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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 poiicy 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
vears 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 into
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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PREAMPLIFIERS

A Tone-Compensating Preamp .. ... ..
John H. Daniel

A Simple — Yet Good Quality-Preamp .
Alexander Findlay

A Four-Channel Audio Mixer ... ......
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Miniature Preamp ... ..............
Robert Wiener

A Practical Transistor Preamp .. ... ...

Bernard Edelman

G

Hi-Fi Control Amplifier with “Expression’

Maurice P. Johnson



= A TONE-COMPENSATING PREAMP -

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

suthor housed his preamp in a standard wood cabinet.

14 ; V /7207727272222 2222228287208 L828280820LLlLll 2707007772772 707087070470770284
By JOHN H. DANIEL

us design incorporates, on a single chassis, almost every

onceivable 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,
Rabpio & TELEvVISION NEws, December
1952. While such a combination of an
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

6

THE high-fidelity enthusiast who

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
every 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 either 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 frora
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 Ri.
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, ectc. (Fig. 1)
which feed the output of the second
half (Vi) of the 12AXT7 back to its
grid input. Its operatiop* 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 R.. 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
pruper, Lolh [rum Lhe 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 oplnion.

To use the loudness control prop-
erly, the operator must associate a
given position of the control with its
corresponding (and unique) lpudness
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.

It 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 S: 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 Rass 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 Re
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 gystem 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
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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 57x9%"” al-
lowed easy access to all components
with a soldering iron when metallized
condensers were used for values of .05
to .25 pfd. Paper condensers would
make access more difficult.

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 1% 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.

Fig. 1. Circuit diagram and parts list covering the tone-compensating preamplifier. It offers unusual circuit flexibility.

Ry, R.. Ry, R,—See section in text on ‘“Add:
tional Tone Controls”

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

Rsy—100 ohm, Y5 w. res.

R, R\, R3,—120,000 ohm, V3 ». res.

R.—39,000 ohm, V5 w. res.

R,—560,000 ohm, V3 w, res.

Rio. Ri2, R3y. Rig—470,000 ohm, V3 w. res.

Rys. Rjy—10,000 ohm, V3 w. res.

R, —82,000 ohm, V5 w. res,

Rys—750,000 ohm reverse audio taper pot
(Clarostat M-48,75,000-V ) (“Treble Boost”’ )

R,6—5000 ohm audio taper pot (“Treble Cut”)

R,+—560 ohm, Y5 w. res.

R14—3500,000 ohm reverse audio taper pot
(“Bass Cut”)

R,,—500,000 ohm audio taper pot ('‘Bass
Boost” )

Ryy—350,000 ohm linear taper pot

Rn—200 ohm linear taper pot

Ryy—150,000 ohm, V3 w. res.

R,~—22,000 ohm, V; w. res.

Ry —47,000 ohm, V5 w. res.

R..—1200 ohm, V5 w. res.

R.—3500,000 ohm linear taper pot (ganged with
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Rou. Rgo—IRC Q 11-133) (Part of “Loudness
Control”)

Rz Rov, R3.—100,000 ohm, V3 w. res.

Ry—1 megohm audio taper pot (ganged with
R, Ryv—IRC M 13-137) (Part of “lLoud-
ness Control” }

R3,—100.000 ohm audio taper pot (ganged with
Ry, Ry~—IRC M 13-128) (Part of “Loud-
ness Control” )

Ry, Ryy—1800 ohm, V5 w. res.

Ra.. R3yg=—270,000 ohm, V5 w. res.

Ry:—2.2 megohm, Y5 w. res.

Cy, Cy, Cy, C,—See Table 1 and section in text
on ““Additional Tone Controls”

C., Coo, Cus, Cyo——.05 ufd., 400 v. metallized
cond. (see text)

Cy—2 ufd., 200 v. metallized cond. (see text)

C.—50 ufd., 25 v. elec. cond.

C.—20 pfd., 250 v. can-type elec. cond.

Cy, Ci2, C2s—100 pufd. mica cond.

Ciop C15—250 pufd. mica cond.

Ciy, C1,—3500 pufd. mica cond.

Ciz Cisy Cazy Cyy, Cag—.01 pfd., 400 v. cond.

Cie—25 ufd.. 25 v, elec. cond.

C\:—.5 ufd., 200 v. metallized cond. (see text)

C—.002 pufd. mica cond.

Cay. Cov—.03 ufd., 400 v. metallized cond. (see
text)

C2—40 ufd., 250 v, can-type elec. cond.

Cay, Ci—.1 nfd., 400 v. paper cond.

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

Cy.. C53,—.005 ufd., 400 v. cond.

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

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

S,—2-gang, 3-pos. switch (Sharp “Bass Cut’’)
V,~—5879 tube
V. —124U7 tube
V. —124X7 tube
The following parts are shown in the photograph
on page 57. They make up an equalizing pre-
amplifier used by the auhor which feeds into
the preamp discussed. This equalizing preamp
is not covered in the article nor shown in the
schematic.

C—30-30 ufd. dccoupling cond.

S—Selector switch (AM, FM, TV, equalizing
curves for phono)

V—12A4X7 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
facillties 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 587D, using circuit coin-
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 control, 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
inerease 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
sceond half of the 12AUT, still has an
output impedance not exceeding 5600
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7%C 9KC 10K

ohms for the treble and 75,000 ohms
for the bass (except for bass cuts).
This is suitable for driving the Fletcher-
Munson circuit dircctly. Thus, prob-
ably the most economical version of a
preamp with gll 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

2xc SKC. ™C 9KC. 1OKRC 20KC.

3%C 4xC
SREOUENGY (CPS)

Fig. 3. Frequency response characteristics of primary tone control
network. Network shown between halves of 12AU7, V., in Fig. 1.

es of the additional controls. The curves

wxe 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 treble boost feature and
using a single-section filter for the
sharp treble cut-off.

Try constructing this unit for good,
reliable pcrformance.

REFERENCES

half connected as a cathode follower
to drive the tone control. This version

has less gain than the present arrange- — Deromber 1950

ment. If more gain were necessary  gyaph Kecord Reproduction,” Rapio & TELE-
for inputs other than the record — Visiox News, Nove mhber 1950
player, it could be provided by 8 30—

Table 1. Component values for the additional tone controls and bass and treble
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the above listings {Curves 1.19). Only one set of values tor R,-R.-C,-C. and
R.-R,-C.-C, are shown in the schematic diagrcm of Fig. 1. Additional controls
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switches S. and S, are changed to provide the additional contacts required.

1. Johnson, E. E.: **A Continuously Vari-
able Loudness Control,’” Audio Engineering,

2. (toodell, John D.: **Problems in Phono-

CURVE R. 1 C. R, C |
1 0 18 uufd. open
2 0 50 uufd. open |
3 100,000 |75 uufd. | open |
4 560,000 75 pufd. | open
5 560,000 (75 pufd. | 0 50 pufd. |
R, | G R, C. R, C.
6 120,000 |.01 pfd. | % | 0
1 120,000 .001 pfd. | 0
8 120,000 .001 ptd. } 390,000 .003 nfd. 0
9 270,000 .0005 pid. 0 0
10 270,000  .0005 pfd. | 220,000 .009 pfd. 0
11 120,000  |.0025 pid. | 180,000 ' .016 utd. 0
12 470,000 .0003 ufd. 0 0
13 270,000 .002 uid. 560,000 .001 pfd. | 1.2 meg. | .005 ufd
14 1.8 megohm .005 ufd. | 0 0
' C9| 012 ‘ CIU' Cl-" Clh Cll ;
15 0001 pid.
16 {0005 utd.
17 .002 pfd.
Ciu, Cu Ci, Cus

= | R, and C, is an additional paral-
18 [ .006.£d. | | lel combination in serles with R..
19 | .01 ptd. |




A SIMPLE—YET GOOD QUALITY —PREAMP

Front and bottom views of the assem.
bled preamplifier. The chassis meas-
ures a mere 5 x 10" x 3”

By ALEXANDER FINLAY

Battelle Memorial Institute

fidelity 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).

THE preamplifier in a modern high-

over-all.

Details on a well designed unit for use with magnetic

pickups. Amplification of 46 db is provided in preamp.

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-
guency 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

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 Cs as
shown in the circuit diagram. R, can
be made continuously variable to give
complete control of the roll-off frea
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 R», R=, and Ci. al-

lows an adjustment of the high-frequen--

cy response. With Rx» in midposition
no modification of high-frequency re-
sponse exists. At one extreme of R,
half of the feedback loop is shunted
by Cu. 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 Lo 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-

1956 issue
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Ry, Rs, Rs, R7, Re, Rie—1 megohm, 1 w. res.
Rs, Re—240 6hm, 1 w, res.

R¢, Re—240,000 ohm, 1 w. res.

Rio, R1s—1000 ohm, 1 w. res.
R11—10,000 ohm, 1 w. res.

R1+—24,000 ohm, 1 w, res.

Ris, Raw—250,000 ohm pot

Ri10—10,000 ohm pot

Ri11, Rn—15,000 ohm, 1 w, res.

Ris, R2s——18,000 ohm, 1 w. res.

Riv—10 megohm, 1 w. res.

Res—3600 ohm, 1 w. res.

R2—10,000 ohm, 10 w. wirewound res.
C1, Cs, Cr—1 pfd., 200 v, cond. (see text)

+
2s0v.

Cs, Co, Cs, C1s—.5 pfd., 200 v. cond. (see text)

Co—230 ppfd. mica cond.

Ca, C1a—15 pfd., 300 v. elec. cond.

Cor—.006 pfd. mica cond. (800 cycles)

Ci0—.01 ufd. mica cond. (500 cycles)

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

C1s—350 ppfd. mica cond.

C16—.002 pfd. mica cond.

J1—Microphone jack

Je—Output jack

S1—S.p.4-pos. rotary switch

Vi, Ve—6S5J7 tube

" Va—6SL7 tube Ve—0A42 tube

RELATIVE RESPONSE (DB)

Complete achematic covering a preamplifier designed to be used with magnetia pickupe,

1/42-¢C

The amplifier tion was ted on an “L’-shaped aluminum bracket with shield.
Preamplifier equalization curves. See text for discussi of m ment pr
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. is to use a separate power supply
. ossible.

onsiderable 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 thé
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: R.s 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 waves
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 featu.es 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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The four-channel audio mixer. All of the controls are identified. The
“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 tc the preamplifiers,
four output transtormers trom 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

1956 issue
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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. 'I'hese,
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 jinsulated 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, 2-watll 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

ALTERNATE EQUALIZER-MIXER STAGF
R), B:—68,000 ohm, V3 ». rcs.

Rz, Rz, Ri—10,000 ohm, V) ». res.

Ry, Re, Ru, Riv—1.5 mcgohm, V3 ». res.

Ry, Ro—1800 ohm, YV ». res.

Rz, R2=—270,000 ohm, YV, w. res.

R:, R, Ruy, Ru——500,000 ohm audio taper pot
Rs, Rs1, Ru, Ru:~—470.000 ohm, 1 w, res.
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Rv—20,000 ohm, V5 w. res.

Ru—3 mecgohm pot

Ru—100,000 ohm, V3 w. res. (if required)
R\—120.000 ohm, V3 w, rcs.

Riz, Ri7=—820 ohm, 1 %, rcs.

R, Riz—47,000 ohm, 1 ». res.
Riv—1 megohm, V3 %, res.

Rin—5600 ohm, I ». res.

Riv, R:m—18,000 ohm, Y, . res.

R, Rx—82.000 ohm, 13 . res.
R:~—290 ohm, 1 ». res.

Rw—3600 ohm, V5 n. res.

Ryz:—56 ohm, ' ; n. res.

Ry.—470 ohm, V) w. res.

R4—24.000 ohm, 2 ». rcs.

Ruw—35000 ohm, 5 ». res,

R\—6000 ohm, 2 ». res.

Ri:, Ri—500,000 ohm dual pot

Ru, Ri:—1 mcgohm lincar taper pot
Ris, Ru, R:x—100.000 ohm, V5 w. res,
R\—13300 ohm, Y3 ». res.
R:.==22.000 ohm, V), », res.
R:.—2200 ohm, V) n.res.

Cy, Cy, Ci, C1v—50 ufd., 25 ». clec. cond,
C:, Crr—.1 pfd., 400 », cond.

Cs, Cir—1 ufd., 200 v. mctallized cond.

Ci-C:—40/40 ufd., 350 v. clec. cond.

C:, C—.5 ufd., 400 v. metallized cond.

C», Ciy, C:—.05 ufd., 400 v. cond.

Cu-C13-C1~=—20/20/20 ufd., 450 v. eclec. cond.

C ey Coo—.002 ufd. mica cond.

Cor—.02 ufd.. 400 v. cond.

C:—.0002 ufd. mica cond.

T., T-—Inuput trans, 50 ohms to singlc grid
(UTC A-10 or A-11)

T:—Intcrstage trans. Single plate to push-pull
grids, split sccondary (UTC HA-106)

T.—Output trans. push-pull plates to 500 ohm
ltine (UTC HA-114)

T.—Poner trans. 240-0-240 v. @ 40 ma., 6.3
ret. @ 2 amps; S v. @ 2 amps. (Thordar-
son T$-24R00 or cquiv.)

CH,—7 hy., 50 ma. choke

Mi—Vu meter (sce text)

S§1—38.p.s.t. toggle snitch

§.:—3 p. 31. rotary swnitch

Sa——S.p.d.1. toggle switch

Vi, Vi—6J7 tube (1620 preferred)

Vi, Vi—124Y7 tube

V:—5Y3GT tube

Ve—12A4U7 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 hetween the four
channels, there was some between the
channel potentiometers and the master
galn control. This was elimlhated 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 allernatlive schenalic.

The outrputr 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
swilching of the output (ransformer
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-chm 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 12AXT7 is
not a good subhstitute 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 wers used

in the construction of this unit.

1t 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, {tar 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—ij the power supply
is 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
afforded. Just keep in mind that this
circuit incorporates only four audio
transformers which are doing the duty
of the eleven units normally encoun-
tered in commercial versions of four-
channel audiv 1nixers.

This is one instance when “bargain”
transformers will prove to be no bar-
gain and the prospective builder will
do well to stick to quality components.
The transformers specified in the
parts list are recommended by the
author as they have proved entirely
satisfactory in this application. Use
units of similar quality for best re-
sults,

While all of these precautions may
sound like undue “fussing” to the nov-
ice builder of audio gear, they are
being handed along as ‘“gospel” by one
who has been through the mill. Good
luck in building this unit. It is well
worth the effort. 30—

Under chassis view of mixer. Wiring is critical so check author’s suggestions
regarding grounding and the location of such ground points before construction.
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Fig. 1. The Printed Electronic Circuit preamp which meas-
ures 5)2"x3"x2%"”. With equalizers using standard compo-
nents, the over-all size of the unit will have to be enlarged.

scribed was designed, primarily, to

demonstrate the practicality of
printed circuits in audio gear rather
than to present any radically new or
startling circuitry.

The fact that the final version of
this experimental circuit required only
two dual-triodes and a minimum of
controls was a pleasant “bonus.”

The most important feature of the
unit is its small size which has been
achieved by using Centralab PEC’s
(Printed Electronic Circuits) wher-
ever possible. With the exception of
the five equalizer circuits, all of the
listed components are readily available.
By making the chassis slightly larger,
standard components can be sub-

THE miniature preamp to be de-

Fig. 2. Equivalent circuits for the printed
circuit equalizers shown dotted in Fig. 4.
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circuits.

stituted for the printed equalizer net-
works.

Simplicity of operation is obtained
by using only three controls: a selec-
tor-equalizer switch and a dual con-
trol consisting of a “Compentrol’”!
(Centralab’s compensated loudness con-
trol) and a gain control. The selector-
equalizer switch has six settings, the
first five being phono equalizer posi-
tions and the sixth bypassing the
equalizers for other sources. More in-
puts may be added but, for the pur-
poses of this article, only one addi-
tional position is included. The selec-
tion of equalizer positions, as shown
in Fig. 4, will provide most settings
normally required.

Centralab has recently introduced
the “Senior Compentrol.” This is a
dual concentric unit with the compen-
sated loudness control mounted on the
rear and operated by the inner shaft
(front knob). A level-set unit, the
front control, is connected to the
“Compentrol” and is operated by the
outer shaft (rear knob).

The debate over compensated loud-
ness controls vs tone controls has been,
is, and always will be waged. How-
ever, based on the author’s experience
in building various control systems, he
has found that usually bass and treble

Fig. 3. Gain vs frequency of preamp
equalizer. Input is 245 v, atJ., 0 db lev-
el 24.5 v. at 1 kc. “B+" is 240 volts d.c.

100 1KC.
FREQUENCY~CPS
A=MAX. GAIN,COMPENTROL FULLY CWw.
8= " w -- AT HIGH Tap
AT LOW TaP
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MINIATURE

PREAMP

By
ROBERT WIENER

Product Engineer
Centralab, Div. of Globe.Union, Inc.

{ This compact preamplifier was designed to demonstrate how

miniaturization can be accomplished through use of printed
Although it cannot be duplicated exactly in the
form shown, it can be reproduced to a reasonable degree
by substituting standard radio parts for the printed circuits

which are not currently available at parts distributors.

controls are set for flat response or
some degree of boost—seldom for cut.
The *“Compentrol” offers a combined
bass and treble boost in itself and,
with the judicious use of the level set,
a flexible tonal range is obtained. De-
spite the controversy, the reader is
urged to try the unit himself and make
up his own mind.

The schematic of the preamp is given
in Fig. 4. There are, as mentioned
previously, two dual-triodes—a 12AX7
and a 12AU7. The 12AXT7 serves as the
equalizer section and the 12AU7 is the
preamp.

The two switch decks of the single
ganged switch (8,) in the preamp sec-
tion serve separate functions. The sec-
tion which switches the inputs is de-
signated as S... The first five positions
are shorted together since these posi-
tions are the five phonograph equalizer
positions controlled by the other deck.
The sixth position connects directly to
the input J: and R,. Switch S:s is used
to select any of the five available
equalizer circuits and in its sixth posi-
tion disables this portion of the circuit.

The first input, Jy, is for phono. The
second input, J,, is for radio, TV, tape,
or any input having the higher volt-
age output commonly associated with
these program sources. This jack is
connected to the level set, Rs. This
level set, as well as R; for the phono
input, is a Centralab Model 1 control
used in hearing aids and miniature
radio receivers. The one used in the
construction was specially modified
with mounting studs so that the con-
trol could be attached directly to the
chassis, with the screwdriver shaft
available as a semi-permanent adjust-
ment. A standard midget hearing aid
control (the Centralab B16-118) can
be used equally as well.

The switch rotor of 8. is connected
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to the low-frequency filter composed
of Cn, C1. Cg, Rn, Ru. and Ri. Fulluw-
ing this is the first section of the
12AUT feeding e vulune cuitiol R
R was inserted in the stage preceding
the “Compentrol” to do away with a
grid resistor for Vs, as well as to de-
crease some noise commonly encoun-
tered in high-gain amplifiers. Ordinari-
ly the “Senior Compentrol” is to be
used with the level-set control feeding
the “Compentrol” directly. This is the
manner in which they are supplied, but
the user may make this change if he
feels that it is desirable.

The center terminal of the level-set
control is tied to the grid of the out-
put stage, V.s, and its plate a.c.-cou-
pled to the right terminal of the
“Compentrol.” There are several points
to be noted about placing the “Com-
pentrol” in the output of the preamp.
With this connection, the grid resistor
of ihe [ollowing stage, usually Llie first
audio stage of the power amplifier,
should be removed. That is, the “Com-
pentrol” should feed directly into the
following grid. In addition, the device
is one which exhibits decreasing im-
pedance with increasing frequency and
thus, aside from exceedingly low fre-
quencies which are filtered out in the
low-frequency filter, offers a low-im-
pedance output.

The impedance level may not be
comparable to that of a cathode fol-
lower when connected with long cables
to the power amplifier but with this
control in the output, the gain that
would have been lost in the cathode
follower is retained and some measure
of low-impedance output is obtained.
A phono jack, J; tied to the center
terminal of the “Compeontrel,” is the
output take-off to the power amplifier.

The response of the preamp portion
of the circuit is shown in the graph
of Fig. 3. The response was obtained
with the input at J. and the gain maxi-
mum, i.e., level set, volume, and “Com-
pentrol” full on. Curve A of Fig. 3
shows the response of these two
stages. At 20 cps, the output is down
about 2 db while at 20,000 cps it is up
about 1% db. The response is quite
good but may be modified if desired.
The droop at the low-frequency end
of the spectrum is due to the low-fre-
quency filter taking over. Unfortunate-
ly, none of the audio generators avail-
able to the author furnished a lower
frequency than 18 cps so the effect
of the filter cannot be demonstrated
here.

The high-frequency rise could be de-
creased by changing the value of C,,
the cathode bypass condenser for V...
This is a .01 #fd. ceramic unit and can
be increased in value by some 50 per-
cent to drop the response. Other means
can be employed but since they are
familiar to the hi-fi enthusiast, they
will not be discussed here.

Curves B and C (Fig. 3) show the
output curve when the “Compentrol”
is set at the high (62% per-cent rdta-
tion) and the low tap (37% per-cent
rotation) respectively.

Referring to Fig. 3, the gain figure
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R3, Re—2700 ohm, V> w. res. C2-C11—8/8 ufd., 450 ». elec. cond.
Rz, Rs—500,000 ohm pot. (Any midget unit C3, C12—50 pfd., 50 ». clec, cond.
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R17—100,000 ohm, 1 w. res. Vi—12A4X7 tube
R1s—2200 ohm, V3 w. res. Vo—12A4U7 tube

Fig. 4. Complete schematic of the printed circuit preamp. The equalizer networks,
shown dotted at lower left. are not commercially available but suitable networks
can be substituted by following the diagrams and parts values shown in Fig. 2.

is 100 or 40 db since the input voltage
at J. was .245 volt (1 kc.) and the
output voltage at J, was 24.5 volts.

The equalizer circuit is basically the
one used in the H. H. Scott 120-A
equalizer. The deviation is the output

Fig. 5. Interior view of the preamp showing compact arrangement of components,
use of the PEC plates. and the special Model 1 subminiature control (held in
The equalizer switch’'s arrow is pointed to the “European’” equalizer.

hand).




of the second stage Vis. In the original
the outputs are separated into posi-
tions for the standard (78 rpm) re-
cords and for the LP’s (both 33 and
45 rpm). The output for the 78's is
divided down for the lower output
voltage while that for LP is not. Com-
ponent-wise the circuit follows the
Scott circuit but the feedback net-

Fig. 6. Gain vs frequency of the equalizer
with input at ], equal to 1 mv. See texi.
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works are made in the style of the
Centralab "“Couplate.” These five “Cou-
plates” are special units and are not
currently available. They are shown in
connection with this piece of equip-
ment merely to demonstrate the adapt-
ability of printed circuits to the
audio field. There are five of these
circuits. The components which these
replace are shown within the dotted
lines at the lower left-hand corner of
Fig. 4. Fig. 2 is the schematic for
these five plates with the component
values indicated. From this diagram
the reader can see just how many con-
nections and components are saved by
using printed circuitry.

Response curves for the complete
unit are shown in Fig. 6. The input
was fed into J, at 1 mv. and the out-
put was read at J;. Gain was maxi-
mum throughout. These curves in-
clude the total response for the unit
and should not be compared precisely
to the curves published by manu-
facturers. The output voltages at 1
ke. are listed on the curves and thus
are the levels taken for 0 db. Gen-
erally they run at .40 volt out and
thus show that the over-all gain at 1
ke. is .40/.001 or 400. This is 52 db.
At the low-frequency point (20 cps)
the boost amounts to 20 db in most
curves and the total is then about 70
db. These figures are representative
of the requirements for most power
amplifiers. Since the output of most
magnetic cartridges is actually on the
order of 10 mv. or more at the maxi-
mum gain setting, the curves would re-
sult in about 4 volts output—far more
than required for living room listening
unless the neighbor’s living room is
included in your audio system.

The photograph, refer to Fig. 5, il-
lustrates wires that are used to con-
nect the unit to the required external
power source; “B+”, heater, and
ground. The jack, J,, is shown with J,

directly below it. The screwdriver ad-
justments for the level sets are to the
right and above the respective inputs.
The output jack, Ji; can be seen at the
extreme lower right of the photo. The
dual knobs, labeled ‘*‘gain”’ and ‘‘Com-
pentrol” control those functions while
the dummy dual knob labeled “selec-
tor-equalizer” controls that switching
function. The arrow in Fig. 5 points
to the “European” record setting and
is switched clockwise through all the
_remaining functions of the selector.

The five equalizer plates are visible
in Fig. 5 at the sides of the equalizer
switch.

The plates at the rear of the switch
are the .1 u#fd. ceramic condensers, C;,
Cs, C:, Cs, Cr, and C,;. Note that the
switch is actually a 2 to 12 position one
and since, in this case, only six posi-
tions were used the remaining terminal
points were put into service as tie
points for “B+”, filter resistors, and
other components that would have
otherwise required extra terminal
points.

The reader will note that the chassis
is not crowded so there is no need to
“cheat” on the assembly. Those who
want to duplicate this construction
using components for the not-available
equalizer plates will have to use a
slightly larger chassis since obviously
something will have to give.

It is hopcd that the prospective
builder will be pleased by the quality
of reproduction as well as by the ease
of operation. It is left for him to in-
corporate whatever additional inputs,
a.c. switching, etc. he desires. It is left
for the manufacturer of equipment to
determine whether his customers want
gadgets and controls or simplicity along
with their listening pleasure.

REFERENCE
1. Wienor, R. & Ncolson, N.: “The Com-

f{entrol—A Compact Loudness Attenuator,”
ADIO & TELEVISION NEWS, November 1953.
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the conventional manner for a high-
gain stage. The equalization to com-
pensate for modern recording charac-
teristics is accomplished by shunting
the preamplifler plate load with an RC
circuit formed by Rs and Cs in series.
This method is explained in detail by
Herb Matthews, in “Design Considera-
tions for High-Quality Reproducing
Systems,” Part 2, Rapio & TELEVISION
NEws, May, 1950. A single turnover
frequency of 800 cycles, in conjunction
with the tone controls to be covered,
was found adequate for the majority
of recordings. Some persons may de-
sire other turnovers, which can be ad-
justed by the choice of the value of Cs.
No high frequency roll-off has been in-
cluded in the equalization, since this
can be approximated by proper set
tings of the treble tone control.
Shunt-type equalizers are encoun-
tered in broadcast work and many de-
signers have devised circuitry for ex-
act correction for nearly all recording
curves. (See “An Improved Equalizer-
Preamp” by Charles Boegli, Rapro &
TeLEVISION NEws, April, 1951.) Ad-
herents of feedback-style equalizers
may readily modify the stage in the
manner illustrated by Lawrence Flem-
ing in Audio Engineering, March, 1950
which is further improved by George
Augspurger in his article “4 Problem

Under chassis view of unit,

Note that terminal strips are used in constructlon to

insure short leads. Left-to-right (bottom) are 68]7. 6SK7, 68G7, 6H6, choke. and 6SL7.

Preamps” in RADIO & TELEVISION NEWS,
November, 1952.

An input selector switch in the con-
trol amplifier is used to choose the de-
sired signal, simultaneously grounding
the other feeds to prevent leakage and

crosstalk. The selected signal is thus
routed into the heart of the control
amplifier which, of course, is the vol-
ume expander circuit. Here, three
tubes are utilized for both volume ex-
pansion and compression, hence the

Complete schematic diagram of the control amplifier. Power for the unit is obtained from amplifier with which it is used.

R1—47,000 ohm, V3 w. res. (or other proper
load for pickup used)

Re—2200 ohkm, V3 w. carbon or low-noise res.

Re—2.2 megohm, Y3 w. carbon res.

Re—1 megohm, 15 w. carbon res.
R7—2700 ohm, 1 w. carbon res.
Re—18,000 ohm, 2 w, carbon res.

Rie, Rus, Rei—470,000 ohm, V3 w. carbon res.
Rir—1000 ohm, 1 w, carbon res.

R, R1s—22,000 ohm, 1 w, carbon res.
R14—3500,000 ohm audio taper pot

Rie—470 ohm, V3 w, carbon res.

R, R1s—22,000 ohm, I w. carbon res.

Riu—1 megohm, Y2 w. carbon res.

Ri—470,000 ohm, 1 w, carbon or low-noise res.
Rs—10,000 ohm, Y2 w. carbon or low-noise ves.

Ri—-22,000 ohm, 1 w, carbois vi low-roise ies.
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Rie—2700 ohm, Y3 w. carbon res.

Rer—330,000 ohm, 1 w. carbon res.

Rse—100,000 ohm, 1 w. carbon res.

Res—1 megohm linear taper pot with center tap

Rss-Re1, Res-Ras—Dual tone control pot (Thor-
darson #R-1068X)

Rse—10,000 ohm, 1 w. carbon res.

Rsr——18,000 ohm, 1 w. carbon res.

Cr—50 ufd., 25 v. elec. capacitor

Ce—.5 uld., 400 v. capaciior

Cs, C1e—.01 pfd., 400 v. capacitor

Ci, Cs, C1, Co, C1o, Ciy—.1 pfd., 400 v. cepecitor

Coe—25 ufd., 25 v. elec. capacitor

Ce—10 ufd., 200 v. elec. capacitor

C1—.25 pfd., 200 v. capacitor

Cu-—.25 ufd., 400 v, eapaciter

C10—20 ufd., 450 v. elec. capacitor

Cu, C1e—.01 ufd., 200 v. capacitor

Cir—.1 ufd., 200 v. capacitor

Ci1—.03 pfd., 400 v. capacitor

C1—.01 ufd., 400 v, capacitor

Cso, Car—20 ufd., 450 v. elec. capacitor

CH:r—22 hy. tone control choke (Thorderson
20C74)

Sr+—Selector switch (Centralab 1400 series, type
G wafer. All d positi d to
ground)

21, Js, 12, Js, Je—Phono jack

SOr—4-prong power conmector

V1+—6S8J7 tube

Ve—6SK7 tube

Ve—6SL7 tube

Vi—65G7 tube

Ve—6HG6 tube
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circuit function is called “expression.”

The principle of operation is quite
easily understood. A signal amplifier
stage makes use of a remote cut-off,
variable-mu tube. This tube charac-
teristic is due to the special construc-
tion of the grid. Very little stage gain
is needed, so the tube is triode-con-
nected by joining together the plate.
suppressor. and screen. A rather stiff
fixed-bias is supplied to the cathode
from the ten-volt point of a voltage
divider. Under these conditions. the
tube (which is a 6SK7, incidentally)
will act as a conventional low-gain
audio amplifier.

To obtain the “expression” effects,
an additional bias voltage is applied to
the grid along with the signal. This
bias varies in direct accordance with
the signal, thereby changing the stage
gain as a function of the applied sig-
nal. This control bias is generated by
the remaining two tubes of the *“ex-
pressor” circuit.

In addition to feeding the 6SK7 sig-
nal amplifier, the signal input is also
applied to the 6SG7 side amplifier.
This pentode operates as a high-gain
stage to amplify the signal. which is
then connected to a twin-diode 6H6
rectifier. The amplified signal is fed to
the plate of one section and to the
cathode of the other section.of the
6H6. The remaining plate and cathode
connect to the extremes of a center-
tapped potentiomecter, with the tap
grounded. The signal is rectified by
the twin diode, while the potentiome-
ter allows selection of the resulting
positive and negative voltage used as
d.c. control bias for the 6SK7 tube.
Positive bias counteracts some of the
initial fixed bias, increasing the stage
gain to provide expansion. Naturally,
the negative control hias is responsible
for compression when desired. The
degree of expansion or compression is
determined by the setting of the con-
trol arm, or the effect can be removed
completely at the midsetting of the
potentiometer. At this setting, no con-
trol bias will be fed to the 6SK7 stage.

The RC values in the control bias
circuits are such that the bias follows
the general audio levels, rather than
the audio itself. The time constants of
the circuit are rather critical and are
best chosen by careful listening tests.
The attack or “build-up” time is deter-
mined largely by R.. and C... while the
release or “‘fall-off” time is controlled
by R., Cu, and Ci as well. The values
indicated have been found suitable for
the usual program material.

In addition to the phonograph equal-
ization alrcady covered, it is desirable
to have control over the bass and
treble portions of the audio spectrum,
to adjust the response for room acous-
tics. speaker characteristics and, of
course, listener preferences. Both boost
and cut are required at each end of
the .range, with independent control,
so dual tone controls are necded.
Bocegli has discussed fully the degen-
crative-type tone control in the June,

22

1951 issue of RabpIlo & TELEVISION NEWS,
and in fact has included such a circuit
in his “Improved Kappler Amplifier”
which appeared in the October, 1953
issue of this magazine.

A degenerative tone control, with
dual potentiometers utilizing Thordar-
son components, is included in this
control amplifier. The action of the
circuit has been well covered in the
literature, and will not be repeated
here. Suffice it to say that 16 db boost
to 28 db attenuation at 60 cycles is
possible, and 18 db boost or 35 db cut
at 10 kc. is attained. At the mid-fre-
quencies the stage operates with unity
gain from the half 6SL7 used in the
control stage. This results in approxi-
mately one to two volts r.m.s. output
at this point. The master gain control
is located after the tone control in or-
der to improve the signal-to-noise ratio
of the degenerative circuit.

Although miniature equivalents are
available, metal tubes were used in the
control amplifier with the exception,
of course, of a glass 6SL7 output tube.
Metal tubes were considered more de-
sirable because they have, in general,
proved to be less microphonic, longer
lived. less subject to gas troubles, and
are shielded inherently.

The inclusion of the compression ac-
tion may be questioned by some read-
ers. As stated, expansion of the dy-
namic range is the logical use of the
“expressor” for playback purposes.
However, this control amplifier is occa-
sionally used to feed a disc recorder,
and for this mode of operation the
compression is advantageous. It may
also find application as an automatic
volume ‘control for late evening listen-
ing or for background music when full
dynamic range may be undesirable.
However, such operation is definitely
not to be misconstrued as ‘“high fidel-
ity” playback.

Construction

The complete control amplifier, as
discussed, was constructed for devel-
opmental work. Reference to the pho-
tographs will show how this unit was
built. A 13 x 5x 3 inch aluminum chas-
sis was used. attached to a 3% x 19
inch rack panel. Symmetrically spaced
along the back side of the chassis are
the tubes and tone control choke.
These are arranged in the order of
their appearance in the circuit, ie.,
6SJ7, 6SK7, 6SG7, 6H6, choke, 6SL7.
Four RCA phono connectors are used
for the inputs, located along the pre-
amplifier end of the chassis. A similar
connector for the output, as well as a
four-prong power connector occupiecs
the opposite chassis end. Controls on
the front panel are (from left to
right) : input selector switch, master
gain control, expression potentiometer,
treble control, and bass control.

Beneath the chassis, terminal strips
are attached along the center of the
open arca between front and rear
edges of the chassis. Most components

going to ground are wired directly to

the associated sockets, while the ter-
minal boards support interstage cou-
pling capacitors, plate resistors, de-
coupling networks, and the like. Parts
placement is not too critical, although
layout is directed toward short leads
as much as possible. Shielded wire is
used for the volume control and tone
choke leads.

Operation

A few comments on operation of the
control unit may be in order. Power
for the unit is obtained from the power
amplifier. Approximately 250-300 volts
should be supplied, as well as 6.3 volts
a.c. for the filaments. Current drain is
low and no motorboating has been
encountered with the usual well-de-
coupled supply. The tone control choke
can pick up hum from power trans-
formers or turntable motors, so it is
advisable to kecp it isolated from
strong a.c. fields.

As previously mentioned, amplifier
input levels should be correct for the
proper “expressor’” operation. Signals
at the selector switch should be 0.2 to
0.5 volt, while at the phono pickup jack
a voltage of at least 0.01 volt is re-
quired. Voltages less than these values
will be insufficient to create enough
control bias for maximum expansion.
On the other hand. voltages in excess
of the stated amounts may create such
a great bias that distortion can be
caused at extreme settings of the ex-
pression control.

Proper input levels can generally be
obtained by use of the volume controls
in the tuners and tape recorder, or the
inputs may be padded down to the cor-
rect value. Alternatively, level-setting
potentiometers could be incorporated
into the control amplifier itself, if so
desired.

With input levels of the required
values, a maximum control bias of five
to eight volts should be developed on
peaks. which will act against the ten-
volt fixed bias on the 6SK7. This will
produce more than usable amounts of
expansion without driving the grid pos-
itive. Likewise, the same amounts of
additional negative bias are available
for compression. It is quite possible to
adjust the compression bias to produce
a constant peak level at the output.
This particular a.g.c. action might be
of interest to hams, since much can be
said in favor of compression rather
than peak clipping for automatic mod-
ulation control for amateur transmit-
ters.

The finished control unit has been
more than satisfactory in its intended
operation, and very definitely serves to
increasc the “presence” in reproduc-
tion of recorded program material.
Most listeners have considered the ex-
pansion a desirable addition to the
home audio system.

While this control unit might appear
to be a rather claborate unit—most
audiophiles will agree that it’s worth
the time and trouble involved in its
construction. —30-
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Fig. 1. Front panel view of the author’s
home-built “universal equalizer’” which
provides equalization for all type discs.

Design charts for an infinite variety of playback curves,

an analysis of equalizer problems, and a suitable circuit.

VERYONE has his own ideas about
Erecording equalization. From the

recording company brain trusts to
the designer responsible for undoing
the record cutter’s handiwork, opinion
is varied and outspoken. Consequently,
high-fidelity enthusiasts are faced with
a bewildering array of factual as well
as fictional recording characteristics.

This problem, in part, stems from
the big question mark that accom-

Fig. 2. A feedback equalizer and its equiv-
alent passive network, Either type may be
designed using the procedure given in text,
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panies many curves published by other
than official sources. Fortunately, this
confusion is gradually disappearing
and perhaps within a few years all
will be an open book. This revelation
is coming about as manufacturers real-
ize the maturity of the present not-so-
average record buyer and because of
some persuasive arm twisting by
audio equipment designers.

Of course there will be those who
insist on being arty. Once the record
owner is addicted to providing the
“recommended” curve for some partic-
ular label, he will doubtless find that
some super equalization has been ap-
plied to give a thrilling “high fi-
delity” effect. The orchestra sounds as
if it were right inside your ear, for
example.

While it is true that by merely ap-
plying the mirror of the recording re-
sponse as generated by the pickup one
is able to obtain the coveted ‘flat”
response, one is limited by choice
rather than by technology. Almost
any curve can be effected. The prob-
lem lies in the question: “What curves
shall T include?” Attempts to design
universal switching arrangements are
complicated by sheer numbers.

One solution that comes to mind
is to use two switches. One sets the
low-frequency response, while the other
sets the high-frequency characteristic.
With, for example, six position switch-
es, thirty-six different combinations
are possible! Somewhere within this
number should be the correct response
for the record in question. Imagina-
tion will supply variations of the num-
ber of switches and number of posi-

QUALIZERS

By ARTHUR J. ROSE I

tions. Thus unlimited possibilities
present themselves.

It is not entirely the purpose of this
article to give a horse laugh to the
equalization snafu. Most people are
serious as to why ‘“such and such” a
curve is ideal. Well meaning groups
have met the problem with sensible
middle-of-the-road solutions. It is not
funny to the guy trying to get his
sound system to come up to expecta-
tions—and he never will unless he
properly equalizes his records.

Rather than stress the difficulties of
equalizer design, straightforward de-
sign procedures will be given. Then
after the reader understands the
easily-made graphical and arithmetic
solutions that have been worked out,
he can return to the more perplexing
aspects.  Suggestions for designing
workable equalizers will precede the
description of a “universal equalizer.”

Circuit

Throughout the ensuing discussion
it will be assumed that the feedback
is great enough at all frequencies con-
cerned so that the equalizer gain is
dependent only upon the degree of
feedback. Aside from simplifying the
analysis, three important results stem
from this assumption:

a. Wide variations of tube charac-
teristics and supply voltages can be
tolerated.

b. Distortion is reduced by an ap-
preciable amount, even at the lowest
frequencies.

¢. Maximum possible bass boost is
realizable.

In practice, this is accomplished by
using a good deal more feedback than
is apparently required. With a 500 cps
turnover frequency, assuming 6 db-
per-octave rise, the resultant boost at
50 cps is 20 db. In a linear system
this is easily done. However, it has
been shown elsewhere! that feedback
systems with less than infinite ratios
of open loop gain to effective midband
gain flatten out at the lower frequen-
cies. For close to ideal results, a ratio
of 80 is satisfactory.

Although subject to controversy,
ratios of 20 to 1 have been used?. This
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ralio is the basls tor many passive
equalizer circuits that give hass rise
furves asymptotic to 26 dh, reaching
a maximum boost of 26 db at zero cps.
In an ideal system where both record-
ing and playback units are compen-
saled Ly such a network, nothing Is
lost. In actual use, there is a definite
loss of lower bass frequencies.

Fig. 2A shows a fcedback equalizer.
At midband, only R, of the complex
feedback impedance, Z,, is effective.
Therefore, the midband gain is E/'R".
For satisfactory operation, the ratio
of open loop gain, 4, to midband gain
should be 80 or greater.

An enquivalent passive equalizor,
shown in Fig. 2B, should have R”/R,
equal to 80 or more.

In either circuit, bass boost is pro-
duced by R; and C, and bass leveling
by R:. High-frequency de-emphasis is
produced by R, and C. Introduction
of R, lowers the slope of the de-em-
phasis curve and causes two other ef-
fects that will be discussed shortly.

A simplification of the feedback im-
pedance, Z,, in Fig. 3B shows effective
networks throughout the spectrum.
Equations relate circuit constants to
applicable frcquencies.

Ideal Equalization Curve

The exaggerated response curve of
Fig. 3A shows the scope of the analy-
sis. Were it not for f, and f,, the mat-
ter would reduce to the familiar sim-
ple case where R: and R, are not in-
cluded., This gives a straight bass rise
below the turnover frequency, f., and
a straight treble de-emphasis above
the starting frequency, f.. Both ap-
proach 6 db-per-octave in rate. Intro-
duction of bass de-emphasis below f.
and treble de-emphasis with less than
a 6 db-per-octave rate demands con-
sidoration of the entire feedback im-
pedance. The RCA “New Orthophonic”
and London ffrr 78 curves are of the
latter type, whereas the NARTB and
AES are of the simpler type.

Constants for the feedback imped-
ance for any desired curve shape are
derived from the vector gain equations
of the circuit in Fig. 2. These equa-
tions will be given as a matter of
record. However, their solutions have
heen greatly simplified hy plotting vari.
ous parameters. As a result, circuit
constants can be rapidly and -easily
found even by persons with a limited
mathematical background. Sample
problems following the derivation of
the design charts will serve to illus-
trate this.

Impedance Equations

By virtue of the previously made
assumption, the gain at any frequency
is dependent only upon the feedback
and therefore upon Z, of Fig. 3B. Recl-
ative rcsponse then is merely the ratio
of the Z,'s at different frequencies. For
convenience, all gain is referred to the
gain where Z, equals R..

A further simplification is made by
splitting 7, into a low-rrequency equiv-
alent (Z, greater than R,), and a high-
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frequencey eyqulvalent (Z, less than R,).
Interaction, although slight, will havo
to he considered 1n some cases.

Gain at low frequencies can be ex-
pressed by

e s o
db=101log " 'rrf\, | . .. D
(J‘.) +1
where: r= {' =1Ri":
if R: — w then:
db=1010g[1+(:]f‘)']. @)

Plotting equation (1) for various
values of the parameter » (see Fig. 4)
shows 1espunses (v be expecled for
changing values of R.. It can be seen
that the effect of this resistance is to
decrease the initial slope of the curve
and then level it off below f.. It has no
effect on the turnover frequency.

In order to retain some perspective
of the ecnrves in familiar form, f, is
shown as if it were 500 cps—the most
prevalent turnover frequency. For
other turnovers, the boost values hold
equally well, but the curves have to be
relocated by shifting the frequency
axis. This will give the more com-
monly experienced picture.

There is no particular problem as-
sociated with the bass region. Usually
the turnover frequency and the fre-
quency where leveling occurs are
given. Circuit constants to give these
frequencies arc obtaincd by thcir de-
fining equations.

However, when a particular response
is desired and f. is not known, then
the curves are most useful. Here, one
must match the desired curve with one
in Fig. 4 and extract a value of 7.

Quite different is the situation en-
countered in the high-frequency region.
Here, the addition of the series resis-
tor, R., has the effect of lowering the
frequency at which de-emphasis starts
as well as altering the curve shape.
Since the exact starting frequency is
more-or-less obscure, the frequency
that yields a response 3 db down is
used for the reference f{requency, f..
This applies, to some extent, in the bass
region as the turnover frequency oc-
curs with the response up 3 db.

Gain at higher frequencies can be
expressed by —db =

10 fog [1 +(§.)2]—10[og [1+(£)2]. 3)

Here there is a subtraction of two
curves. One is the de-emphasis pro-
duced by 10 log [1 4 (f/f:)2] and the
other is a rise produced by 10 log [1 4
(f/f.)2]. When R,=0, the second curve
disappears and a simple de-emphasis
curve results. (See Fig. 6).

In terms of time constants, the high-
frequency response is:
— db =10 log [1 + w2t2]

— 10 log [1 } w?t2] (4)

where:
t=RC: . . . . . . . . (5A)
t: = R.C. « e e s« o o (53B)
t =t + tz ce o o o « o (5C)
f.:'125?........<5D)

These equations show how f, is low-
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ered as R, increases. If R, = 0, t = t..
As R, is increased, t becomes greater
by the increasing t.. Hence f. becomes
smaller.

If a factor a is introduced such that
a= R;/R, it is evident that t, = t./qa,
and t = a t./(1 +a). Substituting in
equations 3, 4, and 5 and combining,

2
1+ (ff )
—db =10 log-1+—(- &'3_2(1')—2 . (&)
1+a/ \/

As customary in treating de-em-
phasis curves, the response at 10 kc.
is specified. If this response, db., is
plotted versus f, for significant values
of the parameter a, one obtains a use-
ful, general guide to de-emphasis
curves. This is done in Fig. 5. Con-

stants for a particular curve are easily
obtained once a is known.

Design Procedure

1. Write down all available informa-
tion about curve.

2. Draw curve on semi-log graph
paper.

3. Determine value of R, from gain
considerations given earlier. 100,000
ohms is a good, all-around value (for
passive network, use 10,000 ohms).

4. Find C.. Since the bass turnover
frequency, f:, is always known:
159
C=1rR (7

where: f. is in ¢cps, R, in megohms, and
C, in microfarads.

5. Determine R: by one of the fol-
lowing methods:

(a) If bass curve is straight and ap-
proaches 6 db-per-octave, then R.= 00

(b) If f{requency where bass de-
emphasis begins, f., is known, then

.159

R3=7:6‘—...-....(8)

or:
R,=(}%)R. R T\

where: f. is in cps, R, and R. in meg-
oms; C, in microfarads.

(¢) If f. is not known, match desired
curve to one in Fig. 4. Interpolate if
necessary. Fill in frequency scale ac-
cording to turnover frequency (e.g., if
f: is 800 cps, then 0.1 f, = 80 cps, 0.2
fe = 160 cps, ctc.) Determine r from
chosen curve. Then

R: = TR] e 8 e e s s e @
and:

fe.
fc—r.-......

6. Determine R, and C; by one of
the following methods:

10)

(11)

Case 1. Curve approaches 6 db-per-
octave droop. R: =0

(a) If de-emphasis time constant, t,

is known (e.g., 100 microseconds),
then:
C:= t 12)
32— Rx

where: t is in microseconds, R, in meg-
oms, C: in micromicrofarads.

(b) If starting frequency, f.,is known,
then
159
- f.Rl . . . . .
where: f, is in cps, R, in megohms, C
in microfarads.

(c) If response at 10 kc., db,, is
known, see Fig. 5. Find /. for given
db, on a = 0 curve. Proceed as in (b).

Case II. Curve is less than 6 db-per-
octave. R: is finite.

From starting frequency, f.,, and
response at 10 kc., db,, determine suit-
able a from Fig. 5. Then,

C: (13)

Ri=aR: . . . . . . (14)
and:
159
C:= —___—f.(R,-fR,) 0 (15)

where: f, is in cps, R, and R, in meg-
ohms, C: in microfarads.

Typical Curve Problems

1. AES (Fig. TA)

This curve will be defined as having
a straight 400 cps bass turnover fre-
quency and treble de-emphasis of sim-

Fig. 7. Playback curves. (A) AES, (B) Columbia LP, (C) RCA “New Orthophonic.”

See author’s discussion in text for full details.

and (D) London tirr 78 rpm discs.
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ply —12 db at 10 ke. f; =400 cps,
db, = —12. R, is chosen as 0.1 meg-
ohm. Using Procedures 4, 5a, and 6
(Case Ic).
R, =00, R; =0
159

C,.= WX—OI: .004 ufd.

From Fig. 5, a =0, f, = 2650

C ——'159—— 0006 " ufd
T 2650 X 01 ° #a.

1I. RCA “New Orthophonic” (Fig.
7B)

Here there is a bass turnover fre-
quency of 500 cps with de-emphasis
starting at 50 cps. Treble de-emphasis
is simply 75 microseconds. R, is chosen
as 0.1 megohm. Procedures 4, 5b, and
6 (Case Ia) are used.

R,=0
159
Ci= 500—X01_ .0032 #fd.
R. = —'159 =1 h
* =50 x 0032 + ™Mmesonm or
_ 500 —
R: = R X 0.1 =1 megohm

Cr= - =750 uptd
=ox S

II1. Columbia LP (Fig. 7C)

For purposes of instruction, the bass
section of this curve-will be defined as
“looking like the r = 5 curve of Fig. 4.”
The turnover frequency is 500 cps.
Treble de-emphasis is 3 db down at
1590 cps and falls at a rate approach-
ing 6 db-per-octave. f. =500, r=35,
f. = 1590 cps.

Again choose R, as 0.1 megohm. Pro-
cedures 4, 5¢, and 6 (Case Ib) are used.

R.=0

159

C\= W = .0032 ufd.
R:=5 X 0.1 = 0.5 megohm

00
fe= 5—= 100 cps

53

159

C:— '—lsmﬂ'— 001 pfd.

1V. London ffrr 18 (Fig. 7D)

The bass curve is simply a straight
400 cps turnover and can be derived
as outlined previously. However, the
treble section is an example of Pro-
cedure 6 Case II.

De-emphasis enterges at 3 ke. and is
down 5 db at 10 kc. Inspection of Fig.
7, curve D, shows 6 kc. as the 3 db
down frequency. Using f. =6 kc. and
db, = —5, Fig. 5 gives « as 0.4.

R; = 0.4X0.1 = 0.04 megohm

159

C: = 5600 x 0.14 — ‘00019 #fd.

Other Aids To Design

Although much time has been spent
in preparing a comprehensive analysis
of equalizer circuits, only the general
results can be shown here due to space
limitations. However, the designer can
make full use of them by spending
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R., R;—100,000 ohm, 1 w». wirewound res.

R, R.—330 ohm. 1 w. wirewound res.

R,—33,000 ohm, 1 w. wirewound res.

Rg—220,000 ohm, 1 w. res.

R¢—470,000 ohm, V> w.ves.

R,—47,000 ohm, 1 w. res.

Ry5—100,000 ohm, 1 w. res.

Ry —22,000 ohm, 1 w. res.

R,.—1 megohm linear or audio taper pot

R5—10,000 ohm, 1 w_ wirewound res.

R,;—100,000 ohm, V3 w. res.

Rys~—100 ohm, 10 w. wirewound adjustable res.

Rye—100,000 ohm lincar taper pot

R17—100,000 ohm, 1 w. wirewound res, +5%

Rigs Rios Roo, Reyy Rooy Ros—4.7 megohm, V3 w.
res.

Roy—3 megohm audio taper pot

Ro5~—33,000 ohm, Vs w. res. +59%,

Rog—1 megohm, YV, w. res. +59%,

BASS TURNQVER TIOM

POWER
SWITCHES AB
+288V =4 3MA AN !— OSOOVTL;&“. .———.——L
1 &= GROUND (8-) FREQUENCY SWITCHES ON
+|c! 1.3 = 6IV.AC, |aMe ann NONE
- R2 a7 $Ri0 pred :
R4 300 ane
@ """GAUS DE-EMPHASIS SELEUTION
SWITCH IN TIME CONSTANTS TO TOTAL OESIREO AMOUNT
wour | BT E 58 ¢ CONTROL « CONTROL
o| & \ _UNIVERSAL _ALTEANATIVE SUNIVERSAL _ALTEANATIVE
R i +]cs i “C7 SET r CONTROL 7:®  C 8O INNORMAL SET & CONTROL TO  SET « $WiTCH TO
=~ +19v o TO OESIAEO VALUE res SWITCH C TO r:8 DESIRED VALUE EITMER 30 OR €303
Jez Fo = ] ruo = D = rHO
-_= R3 R9 RI3 P re g M ::'Soi
% STANDARD EQUALIZER SETTINGS
UNIVERSAL EQUALIZER # ALTERNATIVE m TSTELIL
' L
O |2 c2)f s ss QE-EnPHASIS N, ALT.
¥ i RIT It CURVE swliHes on  SWITCHES ON  SWITCHES ON _ r « <
uie Sl 0]a 53 Ci3 a S3
’ FLAT
A -) g’ (_"E 03 o (—‘ (MCRGPHONE] NONE NONE NONE o [o | o
R63 4 RI8 R22 @ 5 5
oy AAAAA b AR, T ) rrapacd  C1% TRANSCAIN TIOR3
S 42 52 S6 cia CSIOPENI Ree (800~) NONE NOWE NONE 300Re| O o
1 4 oo
| 5|\°'0°_°§ = AMER T8 a NONE NONE o o
iy NARTS {NAB) A 20+ 80 15+30+60| " " "] 0 []
cio st~
s Re 11 o coL Le a 20 + 80 15 + 30 + 860 s o o
~ 29 LON LP a 10+ 40 18 + 30 ] [ [
s2 R2) ACA ORTMO A 80 OR 40420110 15 + 60 10 o [
P e e | =9 el SOME RCA NONE 10+ 40 18 + 30 300R®| 0.7 t
RIS - = =
\:: 110 onwad AES ® 20+40 60 ) o
") _‘ LON ftrr 78 L] 10420 30 - os | o3
. EUR 78 (400~ ] NONE NONE """l o o
R,—As recommended by pickup manufacturer "0 I —_— m— None one —1 =
(47,000 ohm, V2 w. res., G-E or Pickering) R27 EUALIEI300

WOMIT R24,RI6,C8,C9.CI0 8 C

aoo 25 R26.Re.CIn. I T.CIB,57 8 58

CT TQ POINTS X-X IN PLACE OF

GAVERSAL' ZOUALIZER

R1;—500,000 ohm, V; w, res. +5%
Note: Al resistors to be +=10% ecxcept as noted
C,—15 ufd., 350 v, elec. cond.

C., C,—25 ufd., 25 v. clec. cond.

Cs, C1.—.02 ufd., 400 v. cond.

C,—10 ufd., 350 v. elec. cond.

Ce—.05 ufd., 400 v, cond.

C:—.1 ufd., 400 v. cond.

Cy—100 uufd. ceramic or mica cond. +5%
C—200 pufd. ceramic or mica cond. +5%
C,0—400 pufd. ceramic or mica cond. +5%
C;—800 uufd. ceramic or mica cond. +5%
Co. C4—.002 ufd. ceramic or mica cond, +5%
C14—.0012 ufd. ceramic or mica cond. +5%
Cis—150 pufd. ceramic or mica cond. 5%

For RIAA (New AES—New NARTB) refer to
RCA Orthophonic.

Refer also to reference 4.

C.6—300 uufd. ceramic or mica cond. +5%

C,;—600 pufd. ceramic or mica cond. +5%

Note: ANl condensers to be +=20% except as
noted

J—Input jack ( Amphenol 80-PC2M or equiv.)

J.~—~RCA-type phono jack

$O,—Sccket (Jones P-304-AB or equiv.)

S1, 81, 83 8., 8., Sa—S.p.st, toggle, slide, or
lever switch (Switchcraft 3001L )

S —S.p.d.t. toggle, slide, or lever switch
{ Switchcraft 3003L)
S,—D.p.d.t. toggle, slide, or lever switch

{ Switchcraft 3006L )
Vy, V.—6A4UG6 tube
V3—6C4 tube

—

Fig. 8. Complete schematic for a “‘universal equalizer” cmd an alternative switchmq arrangement.
Charts show the switching operations and suitable settings for the standard playback curves.

enough time to fully understand the
general equations and the significance

of various interrelationships. For ex-
ample, the relationship

a i
1+a_f—,"""°'(16)

is useful in making a quick diagnosis
of a complex de-emphasis curve. By
examining the curve. the 3 db down
frequency, f,, and the leveling frequen-
¢y, f», can be determined. Using equa-
tion (16), a is obtained. Then R; and
C. are found by solving equations (14)
and (15).

In a great many cases simple de-
emphasis, where a =0, is required.
Fig. 6 shows actual response curves
for this condition. C. for a particular
response is found by solving equation
(12).

It is to be pointed out that although
there are but a few standard curves
in which « is other than zero, the use
of variable or switched resistors for
R.. is most useful in producing modi-
fications of de-emphasis slope often
required to exactly equalize some re-
cordings. This 1s equally true in the
bass region where adjustment of R.,
accomplishes equalization correction.
See Fig. 8.

Practical Equalizers
Returning to the problem that was

1956 issue

presented earlier, it can be readily
seen that the greatest difficulty now
facing the designer concerns the choice
of curves he is to use and the means
he should use to switch them. Before
he can begin, however, he must obtain
accurate definitions of these curves in
terms of the factors that determine
their circuit constants. This task is
made difficult because of conflicting
information from different sources. The
equalizer recommendations given in

Fig. 8 are based on the most reliable

information available to the writer.

However, this does not preclude con-

flict between these sources or between

those recommended in Fig. 8 and
sources available to the reader.

Once a satisfactory agreement has
been reached as to the nature of the
curves, the designer can turn to the
problem of switching. Most widely
used methods fall into two groups:

a. Single switching of complete play-

back curve

Dual switching—one switch selects
the bass while the other selects the

treble

A more recent innovation falls into

third category:

. Sets of push-buttons or two position
switches that individually select a
complete curve and in combination
give additive curves.

Following naturally from this is a

b.

scheme that the writer feels to be

most flexible and one that is slated

for increased popularity:

d. Dual sets of push-buttons or two
position switches that give desired
curves by adding separate bass and
treble curves.

The distinction between methods (c)
and (d) may not be too clear. Method
(c), for example, uses a number of
two-position slide switches. Each
switch selects a particular complete
curve such as the AES or London.
Using more than one switch at a time
adds together whatever curves are
chosen and a new curve results. This
method has an advantage of simplicity
—27 curves can be formed with =
switches—-but curves formed by addi-
tion of standard curves may be use-
less and there are bound to be du-
plications and wide gaps in the range
of curves.

Method (d) can handle as many
curves as (c¢), but each curve repre-
sents a small incremental change from
the preceding one. Thus the entire
range ol standard curves can be in-
cluded as part of a system that offers
extreme flexibility. To accomplish this,
several switches are assigned to the
bass section only and several more to
the treble. This method is the basis
of a universal equalizer.
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Universal Equalizer

In the interest of greatest flexibility,
a means for an ordered control of the
various factors that contribute to a
playback curve has been devised. Such
an arrangement can be termed a ‘“uni-
versal equalizer.” With this device,
one is able to effect any desired play-
back characteristic and an infinite
number of variations about that char-
acteristic.

Although originally meant as a
means for confirming the preceding
design data, the “universal equalizer”
has proven invaluable in the inves-
tigation of the effects of factors such
as acoustics at the recording location
and losses in the recording process.
These factors are instrumental in
changing the effective recording char-
acteristic.3 It has been found that
many different recordings made by the
same manufacturer require different
compensation to sound right. Often
the required compensation is a slight
deviation from the generally accepted
one. Sometimes it varies greatly. This
type of correction cannot be accom-
plished by the usual preamplifier tone
controls.

After careful consideration of the
many factors that enter into high-gain
preamplifier design, the configuration
shown in Fig. 8 has been chosen.
6AU6's are exceptionally quiet and
dependable tubes. The equalizer stage
has a gain of 240, reduced to 3 at mid-
band by feedback. Preceding this
stage, a triode connected 6AU6 with
a gain of 30 brings the over-all mid-
band gain to 90. Thus the unit can
directly drive a final power amplifier
if need be. Normally, a switching and
tone compensating amplifier is used
between the two.

Other combinations of triodes and
pentodes can be successfully used,
but most combinations will not give
as high a gain.?
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Equalizer switching is negotiated by
either the “universal” or “alternative”
methods of Fig. 8. Both schemes use
the same bass turnover selector
switches. The first method gives de-
emphasis from 0 to 150 microseconds
in 10 microsecond steps, whereas the
alternative goes from 0 to 105 micro-
seconds in steps of 15 microseconds.

Selection of « and r differs in that
the “universal equalizer” offers con-
tinuously variable control of these fac-
tors over the entire wide range while
the alternative gives the extreme ends
and popular middle settings. The ‘“‘uni-
versal” « and r dials can be panel
calibrated, if desired, with an ohm-
meter. In both cases, the calibration
marking represents the fraction or
multiple that is placed into the circuit
by R. and R.. Some constructors may
wish to calibrate their dials in terms

1
of —
T

and in order to more

readily aid mental calculation of f,
and f..

1
fe =7 fs
14+ e
fr= fe
a
Potentiometers for these controls

should be wired so that a clockwise
rotation gives maximum response.

Operation of either equalizer is con-
ducive to rapid and easy selection of
any desired curve. Bass turnover fre-
quencies are sclected by switches 4
and B. Treble de-emphasis is selected
by throwing the switches marked di-
rectly in microseconds. The total de-
emphasis is the sum of the individually
chosen ones. a and r are directly se-
lected.

It may occur to the reader that
these schemes rely upon the user’s
detailed knowledge of playback curves.

For this reason, these means of selec-
tion are unsuitable for the uninitiated.
Charts such as the one that accom-
panies the schematic can be prepared
for their use until the user becomes
familiar with the scheme of things.

Component tolerances must be care-
fully watched if results are to be as
expected. Commercially available con-
densers will deviate as much as 100%
from their marked value and should be
bridged beforehand. Resistors should
also be bridged for very best results.

Soldering of these components must
be done with care lest they change
value with excessive heat. Do not
overlook either of these suggestions as
most complaints of poor operation can
be traced directly to carelessness on
these counts.

Since the output impedance of the
equalizer stage is fairly low at the
higher frequencies, the cathode fol-
lower output is not necessary where
short output cable lengths will be
used or where the unit forms part
of a complete equalizer-preamplifier.
However, for general use, the cathode
follower is desirable.

Liberal use has been made of high
resistance “click suppressors” across
all switching points. R; forms part of
a rumble filter.! It is recommended
that the reference 1 be consulted by
those wishing to construct the “ini-
versal equalizer.” Suggestions for
building the equalizer-preamplifier
described there are applicable here as
well. Some may prefer to use the
equalizer schemes of this article in
place of the one in reference 1.
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AUTO-TONE
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« AUTO—TONE »
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Front panel view of the “Autc-Tone.” Three 7F7's are used
although almost any twin-triode can be substituted if desired.

In effect a loudness control-uses three tubes in

a single circuit. Provides automatic bass and treble

control to compensate for the Fletcher-Munson effect.

effective response of the human

ear is not the same at all volume
levels, it being more nearly flat at high
volume levels, and having less sensi-
tivity to the lower and higher ends of
the audio spectrum on low intensity
sounds., Because the design engineers
were aware of this fact they introduced
the tapped volume control which com-
pensates for the reduced sensitivity of
the ear to the lower frequencies at low
volume control settings by boosting
the bass. The volume control, in some
cases, has combined a treble-boost con-
trol with a bass-boost on the same
shaft as the volume potentiometer.
Obviously, a sound of constant volume
could be handled satisfactorily by one
of these arrangements, but speech or
music, or any of the sounds normally
encountered in audio amplifiers do not
have constant volume, but may, and
do, have passages, words or syllables
of much lower t. n average level. The
need, therefore, is for some automatic
method of response control: An ampli-
fier that would introduce considerable
bass and treble boost at low inputs,
and some method of automatically re-
ducing the amount of boost as the
volume increases.

In the simple bass-boost circuit
shown in Fig. 1A, the setting of R de-
termines whether the full capabilities
of boost are used or not. When this
resistor is at its maximum (assuming
its maximum resistance is equal to, or
greater than, the reactance of ¢ at the
lowest frequency to be amplified) the
boost will also be greatest. When R
equals zero, C is shorted and the pure-
ly resistive network of R, and R. does
not discriminate frequencies and the
response will be essentially flat. If R

NEARLY everyone is aware that the
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is replaced by the plate-to-ground re-
sistance of a vacuum tube, varying the
d.c. bias will vary the plate current
and likewise its effective resistance.
It is possible, then, to control the bass
boost by varying the bias on the grid
of such a control tube. If the bias is
obtained by rectifying the incoming
audio voltage, the amount of bass
boost can be controlled by the sound
level.

If control of the bass was all that
was desired, the basic circuit of Fig.
1B would suffice. Because the plate
voltage on V), and hence its plate re-
sistance will not, in practice, drop to
zero, and its effective maximum re-
sistance can not exceed the value of its
plate resistor, the ratio of maximum
to minimum resistance across ¢ will
not be nearly as high as R in Fig. 1A.
This means that with the circuit de-
signed to provide a nearly flat fre-
quency response with V, conducting its
maximum (the plate resistance of V,
at minimum), the maximum bass boost
that can be expected will be just
slightly more than 6 db at 100 cycles
over the response at 1000 cycles. If no
corresponding treble boost is incor-
porated, that amount will do. But if
treble boost is also used, a boost of
both treble and bass of about 12 db
above the 1000 cycle level should be
available at low volume levels. This
can be obtained, as will be explained
later. Fig. 1D shows a typical curve for
the circuit of Fig. 1B, with the control
tube, V,, inoperative (low volume in-

_)

Fig. 1. (A) A simple bass-boost circuit.

(B) Simplified bass control circuit using

a tube. (C) Basic treble-boost control

circuit, (D) Curve for the circuit of (B).

See text for details on these circuits.

By ED. C. MILLER

=Y
— '__’)://
==

put). Fig. 1C is a basic treble-boost
control circuit, wherein the amount of
boost is controlled by the components
C and R, and the control tube attenu-
ates all frequencies in the same pro-
portion, instead of leaving frequencies
that are not boosted unchanged while
varying the amount of boost, as was
donc in the bass circuit just desciibed.
For that reason it could not be used
alone, but must be used in conjunction
with the bass booster or linear attenu-
ator. This method of control for the
high frequencies was chosen because
the control tube can be operated in the
same fashion as the bass control tube
with its cathode grounded, and because
it makes it possible to obtain the de-
sired 12 db boost for both the highs
and the lows. This is accomplished by
applying the output of the low boost
and the high boost to a mixer tube in
such a manner that they will be in a
ratio of 2:1 in amplitude and 180 de-
grees out-of-phase at 1000 cycles, with
the control tubes inoperative. This gives
us an additional 6 db attenuation at
1000 cycles which, added to the 6 db
honst at 100 cyrles, resnlte in an ef-
fective boost of the lows and highs of
about 12 db.

The output of Fig. 1B is approxi-
mately 3% of the input amplitude,
with a phase shift of minus 40 degrees
at 1000 cycles, when the plate resist-
ance of V, is 12,000 ohms, which it is
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Ra, R3, Rye—100,000 ohm, Y3 w, res. C,, Cs, Cy—.02 pnfd., 400 v. cond.
Rs, R1, Ry, Rye, Russ Ruz, Rog, Rn—470,000 ohm, Cy-C:-Cy—20/20/20 pfd., 25/450/450 v. elec.
Yy w. res, cond.
Re, R1oo R11s Ripy Reg—10,000 ohm, Vo w. res. Cy—100 pufd. mica cond.
R.—1000 ohm, V3 w. res. C—250 pufd. mica cond.
R,,—1 megohm pot Cy—.05 ufd., 400 v. cond.
Ryg—270,000 ohm, V3 w, res. C10, C11—20 ufd., 25 v. elec. cond.
Rys—3500,000 ohm pot Vi, Vy, Va—7F7 tube

Fig. 2. Complete schematic of the “Auto-Tone.” See text for possible alterations.
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Fig. 3. Measured curves of the “Auto-Tone.”
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Under chassis view. Terminal board construction is used.

E.-4008 T when there is no output from the rec-
e-sc0s| tifier. A single condenser-resistor net-

RC in Fig. 1B cannot
than a positive phase

| g-o0s] shift approaching 90 degrees. In fact
the phase of the voltage at the junc-

R, is slightly less than

80 degrees at 1000 cycles. It is neces-
sary to use another RC combination,
namely Cq-Rq to provide the additional
60 degree shift to make the output of
k. Fig. 1C directly out-of-phase with the
output of Fig. 1B. The output phases
of these two circuits do not change

correspondingly with frequency, so
that at some frequency above 1000 cy-
cles, where the voltage outputs are
equal in amplitude, they are no longer
out-of-phase, so there is no frequency
where the resultant output is less than
the output at 1000 cycles.

In the “Auto-Tone” amplifier pic-
tured, three type 7F7 tubes were used.
If octal types are preferred by the
constructor, type 6SL7GT tubes may
be substituted with no circuit or parts
value changes. Almost any twin-tri-
odes can be used with this circuit, but
the values of R., R., R., and R
would have to be changed If the char-
acteristics of the desired tube types
differ much from the 7F7. In the com-
plete schematic of Fig. 2, the first sec-
tion of Vi is used as a straight “class
A" amplifier, the output of which is
fed to the bass-boost network, the
treble-boost network, and the control
rectifier. The rectifier is the second
section of Vg, and is of the high-imped-
ance, cathode-follower type. The static
conditions of this tube are such that it
has cathode bias slightly higher than
if the tube were operating as a ‘“class
A" amplifier. Audio signals of small
amplitude, i.e., whose negative peaks
do not cut off plate current in the
tube, will cause no change in the d.c.
voltage at the cathode. As the applied
signal strength increases beyond cut-
off, the negative portion of the audio
will have less and less of a nullifying
effect, and the voltage on the cathode
will increase in a positive direction.
C, is merely a filter condenser; R.
limits the grid current in the control
tubes, and R determines the voltage
on the grids of the control tubes at
minimum signal level. V,; is the bass-
boost control tube and V,, is the bass
mixer. The treble-boost control and
mixer are V.s and V., respectively.

Power requirements are not critical.
The heater drain is .9 amp at 6.3 volts,
and the plate current drain is less than
5 ma. at any voltage from 250 to 400
volts. 300 volts is about optimum. Ter-
minal board construction, such as is
pictured makes construction, testing,
and any future servicing, easy and is
to be recommended. As long as the
usual care in wiring is observed, no

Rear view showing how chassis is laid out for compactness.
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troubles should develop. As it actually
makes little difference whether the
minimum boost frequency is exactly
1000 cycles or not, all components need
have no better tolerance than 10%. If
this frequency is not as close to 1000
cycles as the constructor would desire
when the unit is tested changes in C:
and/or R, may be made up to 50% of
their value to correct it.

The “Auto-Tone"” was designed pri-
marily for use with record players, and
when so used the outpul of the car-
tridge or preamp is connected across

R, and the arm of R,: is connected to
the amplifier input. It should be noted
here, perhaps, Lhal this circuit does
not replace the tone control circuits in
the amplifier or preamp. With full in-
put, the “Auto-Tone’s” response is es-
sentially flat from 100 cycles to 10,000
cveles and more, and at that input the
tone controls on the main amplifier
should be adjusted for the most pleas-

ing results at full room volume. The.

main amplifier controls may be left at
those settings, and R.. used to control
the volume. The amount of bass and

treble boost will then be controlled
directly by the amount of sound com-
ing from the speakers, being maximum
when the level is lowest. Fig. 3 shows

the measured curves of the “Auto-
Tone” pictured.
The preceding information, along

with the schematic, should explain the
operation. The curves show the meas-
ured results. Hearing it in use is the
only real way to appreciate the added
listening pleasure the “Auto-Tone’ can
contribute.

AN OUTBOARD BASS-BOOSTER

By ALLAN M. FERRES

Add a bass boost circuit to your equipment without changing

existing wiring. Power for booster comes from

««LFVERYTHING sounds fine, but I'd
like just a little more bass.”
Sometimes this comment is heard
after a custom installation is com-
pleted, and if you hesitate to dig into
factory-made equipment to correct the
trouble, this hooster will produce the

-5

10,000

00 1000

FREQUENCY (CPS)
Fig. 1. Hesponse of booster with ditferent
condenser values from .01 to .05 ufd. The
zero level is .775 volt in this instance.

required additional bass with a mini-
mum of cffort on your part. It is
simple to demonstrate and often can
be sold to old customers after other
repairs or adjustments have been
made on tiweir sets.

The circuit is simple and the few
parts required can be mounted in an
aluminum can 2 x 2 x 4 inches, small
enough to fit into a corner of the
amplifier or tuner compartment of al-
most any set. The booster uses a 6C4
triode as a resistance-coupled ampli-
fier with an RC frequency-response-
correcting network in the grid eirenit.
The tube furnishes just enough gain
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to compensate for the loss in the net-
work so that the mid- and high-fre-
quency amplification is zero. The
booster can be connected to the input
of the power amplifier so as to in-
crease the bass response for all the
signal inputs or connected to the out-
put of the record player, AM-FM
tuner, or TV set, if only one of these
requires the additional bass. In order
{o reduce the nwmnber of parts, no con-
trols are included.

Power to operate the booster is ob-
tained from the power amplifier of the
installation, either by means of an
adapter plug, placed under a 6V6, 6L6,
6K6GT, or similiar tube, or by run-
ning flexible leads to the underside of
a socket. The plate voltage is taken
from the screen pin of the tube. The
ground connection is obtained from
the shield of the output lead. so no
other lead need be run to the chassis.
If motorboating is experienced due to
poor voltage rcgulation of the output
tube’s screen supply, then the plate
voltage for the booster can be picked
off some other well-filtered high-volt-
age point in the circuit.

Cy is mounted to a dual tie point,
one lug connected to R. and R. and
the other lug grounded. After the
booster is installed. various values of
C. should be tried until the desired
bass response is obtained. Fig. 1
shows the response that is obtained
with values from .01 to .05 apfd. If
less hoonst is required after the praper
value of €. is seclected, C: can he

~30-
the amplifier.
shunted with a resistor, the value
being determined by test. 100.000 to

470,000 ohms are typical values.

The booster should be mounted so
that only a foot or two of output cable
is required in order to prevent a loss
of high-frequency response. Only .15
amp. at 6.3 volts and 1 ma. at 250
volts are required to operate the unit,
which will not overload the power
amplificr power supply. 3o~

Fig. 2. Complete schematic of the outboard

booster. It may be mounted in a 2”x2"x4"

can, fitting into the equipment cabinet.

SHIELDED
OUTPUT LEAD

Ji

+250v.

6.3v

[ —)
TO 6LE OR 6V6 ADAPTER

R —470.000 ohm. '3 w. res.

R.—1 megohm, V3 w. res.

R ~~33.000 ohm, V3 w. res.

R,—4700 ohm, 5 w. res.

R.—270.000 ohm, YV, w. res.

R,—47.000 ohm, V3 w. res.

C,—50 ufd., 25 ». elec. cond.

Co—.1 pfd., 400 ». cond.

C,—20 ufd., 450 ». elec. cond.

C\—.01 to .05 ufd., 200 v, cond. (Sce text)

J,—RCA-type phono jack

Vi—6CH tube
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AN EQUALIZER FOR FM PICKUPS

By
JAMES A. MITCHELL

A simple and versatile
equalizing circuit which
provides correct record
compensation for all makes

of capacitance FM pickups.

cartridge which has been growing

in popularity among hi-fi fans is the
Weathers FM pickup. The electrical
properties of this type of pickup
make possible a new equalizing circuit
which has many advantages over the
circuits generally used in preamps de-
signed for magnetic cartridges. The
principles and practical construction of
such an equalizer will be described.

First let us consider how the FM
pickup generates a voltage in compari-
son with the magnetic type pickups.
All of the magnetic cartridges create a
voltage in a coil by changing the mag-
netic flux through it. The magnetic
field is varied through the coil by the
movement of the stylus in any of sev-
eral arrangements. Since the voltage
in the coil is determined by the rate
of change of the magnetic flux, the
voltage is proportional to the rate of
movement of the stylus. This system

ANEW TYPE of phonograph pickup

Fig. 1.

Over-all view of the
FM cartridge oscillator and
the constant-amplitude equalizer.

produces a frequency response which
is referred to as constant velocity. In
the FM capacitance pickup the move-
ment of the stylus creates a change in
capacitance between the stylus and a
nearby plate. This capacitance is part
of the circuit of a radio-frequency os-
cillator. As the capacitance changes
so does the frequency of oscillation.
This frequency-modulated signal is
converted to an audio frequency by a
simple detector. Since the capacitance
of the stylus and plate is a function of
the distance between them, the voltage
produced in the detector is propor-
tional to the distance or amplitude of
the stylus movement. The frequency
response of this system is termed con-
stant amplitude.

Constant amplitude response differs
from constant velocity response in that
it has greater output as the frequency
is decreased and conversely lower rela-
tive output as the frequency is in-

Required equalization curves for a constant-amplitude pickup to
provide flat response for various recording methods. See text for detalls.
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creased. There is no fundamental ad-
vantage to either system of response if
the preamplifier correctly equalizes the
response curve. Actually records are
made with a recording curve which is
a composite of constant amplitude and
constant velocity recording methods.
Variations in the recording curves
make an adjustable equalizer desirable.

Almost all existing preamplifiers
with adjustable controls have been de-
signed for magnetic pickups. If it is
desired to use an FM pickup with these
preamplifiers the response of the FM
pickup must be changed to constant
velocity before feeding it into the unit.
This is easily done by inserting a small
condenser, 50 or 100’ zpfd., between the
oscillator output and the preamplifier
input. Weathers and most preamp
manufacturers show how to do this.
However certain inherent advantages
of the FM pickup are not fully util-
ized with this method. First, the FM
oscillator has an output of about 500
mv. which, since it has a constant amp-
litude response, is also the approximate
output of the very low frequencies.
This should be compared with mag-
netics which have an output of 15 to
60 mv. at 1000 cycles but only 1 to 5
mv. at the very low frequencies. This
makes it possible to obtain an excellent
signal-to-noise and hum ratio with the
FM pickup. When a condenser is used
to convert the response to constant
velocity the bass frequencies are re-
duced to about the same level as the
magnetics and the usual elaborate pre-
cautions to minimize hum and noise
are required in the preamp. Second, it
is difficult to design a magnetic-type
preamp with the full 6 db-per-octave
bass boost. With constant amplitude
response available directly from the
FM pickup, there is no need to boost
the bass at all. So why convert it to
constant velocity and then have to

HI-FI ANNUAL & AUDIO HANDBOOK
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boost the bass back to constant ampli-
tude.

Fig. 1 shows the response curves a
preamp should have to provide the
proper equalization for a constant am-
plitude pickup such as the FM type,
Fig. 2 shows, for comparison, the same
egualizativn curves as they are re-
quired in a preamp for magnetic pick-
ups with constant velocity response.
Note that actually less correction is
required for the most used recording
methods with the constant amplitude
pickup. Also that while the usual con-
stant velocity preamp boosts the bass
and cuts the treble, the constant am-
plitude preamp cuts the bass slightly
and boosts the highs. With modern
high-frequency pre-emphasized record-
ings little additional boost in the pre-
amp is necessary.

The fundamental RC circuit to pro-
duce the equalization needed in the
constant amplitude preamp is shown in
Fig. 3. C, is a small condenser which,
in conjunction with R, provides the
high-frequency hoost. R, is a resistor
which bypasses C, at the low frequen-
cies and controls the turnover to con-
stant amplitude response in the bass.
R: is a resistor which, depending on its
value, limits the high-frequency boost
and allows a variable high-frequency
control. C: is a larger condenser which,
if present, restricts the very low fre-
guencies to provide the low bass atten-
uation required for LP and RCA
“Orthophonic” recording curves.

One interesting feature of this cir-
cuit in comparison with ordinary pre-
amps is that the elements which are to
be varied to control the bass turnover
and the high-frequency pre-emphasis
are the two resistors R, and R, In
nearly all magnetic preamps it is the
condensers which must be varied. This
requires a switching arrangement with
many components. With this constant-
amplitude equalizer two variable re-
sistors can provide all the turnover and
treble control necessary. A switch cut-
ting in C: can modify the low bass for
the LP prc-emphasis.

Fig. 4 shows a practical set of values
for this equalizing circuit. This net-
work can be used either directly con-
nected to the FM detector and before
the first amplification stage or it may
be used following a triode amplitication
stage. It provides nearly exact equali-
zation for all the standard recording
curves. Fig. 6 shows curves actually
obtained at the various settings of the
controls. Remember that since the
controls are continuous any intermedi-
ate high-frequency pre-emphasis cor-
rection or bass turnover can be ob-
tained. The only equalization setting
which is somewhat short of theoretical
is when R, is set at zero resistance for
the flat constant-velocity curve. The
circuit shown is 1.3 db below theoreti-
cal at 10,000 cycles and 3.5 db below
2Q,000 cycles. Since this curve is used
only for playing frequency test records
or old 78's with no highs anyway this
is of little practical consequence. Halv-
ing all of the condenser values and
doubling the size of all the resistors
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Fig. 2. Required equalization curves for the conventional constant-vel-

ocity (magnetic) pickups. Compare this curve with that shown in Fig. 1.

in the circuit (except R. which should
not be changed) will make the flat posi-
tion correct to within 1.3 db at 20,000
cycles but will double the voltage loss
in the equalizer. Since the equalization
is nearly exact on all the lower settings
of the high-frequency control the
values given were preferred.

The size of variable resistor R. and
fixed resistor R, have been selected
to provide a variable bass turnover of
from 280 to 1000 cycles, with a com-
plete swing of the control knob. The
value of variable resistor R; will pro-
vide a correction for records made with
no high-frequency pre-emphasis to
those made with 20 db pre-emphasis at
10,000 cycles. Switch S, has three po-
sitions for exact adjustment of low
bass pre-emphasis. Position 1, with no
condenser, is flat for all constant-am-
plitude turnovers. Position 2 provides
the correct NARTB and RCA "Ortho-
phonic” bass. The bass turnover should
be set for 500 cycles on these records.
Position 3 matches the LP recording
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e/ R 25
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Fig. 3. The fundamental RC circuit
for constant-amplitude equalization.

curve with the turnover also set at 500
cycles.

This equalizing circuit has a loss of
24 db at 1000 cycles. The equalized
output is about 30 mv. at all frequen-
cies if the circuit is connected directly
to the oscillator. This is still about 20
db above the signal level of magnetic
pickups in the 30 to 60 cycle range.
Hum pickup in the amplification stage
following the equalizer is, therefore, 20
db less than when the same tube is used
as a magnetic-type equalizer. Fig. 4B
shows a simple two-stage voltage am-

Fig. 4. (&) Circuit of adjustable equalizer and (B) the voltage amplifier circuit.
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