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3 Claims.

My invention relates to transmitting appa-
ratus, and has for an object the provision of
transmitting apparatus which insures modula-
tion of a carrier current or other carrier fre-
quency energy by a signaling current either with-
out distortion of the modulation or with an in-
tentional distortion of the modulation. A fur-
ther object of my invention is the provision of
apparatus effective to produce a feed-back elec-
tromotive force proportional to the modulation
of transmitted energy and to combine the feed-
back electromotive force with a control electro-
motive force proportional to  the modulation
energy, such combination being effective to cor-

; rect distortion or to introduce a desired distor-

tion.

T will describe several forms of apparatus em-

bodying my invention, and will then point oﬂt
the novel features thereof in claims.

In the accompanying drawings, Fig, 1 is a
diagrammatic view of one form of transmlttmg
apparatus embodying my invention. ig. 2 is a
diagrammatic view of a modification of a por-
tion of the apparatus of Fig. 1 and alsc embhody-
Figs. 3 and 4 are ‘each g
diagrammatic view of transmitting apparatus
embodying my invention wherewith intentional
distortion of the modulation may be introduced.
Fig. 5 is a diagrammatic view of transmitting
apparatus for sound on film production with
correction of distortion, which apparatus like-
wise embodies my invention.

In each of the several views like reference
characters designate similar parts.

Referring first to Fig. 1, a. high frequency
oscillator shown conventionally at HFO supplies
a ‘carrier current of any convenient frequency
such as, for example, 7500 cycles per second.
This oscillator may be any of the standard types
well-known to the art, among them being the
vacuum tube oscillator. A low frequency oscil-
lator shown conventionally at LFC supplies a
gignaling current of any convenient low ire-
quency such as, for example, 48 cycles per sec-
ond. "This oscillator LFO may also be of the
vacuum tube oscillator type. The specific struc-
ture of this davice as well as that of the high
frequency osciliator HFO is not shown since the
structure of mneither of these devices constitutes
a part of my invention. As a maftter of fact, in
telephone or radio communication = systems
where carrier fransmission is contemplated the
low frequency oscillator LIO will be replaced by
a microphone and an amplifier or by a telephone
transmitter in order that the carrier current may
be modulated by the voice frequencies produced
in the microphone or transmitter.

The reference character MA designates a
modulator-amplifier of the ordinary plate modu-
lation type. While I will describe the structure

(CL 179—171)

and operation of a particular type of modulator
as an example, and for the sake of clearness, it
will be understood the specific structure of the
modulator constitutes no part of my invention.
In fact, in certain forms of my invention. to: be
described later, the high frequency generator
and the modulator-amplifier are replaced by a
single modulator-generator. 'The operation of
the particular modulator-amplifier here shown. is
as follows: The carrier frequency current sup-
plied from the high frequency oscillator HFO is
applied to the grid 3 and the filament 50 of an
electron tube &, a grid condenser 5 being inter-
posed between the oscillator and the grid 3, and
a resistor & being interposed between the termi-
nal of the condenser § adjacent the grid and the
usual filament battery 40. The tube 4 is pro-
vided with. a plate circuit which can be traced
from the battery 8 over wire 35, secondary wind-
ing Il of a transformer T3, secondary winding
{0 of a transformer T2, wire 36, primary winding
9-of a transformer T, plate 7, and the inter-
vening space and filament of the tube 4 to the
battery 8. ‘The signaling frequency current pro-
duced by the oscillator LFG is: supplied to. the
primary winding 12 of the transformer T3 and,
consequently, an electromotive force of the sig-
naling frequency is induced in the secondary
winding {1 of that transformer, which secondary
winding 1 is included in the plate circuit of the
tube 4 as just explained. It follows that the
high frequency current in the plate circuit of
tube. & is modulated by the signaling current fed
into:the plate circuit through the medium of the
secondary winding 1. A condenser 13 is prefer-
ably connected between the filament of the tube
and the terminal of primary winding 8 remote
from the plate T for by-passing the high fre-
quency but not the modulation. frequency. "An
electromotive force of the frequency of the modu-
lated carrier current will be induced in the sec~
ondary winding 14 of the transformer Ti, and
in turn will be supplied to the input terminals of
a power amplifier PA over the wires {5 and 16.
A small correcting voltage having the same fre-
quency as the signaling current supplied by the
secondary winding If of the transformer T3 is
introduced into the plate circuit through the
medium - of the secondary winding (@ of the
transformer T2 in a manner hereinafter ex-
plained.

The power amplifier PA may be of any con-
venient type such as, for example, two electron
tubes connected in the customary push-pull ar-
rangement. By means of this device, the mod-
ulated carrier current supplied by the secondary
winding I8 of the transformer Tl is amplified to
a relatively high energy level and is delivered
over wires {7 and 18 to inductor coils 19 and 20
disposed in inductive relation to a transmitting
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circuit, a tuning condenser 21 preferably being
interposed in the wire 17. The transmitting cir-
cuit may be of any desired form suitable for con-
veying such modulated carrier current. By way
5 of illustration, the transmitting circuit is here
shown as including the traffic rails of a railway

track, the inductor'coils ¢8 and 20 being disposed’

in inductive relation to the rails 1 and la, re-
spectively.

It will be seen, therefore, that the carrier cur-
rent of 7500 cycles per second is modulated by
the signaling current of 40 cycles per second, the
combination is amplified to a relatively high en-
ergy level, and an electromotive force of corre-
15 sponding frequency is induced in the traffic rails

| and ia. It will be understood, of course, that
my invention is not limited to the above-cited
frequencies for the carrier and sighaling currents,
nor to a transmitting circuit which includes the
20 traffic rails of a railway track, and that the fre-
quencies given and the transmitting circuit dis-
closed are used only for illustration in order to
aid in the understanding of my invention. Such
frequencies and circuit have been proposed, how-
25 ever, for use in signaling systems for railway
trains. What is essential to my invention is that
carrier frequency energy modulated by a control

or signaling current is furnished.
As here shown, a conductor A is disposed in in-
30 ductive relation to either one or both the in-
ductor coils 19 and 2¢ for inductively receiving
an electromotive force which is proportional to
the electromotive force induced in the traffic rails.

This conductor A may be of several turns or it
35 may be a single conductor as desired. If the in-

ductor coils 19 and 20 have iron cores, these

cores may contribute to the distortion of the elec-
tromotive force induced in the rails. However,
_ the electromotive force induced in conductor A
40 is subject to the same distortion, except for a
small difference due to the difference in the iron
paths of the magnetic fluxes through conductor

A and around the rail, which difference can be

made negligible. If, as is theoretically possible,
45 such high power were used that there were dis-

tortion due to the steel of the rail, then con-
ductor A would be placed in inductive relation

to the rail at a distance from the inductors 19

and 28 such that the magnetic flux density was

50 iow enough to avoid distortion. The conductor
A is connected over wires 22 and 23 with the in-
put terminals of a circuit network designated by
the reference character B, one of the output ter-
minals of such network being connected by a
wire 21 with an input terminal of a detector D
and the other output terminal of the network B
being connected by a wire 37 to one terminal of
the high frequency oscillator HFO. A wire 28
connects the other terminal of the high fre-
60 quency oscillator HFO with the second input
terminal of detector D. As here shown, the net-
work B consists of a reactor 24, a condenser 25,
and a resistor 26. This network is inserted for
the purpose of bringing the voltage obtained from

65 conductor A approximately in phase with the
voltage obtained from the high frequency gen-
erator. Considerable phase displacement is per-
missible, especially if the voltage from the high
frequency generator is large compared to that

70 from conductor A. Therefore, network B will
not always be needed. The voltage supplied by
conductor A through network B and the voltage
supplied by generator HFO are fed in series into
the detector D. The parts are so proportioned
75 that the relative magnitudes of the two voltages
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even when the output of the network B is com-
pletely modulated are such that the percentage
of modulation of the input to the detector D is
sufficiently low to insure undistorted detection.

The detector D mmay be any one of many forms
well-known to the art, it being shown convention-
ally for the sake of simplicity since its specific
structure constitutes no part of my present in-
vention. It is sufficient that the modulated car-
rier voltage supplied to the detector D is detected,
and an electromotive force having the same fre-
quency, wave form, and phase as the modulation
of the carrier frequency energy is caused to ap-
pear in the output circuit of the detector D. This
output circuit here includes the primary winding
29 of a transformer T&. The current flowing in
the primary winding 2%, as the result of such
electromotive force, is effective in turn to induce
a, proportional electromotive force in the sec-
ondary winding 30 of the transformer T4.

It is clear that an electromotive force of the
signaling frequency will be induced in the sec~
ondary winding 21 of the transformer T3 which
is in phase with that induced in the secondary
winding ¢t of that transformer, the latter be-
ing utilized for modulation of the carrier as ex-
plained hereinbefore. Hence, the voltage of the
secondary winding 31 of the transformer T3 and
the voltage of a secondary winding 3¢ of the
transformer T4 are of the same freguency, the
voltage of the latter being proportional to the
instantaneous value of the modulation of the
transmitted current and the voltage of the foriner
being proportional to the instantaneous vcitage
used to modulate the carrier. The secondary
windings 30 and 3{ and the input of an ampli-
filer AM are connected in series, the windings
being so disposed that the respective voltages are
at every instant opposing, with the result that tize
difference between these two voltages is ampli-
fied and reproduced in the primary winding &2
of the transformer T2, where it is effective to in-
duce an electromotive force in the secondary
winding 12 interpecsed in the plate circuit of the
tube 4.

The several devices and elements are so pro-
portioned and adjusted that if the input circuit
of the amplifier AM were open so that no elec-
tromotive force were induced in the secondary
winding 10 of the transformer T2, the carrier
current would be almost completely modulated
by the signaling current supplied by the sec-
ondary winding {f of the transformer T3, and
the power amplifier PA would deliver substan-
ially its maximum power to the inductor coils
{8 and 28. Purthermore, the electromotive
forces induced in the secondary windings 26 and
3f would be about equal in maguitude. Under
such conditions, distortion of the current de-
livered to the transmitting circuit would, of
course, be high. However, if the voltage induced
in the conductor A had an absolutely undistort-
ed modulation, the detector D would produce a
voltage in the secondary winding 39 of the
transformer T4 that would be equal to the volt-
age induced in the secondary winding 3! of the
transformer T3, and the input to the amplifier
AM would be zero.

Actual correction of the distortion of the out-
going energy is obtained as follows: If there is
distertion and at a certain point in the modula-
tion cycle the voltage of the secondary winding
38 is a little less than the voltage cf the sec-
ondary winding 31, a voltage equal to the differ-
ence is fed into the amplifier AM where it is
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amplified and a relatively large electromotive
force is induced in the secondary winding 16 of
the transformer T2. The instantaneous polarity
of the voltage of the secondary winding {0 with
5 respect to the instantaneous polarity of the volt-
age of secondary winding Il in this instance is
such as to increase the plate voltage of the tube

4. Such increase in the plate voltage of the tube

of the modulator-amplifier obviously tends. to
10 increase its output and in turn to correct the

distortion of the transmitted current. The out-
put of the detector D is increased in response
to such increase in the output of tube 4 and cor-
rection of the modulation of the transmitted
15 current, with the net result that the voltage of
the secondary winding 30 is raised. This action
persists until the voltage of secondary winding
3R is nearly equal in value to that supplied by
the secondary winding 3f so that the inpuf to
920 the amplifier AM is made substantially zero.

Conversely, if at.some other point in the modula-

tion cycle, the voltage of the secondary winding

30 is a little greater than the voltage of the

secondary winding- 31, the net voltage is fed to
25 the -amplifier AM to create a voltage in the

secondary winding 10 of the transformer T2.

The instantaneous polarity of the voltage of the

secondary winding {0 with respect to the instan-

‘taneous polarity of the voltage of secondary
30 winding t1, this time, is-such as to decrease the

plate voltage for the tube 4 with the result that

the output of. the modulator-amplifier MA is
decreased and the distortion of the transmitted
current is corrected.  The output-of the detector
35 I is now decreased to bring the voltage of the
secondary winding 30 back to a magnitude near-

1y equal to that of the secondary winding 31.

It is clear, therefore, that under all condi-
tions the output voltage of the detector D is
40 made to follow the voltage -of the secondary
winding 31 with a precision that is limited only
by the amount of amplification which it is found
practical to use in the amplifier AM. Since the
output of the detector D is a faithful reproduc-
43 tion of the envelope of ‘the modulated electro-
motive force induced in: the conductor A, and
since the electromotive force induced in the
transmitting circuit is proportional to that in-
duced in the conductor A, the envelope of the
50 lransmitted current will also follow the voltage
of the secondary windihg 31, that is to say, the
modulation of the transmitted current will be

substantially undistorted. o

A modification in which the amplifier AM is
55 omitted is disclosed in Fig. 2. Here the input
wires 271 and 28 for the detector D lead respec-

tively to a terminal of the network B and to a

terminal of the high frequency oscillator HFO,

as in Fig. 1. Also, the wires 3% and 36 of Fig. 2
¢y lead to the battery 8 and to the primary wind-
ing 9 of the transformer T, as in Fig. 1. It
~will be understood, therefore, that the circuits
above the wires 27, 28, 35 and 36 of Fig. 2 are
the same as in Fig. 1 and it is thought to be
unnecessary to reproduce them.

In Fig. 2, the parts are so proportioned that
the voltage of the secondary winding. 30 of the
transformer T4 has a predetermined wvalue
which averages somewhat, say 10 per cent, less
"77p.than the voltage of the secondary winding [I

of the transformer T3. In other words, the
raagnitude of the voltage of the secondary wind-
ing 20 averages only about 0.90 of the magnitude
of the voltage of the secondary winding II.
75 Furthermore, the voltage of the secondary wind-

-yalue of the. modulation voltage.

ing 30 is substantially 180° out of phase with
the voltage of the secondary winding {f. It fol-
lows that the difference between these two volt-
ages is the modulation voltage applied over wires
35 and 36 to the modulator-amplifier MA. As-
suming that, due to distortion of the transmit-
ted current, at a certain point in the modulation.
cycle the: voltage of the secondary winding 30
is-only 0.89 of the voltage of the secondary wind-
ing (i, so that the voltage of winding 30 .is 10
slightly ' kelow the above-mentioned predeter-
mined. average which I have assumed to be 0.90
of.the magnitude of the voltage of the winding

44, then the voltage of secondary winding 30
will ‘be approximately- 1.1 per cent less than its 15
predetermined. average value.. The modulation
voltage, which is the difference between the
voltage of the secondary winding Il and that of
the secorndary winding 30, is now 10 per cent
greater than the above mentioned predetermined 20
The net ef-
fect of such change in the modulation voltage
will be to carrect the distortion of the trans-
mitted. current and to bring the voltage of the -
secondary winding 36 back toward ifs predeter- 25
mined value.. Hence, a 10 per cent change in
the modulation voltage, which change tends to
correct the -distortion. of the modulation, has
rasulted from only 1.1 per cent of distortion in
the meodulation.. The degree of correction to be = 30
obtained by the apparatus of Fig. 2 depends on
the. ratio of the voltages of the low frequency
oscillator LFO, or of the detector output, to the
voltage necessary for modulation. i

Hereinafter, it will. be shown mathematically = 35
that this ratio takes: the place of the amplifier
AM of Fig. 1, so that theoretically the perform-
ance of the apparatus of Fig., 2 may be identical
with. the performance of the apparatus shown in
Fig. 1. Where the highest degree of correctioni:40
is required, the amplifier of Fig. 1 may be pref-
erable in practice.

Since it isithe detector output which is ren-
dered free: from distortion, any distortion in
the detector will cause an inverse distortion: 45
in the modulation of the transmitted current.

In view .of this fact, apparatus embodying my
invention permits an intentional introduction of
distortion, which may be made to compensate
a distortion known to exist in some portion of::50

<t

‘the receiving apparatus used fto receive the
“transmitted current.

For example, if the dis~
tortion in detector D is made the same as the
distertion in-the detector of the receiving appa~
ratus used to receive the transmitted current,. 55
then the distortion of the transmitted modula-
tion compensates the distortion caused by the
detector of the remote receiving apparatus.
That is, any desired distortion of the modula-
tion of the transmitted current may be obtainedi 60
if the inverse distortion is introduced in the’
detector I or its input or output circuits.
Apparatus for introducing intentional distor-
tion is-shown in Fig. 3. The modulated carrier
frequency energy is applied to the input ter-.6s5
minals- of the power amplifier PA over wires I5
and 6 the same as in Fig. 1, and is amplified
to a- relatively high energy level. In Fig. 3, the
output terminals of the power ‘amplifier are con-
nected dcross a resistor R to at least a portion. 70
of which the transmitting circuit is tapped by
wires 38 and 39, The transmitting circuit in-~"
cluding the wires 38 and 39 may be any suit-
able circuit for conveying such. modulated car-
rier frequency energy to some remote receiving 75
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apparatus (not shown) responsive thereto. Part
of the voltage that appears across the resistor
R is tapped off and fed to the input of the
detector D over wires 22 and 23. It will be un-~
dersteed, of course, that this voltage from re-
sistor R may be fed through a network B and
corabined with a voltage obtained from the high
frequency source before it is fed to the detector
D, as is done in Fig, 1, if it is found desirable
to do so. In this form of the invention the high
frequency oscillator and the modulator-amplifier
are replaced by a single unit consisting of a
modulator-generator MG. This modulator-gen-
erator MG may be any one of several forms
such as, for example, a vacuum tube oscillator
having the modulation electromotive force in-
troduced in series with the plate circuit supply,
and is here shown diagrammatically by a rec-
tangle since its structure forms no part of my
invention. The signaling frequency for modulat-
ing the carrier energy is supplied to the modu-
lator-generator MG from the low frequency os-
scillator LEFO through transformer T3 and over
wires 35 and 88 the same as explained for Fig. 1,
the secondary winding 18 of the transformer
T2 being interposed in the circuit. The output
circuit of the detector D includes an iron core
transformer T4a having .a suitable condenser
41 connected across its primary winding 42, and a
resistor ‘43 connected across its secondary wind-
ing 84, The voltage of the secondary winding
44 of the transformer T8¢ is combined with the
veoitage -of the secondary winding 31 of trans-
former T3, and the resultant voltage is fed to
the input of the amplifier AM the same as ex-
plained for Fig. 1, the output of the amplifier
AM being combined with the signaling modula-
tion voltage through the transformer T2. If
it is desired to make correction for a distortion
which is known to be caused by an iron core coil
of the remote receiving apparatus, the flux den-
sity of the transformer Tdg should be adjusted
to give the same amount of distortion as that
for which correction is desired. The phase of
the output of transformer Téa may be adjusted
by means of the condenser 4i and resistor 43.
It follows that a desired distortion of the modu-
lation of the transmitted current may be intro-
duced through the medium of the detector D
and its related circuits.

Distortion caused by an amplifying tube of
the receiving apparatus may be corrected by
distortion intentionally introduced in the trans-
mitting apparatus embodying my invention.
One way such intentional distortion may be in-
troduced is disclosed in Fig. 4. In Fig. 4, the
modulated carrier frequency energy is supplied
from the modulator-generator MG to the trans-
mitting circuit through the power amplifier PA
and resistor R the same as in Fig. 3. Likewise,
the signaling frequency for modulation of the
carrier frequency energy is supplied to the modu-
lator-generator MG through transformer T3 and
over wires 35 and 36 as in Fig. 3, the secondary
winding 8 of transformer T2 heing interposed
in the circuit. A portion of the voltage across
the resistor R is supplied over wires 22 and 23
to the input of the detector D and the output
voltage of the detector is applied between the
grid 4% and cathode 46 of an amplifier tube 47.
The pilate 48 of tube 47 is supplied with voltage
from a battery 49, the primary winding 51 of a
transfiormer TY being interposed between the
battery 48 and plate 48. The secondary wind-
ing 52 of transformer TH and the- secondary

winding 31 of transformer T3 are connected in
opposing series relation and connected to the
input of the amplifier AM as can be seen from
ig. 4. The characteristic of the tube 47 is ad-
justed to be similar to that of the tube of the
remote receiving apparatus the distortion of
which is to be corrected. It will be easily seen
that this procedure produces in the output of
the amplifier AM a voltage which is the correc-
tion to be applied to the modulation of the trans-
mitted current.

In the form of the invention disclosed in Fig. 5,
the carrier frequency energy consists of light
which is electrically modulated, for example, as

" in a sound on film recording apparatus, or tele-

vision receiver. One particular form of such ap-
paratus consists of a microphone M connected
with the input terminals of an amplifier AMP,
the output energy of which is applied through a
transformer T to a neon lamp NL for modula-
tion of its light beams, the lamp NL being sup-
plied with energizing current from a battery 53.
The light from the lamp NL is concentrated
through a suitable lens 54 on g slit 55 of a dia-
phragm 58, Part of the light passing through
the slit 85 is projected on a moving film 57 for
recording the voice freguencies produced in the
microphone M. It will be seenn without further
discussion that as the microphone picks up sound
2 narrow band of varied exposure will be pro-
duced along the film which, by the use of suit-
able apparatus, may be made to reproduce the
sounds picked up by the microphone.

To correct distortion due to the apparatus of
Fig. 5, I provided for feeding back a portion of
the modulated energy into the control circuit.
A half-silver mirror 58 is placed in the path of
the light beam between the slit and the film to
divert part of the light away from the film to 2
suitably placed photoelectric cell 69. The light
striking this cell €9 gives rise to a voltage which
can be made to be within wide limits proportional
to the intensity of the lisht. This voltage is im-
pressed upon a phase-correcting network B simi-
lar to the network B of Fig. 1, and is then passed
to the primary winding 59 of a transformer T7.
Hence, an electromotive force proportional to the
instantaneous intensity of the light beam is in-
duced in the secondary winding 68 of transformer
T7. The primary winding 61 of a transformer
T8 is connected across the terminals of the micro-
phone M in parallel with the input circuit of the
amplifier AMP and henhee an electromotive force
proportional to the instantaneous voltage of the

‘voice frequency energy used to modulste the light

is induced in the secondary winding §2 of trans-
former T8. The secondary winding 62 of trans-
former T8 and the secondary winding 68 of trans-
former TT are connected in opposing series rela-
tion to the input terminals of the amplifier AM
the cutput circuit of which includes the primary
winding 64 of a transformer T9. The secondary
winding 65 of the transformer T9 is interposed
in the output circuit of the amplifier AMP as will
be understood by inspection of Fig, 5. It follows
that a feed-back voltage proportional to the
modulation of the transmitted energy and a con-
trol voltage proportichal to the modulating en-
ergy are combined and the difference is amplified
and made effective to correct distortion similar
to that explained for Fig. 1. If it is desired to
intreduce intentional distortion, this can be done
by placing between the network B and the trans-
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former TT suitable apparatus such, for example,
as that shown in Figs. 3 and 4. -
In order to make clear what is essential about
my invention, I will now describe it in general
5 terms, without reference to a particular form of
apparatus, and will give a mathematical descrip-
tion of its operation. Any suitable apparatus,
which T will call G, furnishes carrier frequency
energy which is modulated by a modulating elec-
tromotive force of instantaneous value Ec sup-
plied to G. The instantaneous modulation of
this carrier frequency energy I will call Ba. ANy
suitable source furnishes a modulation frequency
control electromotive force of instantaneous value
Ty, in accordance with which the carrier frequency
energy is to be modulated. II G were entirely
free from distortion Ea would be proportional to
1, and would be given by the equation Ea=mEc
where m is a constant. G actually introduces a
distortion, the correction of which is the object
of my invention. Hence, if . m is the average
value of Ea/Ee, then Ee will be greater than mEe
part of the time and will be smaller part of the
time, the difference constituting the instanta-
neous distortion introduced by G, that is, con-
stituting the instantaneous distortion of Ea rela-
tive to Ee. Hence, if x is the corresponding per-
centage of distortion, .

—100(Eq—mEc)/Ea

15

‘Whence
Ea:WLEc—{—Ea,.’B/lOO (1)

Any suitable apparatus, which I shall call D, is
actuated by the carrier frequency enersy S0 as
to produce a feed-back electromotive force Ea of
the same frequency and phase as E,, the modu-
lation of the carrier frequency energy. For in-
stance, if the carrier frequency energy is a modu-
lated light beam, D might consist of a photo-
electric cell with any necessary auxiliary appa-
ratus, such as battery and amplifier.

If y is the percentage of distortion caused by
D, that is the percentage of distortion of Eq rela-

tive to Ha,
45 *

35

40

Ed—KEq--Ea y/100 @

where the constant K is the average value of
Ed/ Ea.
Any suitable apparatus is actuated by the elec-~
50 tromotive forces En and Ea so as to supply to G a
modulating electromotive force Ec equivalent to
the difference between a first component propor-
tional to the control electromotive force Ep, and
55 therefore equal to 9Fb where g is a constant, and
an opposed second component proportional to the

feed-back electromotive force Eq, and therefore.

equal to hBEa where n is a constant. In other
words, this last apparatus supplies G with a
modulating electromotive force E. given by the
equation:

60

Ec=gEv—hEa )

Tt will be immediately obvious that the form of
apparatus shown in Fig. 2 supplies such a modu-
lating electromotive force to the modulator-am-
plifier. I will show that the modulating electro-
motive force supplied by the form of apparatus
shown in Fig. 1is also of the form expressed by
Equation (3). The input electromotive force to
amplifier AM is clearly equal to bEpr-—dBEq where
b and d are constants. Hence the output, neg-
lecting distortion, is '}(bEs—dEa) where f is a
5 constant, The justification for neglecting the
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‘may be done in two ways.

5

distortion is that bEp and dEa are nearly equal
and nearly cancel each other, giving a relatively
small input voltage so that even a relatively large
percentage of distortion will result in only a rela-
tively small absolute distortion.

Hence the ‘total electromotive force supplied to
the modulator-amplifier is:

Ee=CEp-+f(bEv—dEd) "
—=(C+f8) Ev—fdEa
=gEv—hEad

where CEy is the electromotive force of second-
ary 11, g=C+7b, and h=fd.

This shows that the two forms of apparatus
shown in Pigs. 1 and 2 respectively are equiva-
lent, performing the same function in different

ways. From Equations (1) and (2) it follows
that L

Ec=Eo(1—2/100) /m 4)
and’ Ea=EdK/(1—y/100) (5)

with these values of Ec and Eag, Equation (3)
becomes

Eo(1—2/100) /m
, =gEp—hEdK/(1—y/100), (6)
Whence : )
. m& o
Ee={T KR
mKhy/100—x/100+xy/10,000 E )

(+mKh) (1 —y/100)

When there is no distortion, that is, when =0
and y=0, the last term vanishes. The term

is the part of Es representing & modulation which
is proportional to the control electromotive force
Eyp. and is therefore undistorted relative to. Eb.
The last term is the part of Ea constituting the

_distortion. Hence the percentage of distortion

of the modulation E, relative to the control elec-
tromotive force Eb is

x/100 —mKh ¥/100—xy/10,000
(1+ mKh) (1—y/[100) -
x— mEKhy—xy[100
(FmKh) (1—y[100)
It will be remembered that:

w=100

(@)

m is the average value of Ea/Ee,
K is the average value of Ea/Es, and

nEg is the value of the second, or feed-back
component of the modulating electromotive force
F.. Therefore the important quantity mEK#h in
Equation (8) is equal to the average of hE4/Ee,
that'is, it is simply the average value of the ratio
of the feed-back component of the modulating
electromotive force Ee supplied to the source G
for modulating its output to the whole of this
modulating electromotive force. mKh is thus a
sort of feed-back amplification factor.

Equation (8) expresses the performance of my
invention. - Suppose first that it is desired. to
make w, the percentage of distortion of the car-
rier frequency energy, as small as possible. This
One method, which
is that used in the forms of apparatus shown in
PFigs. 1 and 2, is to make the distortion of the

feed-back electromotive force Ea relative to the"

modulation of the carrier frequency -energy. as
small as possible, that is, to make vy as small as
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6
possible, and to make mHkL large. Then Equa-
tion (8) becomes approximately

=x/(1+mEKh) —y 9)

This shows that the resulting distortion when
this method is 1sed is made up of two parts: 'The
first is an uncorrected part of the original dis-
tortion z introduced by G, this uncorrected part
being a fraction 1/(14mKh) of the whole dis-
tortion in G. The second part of the resulting
distortion consists of the inverse of the distortion
¥ introduced by D. Hence, thie attainment of
perfect fidelity of modulation by this -method
would require infinite m¥&h, that is; infinite feed-
back factor, to make the first part of the distor-
tion vanish and zero distortion in D to make the
second part vanish.

The other method of minimizing distortion of
the modulation is to make the two parts of the
resulting distortion cancel each other as far as
possible instead of making each as small as pos-
sible. Equation (8) shows that if the distortion
in D is so chosen that y=x/(mKh+2/100), then
the cancellation is exact and the modulation is
entirely free from distortion.

Now suppose that a certain distortion of the -

modulation is desired, for instance, to compensate
for the distortion in other apparatus which is
to be controlled by the energy from G. Then
Equation (8) shows how this may be done. It is
necessary to choose v so that Equation (8) gives
the desired value of w. This is done by making

(x—w)/mKh—w
T1-w/100+ (x—w)/100mEh (10)

If the feed-back factor mKpn is large relative to
unity, as it usually will be when my invention is
used, this equation says (approximately) that the
distortion in D should be made up of two parts:
first, the small fraction of the distortion in G
which would remain uncorrected if D were free
from distortion, and second, the inverse of the
desired distortion of the modulation relative to
the control electromotive force.

There is a generalization which I would like to
point out. I have specifically disclaimed limita-
tion to a particular carrier frequency. It is logi-
cal to inquire what happens when zero cycles per
second is chosen for the carrier frequency. The
answer is that the invention and the mathemati-
cal analysis still apply, the invention now fur-
nishing means of correcting the amplitude or
harmonic distortion of an amplifier, or of an
electrically controlled source of light or other
energy.

Although I have herein shown and described
specifically only certain forms of apparatus em-
bodying my invention, it is understood that vari-
ous changes and modifications may be made
therein within the Scope of the appended claims
without departing from the spirit and scope of
my invention.

Having thus described my invention, what I
claim is:

1. In combination, a source of carrier fre-
quency energy subject to modulation, a source
of modulation frequency control electromotive
force in accordance with which the carrier fre-
quency energy is to be modulated, feed-back
means actuated by said carrier frequency energy
and furnishing a feed-back electromotive force
of the same frequency and phase as the modula-
tion of the carrier frequency energy, means actu-
ated by said feed-back electromotive force and
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by the control electromotive force for furnishing
to the source of carrier frequency energy a mod-
ulating electromotive force comprising a first
component proportional to thé control electro-
motive force and a second opposed component
proportional to the feed-back electromotive force,
said second component being large enough rela-
tive to the whole of said modulating electromotive
force to correct all but a small part of the mod-
ulation distortion introduced by the source of
carrier frequency energy, and said feed-back
means introducing into the feed-back electromo-
tive force a small distortion for correcting said
small part of the modulation distortion,

2. In combination, a source. of carrier fre-
quency current, a source of control electromotive
force of modulation frequency, a modulator hav-
ing connection with said sources and operative
to modulate the carrier frequency current by the
control electromotive force, an -output ecircuit
coupled to the modulator output and carrying
modulated carrier current, means, including a
detector, coupled directly to the source of carrier
current and coupled to the output circuit such
that an electromotive force from the carrier fre-

quency source and an electromotive force from

the output circuit are superposed to supply to
the detector an electromotive force of such low
percentage of modculation that the detector oub-
but electromotive force is g substantially undis-
torted reproduction of the modulation of the
output current, and means furnishing to the
modulator a modulation frequency input electro-
motive force equal to the difference between a
first component proportional to the control elec-
tromotive force and a second component propor-
tional to the detector output electromotive force,
the parts being so designed and proportioned that
the said second component is relatively large
compared to the whole of said modulation fre-
quency input electromotive force, thereby cor-
recting distortion of the modulation of the out-
put current.

3. In combination, a course of carrier fre-
quency current, a source of control electromotive
force of modulation frequency, a modulator hav-
ing connections with said sources and operative
to modulate the carrier current by the control
electromotive force, an output circuit coupled to
the modulator output and carrying modulated
carrier current, a conductor coupled with the
output circuit, g detector, circuit means to con-
nect the input terminals of the detector with said
conductor and with the output terminals of the
source of carrier current for supplying to the
detector an electromotive force from the output
circuit and an electromotive force from the car-
rier current source, a circuit network associated
with said circuit means to adjust the phase and
wave form of the electromotive foree supplied to
the detector to effect g substantially undistorted
reproduction of the modulation of the output
circuit current in the outpui of said detector,
means coupled with the output of the detector
and with the source of control electromotive
force for furnishing a correcting electromotive
force equal to the difference between a first com-
ponent proportional to the control electromotive
force and a second. component proportional to
the detector output electromotive force, and
means to modify the control electromotive force
supplied to the modulator by said correcting
electromotive force.

) AUSTIN M. CRAVATH.,
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