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1

This invention relates to methods and appa-
ratus for improving the operation.of electro-
magnetic motors, and more particularly to feed-
back arrangements for use with such devices
wherein the feed-back signal is so derived as to
be a function of the mechanical forces or move-
ments in the driven device.

The term, an electromagnetic motor, as used
herein, is intended to refer generally to mag-
nefically operated devices for the interconver-
sion of electrical signals and mechanical mo-
tions; and more particularly to such of these de-
vices that include a driving coil for establishing
a magnetic field and a movable armature op-
erated by that field, and in which the reactance
of the driving coil is sufficiently high at the fre-
quencies of operation. that the current there-
through is appreciably out of phase with the
voltage existing across the terminals of the coil.

In most devices of this type it is desirable that
the torque applied to the movable element be
proportional to the driving current or voltage in
order that the movable ¢lement may respond ac-
curately to the variations of the applied signal.

In many instances electronic amplifiers are
associated with such magnetic devices, and it is
desirable under theése circumstances that the
movement of the armature follow faithfully the
variations in the signal applied to the input ter-
minals of the amplifier.

It has been an accepted practice in electronic
amplifiers to couple a small portion of the out-
put signal of the amplifier back to the input cir-
cuit in such manner that distortion inherent in
the electronic amplifier is neutralized. Systems
in which the phase of the signal fed back to the
input of the amplifier is such as to decrease the
effective amplitude of the externa] signal applied
to the amplifier input are usually termed nega-
tive or inverse feed-back systems. The use of
negative feedback decreases the gain of the am-
plifier, but provides compensating advantages
including an increase in amplifier stability, the
reduction of amplitude, phase, and frequency
distortion, and the reduction of variations in
aniplification with changes in power supply volt-
ages.

If such an amplifier is used in conjunction
with an electromagnetic motor, the operation of
the overall system is adversely affected by dis-
tortion occurring within the motor unit itself.
Although the feed-back -circuits referred to
above compensate for distortion within the am-
plifiér proper, they do not correct for the distor-
tion oceurring within the driven unit i. e. the
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electromagnetic motor. The desirability of an
overall feed-back system encompassing both the
amplifier and the electromagnetic motor unit
may be readily appreciated. Several such sys-
tems have been proposed but have failed to solve
the problem satisfactorily. For example, many
such devices include a member mounted on the
driven element to produce a feed-back signal
dependent on the movement of the driven ele-
ment in the motor unit, but the additional load
thereby placed on that element precludes its use
for many purposes. Such systems usually are
unstable and do not operate over wide ranges of
frequencies and amplitudes without giving rise
to self-sustained oscillations or erratic opera-
tion. For these and other reasons, the proposed
systems have failed to provide a satisfactory
remedy for such distortion. :

In accordance with the present invention a
thoroughly practicable, highly stable, and effi-
cient feed-back system is provided whereby com-
pensation is achieved automatically for distor-
tion produced both by the amplifier and the mag-
netic motor unit being driven thereby. One
feed-back signal is provided that varies in ac-
cordance with the rate of change of magnetic
flux existing within the ferromagnetic core of
the motor unit and which is substantially un-
affected by changes of the magnetic flux in the
air surrounding the core.. An additional feed-
back signal, which varies in accordance with the.
instantaneous signal current in the output cir-
cuit of the amplifier, is provided for stabilizing
purposes. .

The novel methods and apparatus of the pres-
ent invention are described herein as embodied in
an electromagnetic sound recorder system. Be-
cause of design limitations, the magnetic circuit
of such a sound recording unit usually is oper-
ated at high flux densities with consequently in-
creased distortion. In an ideal unit, the re-
sultant movement of the armature would be at
all times proportional to the signal current
through the driving coil of the recorder unit.
Because of the magnetic characteristics of avail-
ahle materials, such an ideal unit does not exist.
The present invention provides apparatus and
methods for so modifying the applied signal that
distortion inherent in the magnetic system is
compensated for autematically and the torque
applied to the movable armature is substantially
proportional to the external signal applied to the
input of the amplifier.

Accordingly, it is an object of this invention to
provide methods and structures for improving the
operation of electirormagnetic motor devices.
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A further object of the invention is to provide
a system for operating an electromagnetic motor
in which a feed-back signal is derived from
changes in flux density within the ferromagnetic
core of the driven device to permit compensation
for the distortion inherent in the magnetic motor
unit.

Still another object is to provide means for
neutralizing inherent distortion in a system in-
cluding an electronic amplifier and an electro-
magnetic motor by means of negative feed-back
arrangements in which the amplitudes and phase
relationships are so controlled as to provide high-
1y stable operation.

The invention accordingly consists in the fea-
tures of construction, combinations of elements,
arrangements of parts, and methods of opera-
tions, as will be exemplified in the structures and
sequences and series of steps to be hereinafter
indicated, and the scope of the application of
which will be set forth in the appended claims.

Figure 1 is the circuit diagram of a sound re-
cording system, including an electronic ampli-
fier, embodying the present invention,

Figure 2 represents, diagrammatically, an elec-
tromagnetic sound recorder unit suitable for use
in the sound recording system of Figure 1,

Figure 3 is a side view of the recorder unit
shown in Figure 2, and

Figure 4 illustrates a modification of the rec-
ord cutter shown in Figure 2.

This specification and the accompanying draw-
ings show and describe a preferred embodiment
of the invention and various modifications there-
of as incorporated in a sound recording system;
but it is to be understood that these are not in-
tended to be exhaustive nor limiting of the in-
vention, but on the contrary are given for the
purposes of illustration in order that others con-
versant with the art may fully understand the
invention and the principles thereof and the
manner of applying it in practical use so that
they may modify and adapt it in various forms
each as may be best suited to the conditions of
a particular use.

The sound recording system shown in Figure
1 includes a microphone | connected to the in-
put terminals of the pre~-amplifier 2, which may
be of conventional design and may advanta-
geously incorporate any desired control and filter
circuits. The signal delivered by pre-amplifier
2 to primary winding 3 of an audio frequency
transformer 4. The midpoint of the secondary
winding 6 of transformer # is connected to ground
and the outer ends of this winding are connect«
ed, respectively, to control grids 7 and 8 of two
triode tubes 9 and {i. The cathodes 12 and 13
of these tubes are returned to ground through a
feed-back arrangement to be described below.
The anodes {4 and 16 of these tubes are connect-
ed through resistances {7 and {8 to a high volt-
age terminal 19 of a conventional power supply
unit 21 which derives its power from commercial
supply mains 22 through a switch 23.

The audio signal voltages appearing at anodes
14 and {6 of triodes 9 and Ii are transferred,
respectively, to control grids 24 and 26 of two
tetrode tubes 27 and 28 through coupling con-
densers 29 and 3! and series resistances 32 and
33. The grid return circuits to ground are com-
pleted through resistances 34 and 36. Control
grids 24 and 26 of these tubes are coupled to
their respective cathodes 37 and 88 through sta-
bilizing condensers 39 and 41, and these cath-
odes are connected to ground through a common
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bias resistance 42. Operating voltages for anodes
47 and 48 are supplied from the terminal 9 of
power supply 21 through a center-tapped primary
winding 49 of a transformer 51 and suppressor
resistances 52 and 53. 'Two resistances 54 and
56 are connected in parallel with the separate
halves of winding 49.

The secondary winding 57T of transformer 51 is
divided into two substantially equal sections §7a
and 57b. The outer terminals of these sections
are connected to the driving coil 58 of an elec-
tromagnetic recorder unit, generally indicated
at 59. A damping resistance 60 is connected in
parallel with the driving coil 58. The other ends
of sections 57¢ and 51b are connected in series
through resistances 61 and 62 and the connection
between these resistances is grounded at 63. Two
feed-back windings 64 and 65 are closely coupled
to the ferromagnetic core of recorder unit 59
and produce feed-back voltages across resist-
ances 68 and 72, respectively, in accordance with
the rate of change of flux within this ferromag-
netic core. The voltages produced by windings
64 and 65 are added, respectively, to those which
exist across resistances 61 and 62 and the re-
sultant voltages are fed back to the amplifier
input circuit. The circuit which feeds back to
cathode 12 of input triode 9 may be traced from
this cathode through lead 66, the parallel con-
nection of feed-back winding 65 and resistance
68, and through resistance 62 to ground; the
cathode circuit of input tube 1i may be traced
from cathode 13 through lead $§9, the parallel
connection of feed-back winding 64 and resist-
ance 72, and through resistance 61 to ground.

The electromagnetic recorder unit 59 is shown
in greater detail in Figures 2 and 3. It includes
a permanent horseshoe magnet 81 which is rig-
idly attached to two laminated C-shaped pole
pieces 82 and 83. These ferromagnetic pole pieces
82 and 83 are mounted in the same plane with
their pole tips 82¢ and 83a suitably spaced apart
and facing each other. The feed-back windings
64 and 65, each comprising several thousand turns
of small wire, surround, respectively, recessed por-
tions of pole pieces 82 and 83. These windings
are thus coupled very closely to the ferromag-
netic core formed by the pole-pieces and the volt-
age induced therein is substantially unaffected
by changes in the flux in the air adjacent to the
core. A vibratable armature 84 is positioned ver-
tically between the pole tips 82a and 83a to oscil-
late, about a pivotal axis 86, on some suitable
mounting arrangement (not shown). This
mounting arrangement advantageously includes
a spring type construction which biases the ar-
mature toward a position midway between pole
pieces 82 and 83, The armature 84 does not com~
pletely occupy the space between pole tips 82¢
and 83a thus forming four air gaps in the mag-
netic circuit. A cutting stylus 87T is suitably
secured to the lower end of armature 84 and
is adapted to move laterally as the armature piv-
ots about axis 86.

The driving coil 58, surrounding armature 84,
consists of several thousand turns of small wire
and is divided into two sections mounted between
pole pieces 82 and 83. 'The output signal current
from the amplifier shown in Figure 1 passes
through this winding and produces a magnetic
field which varies in response to changes in this
output current causing the stylus-carrying arma-
ture 84 to vibrate about the pivotal axis 86. Flux
linkages created by current variations in coil 58
pass through windings 64 and 65 provided the
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flux is confined to the ferromagnetic path formed
by pole pieces 82 and 83, but flux linkages exist-
ing in the air surrounding the ferromagnetic cir-
cuit do not couple to the windings. The mechan~
ical moment of armature 84 about the axis 86,
caused by the signal current flowing through
driving coil 58, is substantially proportional to
the instantaneous flux density existing in the
four air gaps between armature 84 and the pole
tips 82a and 83¢, and the mechanical moment,
acting on armature 84, therefore is proportional
to the total flux within the ferromagnetic core
produced by the driving coil. However, in the
record cutter head shown, as is usual in conven-
tional type lateral cutters, driving coil 58 is neces-
sarily loosely coupled to armature 84. Therefore,
a large number of the flux linkages surrounding
coil 58 will pass entirely through air or through
a portion of the magnetic core which does not
include the air gaps between the armature 84
and pole tips 82a and 83¢. Thus the total flux
within the magnetic core does not bear a linear
relationship to the total flux created by coil 58.
The feed-back circuit of the present invention
modifies the current through driving coil 58 in
such manner that the flux within the magnetic
core is maintained at all times proportional to
and in phase with the signal voltage applied to
the input circuit of the amplifier. Windings 64
and 65 are very closely coupled to the ferro-
magnetic core and a voltage is induced in each
coil proportional to the rate of change of flux
with respeet to time within the magnetic core
surrounded by windings 64 and 65 and is sub-

stantially independent of changes in flux link-.

ages occurring in air adjacent thereto. As shown
in Pigure 1, winding 65 is connected in series
with cathode 12 of input tube 9 to provide a feed-
back voltage. The phase relationship of this volt-
age is such that its effect is degenerative. Simi-
larly the instantaneous polarity of the voltage
Induced in winding 64 is equal to and of oppo-
site polarity from that induced in winding 67,
and it is applied to the cathode ecircuit of the
other input tube 1i. The effect of these feed-
back signals is to so modify the characteristics
of the amplifier that the output signal current
will maintain that portion of the total flux with-
in the magnetic core of the record cutter propor-
tional to the input signal voltage applied to the
amplifier.

Feed-back systems that encompass a driven
unit as well as an amplifier, tend to become un-
stable and oscillation or “singing” troubles are
encountered. Such troubles are occasioned by
pbrogressive series of phase-shifts throughout
the amplifier and driven unit. Consequently in
accordance with this invention an additional or
secondary feed-back circuit is provided to in-
crease the stability of the system.

This secondary feed-back effect is achieved by
means of the resistances 61 and 62 which are in
series with the secondary winding of output trans-
former 8! and, in addition, with the cathode cir-
cuits of input tubes 11 and 8, respectively. Thus,
a voltage proportional to and in phase with the
output signal current of the amplifier is added to
the feed-back voltage from the electromagnetic
unit 59 and the resultant voltage is impressed as
a degenerative feed-back voltage on the input
of the amplifier.

The motion of armature 84 is in phase with
the flux, produced by coil 58, in the air gaps be-
tween the armature and the pole tips 82¢ and
83a. In turn, this flux, although not directly pro-
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portional to the field produced by -driving eoil
58, is in phase with this field in point of time,
and the field is in phase with the signal current
through the driving coil. Thus, by means of the
secondary feed-back Ioop, which provides a feed-
back signal in phase with the current through
driving coil 58, the initial flux produced in the
ferromagnetic core structure of the cutter 59 is
50 corrected in phase that it follows closely in
point of time the original signal voltage applied
to the input of the amplifier.

The secondary feed-back loop is designed to
provide a feed-back signal in phase with the
output current because the load on the output.
of the amplifier is inductive, causing the voltage
to lead the current. If the secondary feed-back
loop voltage were in phase with the output volt-
age rather than the output current, the fAux
variations, and hence the motion of armature
84, would lag behind the signal voltage applied
to the amplifier input. With such a system, the -
superimposing of an overall feed-back loop would
result in unstable operation.

The feed-back system of the present invention
also provides a desirable damping action. If an
external force, as for example, one caused by an
imperfection in the record blank, is applied in
such manner as to displace the armature 84 from
its midposition between the pole pieces 82 and
83, the flux in the magnetic core of the cutter
varies as the armature starts to move. 'This
variation in flux induces a voltage in feed-back
coils 64 and 65 in such a direction that the feed-
back signal, which is returned to the input of
the amplifier and hence to coil 58, will apply
a force to the armature 86 substantially propor-
tional to the velocity of the original displacement
and in such direction as to return the armature
to its symmetrical position between the pole
pieces.

The resistances 54 and 56 are provided to de-
crease resonant peaks accurring near the fre-
quency at which winding 48, together with asso-
ciated circuit capacities, forms a parallel reso-

5 nant circuit, and resistances 52 and 53 are pro-

vided to suppress similar series resonance.
These resistances reduce the rate of change of
phase with change in signal frequency and to-
gether with resistances 32, 33, 68, 68, and 72 and
condensers 3% and 44 provide increased stability
for the amplifier throughout the entire fre-
quency range. Resistance 68 also provides elec-
trical damping for the cutter when low frequency
signals are being recorded.

The amplifier of Figure 1 may advanta-
geously use a single dual triode tube, for example
a 6SL7GT, for the input tubés 9 and 1 and
two 6L6 beam power tubes for cutput tubes 27
and 28. Typical values for certain of the resist-

ances are listed below:

Resistance: Value, ochms
60 1,000
61 25
62 25
68 o 5,000
T 5,000

The positions of the driving coil and feed-back
windings may be rearranged as shown in the em-
bodiment illustrated in Figure 4. In this mod-
ification of the invention the feed-back coils 64
and 65 are closely coupled to and supported by
the armature 86, and the two sections of the
driving coil 58 surround thie outside portions of
the pole pieces 82 and 83. The axes of coil 58
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and windings 64 and 65 are substantially par-
allel as in the previous example. This arrange-
ment provides several advantages such as the
better form factor of coil 58, which is more closely
coupled to the magnetic circuit, and advanta-
geously may be wound with larger diameter wire
thus lowering the D, C. resistance of this wind-
ing. This arrangement also makes available
greater space between the pole pieces and the
armature for positioning auxiliary mechanical
or electrical components such as the armature
mounting structure.

This magnetic cutter unit may be utilized with
the feed-back system described above wherein its
operation is substantially the same as for the
cutter shown in Figure 2. This embodiment of
the invention provides the same advantageous
and highly stable distortion correction.

Sound recording systems embodying the pres-
ent invention are well adapted to be economi-
cally manufactured, because the separate features
are well suited to common production methods,
and they are capable of a variety of modifica-
tions as may be desirable in adapting the inven-
tion to different applications.

As many possible embodiments may be made
of the above invention and as many changes
might be made in the embodiments above set
forth, it is to be understood that all matter here-

inbefore set forth or shown in the accompany- -

ing drawings is to be interpreted as illustrative
and not in a limited sense.

I claim:

1. In a system for the interconversion of elec-
trical signals and mechanical motion, a distor-
tion-correcting arrangement comprising, in com-
bination, an electronic amplifier, a magnetic mo-
tor having a ferromagnetic core, a ferromag-
netic armature movable in response to changes
in flux in said ferromagnetic core and a wind-
ing connected to an outout circuit of said am-
plifier and having appreciable inductive re-
actance at the frequency of operation, an over-
all negative feed-back loop carrying a fesd-
back signal responsive to changes in flux within
said core-and connected from said magnetic mo-
tor to an input circuit of said amplifier for neu-
tralizing distortion in said amplifier and mag-
netic motor, means for generating a supplemen-
tary negative feed-back signal in phase with the
driving current through said winding, and means
coupling said supplementary feed-back signal
connected from the ocutput circuit of said am-
plifier {0 an input circuit of said qmpl fier to en-
hance the stability of operation of said amglifier
and motor.

2. In a system for the conversion of electrical
signals into mechanical motion, a feed-back cir-
cuit for eliminating inherent distortion, com-

prising, in combination, an amplifier, a mag-

netically operated motor including a movable
ferromagnetic armature and a winding having
appreciable inductive reactance at the frequency
of operation coupled to the output of said am-
plifier, a primary negative feed-back signal gen-
erator cooperating with said motor and respon-
sive to the rate of change of flux therein, 2 con-
nection for applying said primary feed-back sig-
nal to an input of said amplifier to neutralize
distortion in said system, a coupling circuit co-
operating with said amplifier and producing a
secondary negative feed-back. signal in phase
with the driving current through said winding
dnd proportional to the magnitude thereof, and
a circuit for coupling said secondary feed-back
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signal to an input of said amplifier, to increase
the stability of operation of said system.

3. A system for the conversion of electrical sig-
nals into mechanical movements, comprising, in
combination, an electronic amplifier, an electro--
magnetically operated motor including a driving
coil having appreciable inductive reactance at
the frequency of operation, and a movable ferro-
magnetic armature responsive to the changing
of current through said driving coil, a connec-
tion coupling the output circuit of said amplifier
to said driving coil for producing a signal cur-
rent therein, a network producing a first degen-
erative electrical feed-back voltage instanta-
neously proportional to and in phase with the
current through said driving coil, a second de-
generative feed-back voltage in accordance with
the rate of change of flux ‘within said ferro-
magnetic armature, and a connection coupling
said first and second feed-back voltages to an
input of said amplifier, whereby the distortion
of the overall system is reduced and stable oper-

ation achieved.

4, In a system for the conversion of electrical
signals into mechanical motion, a feed-back ar-
rangement comprising, in combination, an am-
plifier, a magnetically operated motor including
a movable ferromagnetic armature and a wind-
ing having appreciable inductive reactance at the
frequency of operation and coupled o the out-
put of said amplifier, a generator coupled with
said motor to produce a first negative feed-back
signal, a connection applying said first feed- back
signal to an input of said amplifier, resistive
means in series with said winding for produc-
ing a second negative feed-back signal propor-
tional to the magnitude of and in phase with
the driving current through said winding, and,
a connection coupling said second feed-back sig-
nal to an input of said amplifier, thereby cor-
recting for distortion inherent in said amplifier
and said motor means and providing stable op-
eration.

5. A system for recording sound signals com-
prising, in combination, an electronic amplifier,
an electromagnetic recording head including in-
ductive driving means coupled to the output cir-
cuit of said amplifier and a movable ferromag-
nétic armature responsive to the changing of
eurrent through said driving means, feed-back

* signal generating means responsive to changes in
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flux in said electromagnetic recording head pro-
ducing a first negative feed-back signal, means
coupling said first feed-back signal to an input
of said amplifier to compensate for distortion in-
herent in said motor, resistance means in series
with said driving means for producing a sscond
negative feed-back signal in phase with the sig-
nal current through said winding, and means
coupling said second feed-back signal to an in-
put of said amplifier to increase the stability of
operation.

6. A system for recording scund signals com-
prising, in combination an electronic amplifier,
an electromagnetic recording head including a
driving coil having appreciable inductive react-
ance at the frequency of operation coupled to the
output circuit of said amplifier, a ferromagnetic
core, and a movable ferromagnetic armature re-
sponsive to the changing of current through said
driving coil, feed-back signal generating means
for producing a first feed-back signal responsive
only to the rate of change of flux within said
ferromagnetic cors, means coupling said:first"
feed-back signal to an input circuit of said ampli--
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fier, to compensate for distortion inherent in the
overall system, means for producing a second
negative feed-back signal substantially in phase
with the output signal current through said driv-
ing coil, and means coupling said second feed-
back signal to an input of said amplifier, for
stabilizing the operation.

7. In a system for recording sound signals, a
feed-back system for eliminating inherent dis-
tortion, comprising, in combination, an amplifier,
an electromagnetic recording head including a
movable ferromagnetic armature and an induc-
tive driving coil coupled to thé output of said
amplifier, means for producing a primary feed-
back signal in accordance with the instantaneous
forece acting on said armature, means for applying
said primary feed-back signal to an input of
said amplifier, means for producing a secondary
negatlive feed-back signal quantitatively related
to and in phase with the signal current through
said driving coil, and means for coupling said
secondary feed-back signal to an input of said
amplifier, thereby stabilizing the system and com-
pensating for inherent distortion.

8. A system for the conversion of electrical
signals into mechanical motion, comprising, in
combination, an amplifier, a magnetically op-
erated motor means including a movable ferro-
magnetic armature and a winding having appre-
ciable reactance at the frequency of operation
coupled to the output of said amplifier, means for
producing a primary negative feed-back signal
in accordance with the instantaneous mechanical
moment acting on said armature, means for ap-
plying said primary feed-back signal to an input

of said amplifier, means for producing a second--

ary negative feed-back signal quantitatively re-
lated to and in phase with the signal current
through said winding, and means for coupling
said secondary feed-back signal to an input of
said amplifier, thereby compensating for inherent
distortion and increasing the stability of opera-
tion.

9. A system for recording sound signals com-
prising, in combination, an amplifier, an electro-
magnetic recording head including a ferromag-
netic core and a driving winding having appre-
ciable reactance at the frequency of operation, a
movable ferromagnetic armature and coupled to
the output of said amplifier, a primary negative
feed-back signal generator responsive only to flux
changes within said ferromagnetic core and sub-
stanfially independent of flux changes outside
said core, a circuit applying said primary feed-
back signal to an input of said amplifier, thereby
compensating for inherent distortion, a coupling
circuit producing a secondary negative feed-back
signal responsive to the signal current through
said winding, and a circuit coupling said second-
ary feed-back signal to an input of said ampli-
fier to stabilize the operation.

10. In a system for the interconversion of elec-
trical signals and mechanical motion, an ar-
rangement for modifying the response character-
istics of the system, comprising, in combination,
an electronic amplifier, a magnetic motor driven
by said amplifier and including a ferromagnetic
core and a ferromagnetic armature movable in
response to changes in flux in said ferromagnetic
core, a generator producing a first negative feed-
back signal the instantanecus value of which is
a function of the rate of change of flux within
said armature, a circuit coupling said first feed-
back signal to an input circuit of said amplifier,
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a coupling cireuit cooperating with an output cir-
cuit of said amplifier for producing a second neg-
ative feed-back signal, and s, circuit coupling said
second feed-back signal in series with said first
feed-back signal to an input circuit of said ampli-
fier, whereby the two feed-back signals coop-
erate to modify the response characteristics and
enhance the stability.

11. In a system for the interconversion of
electrical signals and mechanical motion, the
method of compensating for overall distortion of
said system and enhancing the stability of oper-
ation, comprising the steps of, amplifying an
electrical input signal to produce an output signal
current, passing said current through an induc-
tive reactance to produce magnetic flux, driving
a movable ferromagnetic armature in accordance
with said flux, producing a first negative feed-
back voltage in accordance with the rate of
change of said magnetic flux producing a second
negative feed-back voltage proportional to and
in phase with said output signal current, com-
bining said second feed-back signal with said
first feed-back signal, and subsequently combin-
ing said feed-back signals with said electrical
input signal.

12. A system for amplifying and recording elec-
trical signals, comprising, in combination, an
electronic amplifier having an input and an out-
put circuit, a resistance connected in series with
said output circuit, means coupling the vcltage
produced across said resistance to said input cir-

‘cuit to stabilize the operation of said amplifier; a

recorder unit driven by said amplifier and hav-
ing a ferromagnetic circuit formed of a first C-
shaped pole piece, a second G-shaped pole piece
spaced apart from said first pole piece with the
open sides of these pole pieces facing each other,
and a magnetically permeable armature mounted
between said first and second pole pieces and
bivotally supported to vibrate about a transverse
axis in response to flux variations in said ferro-
magnetic circuit; a permanent magnet joining
said pole pieces, a recording stylus affixed to one
end of said armature, a driving coil coupled to
said ferromagnetic circuit and to the output cir-
cuit of said amplifier to cause signal currents to
flow through said driving coil to produce a vary-
ing flux in said ferromagnetic circuit and actuate
said armature, and a feed-back winding closely
coupled to said ferromagnetic circuit and coupled
to the input circuit of said amplifier, whereby a
voltage is applied to said amplifier input circuit
in accordance with the rate of change of flux
within said ferromagnetic circuit and substan-
tially independent of flux changes outside said
circeuit to compensate automatically for distortion
inherent in the system.
EMORY G. COOK.
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