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This invention relates to electrical signaling sys-
tems and more particularly to methods and means
for controlling the transmission characteristics of
such systems.

An cbject of the invention is to provide new and
improved methods and means for controlling the
amplification characteristics of an electrical wave
amplifier. Another object is to effect automatic,
continuecus and precise control of the amplification
10 characteristics of signal repeaters in an electrical

signaling system. Still another object is to facil-
itate the generation of a pilot or control wave, the
intensity of which fluctuates in such relation to
the fluctuations of a signal wave that the average
15 intensity of the two waves combined remains sub-
stantially constant or follows some predetermined
law of variation. A more particular object of the
invention is to provide new and improved methods
and means for automatically controlling the gain
20 of repeater amplifiers in a wire line carrier current
signaling system to compensate for variations in
the attenuation of the line.
A feature of the invention is that the gain-
controlling wave is generated by or within the
25 signaling circuit or system to be controlled. An-
other feature is that the signaling circuit serves to
modulate the control wave.
The present invention is especially adapted for
automatic control of the amplification afforded by
‘30 repeaters in a wire line carrier telephone system
and it is principally in terms of its embodiment in
such a system that the invention is hereinafter
described. It will be appreciated by those skilled
in the art, however, that the invention and its
35 underlying novel principles are capable of embodi-
ment in other systems and for the performance of
other functions. ‘These broader aspects of the in-
vention are indicated in the appended claims.
Heretofore it has been proposed that to effect
40 automatic control of the gain of signal repeaters
in a wire line transmission system, a pilot wave be
applied to the line along with the signals and
caused to vary in intensity in such manner that
the average intensity of signals and pilot wave
45 combined is maintained substantially constant.
Each repeater is then made so self-adjusting under
the control of its output currents that the average
intensity of the amplified signal and pilot wave
combined is maintained at its initial or some other
50 predetermined level, whereby a change in the
transmission equivalent of the line automatically
produces a compensating change in the gain of
the repeater.
In accordance with the present invention as
55 embodied in preferred form in a system of the kind

L1

(CL 178—44)

last described, oscillations of the desired pilot
wave frequency are established in a circuit com-
prising signal amplifiers each of which has self-
adjusting means for maintaining constant the total
power output of signals and pilot wave combined.
The aforesaid amplifiers may be the signal ampli-
fiers at repeater stations along the line, in which
case the oscillatory circuit may comprise a closed
loop including these amplifiers in tandem relation
and frequency selective means for inhibiting oscil-
lations around the loop except at the desired pilot
frequency. Inasmuch as the power output from
each amplifier is made constant, the difference be-
tween the power output of one amplifier and the
power output of the succeeding amplifier remains
invariable, at zero, for example, and wholly inde~
pendent of changes in the attenuation of the inter-
posed section of transmission line. In other
words, the transmission equivalent of the repeater
section is independent of line attenuation. At
the same time the signal level at each amplifier is
permitted to foliow in normal manner the varia-
tions in the level of signals applied to the system,
despite the constant output power control of the
amplifier, for as the level of applied signals
changes, the level of the pilot frequency oscilla-
tions automatically changes an equal amount in
the opposite sense, so that the repeater gain con-
trol is not aware of any change in signal level,
per se.

In one aspect, the invention involves a principle
of operation of an oscillatory system having an
amplitude-limiting or gain-changing control ele-
ment responsive to the currents flowing in the sys-
tem, viz., that when signals or other waves are
applied to the control element the amplitude of
oscillations autcmatically readjusts itself to such
a value that the applied wave and the oscillations
of new amplitude have a combined effect upon the
control element that is the same as the oscillations
alone had before the application of the other
waves. In another aspect, the invention may be
said to provide a pilot wave the intensity of which
varies in such manner in relation to the variations
in the intensity of the signal waves that the aver-
age intensity of pilot wave and signals combined
is substantially constant.

The nature of the present invention and its
various objects, features and advantages will ap-
pear more fully in the following detailed descrip-
tion of typical embodiments illustrated in the ac-
companying drawing:

Fig. 1 of the drawing illustrates a four-wire
transmission system utilizing an embodiment of
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the invention for automatic transmission regula-
tion; and

Figs. 2 and 3 illustrate modifications thereof.

Referring more particularly now to Fig. 1, there
is shown a four-wire transmission system in which
signals are transmitted over one pair of conduc-
tors in the W—E direction from source S to re-
ceiver R, and in the E—W direction over another
pair of conductors from source S’ to receiver R'.
The signals to be transmitted may be voice fre-
quency telephone signals, television signals or of
any other desired character, but for purposes of
further exposition of the invention it will be as-
sumed that the system is a multiplex carrier tele-
phone system and that the two sources are term-
inal circuits of the system providing, for specific
example, twelve carrier telephene channels spaced
apart in the frequency range from 12 to 60 kilo-
cycles per second. The two receivers are then
the corresponding receiving terminal circuits of
the system, and each may be connected in the
usual manner through hybrid coils H with its asso-
ciated transmitting terminal to provide twelve
two-way voice frequency circuits. The total wave
output of the source, S or 8, will be referred to as
constituting “the signal.”

The wire lines constituting the transmission
medium may ke of any suitable form, such as
cpen-wire lines, coaxial conductor pairs or
shielded pairs in the same or different multipair
lead sheathed cables. In any case the lines are
subject to one or more influences, such as tem-
perature changes, which cause the line attenua-
tion to fluctuate. An object of the invention, as
indicated hereinbefore, is to minimize the effect
of such fluctuations on the signal intensity and
to maintain the transmission eguivalent substan-
tially constant for both directions of transmission.

One or more repeater stations is or may bhe
included in the four-wire system, and in Fig. 1
there is indicated one such station comprising
a signal amplifier { in the W—E line and a signal
amplifier 3 in the E—W line. Similar amplifiers
2 and 4 are provided at the rsceiving terminals
for amplifying the signals received from the
respective last sections of the two lines. Each
of these four amplifiers is cof the stabilized neg-
ative feedback type, in which the amplification-
frequency characteristic is essentially determined
by the attenuation-frequency characteristic of
its beta or feedback circuit. Each, further, com-
prises the usual bheta circuit network 20 which
compensates for the normal attenuation-ire-
quency characteristic of the preceding section of
transmission line, and a thermistor 21, also in
the beta circuit, which is so proportioned and
arranged in the circuit in known manner that
the wave power output of the amplifier remains
substantially constant despite a fairly wide range
of variation of power applied to the input ter-
minals of the amplifier. An amplifier of this
general description is disclosed in, and described
with refererce to PFig. 7 of an application for
Letters Patent, Serial No. 114,390, filed by H. S.
Black, December 5, 1536 (U. S. Patent No.
2,209,955, issued August §, 1940), and in an ap-
plication of J. H. Bollman, Serial No. 280,269,
filed of even date herewith. It will be under-
stood that should the wave power output of such
an amplifier tend to increase, for example, the
current traversing the thermistor and therefore
its temperature likewise tend to increase, with
the result that the beta circuit attenuation and
the overall gain of the amplifier tend to decrease,
thereby reducing the wave power output to its

2,231,527

original value. 'The beta circuit. and more par-
ticularly the thermistor 21, can be so proportioned
that the response to changes in wave power input
is fairly rapid, rapid enough, for example, that
input power fluctuations of syllabic Irequency
do not cause corresponding fluctuations of cutput
power.

In the W—E direction of transmission, the
signal from the source S is first amplified in the
transmitting terminal amplifier 5, the gain of
which may be comparable with that of the re-

sater amplifiers, transmitted over the first line
section L: to repeater I, thence over line section
I» to the receiving terminal amplifier 2 and the
receiving terminal circuits R. In the E—W
direction of transmission, the signal from source
S’ passes through the transmitting terminal am-
plifier 6, line section Ls, repeater 3, line section Ly

and receiving terminal amplifier 4 to the receiv-

ing terminal circuits R’.

Connected in series between the output circuit
of receiving terminal amplifier 2 and the input
circuit of the transmitting terminal amplifier 6
in the oppositely-directed line, is a narrow-band
filter 7 and a resistor 9. Another narrow-band
filter 8 and a resistor 13 are similarly connected
in series between the input terminals of amplifier
5 and the output terminals of amplifier 4. The
resistors may be considered as representative of
resistance pads or other attenuating means. The
two filters are tuned alike to pass a substantially
single frequency f1 lying in a portion of the fre-
quency range not occupied by the signaling
channels. This frequency may lie between the

channels or above or below the 12 to 60-kilocycle «

range specified, but it is preferably such that
the attenuation at the frequency selected varies
in substantially the same manner as the average
attenuation over the signaling range. There can
now be identified a transmission loop comprising
in tandem relation the two filters and their as-
sociated resistors, the six amplifiers of the system
and the interconnecting line sections. Sustained
oscillations at the “pilot” frequency i to which
the filters T and 8 are tuned will appear in this
loop if there is a net transmission gain around
it, that is, if the amplification afforded by the
six amplifiers exceeds the attenuation offered by
the transmission lines and the resistors 8 and
{8, and if the total phase shift around the loop
is zero or an integral muitiple of 2#.

Supposing that there are no signals being
transmitted over the system, the pilot frequency
oscillations will tend to increase indefinitely in
amplitude. Opposing this tendency, however, is
the fact that each of the amplifiers 1, 2, 3 and 4
is designed to have a constant, predetermined
power output and any tendency of the power
output to exceed the predetermined value results
in such automatic reduction in the gain of the
amplifier that the power output is restored to
or maintained at that predetermined value. The
intensity of oscillation increases, therefore, to
the point where the concurrently reduced gain
of the four self-regulating amplifiers is equal to
the losses in the transmission loop, that is, to
the point where the net loop gain is zero at the
pilot frequency fi. Resistors 9 and (0 can be
designed or adjusted to fix the intensity of the

oscillations at any predetermined level under the 7

conditions assumed.

Consider next what takes place when a signal
of given intensity from say source S is applied to
the system. This signal, appearing at each of
amplifiers | and 2, tends to increase the total

30

&
<t

40

60

65

75



10

15

20

25

30

35

40

45

50

65

60

65

70

75

2,231,527

power output of each amplifier, inasmuch as its
power is added to that of the pilot - frequency
oscillations. This tends in turn to effect auto-
matically a reduction in the gain of the ampli-
fier and a reduction in the intensity of the pilot
frequency oscillations. An equilibrium condition
is finally reached in which at each of the self-
regulating amplifiers | and 2 the total power
output of signal and pilot wave combined is
Just equal to the power output obtaining before
the signal appeared in the system, and the net
gain around the transmission loop at the pilot
frequency f: is again zero.

It has been implicitly assumed in, the foregoing
description that the gain of amplifiers 3 and 4
does not change with changes in the intensity of
the pilot frequency oscillations. The assumed
condition can be practically realized, however,
by making resistor 9 of high resistance and re-
sistor 10 of low resistance so that the pilot fre-
quency oscillations applied to amplifier 6 are of
such small intensity as to have substantially no
gain-controlling effect at amplifiers 3 and 4.

The intensity of the signal varies continually, for
it depends on the number of carrier channels in
use at any given time and on the varying speech
level of each talker’s voice, and there is also a
variation in intensity from syllable to syllable.
Superimposed on these normal, initial intensity
variations are the variations due to the slowly
changing attenuation of the transmission line car-
rying the signal. Regardless of the cause of a
given change in signal intensity, however, there
is an equal and opposite change in the intensity of
the pilot frequency osciliations so that the in-
tensity of signal and pilot wave combined at the
output of each of the self-regulating amplifiers is
maintained substantially constant. Although it
is important that the combined intensity remain
constant, it is equally important that the signal
arrive at the receiving terminal intact in so far
as its initial, normal intensity variations are con-
cerned, or, in other words, that the intensity of the
signal bear the same ratio to the intensity of the
pilot wave at the receiver end of the transmission
line as obtains at the transmitter end of the line.
To satisfy this latter condition it can be shown
that it is necessary only that the transmission
equivalent of the portion of the pilot wave loop
extending from the output circuit of the amplifier
2 to the input circuit of the amplifler § be main-
tained substantially constant. 'That it does re-
main substantially constant is insured by auto-
matic gain regulation provided for the E—W
transmission line as described hereinafter.

It may be observed that the intensity of the pilot
wave at the input of amplifier 5§ where it is intro-
duced into the W-—E line, fluctuates only as the
initial intensity of the signal fluctuates and that
the pilot wave fluctuations are of such sense and
magnitude that the intensity of pilot wave and
signal combined is substantially constant at this
point. It may be noted too that the system em-
bodies the general principle stated hereinbefore
inasmuch as in the oscillatory loop circuit the sum
of the introduced signal currents and the self-
oscillations of pilot frequency has the same effect
on the gain-controlling thermistors as the self-
oscillaticns alone had bhefore the introduction of
the signal currents.

To effect automatic regulation of the gain of am-
plifiers 3 and 4 in the E—W transmission line an-
other loop transmission path tuned to a different
pilot frequency f2 is provided. This second path

3

comprises the six amplifiers and their intercon-
necting line sections, a filter 11 and resistor 13
in series with each other and in parallel with the
series combination of filter T and resistor 9, and a
filter 12 and resistor 14 similarly connected in
parallel with filter 8 and resistor 10. The filters
[l and 12 are narrow-band filters tuned to pass

_a frequency f2 suitable for the second pilot wave.

Oscillations established in this second path oper-
ate on the thermistors in amplifiers 3 and 4 to
control the gain thereof in precisely the same
manner as the oscillations in the first-described
loop path control the gain of amplifiers | and 2.
Resistor 14 is made of high resistance and resistor
13 of low resistance so as substantially to elimi-
nate the effect of the second pilot wave on the gain
of amplifiers | and 2.

To reduce interaction hetween the two gain
control systems embodied in Fig. 1, the circuit
may be modified as shown in Fig. 2. As compared
with Fig. 1, the modification consists in replacing
amplifiers § and 6 with self-regulating amplifiers
15 and 16, respectively, of the same type indicated
for the repeaters; in excluding amplifier 16 from
the first transmission loop; and in excluding am-
plifier 15 from the second transmission loop. The
changes in the transmission loops consist in con-
necting filter T and resistor 9 to the output circuit
rather than to the input circuit of amplifier 16,
and in connecting filter 12 and resistor 14 to the
output circuit rather than to the input circuit of
amplifier 15. In the circuit as thus modified,
chanhges in the intensity of either of the pilot
waves have less effect on the gain of the amplifiers
intended to be controlled by the other pilot wave.
Thus, in the transmission lcop comprising filters
T and 8 the loop gain is controlled primarily by
the three thermistors in amplifiers {5, | and 2,
whereas only two of these thermistors, viz., those
in amplifiers | and 2, have any effect on the gain
of the other transmission loop which comprises
filters 11 and 12. Similarly in the latter trans-
mission loop the loop gain is controlled primarily
by the self-regulating amplifiers 16, 3 and 4, and
the pilot wave in that loop operates on only two
of the self-regulating amplifiers, viz., | and 2,
in the other loop.

Fig. 3 shows another medification of the system
shown in Fig. 1, which, like that of Fig. 2, is de-
signed to reduce interaction between the gain
control circuit for E—W transmission and the
gain control circuit for W—E transmission. As
compared with Fig. 1 the modification consists in
the provision of self-regulating amplifiers IT and
18, of the kind specified for the repeaters, which
in circuit sequence immediately follow the receiv-
ing terminal amplifiers 2 and 4, respectively, and
in reconstructing the two transmission loops so
that each embraces the one amplifier, {T or I8,
that is included in the signaling circuit that loop
is designed to regulate. Thus, amplifier {1 in the
W—E circuit is inciuded in the transmission loop
comprising filters T and 8 but amplifier I8 is ex~-
cluded, and amplifier 18 is included in the trans-
mission loop comprising filters {1 and 12 but
amplifier {7 is excluded. The net result, as in
Fig. 2, is that each of the pilot waves controls the
gain of a greater number of the amplifiers in its
respective transmission loop than are controilled
by the pilot wave in the other loop.

Whereas in the foregoing illustrative examples
of practice in accordance with the invention the
gain-controlling elements are responsive to the
total power applied to them, it should be apparent
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that other types of gain-controlling elements re-
sponding to peak values of current or voltage or
in general utilizing some measure of wave intensity
other than prower can be used in the same way to
perform the desired regulating functions. The
inventicn is not limited to such details as these
and it embraces any mcdifications that come
within the suirit and scope of the appended
claims.

What is claimed is:

1. A loop transmission circuit comprising means
for maintaining sustained oscillations therein,
mesans in said eircuit for controlling the transmis-
y equivaient thereof, a signal source, and means
for applying both the signals from said source and
said oscillations to said controlling means, wherchy
the gaid transmission equivalent is subject to joint
control by said signals and said oscillations.

2. A co nation in accordance with claim 1
in which said controlling means operates to main-
tain ths intensity of said signals and said oscilia-
tions combined substantially constant.

3. A transmission system comprising a signal
source, a plurality of amplifiers geographically
spacad apart for successively amplifying the signals
from said source, a transmissicn loop comprising
all of s2id amplifiers, said fransmission loop being
oscillatery at a frequency not cccupied by said
signals, and means at each of a plurality of said
amuplifiers for controlling the gain thereof, said
controlling means being responsive to said signals
and oscillations of said frequency combined.

4. In combination, an oscillatory transmissicn
1o0p, an ampﬁﬁer included therein, a thermistor
traversed by oscillations in said loop for controlling
the gain of said amplifier, means for applying sig-
nals to szid amplifier for ampiification therein,
and means for applying the ampiified signals in

-fixed proportion to said thermistor for concurrent

control of the gain of said amplifier.

5. In comhbination, a negative feedback amplifier
including a gain-controlling directly-heated
thermistor in the beta circuit thereof, said
thermistor being so preportioned and arranged as
to maintein the total wave power output of said
amplifier substantially constant, means for ap-
plying siznals to said amplifier for amplification
therein, and a circuit including said amplifier in
tamden relation therein for generating oscilla-
tic whereby said oscillations are modulated by
said signals.

6. In combination, a signal source, a signal re-
siver and means for impressing the signals from
said source on a transmission medium that vari-
aklv attenuates said signals in their passage from
saurce to said receiver, a transmission loop
prising said medium and said receiver and
means for establishing oscillations therein, and
means at said receiver for maintaining the inten-
sity of said signals and oscillations combined sub-
stantially constant.

7. In a signaling system, a signal source, a de-
vice for amplifying the signals from said source,
said device having an input circuit and an cutput
circuit, a first lcop circuit connecting said input
tput circuits and constituting a negative
c circuit for the frequency range occupied
signals, a second loop circuit connecting
1t and output circuits and constituting a
I fzedback circuit for the generation of os-
cillations, and means responsive to currents flow-
ing in both of said circuits for contrelling the gain
of said amplifying device.

8. A combination in accordance with claim 7

2,231,527

in which said responsive means comprises a
thermistor.

9. In combination, an amplifier, means for ap-
plying signals to be amplified thereto, transmis-
sion means connecting the input and output cir-
cuits of said amplifier to form a self-oscillatory
loop tuned to pass at least one substantially single
frequency, and means responsive to the total wave
output of said amplifier including oscillations
generated in said loop for controlling the gain of
said amplifier.

10. A combination in accordance with claim 9
in which said gain-controlling means operates io
maintain the total wave power output of said
amplifier substantially constant.

11. In a signaling system, a signal scurce, a
transmission line subject to variations in attenua-
tion for transmitting the signal from said source,
an amplifier in said transmission line, and means

completing a transmission loop comprising said -

amplifier and said line, the attenuation-frequency
characteristic of said loop being such that oscilla-
tions of substantially single frequency occur
therein, and said amplifier being so self-adjusting
as to maintain the total wave intensify of said
signals and oscillations combined substantially
constant at its output terminals.

12. In combination, a signal source, means fov
amplifying the signals from said source, and a long
transmission line for conveying the amplified sig-
nals from said means, and an oscillatory trans-
mission loop comprising said amplifying means,
a substantial porticn of said line subject to varia-
tions in attenuation and filtering means adapted
to pass a substantially single frequency comparable
with the frequency of said signals, said amplifying
means being so self-adjusting under the control of
its total wave output as to maintain said total
wave output at a substantially constant intensity
level.

13. In a signaling system, a long transmission
line subject to variations in attenuation, a siznal
snurce connected to one end thereof, one or more
signal amplifiers disposed in said line and geo-
graphically distant from said source, at least one
of said amplifiers being so self-adjusting that the
total wave power output therefrom is substantially
constant despite wide variations in the wave power
input thereto, a circuit extending from the output
circuit of one of said self-adjusting amplifiers to
2. point of said line in the vicinity of said source
so that a loop transmission path is formed com-
prising said line and said last-mentioned amplifier,
the transmission characteristics of said loop path
being such that oscillations tend to occur at a sub-
=tantially single frequency.

14. A system for the transmission of signals he-

fween geographically separated points comprising

two transmission lines connecting said points and
individual to the two directions of signal trans-
mission therebetween, a signal amuplifier in each
of said lines at the receiving point therecof, means
at each of said points connecting the output cir-
cuit of one of said amplifiers to the other line,
said means having a substantially fixed attenua-
inn~frequency characteristic such that two lcop
transmission channels tuned to different and sub-
stantially single frequencies are provided, each of
said loops including said transmission lines and
amplifiers, and each of said amplifiers being so
walf-regulating as to gain that the total wave
power output therefrom is maintained substan-
:ally constant.

i5. A four-wire signal transmission system com-
prising a pair of lines for transmission in the re-
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spective signaling directions, each of said lines
being subject to variations in attenuation due to
changss in temperature and the like, at least one
signal repeater intermediate the terminals of each
of said lines and a signal amplifier at the receiving
terminal of each of said lines, each of said re-
peaters and sald amplifiers being so self-regulating
as to gain that the total wave power output thereof
remains substantially constant for a wide range
of wave power input thereto, frequency selective
means connecting each pair of adjacent terminals
of said lines and comprising two transmission loops
each including both of said lines, said repeaters
and said amplifiers, said loops being tuned to pass
and to oscillate continuously at mutually different
substantially single frequencies, whereby the gain
of each of said repeaters and amplifiers is subject
to the joint control of the signals and oscillations
traversing it and the transmission equivalent of
each of said lines is maintained substantially
constant.

16. A system in accordance with claim 15 com-
prising means for substantially attenuating both
of said oscillations at respsctively different ter-
minals of said system, whereby in each of said lines
the intensity of a respective one of said oscillations
is so reduced as to have small effect on the trans-
mission equivalent of that line.

17. A system in accordance with claim 15 com-
prising at the sending terminal of each of said
lines a signal amplifier adapted for substantially
constant wave power cutput, each of said ampli-
fiers being included in only one of said locps.

18. A system in accordance with claim 15 com-
prising at each of said receiving terminals a second
signal amplifier adapted for substantially constant
wave power output, each of said second signal am-
plifiers being included in only one of said loops.

19, A system in accordance with claim 15 in
which each of said loops includes a greater number
of the signal-amplifying, constant power output
elements in one of said lines than are included in
the other of said loops.

20. In a signaling system, a transmission link
subject to random variations in transmission
equivalent, a closed oscillating loop system includ-
ing said transmission link so that the intensity of
the oscillations in said loop system tends to vary
with said variations in transmission equivalent,
and means controlled by said oscillations for vary-
ing the transmission equivalent of said link in
opposite sense to said random variations.

21. In a signaling system, a transmission link
subject to random variations in a transmission
characteristic thereof that tends to produce cor-
responding variations in a parameter of signals

5

transmitted through said link, a closed oscillatory
loop system including said transmissicn link in
stch manner that said parameter of the oscilla-
tions in said loop system tends to vary with said
random variations, and means controiled by said
oscillations for varying the said transmission
characteristic of said link equally and oppositely
to said random variations.

22. In combination, an electric wave amplifier,
means for applying signals of variable average
intensity to the input of said amplifier, means
for applying concurrently to the input of said
amplifier substantially single-frequency oscilla-
tions, and amplifier gain controlling means re-
sponsive to the joint control of said signals and
said oscillations for maintaining the average wave
power output of oscillations and signals combined
substantially constant.

23. In combination, a signal amplifier and gain-
controlling means therefor, said means comprising
a loop circuit including said amplifier for the gen-
eration of oscillations, an impedance elements
variable under the joint control of said oscillations
and signals to maintain constant the total average
intensity of said oscillations and signals com-
bired, and means external of said amplifier for
varying the attenuation in said loop circuit and
thereby controlling the gain of said amplifier.

24. In combination, a source of signals of nor-
mally varying average intensity, an amplifier for
amplifying the signals from said source, a. wave
transmission loop including at least a portion of
said amplifier for the generation and loop trans-
mission of oscillations lying outside the frequency
range occupied by said signals, and means for
varying the intensity of said oscillations in equal
and opposite relation to the variations in the
said average intensity of said signals.

25. In combination, a source of signals having
normal initial variations in average intensity, a
device for amplifying the signals from said source,
sald amplifier having a feedback path for the
gain-reducing feedback of said signals, a loop
transmission circuit including at least a part
of said amplifier for the genheration of substan-
tially single-frequency oscillations, and an im-
pedance under the joint control of said signals
and oscillations for maintaining the total output
of said amplifier, comprising said oscillations and
signals, substantially constant.

26. A combination in accordance with claim 25
in which said impedance comprises 8 thermistor
heated by said oscillations and signals in substan-
tially constant proportion.

ROY W. CHESNUT.
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