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This iavention relates to record-responsive
control systems, and more particularly to im-
provements in the art of automatically adjust-
ing some factor, such as the gain of an amplifier,
the physical position of a mechanical load de-
vice, or the like, in accordance with variations in

~ frequency of a recorded control tone.

Numerous applications have been found for
control of electrical or mechanical devices by
means of a recorded alternating current which
varies either in amplitude or frequency, accord-
ing to the system chosen, the record being em-
ployed with & suitable reproducing device and a
circuit which responds to the change in recorded
amplitude or frequency. One of the best-known
applications of this principle consists in utiliza-
tion of such a recorded alternating current to
vary the gain of amplifiers in a sound-repro-
ducing system. A continuous salternating cur-
rent or tone is recorded on the same record with
the sound to be reproduced, and reproduced
from the record by a separate reproducing de-
vice from that employed for converting the sound’
record into electrical currents. The recorded
tone, usually designated as the “control tone,”
is rectified and thereby caused to provide a vary-
ing direct current voltage which alters the gain
of the sound amplifier. The control tone sys~
tem makes it possible to provide large changes
in the level or loudness of the reproduced sound.
With constant amplification, maximum and
minimum limits are imposed by the character-
istics of the sound record, usually a definite over-
load point on the one hand and on the other
hand background noise which becomes con-
spicuous when the recorded levels are very low.
With a control tone the sound may be so recorded
that.it is at all times safely below the overload
point and well above ground noise level, and
the control tone can provide large changes in
amplification to afford the desired musical or
other sound effects. )

Control tones as just described are ordinarily
‘of two types. In the first the frequency remains
constant and the amplitude is varied, while in
the second type the amplitude is constant and
the frequency is varied. In the variable fre-
quency system the reproduced tone is applied to
a circuit or network, commonly called a “dis-
criminator” circuit, which is composed of re-
actances or combinations of reactance and re-
sistance, and which has the property of de-
veloping across its output terminals, a voltage
which depends on the frequency of the input,
although the input itself may be of constant -

(Ch. 178—160.1)

magnitude. ‘This varying voltage may then be
rectified and caused to, change the bias on 2
variable gain tube or other device for changing
amplification in the soupd channel. - ;
The variable frequency control tone system

. is somewhat more complicated than the variable
amplitude system, but- it has the advantages
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that the control tone i3 all times recorded at a
moderately high level and this makes. the sys-
tem less sensitive to dis;t,urbances due to imper-
fections in the record. Moreover, since it is a
part of the system that the tone is to be main-
tained- at constant smplitude up to the point of
its application to the Qiscriminator, it is com-
mon practice to employ an amplitude-limiting
circuit, such as an amplifier tube which reaches
a sharp overload point and is thus incapable
of transmitting alternating voltages above a cer-
tain magnitude. Such 4 limiter still further re-
duces the danger of changes in the final output
of the control tone system due to record im-
perfections. The imperfections to which I refer
are the same things which cause noise in repro-
duced sound. ‘They may be scratches, pits or dirt -

5 in the case of a groove record such as a. phono-

graph disc, or dirt, scratches or other specks in the
surface of a photographic record on film.: Su_ch
accidentally produced effects may momentarily

-produce voltages higher than those of the re-

corded tones, and these might produce consider-
able disturbance or changes in amplifier gain.
The limiter prevents the noise sources from ever
producing an instantaneous voltage . greater
than that of the recorded tone. .

Control tones can be applied to many devices
other than variable gain amplifiers, for example,
to accomplish any actions for which & cam might

" be used in a mechanical system. - Suppose, for
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example, a robot is designed to execute a large
variety of slow movements. It could be made to
carry these out by constructing a suitably de-
signed cam for each type movement such as
nodding its head, lifting its arm, etc. In simple
applications where the power requirements are

' small, the duration of the cycle moderately short,’

and the variety of actions not too large, the
controls may be advantageously provided by
mechanical cams; but where these limitations
do not exist and greater freedom of performance
is needed, the control tone system may be em-
ployed:- using servo electric motors or other de-

vices which can be remotely controlled.

68

Although the variable frequency control tone
system as described above has the advant:ges
which I have pointed out, it is subject to cae
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serious disadvantage, since the discriminator re-
sponds to frequency, any deviation from cor-
rect operating speed, by the apparatus by which
the tone is recorded or reproduced, results in o
change of frequency from that which was in-
tended. For example, it might be desired at a
certain place on the record to record at 1000
cycles. We shall assume that the recordist cor-
rectly adjusts an oscillator to 1000 cycles, but if
the recording machine is running 1% slow at
the moment, the recorded waves will be slightly
shortened, and if the reproducing machine runs
at the correct speed the reproduced tone would
be approximately 1010 cycles; and if the repro-
“ducing machine itself should run 1% fast, the
reproduced tone might be as high as 1020 cycles.
Experience with sound recording and reproduc-
ing machines indicates that random deviations
of this magnitude are extremely likely to occur,
as well as continuous or slowly drifting changes
of speed. It is obvious that the discriminating
circuit will respond to these incorrect frequencies
just as if they were the correct or desired fre-
quencies. For some applications there may be
large enough tolerance for random variations in
the final control voltage so that satisfactory per-
formance can be obtained by using machines of
reasonably good speed regulation and with no
further insurance against impaired results due
to speed changes.. For other applications the
small variations due to speed changes may inter-
- fere with the desired overall results.

‘The principal object of this invention is to pro-
vide an improved method of and means for re-
cording and reproducing a variable frequency
control tone. :

Another object is to provide means for reduc-
ing or eliminating the effects of speed variations
which may occur either in -the recording or re-
producing of a variable frequency control tone or
in both. :

These and other objects will become spparent
to those skilled in the art upon consideration of
the following description, with reference to the
accompanying drawing, of which Figure 1 is a
- schematic block diagram of & contro] system em-
bodying the instant invention, Figures 2 and 3
are graphs of the transmission characteristics of

the discriminator circuits in the system of Figure

1, Figures 4 and 5 are schematic circuit diagrams
of discriminators having the characteristics illus-
trated by Figures 2 and 3 respectively, and Fig-
ure 6 is a schematic circuit diagram of an am-
plifier and limiter of the type employed in the
system of Figure 1. . -

The present invention contemplates the use of
two tones recorded simultaneously on the same
record carrier, one of constant amplitude but
variable frequency, to perform the controlling op-
eration, and the other constant in both fre-
quency and amplitude for the purpose of neu-
tralizing the effects of changes in the speed of
operation of the recording or reproducing equip-
ment. The variable frequency tone is applied to a
frequency responsive cireuit, or discriminator,
similar in function to those used commercially in
" F~M radio application and the like, which cause
a change in the frequency of the input tone to
give rise-to a change in the magnitude of a rec-
tified voltage. The constant frequency tone is ap-
plied to a second discriminator having a fre-
quency response characteristic which (in the pre-
ferred embodiment of my invention) slopes in the
opposite direction to that of the first, and the
rectified outputs of the two discriminators are
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combined in such proportions that the effects of
speed changes are balanced sgainst each other
for minimum total response to speed variations.
Referring to Figure 1, a reproducer system 1 is
provided for producing a combined output voltage
which comprises a nominaily constant freguency,
constant amplitude component, herein referred
to as a pilot tone, and a constnant amplitude con-
trol tone component which varies in frequency,
having been recorded according to & predeter-
mined schedule or time function, for the purpose
of accomplishing some desired confrol. Tle re-
producer | may comprise & film phonograph re-
producing photographically recorded tones, or &
disc phonograph, magnetic tape device, or any
known mechanism capable of providing A. C.
electrical output in response to and correspond-
ing to a suitable record. Inasmuch as numerous
such systems are well known to those skilled in
the art, it is deemed unnecessary to describe the
reproducer { in detail. For the purpose of de-

. scribing the present invention, it is suffcient to

25

30

state that the record elements to be employed
with the reproducer { carry a composite wave
comprising the control and pilot tones, or else two
tones recorded side by side, so that esch pro-
vides its respective input into the reproducing
device {.

The output circuit of the reproducer [ is con-
nected to a control tone channel § and to a pilet
tone channel 5. The confrol channel 3 includes
a high pass filter 7, through which the output

. of the reproducer [ is applied to an amplifier and

limiter 9. The output circuit of the amplifier ¢
is connected to a discriminator ({, which is in
turn connected to the input circuit of & rectifier

-18. 'The output circuit of the rectifier (3 includes

a voltage divider 15 provided with a manually ad-
justable tap 11. The filter 7 is designed to pass
frequencies of, for example, 1000 cycles per sec-

" ond and higher, and the discriminator i{ is de-
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signed to provide, in response to constant ampli-
tude input, an output having an amplitude which
is a linear function of the logarithm of the input

5 frequency. Such a characteristic is illustrated by

the curve a of Figure 2, which for purposes of
illustration is here shown as usable throughout
the range 1000 to 2000 cycles. N

The pilot channel § is similar to the control
channel 3, but includes a low pass or band pass
filter 19 instead of the high pass filter 7 of the
control channel. The filter i§ is designed to pass,
for example, 500 cycles per second, and to re-
ject the control tone frequencies of 1000 cycles
per second and higher. The amplifier and limiter-
2{ may be identical with the corresponding ele-
ment 9 of the control channel, except that the
gain controls of the two amplifiers are not nec-
essarily set alike. The discriminator 23, while
similar in function to the discriminator {{ of the
control channel, is designed to have a transmis-
sion vs. frequency characteristic which slopes
in the opposite direction from that of the con- -
trol channel discriminator, ih the neighborhood
of the pilot tone frequency, i. e., 500 cycles per
second\. The characteristic of the discriminator
23 need not be linear, since it will be required to
operate only over a narrow band width corre-
sponding to the frequency varigtions due to the
speed variation which will occur in the operation
of the recording or reproducing system. A typical
frequency response curve of a discriminator suit-
able for this purpose is illustrated by the curve
of Pigure 3. The rectifier 26 and the voltage
divider 27 may be identical with the correspond-

< —



2,364,723

ing elements {3 and 15 of the contro] channel.
Both of the rectifiers 13 and 28 are provided with
filter circuits preferably of the well-known choke
input type, which provide output voltages more
nearly the average values rather than the peak
values of the respective inputs, the advantage of

this being that such an average rectified voltage

is less affected by accidental defects in the rec-
ord such as scratches or dirt.
The adjustable taps 17 and 29 of the voltage

10

dividers 15 and 27 are connected through resis-

tors 31 and 33 to a junction point 35, which is
connected to the input circuit of a D.-C. magni-
tude-responsive control device 37. Included in
the connection between the point 35 and the
device 31 is an adjustable D.-C. bias source, com-
prising a battery 39 and a voltage divider 41. The
control device 37 may be an amplifier, & servo-
motor, or any device which is to be controlled in
accordance with the record associated with the
reproducer {.

The operation of the above described system is
as follows:

The taps {7 and 29 are adjusted on the voltage
dividers 15 and 27 respectively to provide equal
frequency discrimination sensitivities in the con-
trol and pilot channels, i. e.,, equal percentage
frequency changes produce equal output voltage
changes at the taps 17 and 29. For example, if
a 19 increase in the frequency of the control
tone, say from 1500 to 1515 cycles, causes a de-
crease of 2 volts in the rectified voltage applied to
divider 15, and & 1% increase in the frequency
of the pilot tone, or from 500 to 50 cycles pro-

" duces an increase of 1.8 volts in the voltage im-
pressed across divider 217, the sliding contacts 117
and 29 would be adjusted to equalize these two
effects at junction 35 in which case a 1% increase
in reproducing speed of the record would have
no effect on the rectified voltage applied to con-
trol circuit 87, the one being neutralized by the
other. ’

This adjustment may be accomplished in sev-
eral ways; for example, g calibration record car-
rying 500 and 1400 cycle tones, synchronously fre-
quency modulated at one cycle per second over a
band width eof, say, two percent, is placed in the
reproducer {. The adjustment for correct neu-
tralization of the effect of a speed change may
also readily be made using any good recording of
pilot tone and a constant frequency tone within
the control tone operating range, the speed of
the reproducing machine being caused to exe-

cute a cyclic change, as by unbalancing a fly- :

wheel. A voltmeter is connected from the junc-
tion point 35 to ground. One or both of the
taps {7 and 29 may be adjusted so that the volt-
meter reading remains constant. It will be found
that for substantially every position of the tap 7,

there is a correct adjustment for the tap 28, and

vice versa. Which pair of positions is selected
will affect the overall sensitivity of the system,
like a gain control in the circuit of the repro-
ducer (.

After said adjustment is properly made, a rec=.

. ord bearing a consant frequency pilot tone and
& variable frequency control tone is placed in the
reproducer §{. The composite output voltage is
divided into its pilot tone and control tone com-
ponents by the filters T and 8.
ponents are amplified by the amplifiers 21 and 9,
respectively. Any variations in amplitude are
removed by limiting action in the ampliflers, as
explained more fully herein below. The output
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of the amplifier § comprises a constant ampli-
tude voltage, varying in frequency within the
range of 1000-2000 cycles per second, in accord-
ance with the record. Superimposed upon said
frequency variation is a further frequency varia-
tion caused by substantially unavoidable changes
in the speed of operation of the reproducer f§.
The discriminator t{, being unable to distinguish
between modulation on the record and modula-
tion caused by variation in record speed, provides
an output corresponding to the sum of these two
modulations. This output is rectified by the rec-
tifier (3, providing a D.-C. output having instan-
taneous magnitude proportional to the amplitude
of the discriminator output. :

The pilot channel 5 operates in the same man-
ner as the control channel 3, with the exceptions
that the input to the discriminator 23 is nominal-
ly of constant frequency, and therefore is modu-
lated only by variations in record speed, and the
frequency characteristic of the pilot discrimina-
tor 23 slopes oppositely to that of the discrimi-
nator {{. The output of the pilot channel rec-
tifter 25 thus varies in magnitude in accordance
with the record speed variations, but in the op-
posite sense from that of the control channel.

The two outputs are combined at the junction
point 35. ‘The resistors 3f and 33 are preferably
each made of much higher resistance than the
voltage dividers or potentiometers 19, 27, and also
of high resistance compared with the input cir-
cuit resistance of the device 37 for these condi-
tions give a wider range of voltage control and
more uniform relation between slider position and
voltage, The voltage at said input circuit is then
substantially proportional to the sum of the volt-
ages at the taps 17 and 29. Variations in record.

speed produce little or no effect on the utilization

device 31, since such variations cause equal but
opposite changes in the magnitudes of the out-
puts of the control and pilot channels.

The control sensitivity of the system, in volts’
per octave, may be regulated by simultaneous or .
coordinated adjustment of the voltage dividers (8
and 27, or better by means of a voltage divider
(not shown) in the output circuit of the repro-
ducer | or in the input circuit of the control cir-
cuit 37. The position of the range of operation,
or zero setting, may be adjusted by means of the
voltage divider 41 to control the D.-C. bias upon
which the control voltage is superimposed. It is
obvious that with the potentiometers {5 and 27
adjusted for correct neutralization of - speed
changes, the relative’levels of the pilot and con-
trol tones must remain constant. The limiters
can take care of some variations, and with the
balancing adjustments at a given setting the
limiters should also remain adjusted to control
the tone levels at fixed relative values prior to
their application to their respective discrimina-
tors. In order not to depend too much on the
limiters the recordings should all be made with a
standardized ratio of control tone to pilot tone
smplitude. ' '

Referring to Figure 4, the circuit of the dis-
criminator il of the control channel includes
a parallel-T network 43 and a conventional low-
pass network 45 connected in cascade. The par-
allel T 43 comprises a low-pass section formed by
series resistors 47 and 49 and a shunt capacitor
51, and a high-pass section in parallel therewith,
comprising series capacitors 53 and 55, and a
shunt resistor 57. The values of these elements
are interrelated, in accordance with well known
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practice, to cause cancellation of the outputs of
the two parallel channels, and hence infinile at-
tenuation, at a frequency of approximately 2200
cycles per second. It is characteristic of this
type of circuit to provide transmission varying
substantially linearly with respect to the loga-
rithm of the frequency over a substantial range
of frequencies below the null, or cancellation fre-
quency, providing the input and load resistances

- properly selected. These conditions are met
by determination of the values of resistors $8
and 6! respectively. The characteristic of the
parallel T circuit has two limbs, ¢ and b (Fig. 2).
The transmission represented by limb d is un-

desirable, since harmonics generated by the lim-

iting amplifier 9, if allowed to pass to the recti-
fier {3, would cause improper operation. Ac-
cordingly, the low pass section 45, designed to
cut off slichtly above 2200 cycles, i$ provided.
The transmission characteristic of this section
is illustrated by the curve,c of Figure 2. The
resultant transmission of sections 43 and 45 to-
- gether is substantially the same as the line a of
Figure 2. The design of the control tone dis-
criminator to give a linear characteristic when
plotted as voltage output vs. log. frequency, re-
sults in a uniform sensitivity to speed change
such that the drop in voltage for a given percent-
age speed increase is constant, whether the tone
being recorded at the moment is 1000 cycles,
1500 cycles, 2000 cycles or any intermediate fre-
quency.

The design of the discriminator 23 of the pllot

channel may be much simpler than that of the

control discriminator ({, since it is required to
operate only over a relatively narrow band width.

Refer to Figure 5. A parallel resonant circuit
comprising an inductor 63 and a capacitor 65 is
connected as a shunt element in a T network,
wit hseries resistors 87 and 68. The LC product
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of the elements 83 and 68 is determined so that -

resonance occurs at some frequency above the
pilot tone frequency, say at 600 cycles per sec-
ond. The @ of this resonant circuit, and .the
values of the resistors 67 and €9 will affect the
slope of the transmission characteristic. Since
the overall response of the pilot channel is read-
jly adjustable by means of the voltage divider 27,
it is evident that there is considerable flexibility
in the design of this discriminator circuit. It is
in general desirable to tune it to such a frequency
that the mean pilot tone frequency is on the
straightest part, which is also approximately the
_ steepest part of the characteristic, as shown in

Figure 3. In view of the fact that the steepness
of the characteristic of the pilot tone discrimi-
nator at this point can be made much greater
than that of the control tone discriminator, the
voltage of the pilot tone can be correspondingly
less, and still neutralize the effect of speed fluc-
tuations. Whence it would be permissible, and
in general desirable, to record the pilot tone at
lower level than the control tone, but to subject
both tones to the action of limiters, each ap-
propriately adjusted, apply them to their respec-

tive discriminators and rectifiers, and then com- °

bine the rectified voltages, as already described,
in appropriate proportions to neutralize the ef-
fects of speed changes. :

Referring to Figure 6, the limiting action is
provided by two devices, each well known to the
art, the one an automatic volume control which
alters the gain of an amplifier stage as required
to reduce variations, and the. second a limiter of
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the overioad type, which virtually short circuifs
all voltages in excess of a predetermined magni-
tude. These devices supplement each other, o
give more nearly complete amplitude control.
The .amplitude control circuits 8 and 2{ each
include electron-discharge tubes 71 and 73, cou-
pled in cascade in conventional manner by a ca-
pacitor 715 and resistors 17 and 78. The anode
circuit of the tube 73 includes transformers 8{
and 83. The transformer 81 is connected to &
full wave rectifier comprising diodes 85 and 87
and a resistance-capacitance filter 83. The neg-
ative output terminal of this rectifier is con-
nected to the grid return of the tube 71, and the
positive rectifier terminal is connected to a
source of fixed grid bias C—.

The transformer &3 is provided with two closely
coupled secondary windings 8§ and 93. The
winding 9! comprises the output circuit of the
limiter-amplifier. The winding 83 is connected
to a full wave biassed rectifier type limiter com-
prising diodes 95 and 87 and a battery 99.

The sutomatic volume control portion of Fig-
ure 6 operates as follows:

The tubes 71 and 73 constitute and functxon as
a conventional two stage amplifier, tube 7! being
of the variagle gain type. A portion of the out-
put voltage of the tube 73 is impressed through
the transformer 8! on the rectifier 85, 87, pro-
viding a unidirectional outpuf voltage substan-
tially proportional to the output of the tube 73.
The rectifier cutput is smoothed by the filter £8
and applied in series with the fixed bias C— to
the grid return circuit of the tube 7i. The polar-
ity of this voltage is such as to aid the bias, so
that as the output of the tube 73 increases, the
negative bias on the grid of the tube 7 in-
creases, decreasing the gain afforded by the tube
171 and thereby tending to maintain the output
of the tube 78 at & more or less constant level
in spite of variations in the amplitude of the
input to the tube 74.

The output of the tube 13 is coupled to the
output circuit of the amplifier through the trans-
former 83; however, the limiter diodes §5 and 87
are effectively shunfed across this output circuit
by virture of the close coupling between the sec-
ondaries 8¢ and 93. So long as the output voltage
across the diodes 9% and 97 does not exceed the

‘ voltage of the battery 98, the dicdes do not con-
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duct. 'When the negative peaks tend to exceed
the battery voltage, one diode, for example the
diode 85, will conduct, effectively short circuiting
the output and bringing the voltage down to a
peak value substantially equal to the battery volt-
Similarly, when the positive output peaks
tend to .exceed the battery voltage, limiting is
provided by the diode 87. Partial limiting is thus
provided by the variable bias circuit including
the rectifier 85, 87, and the limiting is completed
by the diodes 95 and 87. As a simplification it
would be possible {o derive a bias-changing volt-
age.from the currents flowing through the peak
limiting ‘dicdes 88, 87. This arrangement is not
illustrated, being only a variation of the general
system described, wherein a separate rectifier 8§,
87 furnishes the voltage for changing the grid
bias of tube 74.

The invention has been described as a fre-
quency responsive control system for use with a
recorded variable frequency control tone. Unde-
sired frequency variations, superimposed on the
intentiona] variations, by changes in speed of the -
record element during recording and/or repro-
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ducing, are neufralized by recording a constant
frequency pilot tone simultaneously with the con-
trol tone. The reproduced.tones are separated
by filters, separately. amplified and limited, and
applied to discriminators having oppositely slop-
ing frequency characteristics. The discriminator
outputs are rectified and balanced against each
other, providing a resultant D. C. output whose
“amplitude is a function substaniially only of the
ratio of frequencies of the reproduced control and
pilot tones, rather than the absolute frequency
of the reproduced pilot tone, over the range of
speed variation which will occur in recording
and reproducing. Since for small changes in
speed, this ratio is independent of the actual fre-
quencies involved, proportional variations in fre-
quency caused by speed variations have no effect
on the resultant ouput. :

It is obvious that in order to secure the benefits

of this invention with respect to imperfections 2

in the speed constancy of the recording machine,
it is necessary that the pilot tone and the con-
trol tone be recorded simultaneously, as will be
the case if the recordist uses an oscillator of fixed
frequency, say 500 cycles, and mixes its output
with that of a variable frequency oscillator, say
1000 to 2000 cycles, the combined voltage being
recorded through g single recording device. The
desired result would not be cbitained if the pilot
tone and control tone were recorded side by side
in two separate operations, or by two successive
exposures, wherein .the record is run twice
through a recording machine,

The system has been described as calling for
discriminator circuits which have operating
characteristics with opposite slopes. The inven-
tion is not limited to this characteristic, for simi-
lar results might be obtained with discriminator
circuits for the control tone and pilot tone hav-
ing the same direction of slope but with the final
rectified voltages so combined that the output
of the controlling device is affected by the dif-
ference between the two rectified.voltages instead
of by their sum, It should be recognized that
in a system arranged as just described, the slopes:
may still be described as “opposite,” with refer-
ence to the final combined voltage, for an in-
crease in the frequency of one tone will cause
this final voltage to fall, while an increase in
the frequency of the other tone will cause the:
combined voltage to rise. If the system is ar-
-ranged to work on the difference between the:
two rectified voltages, provision must be made

to prevent this from ever reaching zero, by de- 5

signing and adjusting the system so that the
normally smaller of the two voltages, is always
smaller, . .

In this invention as hitherto described, a pilot
tone of nominally constant frequency is em-
ployed. The principles of the invention, how-
.ever, may be employed and the benefits obtained
by employing two variable tones, the pitches of
‘both of which are varied in . the original record-
ing in opposite directions and both of which con-
tribute to the desired control. Both tones would
be applied to discriminator networks and the rec-
tified outputs combined to provide a voltage af-
fected by the ratio of the recorded frequencies
but wherein the effects of & simultaneous rise or
fall-in both frequencies by the same percentage
will be neutralized. ’

Throughout this specification and in the claims
the word “tone” ig used to designate an alter-
nating current since such control systems gener-
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ally employ alternating currents whose frequen-
cies are in the audible range, but the “tone” may
never exist as audible sound. By “reproducer”
device is meant a device which in cooperation
with a moving record, produces an alternating
electric current. i

I claim &s my invention:

1. In- a record responsive contro! system in-
cluding record reproducing means providing an
output voltage which varies in frequency nomi-
nally in accordance with a control tone carried

.on & record cooperating with said reproducing .

means, and varies further in freguency owing
to variations in the speed of operation of said re-
producing means, means for producing & second
voltage of nominally constant frequency which
varies in frequency only in proportion to said
variation in speed, two frequency discriminator

- circuits having oppositely sloping transmission
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characteristics, means for applying one of said
voltages to one of sa2id discriminator circuits and
the other of said voltages to the other of said dis-
criminator circuits, two rectifiers connected re-
spectively to said discriminator ecircuits, and
means for adding the outputs of said rectifiers.

2. The methed of producing & D. C. voltage
which varies in magnitude in proportion to the
ratio of the frequencies of two components of &
complex A. C. wave, said components lying with-
in different frequency bands, comprising the steps
of separating said components according o the
irequency bands within which they lie, amplify-
ing and limiting said components, varying the
amplitude of one of said limited components as
a linear function of the logarithm of the fre-
quency of said component, varying the amplitude
of the other of said limited components as & pre-
determined function of frequency, separately rec-
tifying said amplitude~varied components, and
combining the products of said separste rectifica-
tions. g o

3. The method of producing a D. C. voltage
which varies in magnitude substantially in pro-
portion to the ratio of the frequencies of two
A. C. waves recorded on a single record carrier,
comprising the steps of separating said waves,
varying the amplitude of the first of said waves
as a function of the frequency of said wave, vary-
ing the amplitude of the second of said com-
Donents ags a second function of frequency, recti-
fying said first and second components, and
combining ‘'said first and second rectified com-
ponents.

4. A limiting amplifier including electron dis-
charge means having an input circuit and an -
output circuit, and connected to provide ampli-
fication of voltage applied to said input circuit,
rectifier means coupled to said output circuit to
rectify -a portion of the output voltage of said
electron discharge means, filter means connected
to said rectifier means, ans for applying the
output of said filter meads to said input circuit
as bias whereby the amplification afforded by said
electron discharge means is controlled inversely
in accordance with said output voltage, second
rectifier means coupled to said output circuit, and
connected to a substantially constant potential
D. C. source, whereby said output circuit is effec-
tively short circuited with respect to output volt-
ages exceeding a predetermined amplitude.

5. Arecord responsive control'system including
record reproducer means, filters providing mutu-
ally exclusive transmission characteristics con-
nected to said reproducer means, limiting ampli-




&

fiers connected respectively to said flters, dis-

- criminaftors connected respectively to said limit-

ing amplifiers, said discriminators providing op-
positely sloping characteristics of transmission
vs. frequency, rectifiers connected respectively
to said discriminators, adjustable voltage dividers
connected to said rectifiers, and a voltage com-
bining circuit connected to said voltage dividers,
whereby similar coincidental variations in the
frequencies of the outputs of said filters caused
by variations in the speed of operation of said re-
producer means are neutralized.

6..In a control system wherein a recorded tone
of variable frequency is employed to produce &
varying rectified voltage, a record carrying two
tones, meang responsive to a change in the fre-
quency of one of said tones for producing a recti-
fied voltage, means responsive to a change in the
frequency of the second of said tones for pro-
ducing a second rectified voltage, and means for
combining said voltages in such sense and in such
relative magnitudes that when the frequencies
both increase or both decrease by equal percent-
ages, the net change in the combined voltage is
substantially cancelled.

7. In a contrel system, a record carrying two
tones, means for  simultaneously reproducing
both tones, & frequency responsive discriminator
circuit to which the first of said tones is applied,
a frequency responsive discriminator circuit to
which the second of said tones is applied, and
means for combining voltages derived from said
two tones.

8. Tn a record responsive conirol system in-

cluding record reproducing means providing an
ocutput voltage which varies in frequency nomi-
nally in accordance with a control tone carried
on a record cooperating with said reproducing
means, and varies further in frequency owing, to
variations in the speed of cperation of said re-
producing means, means for producing a second

voltage of nominglly constant frequency which .

varies in frequency only in proportion to sald
variations in speed, two frequency discriminator
circuits, means for applying one of said volt-
ages to one of said disecriminator cireuits and ¢he
other of said voltages to the other of said dis-
criminator circuits, two rectifiers connected re-
spectively to said discriminator circuits, and
means for adding the outputs of said rectifiers.

9. The method of producing a D. C. voltage
which varies in magnitude in proportion to the
ratio of the frequencies of two A. C. voltages,
coraprised of varying frequencies and lying with-

in different frequency bands, comprising the.

steps of separately amplifying and limiting said
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voltages, varying the amplitude of one of said
limited voltages as & linear function of the loga-
rithm of the frequency of said voltage, varying
the amplitude of the other of said limited volt-
ages as a predetermined function of frequency,
separately rectifying said amplitude varying
voltages, and combining the products of said
separate rectification.

10. The method of producing D. C. voltage
which varies in magnitude in proportion to the
ratio of the frequencies of two components of a
complex A. C. wave, said components lying with-
in different frequency bands, comprising the
steps of separating said components according .
to the frequency bands within which they le,
amplifying and limiting said components, vary-
ing the amplitude of one of said limited compo-
nents as & linear function of the logarithm of
the frequency of said component, said linear
function being predetermined so that said am-
plitude is decreased with increase in frequency,
varying the amplitude of the other of said lim- ’
ited components as a predetermined function of
frequency so that said amplitude of said other
component is increased with increase in ire-
quency, separately rectifying said amplitude-
varied components, and combining the products
of said separate rectifications.

11. The method of producing a D. C. voltage
a0 which varies in magnitude substantially in pro-
portion to the ratio of the frequencies of two
A. C. waves recorded on a single record carrier,
comprising the steps of separating said waves,
varying the amplitude of the first of said waves
as a function of the frequency of said wave, said
function beirg predetermined so that said am-
plitude is decreased with increase in frequency,
varying the amplitude of the second of said com-

. ponents as-a second function of frequency, said
40 second function being predetermined so that
said amplitude of said second component is in-
creased with increase in freguency,. rectifying
seid first and second components, and combining
said first and second rectified components.

12. A limiting amplifier including eleciren
discharge means having an input circuif and an
output circuit, and connected to provide am-
plification of voltage applied to said inpuf cir-
cuit, unilaterally conductive means coupled te
said output circuit through a D. C. source where-
by output voltages in excess of & predetermined
meagnitude are short circuitéd, and means for
varying said amplification in response %0 rec-
tified output of said electron discharge means.
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