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[57] ABSTRACT

A frequency equalization circuit includes an active filter
circuit. The filter circuit differentiates the input signal.
A plurality of adjustable resistances are connected to
the differentiator corresponding to a plurality of operat-
ing or frequency ranges. A switch selects one resistance
in accordance with one selected operating range to
connect the filter circuit to an amplifier.

21 Claims, 3 Drawing Figures
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1
EQUALIZATION CIRCUIT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue,

BACKGROUND OF THE INVENTION

There are a number of applications where a high
frequency equalization circuit is needed to provide a
signal rising or falling in amplitude with frequency over
a plurality of possibly overlapping operating ranges
each operating range covering a range of frequencies
and adjustable within each range. One significant area
of application is in signal recorders and especially audio
recorders. Other applications exist such as plural range
tone controls.

Due to the signal transfer characteristics of present
audio recorders, and especially the characteristics of
recording tape, the high frequency range of the audio
signal becomes attenuated by the recording and repro-
duction process. This attenuation occurs to varying
degrees dependent upon a number of variables includ-
ing relative transducer to record medium speed and the
frequency characteristics of the tape. Consequently, an
adjustable high frequency amplitude equalization cir-
cuit is commonly employed in the audio record cir-
cuitry of the recorder to compensate for the attenua-
tion. The audio equalization circuitry may be designed
into the audio preamplifier. | |

In the past, passive RC filters utilizing adjustable
capacitors have been used with limited success as ad-
justable amplitude equalizers. For example, many multi-
ple speed audio tape recorders have tape speed capabili-
ties ranging from 3% inches per second to 30 ips. Re-
corders having a wide range of selectable operating
speeds have required for each speed a separate filter
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with a variable capacitor. While such passive equalizers 40

effect equalization, they do so at the expense of appre-
ciable overall signal attenuation and concomitant loss of
signal power and quality. Because the filters require a
larger number of elements and a variable capacitor for
each tape speed, the passive equalizers are expensive.

It is preférable to utilize an active filter to minimize
signal attenuation. The use, however, of a separate ac-
tive filter for each tape speed in a multiple speed ma-
chine can increase expenses beyond the cost of using
separate passive filters.

Many filter. circuits, both passive and active, can
introduce a significant amount of noise into the signal.
Many introduce noise when the equalization provided
by the circuit is adjusted to zero. The same level of
noise may be introduced regardless of the amount of
equalization provided. Active filters, moreover, may
introduce noise into the system inversely to the level of
signal amplitude enhancement or equalization intro-
duced. This [later] /atter case is especially undesirable
because the signal to noise ratio becomes [high]} /ow
with small amounts of equalization.

SUMMARY OF THE INVENTION

Accordingly, the present invention constitutes a high
frequency amplitude equalization circuit, preferably for
the record circuitry of a signal recorder, that is adjust-
able to provide a desired signal frequency response over
a wide range of relative transducer to record medium
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speeds. The signal to be equalized 1s passed through two
paths, one of which includes an active filter circuit. The
active filter circuit is responsive to the signal to vary
with frequency the amplitude of any of its frequency
components lying in a predetermined frequency range.
In one preferred embodiment, the active filter circuit is
constructed to vary the amplitude of the signal's fre-
quency components in a high frequency range. The
signal from the active filter circuit is combined with the
signal passed through the other of the two paths for
further utilization. The active filter circuit comprises a
differentiating circuit, formed by an amplifier circuit, and
a plurality of adjustable resistances selectable one for
each machine operating speed. Preferably, the differen-
tiating circuit is Lan RC circuit connected to the input
of the amplifier] implemented by an operational ampli-
fier having an input RC series circuit and a feedback
resistor cooperating to provide the differentiation. The
output of the amplifier, which is varying with fre-
quency, is adjusted by one of the plurality of adjustable
resistances selected according to desired speed thus
providing equalization over one of a plurality of operat-
ing or frequency ranges. The [RC differentiator and
amplifier are] differentiating circuit is utilized for all
operating speeds. Additional adjustable resistances only
are needed for additional operating speeds. In the pre-
ferred embodiment, the filter circuit is placed in parallel
with the input resistance of [an] a summing opera-
tional amplifier 1n the audio preamplifier circuit. Thus,
the input signal follows two paths. In one path, the
signal is fed directly to the summing amplifier through
the input resistor and in the other path, the signal is fed
through the filter circuit to the summing amplifier. Pref-
erably, the adjustable resistances are placed in parallel
between the output of the filter amplifier and ground.
This arrangement causes a minimum of noise to be in-
troduced into the signal. When no high frequency
equalization or boost is introduced into the circuit, i.e.,
when the tap of the adjustable resistance selected is
turned to ground, no noise is introduced. Other addi-
tional pre-emphasis circuits may be conveniently added
to affect a low frequency amplitude boost or to provide
other compensation, if desired, by using the feedback
path from the output of the summing amplifier.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic circuit diagram of an audio
preamplifier utilizing an embodiment of the equalization
circuit of the present invention.

FIG. 2 1s a graph representing the varying response
curves available utilizing the present invention.

FIG. 3 is a schematic circuit diagram of an alternative
embodiment of the equalization circuit of the present
invention utilizing additional filter pre-emphasis cir-
cuits.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In FIG. 1, [1,] terminal 1 is the input to the audio
preamplifier shown. Terminal 2 18 the output. The main
signal path of the preamplifier comprises input resistor
4, amplifier 3, and feedback resistor § connected be-
tween the amplifier input terminal 6 and the output
terminal 2. The gain of the summing operational ampli-
fier 3 1s, with little error:
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Where

A = the closed loop gain of the operational amplifier.

R, = the resistance of feedback resistor 8

R, = the resistance of input resistor 4

Connected in parallel with input resistor 4 is an active
filter circuit 10, which is designed to perform a high
frequency signal amplitude pre-emphasis. Any signal
applied to input terminal 1 will thus pass through input
resistor 4 and the filter circuit 10. The resultant signals
will be summed at terminal 6 and then amplified by
amplifier 3. The signal passing through the filter circuit
is emphasized and thereafter summed with the signal
passing through resistor 4 and amplified by amplifier 3
to form the desired equalized signal.

The active filter circuit 10 comprises [an] a differen-
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The ratio of the output voltage to the input voltage for
operational amplifiers is given by the equation

Z
Vnur_= - -ﬁ Vin

Where
Vour = the output voltage;
Vie = the input voltage;
Zp, = the feedback impedance of the operational ampli-
fier; and
Z.x = the input impedance of the operational amplifier.
For the differentiating operational amplifier 11, the

(2)

20 equation is

tiating operational amplifier 11 with a feedback resistor ,¢

12. Connected between terminal 1 and the input 24 of
the amplifier 11 is a series RC network comprising resis-
tor 13 and capacitor 14. The capacitor 14 and resistor 13
represent the input impedance of the differentiating opera-
tional amplifier 11. A plurality of adjustable resistors 185,
16 are connected between the output 2§ of amplifier
[12] 7! and ground. There is one adjustable resistor
for each operating speed. Connected respectively to the
adjustable taps of adjustable resistors 18, 16 are connect-
ing resistors 18, 19.

A switch 20 selectively connects the [amplifier’s]
input terminal 6 of summing amplifier 3 to one of the
connecting resistors 18, 19. One terminal 21, 22, 23 of

switch 20 is selected according to the selected operating 40

speed.

In operation, an audio signal is coupled to terminal 1.
The signal passes through the path formed by resistor 4
and also through the path formed by resistor 13, capaci-
tor 14 and amplifier 11 where it is differentiated and
amplified. The differentiation of the signal causes signal
amplitude in this embodiment to rise with frequency
above a predetermined frequency as described below.
The selection of the component values of the active
filter circuit determines the frequency range of the re-
sultant high frequency pre-emphasis. In the preferred
embodiment the output signal of amplifier 11 rises at 6
db/octave with increasing frequency. The limit to this
rise is set by R,;C where R,; is the value of resistor 13
and C is the value of capacitor 14.

One terminal, for example 21, of switch 20, is selected
according to a chosen operating speed to connect ad-
justable resistor 15 to terminal 6 by way of resistor 18.
Accordingly, a portion of the differentiated signal de-
pendent on the position of the tap of the adjustable
resistor is summed with the undifferentiated signal,
which has passed through resistor 4 to terminal 6. The
resultant signal is amplified by operational amplifier 3
and available as an equalized output at terminal 2.

[ The frequency above which the signal is pre-
emphasized by the active filter circuit 10 is determined

by:}
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(3)

Where

Vos = the output voltage at terminal 25;

V), = the input voltage at terminal 1 of the equalization
circuit;

Ri2 = the resistance of feedback resistor 12;

R 3 = the resistance of input resistor 13; and

1/jwC = the impedance of input capacitor 14.

After rationalizing the equation (3) becomes:

WCR,,

(4)
5= - TR,

Equatfon (4) may be re-arranged as:

Vi = — (T YR ¥ ®

In the frequency range over which signal pre-emphasis

45 occurs, the current from active filter 10 into the summing

terminal 6 through resistor 18 is equal to or greater than
the current into the terminal 6 from resistor 4. The differ-
entiating operational amplifier 11 provides a current to the
summing terminal 6 through a voltage divider formed by
the adjustable resistor 15 and through the resistor 18. The
open circuit source voltage at tap of resistor 15 with the load
formed by resistor 18 and following circuit at terminal 6
disconnected Is,

Vo= KV, (6)

Where
Vr = the voltage at the tap of resistor 13;
K = the fraction of the resistance R,s between the tap
and ground.
The source impedance seen at the tap of resistor 15 as
determined by Thevenin’s theorem is

KR s(1 — K)R;, M

r="KR, + (4 = OR,;, ~ A — KR,

Where
R,s = the resistance of adjustable resistor 15.




Re. 29,529

S

The current flowing into terminal 6 through resistor 18
from the differentiating operational amplifier 11 is

. KV, (8)
8= "R T KO — ORy, -5

Where
R .3 = the resistance of resistor 18.

At lower signal frequencies, wCR 4 is much less than 1
and equation (5) reduces to

Vig = —pwCRy, ¥, (9}

10

The current I,5 at lower signal frequenc:es is obtained by
substituting equation (9) for Vs in equation (8), which 13
gives

I JWCR KV, (10)
8™ 7 Ry + KO0 — K)R; 20

The current into summing terminal 6 through resistor 4
is

I, = V|/R, (11) 25
Where

R, = the resistance of the resistor 4.

As discussed above, pre-emphasis occurs when the abso-
lute magnitude of the current I3 is equal to or greater than 10
that of I, that is when

1| = |1) ' (12)

After substitution for I,and I,4 from equations (11) and

(10) into equation (12) we abtam. 33

I I wCR, K V, (13)
l "R+ K(1 — DR,s 1s
40

After substituting for w=2m f and solving for the fre-
quency [, the lower frequency limit f, at which pre-emphasis
occurs can be found and is given by the eguation:

_ Ry + R K(1 ~ X) (14) ¢
h= 2wCKR, R,,

where

R, = the resistance of resistor 4 50

R;; = the resistance of resistor 12

[R,; = the resistance of resistor 13}

R s = the resistance of resistor 15

R, = the resistance of connecting resistor 18

C = capacitance of capacitor 14 55

K = the fraction of the adjustable resistor 15 between

the tap and ground

f, = frequency.

The pre-emphasis frequency, then, is dependent on
the positioning of the tap on the ad justable resistor 15. go
The lowest pre-emphasized frequency is determined,
when K = |, by the values of R, R,,, R;;and C. When
the tap is set to ground, K = 0 and there is no pre-
emphasis.

L The] As noted above, the limit of the 6db/octave rise 65
in the output of amplifier 11 with increasing frequency is
determined by CR, From equation (5), it is seen the
frequency at which this occurs is determined by the denom-

6

inator as wCR 3 approaches 1. Thus, the upper frequency
Iimit of signal pre-emphasis is determined by

; | (15)
R C

Equation (4) also defines the phase relationship between
the output and input signals of the differentiating opera-
tional amplifier 11. This equation (4) can be rewritten in
terms of real and imaginary components as

V.. — chz.RuRﬁ H’CR[] P
8= T+ R,y | T+ werg |}

From equation (16) it can be seen that the output voltage
at terminal 25 always lags in phase with respect to the input
voltage at terminal 1. From equation (5), it can further be
seen that the phase lag is 90° at frequencies below f, where
wWCR 3 Is much less than 1.

It can be readily seen that where different amplitude
equalization is required by different tape speeds, only
the adjustable resistor 15 and the connecting resistor 18
need be substituted w1th_new values such as resistors 16
and 19. Resistors 12 and 13, capacitor 14 and amplifier
11 are common to all speeds.

When there is zero boost or equalization, the tap of
the adjustable resistor is set to ground and no output
signal from the active filter circuit is transferred to the
main circuit path. Consequently, there is no noise con-
tribution from the pre-emphasis circuit filter. When
boost is provided, output noise remains substantially
constant until K becomes close to unity in which case
some additional noise is contributed by amplifier 11 at
high frequencies only. Thus a minimum amount of noise
is introduced into the circuit.

FIG. 2 shows a family of curves depicting the range
of high frequency equalization curves obtainable at a
given tape speed as resistor 15, for example, is adjusted.
As resistor 15 is adjusted, frequency f; will vary as
shown by the arrow. Frequency f, will vary from a
minimum amount when K=1 to higher amounts when
K is reduced. The selection of another adjustable resis-

(16)

5 tor 16 is necessary to provide a different range over

which f; must vary due to different signal equalization
required by machine characteristics which change with
operating speed. Along the ordinate is plotted gain G,
and along the abscissa is plotted frequency f. The gain
of amplifier 3 is shown at 30 and equals R,/R,. The
upper frequency limit of boost 31 is given by the equa-
tion for f,. The family of curves 32, 33, 34 represents the
range of equalization that is obtained by varying K. The
lowest possible corner frequency, when K =1, is shown
at 35. As the corner frequency increases, the amount of
signal amplitude boost [decrease] decreases until none
18 present in the equalization.

Accordingly, the output of amplifier 3 consists of two
components, one whose amplitude is constant with
frequency and one of which is contributed by the pre-
emphasis circuit and whose amplitude rises with fre-
quency over a selected range of frequencies.

Additional compensating networks may be added for
adjustable low frequency pre-emphasis or to provide
other compensation. The additional networks are pref-
erably switched using the same switch as utilized for
high frequency pre-emphasis. As shown by way of
example only in FIG. 3, additional networks 40, one or
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more for each operating speed, may be connected be-
tween the switch terminals 21, 22, 23 and the circuit
output 2. The particular low frequency pre-emphasis
circuit shown consists of a capacitor 41 in series with
resistor 42. In parallel with resistor 42 is another series
RC circuit comprising capacitor 43 and resistor 44. One
similar circuit could be provided for each range of oper-
ation. The circuit, of course, need not take the form
specifically described, but may be of any suitable con-
figuration to provide the desired equalization.

The invention provides a high frequency equalization
circuit in an audio pre-amplifier. The active filter circuit
includes a series RC circuit connected to the input of
Fan] a negative feedback amplifier forming an opera-
tional amplifier for differentiating the input signal to the
preamplifier. The output of the filter amplifier is con-
nected to ground through a plurality of variable resis-
tances connected in parallel. Each vanable resistance
provides a means to vary the amount of high frequency
boost utilized at one of a plurality of tape speeds of an
audio tape recorder. Accordingly, one [RC differenti-
ator and amplifier are] differentiating amplifier is uti-
lized at all operating speeds requiring a minimum of
component change for different speeds. Due to the
described circuit configuration, there is a very low
noise contribution to the preamplifier from the active
filter circuit except at close to maximum boost or pre-
emphasis when the noise contribution is at high frequen-
cies only. Since the variable resistances are grounded at
one end, there is no noise contribution at zero boost
when the taps on the resistances are set to ground. The
input signal is passed both through the filter and
through a resistor directly into the preamplifier where
the sum of the two components is amplified. An alterna-
tive embodiment of the invention includes additional
pre-emphasis circuits connected to be selectively
switched with the adjustable resistances to provide low
frequency or other desired special equalization.

Although the invention has been described herein
with reference to two embodiments, it 1s to be under-
stood that various modifications may be made thereto
within the spirit and scope of the invention. Thus it 1s
not intended to limit the invention except as defined in
the following claims:

What is claimed is:

1. An equalization circuit comprising:

an input terminal,

amplifying means having an input connected to said

input terminal;

filter circuit means having an output [connected]

for connection to said input of said amplifying means
and for providing a signal varying in amplitude
with frequency at its output;

a plurality of adjustable resistances corresponding to

a plurality of operating ranges connected to the
output of said filter circuit means for adjusting the
signal amplitude provided by the output; and
switch means for selectively connecting one of said
plurality of adjustable resistances to said input of

said amplifying means according to one selected 60

operating range.

2. The circuit of claim 1 wherein:

said filter circuit means provides a signal which rises
with frequency.

3. The circuit of claim 1 wherein:

said filter circuit means comprises an RC series cir-
cuit [connect] connected to said input terminal.

4. The circuit of claim 1 wherein:
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said filter circuit means comprises active filter means.

S. The circuit of claim 1 wherein:

said filter circuit means comprises differentiating
means.

6. An equalization circuit comprising:

an input terminal;

a first amplifier having an input and an output;

an tnput resistance connected between said input
terminal and the input of said first amplifier; and,

a filter circuit connected in parallel with said input
resistance including:
circuit means having an output to filter a signal

received at said input terminal;

a plurality of adjustable resistances connected to
the output of said filter circuit means, each of
sald resistances selected according to a different
one of a plurality of operating ranges for adjust-
ing the amplitude of the signal provided by said
filter circuit means; and,

switch means connected between said plurality of
adjustable resistances and the input of said first
amplifier for selectively connecting said adjust-
able resistances to said first amplifier.

7. A circuit of claim 6 wherein:

said filter circuit means provides a signal varying
with frequency.

8. The circuit of claim 6 wherein:

said filter circuit means provides a signal rising with
frequency.

9. The circuit of claim 8 wherein:;

said filter circuit means includes an RC circuit con-
nected to said input terminal and a second amplifier
connected to said RC circuit, the output of said
second amplifier being connected to said plurality
of adjustable resistances.

10. The circuit of claim 9 wherein:

said switch means comprises a plurality of contacts
connected respectively to said plurality of variable
resistances; and further including:

a plurality of frequency pre-emphasis means con-
nected respectively between said plurality of
contacts and the output of said first amplifier.

11. The circuit of claim 6 wherein:

said filter circuit means comprises an RC series cir-
cuit connected to said input terminal.

12. The circuit of claim 6 wherein:

said filter circuit means comprises active filter means.

13. The circuit of claim 6 wherein:

said filter circuit means comprises differentiating
means.

14. An equalization circuit, comprising:

a. an input terminal for receiving an input signal to be
equalized;

b. a first amplifying means having an input and an
output;

c. a first means for connecting said first amplifying
means to said input terminal and providing an output
signal which is substantially in phase with said input
signal;

d. a phase shift circuit means coupled to said input
terminal and providing an output signal having an
increasing amplitude and constant phase lag with
frequency relative to said input signal, within a prede-
termined frequency range of said input signal;

e. a second means for connecting the output of said phase
shift circuit means to said input of said first amplify-
ing means; and
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£ said first amplifying means providing an output signal
representative of the sum of said respective output
signals provided by said first connecting means and
said phase shift means.

15. The circuit of claim 14 wherein:

said phase sh:ﬁ‘ circuit means provides an output s:gna!
increasing in amplitude and lagging in phase by 90 .

16. The circuit of claim 15 wherein:

said phase shift circuit means comprises an inverting
differentiating operational amplifier means.

17. The circuit of claim 14 wherein said second connect-
ing means comprises a plurality of variable resistances and
switch means for selectively connecting one of said plurality
of variable resistances to the input of said first amplifying
means.

18. The circuit of claim 14 wherein said second connect-
ing means comprises a resistive means.

19. An egualization circuit comprising:

a. an input terminal for receiving an input signal to be

equalized,

b. a first amplifying means having an input and an
output, said input of the first amplifying means cou-
pled to said input terminal to receive a signal which is
substantially in phase with said input signal;

¢. a second amplifying means having an input, an out-
put, a feedback resistor connected between said output
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and input to provide negative feedback, and a capaci-
tive reactive impedance means coupled between said
input terminal and the input of said second amplify-
ing means, said second amplifying means providing
an outpu! signal increasing in amplitude and having a
constant phase lag with frequency relative to input
signal within a predetermined frequency range of said
input signal; and

d. means for connecting the output of said second ampli-
fying means to said input of said first amplifying
means.

20. The circuit of claim 19 wherein:

said connecting means comprises a plurality of variable
resistances; and

switch means for selectively connecting one of said plu-
rality of variable resistances to the input of said first
amplifying means.

21. The circuit of claim 20 wherein:

said switch means further comprises a plurality of
contacts connected respectively to said plurality of
variable resistances; and further including
a plurality of jfrequency pre-emphasis means con-

nected respectively between said plurality of
contacts and the output of said first amplifying

means.
¥ % * 3 =
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