ohm outputs, (far right, bottom) Phono 1. Phono 2. and tape playback inputs.

same rule that applies to the mixer
followed here. Ground the chassis at
only one point and do not ground the
center tap of the heater circuit. The
power supply should be kept as far
from the mixer unit as possible. If
this is not feasible, it may be necessary
to use triple-shielded input transfor-
mers.

If the power supply can be isolated
the power transformer lead shown as
shielded and grounded can be omitted.
Many transformers are made today
without this shield. Should your unit
not come so equipped, you can ignore
this requirement—if the power supply
18 isolated.

Just a few final suggestions regard-
ing the construction before you whip
out your soldering iron and start to
build this unit. In the interests of
economy and to avoid purchasing un-
needed components, decide at the start
whether for your purpose the original
circuit, shown in the schematic, is to
be used or whether one or both of the
alternate circuits are to be incor-
porated. Some of the parts specified
in the original diagram will be omitted
if one of the alternate circuits is used
and vice versa.

Another point which cannot be em-
phasized too strongly is the matter of

grounding discussed earlier. If you
are seeking trouble-free performance
from this unit, it is imperative that
the author’s suggestions be followed to
the letter.

It goes without saying that in this
application, at least, quality trans-
formers will have to be used. The
builder will find that compromises are
too expensive in the long run to be
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