
Fig. 3. (Al Single -section RC network used
to provide low frequency boost at the rote
of 3 db/octave. (B) Two sections are

necessary for a boost of 6 db/octave.

be the sections of a 6SL7, 6SC7, or
7F7; or they may be two separate
high -mu triodes such as 6SF5's, or two
duo -diode triodes such as 6SQ7's, or
6AQ6's. with the diode plates strapped
to the cathodes. The values shown will
give a total boost of approximately 7
db/octave, with the switch lowering the
transition frequency by adding more
capacitance.

Shunting the capacitance of one of the
RC sections with the potentiometer R,
provides a controllable boost ranging
from 3 to 7 db/octave. This potentio-
meter has an audio taper for smoothest
action, the connection being made so
that clockwise rotation of the knob in-
creases the resistance across the capa-
citors, and thus increases the bass boost.
Figure 2 shows the possible equaliza-
tions obtainable with this circuit.

The plate -load resistors R, and R.
may be varied between 50,000 and 270,-
000 ohms to adjust the total gain of the
preamplifier, and the output is intended
to feed a 0.5 to 2.0 meg volume control.

Crystal Pickup Equalization
The problems are entirely different

when a crystal pickup is used. These
devices normally give a flat output over
the frequency range up to the transi-
tion point, and droop at the rate of
6 db/octave beyond. The low -frequency
response is dependent somewhat on the
total load into which the cartridge
works, but if this load is greater than
1.5 megohms, the bass may be assumed
to be normal.

Since a droop of 6 db/octave cor-
responds to a loss of 20 db. for a fre-
quency ratio of 10:1, the insertion loss
must be at least 20 db to compensate
for the range from 300 to 3,000 cps for
the lowest turnover frequency. An addi-
tional 10 db would carry the compensa-
tion to 9,000 cps, which is a reasonable
upper limit for this type of reproducer.
However, most amplifiers used with
crystal pickups do not provide sufficient
gain to permit the use of this much
equalization, so a circuit for a maxi-
mum of 20 db will be presented.

If the total insertion loss at low fre-
quencies is to be 20 db, the resistors
R. and R. of Fig. 4 must provide it.
Therefore,

I. L. (db)=20 log R, R,
R,

Since R, may very well be a 0.25 meg
potentiometer used for the volume con -

Fig. 4. Type of equalizer used with crystal
pickups to provide proper compensation for
high -frequency droop inherent in capacitance

generator.

trol, and since (R. + R.)/R, must
equal log-' 1.0, or 10.0, R, is 2.25
megohms.

The capacitor across R, may be
calculated for any desired transition fre-
quency. The circuit of Fig. 5 shows a
complete equalizer, using a 1.0-meg
potentiometer in series with a 1.2-meg
resistor for 1?1, thus permitting the con-
trol of the amount of high -frequency
boost, while the switch S, controls the
transition frequency. S. is used to con-
trol the low -frequency response, pro-
viding a variety of load resistances for
the pickup to work into, with the at-
tendant change in bass output.

Conclusion
These circuits may be useful to the ex-

perimenter, engineer, or record en-
thusiast for providing a wider range of
control for record reproduction. Once
the correct settings for the equalizer
controls are determined for each in-
dividual record or album, they may be
marked on the records to facilitate

Fig. 5. Complete equalizer circuit to be
used between crystal pickup and grid of
first tube, making use of both low- and

high -frequency compensations.

future use. Proper equalization will do
more toward making the reproduction a
realistic performance than any other
single influence, when used with good
quality equipment.

H -F Equalization for Magnetic Pickups
C. G. McPROUD

Methods of using shunt capacitance to provide low-pass filter action and NAB or LP compensation.

ONCE THE OUTPUT of a magnetic
pickup has been equalized so that
the response up to the transition

frequency is a realistic reproduction of
the original recorded material, the listener
next turns to the other end of the spec-
trum in an attempt to eliminate noise or to
match the recording characteristic. The

methods of equalizing the low -frequency
response were discussed in the preced-
ing article, and such methods are equal-
ly applicable to most of the high -quality
low-level magnetic pickups that are
available. These pickups are of the high -
impedance type, designed to work directly
into the grid of a vacuum tube. The

electrical characteristics are similar, and
the same methods of high -frequency
equalization can be applied to all.

In order of importance, the three
principal reasons for equalizing the high -
frequency end of the audio band are:

1. To reduce surface noise
2. To eliminate distortion

48



100
Ro

( A)

Cartridge .11

( B )

Fig. 1. (A) Conventional L -section low-pass
filter configuration. (B) Circuit of magnetic
pickup shunted by capacitor C and terminated
by resistor 12,, feeding grid of amplifier tube.

3. To compensate for the recording
characteristic

The reasons for this order will be ap-
parent from the discussion.

The first of these listings is the one most
noticed by the layman, who is often the
person for whom the equipment is being
designed. He is apt to be conscious of
noise much before his notice of distortion,
and favorite records-usually played
more than others-are likely to be the
most worn and consequently the greatest
offenders.

The second reason becomes more ap-
parent as the ear acquires training. The
effect is noticed on many records as a
definite "muddiness" and "smearing" in
the high-level, full -orchestra passages,
probably as a result of cutting at an
average level which is too high for the
amplifier equipment, the cutting head, or
the record material. Consequently, when
peak passages are reached, system distor-
tion rises considerably. A higher over-all
distortion which remains constant is less
objectionable than low distortion
throughout parts of the recording, with
great distortion on high-level passages.

Compensation for the recording char-
acteristic is likely to be considered by
many as the most important of the three
listed reasons. Without diverting into a
discussion of recording characteristics-
which are definitely not standardized
among the various manufacturers, or even
in one manufacturer's own studios-let it
be said that some degree of high -frequency
equalization is generally employed in the
recording studio, as measured from the
microphone to cutting head. However,
this does not necessarily mean that the
individual record that you buy is going
to reproduce with that increased h -f
response. It is recognized that one
stamper is capable of producing about
1,000 records before it is discarded. The
first record may be excellent, but what
about the 999th? One more record and
the stamper will be discarded. In the

writer's opinion, very few commercial
records are on the market today with any
excess of high -frequency response-cer-
tainly not to the extent that they cannot
be compensated for easily by usual "tone
control" circuits. Therefore, with the
exception of compensation for the NAB
characteristic, no "sloping" circuits will
be discussed. Reproduction from the
record will be assumed to be correct as
far as frequency response is concerned,
and since both of the high -quality mag-
netic pickups in growing use are capable of
performance up to 10,000 cps, it will be
further assumed that the electrical out-
put from the pickup is directly propor-
tional to the velocity of the stylus tip.

Correction Methods
The simplest method of reducing the

response of any electrical circuit to a
desired maximum frequency is by means
of a low-pass filter. In proper designs,
practically any shape of curve can be ob-
tained. However, in high -impedance cir-
cuits the series inductances reach large
proportions, and they do pick up hum.
Consider a simple low-pass filter such as
that shown in Fig. 144. It consists of a
series inductance and a shunt capacitor.
The equivalent circuit of a magnetic
pickup is essentially a generator in series

with an inductance equal to that of the
coil, and with a resistance equal to the
resistance of the coil. Thus, if a capaci-
tor is shunted across the output of the
pickup, as in Fig. IB, the net result is that
a low-pass filter section is formed. It is
only necessary to choose the correct
value for the capacitor and the correct
value for the terminating resistance,
after the cut-off frequency is selected.

L -P Filter Circuits
The configuration for the low-pass filter

used in connection with these magnetic
pickups is now seen to consist of the
inductance of the pickup itself shunted by
a capacitor, with the combination work-
ing into a suitable load resistance. With-
out considering the actual cut-off fre-
quencies, the general circuit is developed
first from the formulas for a constant -k
low-pass filter, which will provide the
values for C when the inductance L and
the cut-off frequency are known. The
cut-off frequency, fc, is that at which the
response is down 3 db.

By further rearrangement of the formu-
las, the value for the terminating resist-
ance is given in terms of L and C. To
simplify the determination of these capac-
itance values, they are shown in chart
form in Fig. Q. The inductance of the

Fig. 2. Chart for determining capacitance to be shunted across magnetic pickup to provide
low-pass filter action.
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Fig. 3. Shape of response curve for fe = 3850
cps. Dotted curve indicates peak due to

improper terminating resistance.

various available pickups ranges from
about 100 inli for the early GE models
to approximately 600 mli for some or
the more recent designs. For this rea-
son. the curves have been redrawn
to accommodate this range of induct-
ances. To use the chart, follow the
diagonal line for the inductance of the
pickup to the frequency of the desired
cutoff, and read capacitance at the left.
Response Curves

A typical response curve obtained by
the use of a properly terminated capac-
itance shunt across the output of a mag-
netic pickup is shown by the solid curve of
Fig. 3, while the dotted curve shows the
effect of operating the combination into
a load resistance equal to three times the
optimum value. The smoother response
of the solid curve is much to be preferred,
and the use of a filter with sharper cut-off
characteristics is generally undesirable
for high quality audio circuits. Empirical
values for the terminating resistance are
given by the simple relation

R = 1.2 1..

where R is Iii ohms and is the
selected cutoff frequency (3 db down).
The response is flat up to approximately

440
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0

10
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80 per cent of the cut-off frequency, is
down 3 db at fc, and decreases at the rate
of approximately 15 db per octave
above fc.

Any resistance in series with the capaci-
tor does not affect the curve up to a fre-
quency of approximately 2fc. Above this
point, the curve tends to flatten off. There-
fore it is recommended that the capacitor
be connected directly across the pickup,
and shunted by the correct load resistor.
For flexibility, and to provide for wide-
open response when record surfaces and
distortion content permit, a switch may
be arranged to connect either of two or
more capacitors across the circuit as
desired, each capacitor having its own
resistor permanently connected across it.
Using this arrangement, cut-off fre-
quencies anywhere in the band can be
chosen at will. For ordinary use on com-
mercial shellac pressings, a three -position
switch providing cut-off frequencies of
3,500 and 6,000 cps, together with one
wide-open position, has proven quite sat-
isfactory, although a more elaborate ar-
rangement would obviously give a wider
range of control.

NAB and LP Rell-OR
Professional users of these pickups

often have need for a circuit which will
provide the proper roll -off for the high
frequencies for correct reproduction of
LP records and transcriptions using
the NAB recording characteristic. This
curve is shown by the solid heavy line of
Fig. 4, together with the equalization
provided by the low -frequency equalizing
circuits previously described, and the
simple capacitance droop to correct for
the high end. The resulting range of
control provides for a response at 100 cps
anywhere between +6 and -2db, together
with an approximately flat response
above 1,000 cps.

The droop resulting from the shunting
of a capacitor across a line of a certain
impedance is a gradual deviation from flat
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Fig. 4. NAB recording characteristic related to equalized preamplifier and to capacitance roll -
off to provide control over low -frequency response and a Hat high -frequency response.
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Fig. 5. Impedance Z1 of any point in a cir-
cuit is composed of Z1 and Z in parallel.

to a loss of 3 db at approximately three
times the frequency at the point of devia-
tion, with a further droop at a rate of 6 db
per octave above that point. However,
this does not apply to capacitor shunted
directly across an inductive source such
as a pickup. The capacitor must be shunt-
ed across a circuit which is essentially
resistive. A simple method of determining
the correct capacitance to provide equali-
zation for the NAB curve is given by the
following:

C =
75 (Z +Ze)

Zas
where Zi and Z2 refer to the impedances
indicated in Fig. 5. This is a modification
of the standard formula employed in some
broadcasting plants which is C -100/4,
where Z0 is the impedance at any given
point in a circuit. Thus, the impedance
at any point on a 600 -ohm line equals 300
ohms, since the source and load-each
being 600 ohms-are in parallel. The
value of 100 gives a roll -off which is some-
what greater than required to provide
flat response.

Adaptations to Preamplifier
The preamplifier suggested for low -fre-

quency compensation is readily adapted
to provide the required roll -off to com-
pensate for the NAB curve. The logical
place to insert the shunt capacitor is
across the output circuit, at which point
the impedance consists of the load resist-
ance shunted by the plate resistance,
and both shunted by the grid leak of the
following stage. Assuming that the grid
leak is 1 meg or more, the impedance at
this point is numerically of the order of
40,000 ohms, resulting in a shunt capaci-
tance value of 0.00181.4f.

When the connections from the pre-
amplifier to the succeeding circuits must
be fairly long, the capacitance of the
shielded lead is apt to cause a droop in
the response. This may be corrected
easily by the addition of a capacitor across
R4 in Fig. 1 of the preceding article on
page 47. With a value of 0.27 meg. for
this resistor, the capacitance to be placed
across this resistor is equal to 0.59/f,
where f is the frequency at which the re-
sponse is down 3 db. This same method
of equalization may be used to bring the
high -frequency response of a poor pickup
up to flat at any desired frequency by the
application of this formula, if the particu-
lar cartridge droops appreciably. The
output of the better cartridges is held to
a tolerance of ± 2 db to 10,000 cps, and
further correction should not be necessary.
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