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1

My invention relates to means for limiting the
modulation of the output of transmitters of com-
munication systems, and more particularly to
means for limiting the modulation of the output
of transmitters of carrier telephone systems.

The transmitters of many communication sys-
tems must function under widely different con-
ditions. For example, in railway train carrier
telephone systems the transmitter must at times
operate on a locomotive where high background
noise prevails and extreme bursts of noise occur.
Also at such locations there is a tendency for
the operator to speak in a loud voice and close
to the microphone when telephoning. At other
locations, such as a wayside office, the ambient
nolse may be relatively low and the operator may
often be some distance away from the micro-
phone and there may be a tendency for him to
speak in a low voice.

Furthermore, the circuit network for connect-
ing the microphone to the modulator of the
transmitter generally includes capacitance and
inductance and the impedance of the circuit net-
work is subject to considerable variation with
frequency. This results in resonant conditions
occurring at certain frequencies giving a large
undesired response at these particular frequen-
cles.

Again, carrier telephone systems of the type
here contemplated operate on an assigned fre-
quency channel and it is necessary to prevent
the transmitter from producing frequencies ex-
tending into the adjacent channel which would
otherwise cause undesired response in the system
assigned to the adjacent channel. :

Accordingly, a feature of my invention is the
provision of novel and improved means for limit-
ing the modulation of the output of transmitters
of carrier communication systems.

Another feature of my invention is the pro-
vision of novel and improved means to secure a
more nearly uniform output of a transmitter of
a carrier telephone system for loud and low
voices.

Again, a feature of my invention is the pro-
vision of improved means to reduce the effects of
high noise level and violent bursts of noise on
transmitters of carrier telephone systems.

Still another feature of my invention is the
provision of a carrier telephone system trans-
mitter incorporating improved means to minimize
the effects of resonance in the microphone cir-
cuit network.

A more specific feature of my invention is the
provision of improved means for limiting the

5 Claims. (CL 332—19)
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modulation of the carrier of a railway train in-
ductive carrier telephone system using frequency
modulation, and thereby secure a more nearly
uniform frequency deviation of the carrier from
its. designated center frequency for loud and low
voices.

Other features, objects and advantages of my
invention will appear as the specification pro-
gresses.

The foregoing features, objects and advantages
of my invention I attain by providing a trans-
mitter incorporating a modulation limiter in a
circuit network connecting the microphone to the
modulator. This circuit network includes a
microphone transformer and its usual capaci-
tance and inductance and the modulation limiter,
the limiter being interposed in the network in
either the primary or the secondary side of the
microphone transformer. The modulation limiter
comprises two asymmetric units connected in
parallel opposition. These asymmetric units are
characterized by a forward direction resistance
that is a function of the applied voltage. That
is to say, the resistance of each asymmetric unit
decreases as the applied voltage increases. Pref-
erably, the asymmetric units are of a dry surface
contact type and may be, for example, a stack
of copper oxide rectifier discs or elements. Each
asymmetric unit is preselected as to the number
of discs it includes so that the stack of discs is
proportioned to agree with the voltage of the
circuit in which the unit is connected. Also, the
rectifier elements are selected as to their size
for the limiter to impedance match the primary
or secondary winding of the microphone trans-
former according as the limiter is interposed in
the network on the primary or secondary side of
the transformer.

By such proportioning, the limiter has almost
uniform impedance over the essential part of the
voice frequency band, but at the low frequencies,
such as, 200 cycles and below, and at frequencies
above a given value, such as 3000 cycles, the
limiter acts as an effective band pass filter. . In
this way the modulation limiter secures a more
uniform response for loud and low voices, and
extremely loud voices will not overload the trans-
mitter to the extent that would be possible with-
out the limiter,

“Under very noisy conditions, the effects of the
high noise level will be considerably minimized
because the noise which always fills in the gaps
in the conversation will be materially reduced.
Also, violent bursts of noise will not be able to
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operate the modulator off its usual range of
operation and interference and distortion due to
over modulation will be reduced. Furthermore,
the tendency toward resonance in the microphone
circuit network will be either suppressed or greatly
nminimized.

I shall describe two forms of means for limit-
ing the modulation of the output of transmitters

" embodying my invention and shall then point out
the novel features thereof in claims.

In the accompsanying drawings, Figs. 1 and 2
are diagrammatic views showing a first and a
second form, respectively, of a transmitter in-
corporating modulation limiting means embody-
ing my invention, the transmitter being that for
a carrier telephone system using frequency mod-
ulation. Figs. 3, 4, and 5 are diagrams showing
different characteristics of the modulation limit-
ing means of Figs. 1 .and 2.

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

It is to be understood that the invention is not
confined to a transmitter using frequency modu-
lation and this one application illustrates the
many places the apparatus is useful..

Referring to Fig. 1, the transmitter includes a

microphone, a modulation limiter, a modulator, .

an oscillator, and a power source as the essential
elements. :

The power source may be any convenient ar- :

rangement and as here disclosed it includes =
low voltage sourcz and a motor generator for
converting a low voltage into a voltage suitable
for energizing the anode circuits of the electron
tubes of the transmitter. The low voltage source
may be a 32 volt battery, not shown, the terminals
of which are indicated at X32 and N32. A motor
" generator MG has its motor 10 connected across
the terminals X32 and N32 for operation there-
of. The generator {1 of the motor generator
supplies a relatively high direct voltage, such
as 300 volts, the terminals of the generator be-
ing indicated as B300 and N300. Following the
usual custom, the positive terminal X32 of the
low voltage source and the negative terminal
N300 of the generator are connected to a ground
electrode 12. . -

The oscillator is preferably of-the electron
tube type, and as here disclosed it includes an
oscillating circuit OC and an electron tube Vi.
The oscillating circuit. OC is of a standard form
of a parallel connected inductance 13 and
capacitance 14. The tube VI is a pentode but
other tubes can be used. The anode-cathode
cireuit of tube VI is powered from generator I
and the oscillating circuit OC is connected to
the tube in a well-known arrangement as will
be apparent by an inspection of Fig. 1. The
parts are so proportioned that oscillations of
a definite carrier frequency are produced, and

as an ald in understanding the invention I shall -

assume that the oscillator supplies a carrier
current of 100 kc. but other carrier frequencies
can be provided.

The output of this oscillator will be connected -

to any suitable form of transmitting circuit and
in Fig. 1 the oscillator is shown coupled to a
transmitting circuit through a driver stage DS
and a power amplifier PA, the output of the
power amplifier including an output trans-
former T2. The driver stage DS and power
amplifier PA are shown in block form because
these devices can be of star dard arrangements
for such devices and they are not essential ele-
ments of the invention. - It is apparent that if
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additional amplification of the communication
current is not required, the driver stage DS and
power amplifier PA may be omitted.

The modulator of the. transmitter is of the
reactance tube form and includes an electron
tube V2, the tube V2 being here shown as a
tetrode but other tubes can be employed. The
tube V2 is provided with an anode-cathode cir-
cuit which extends from terminal B300 of gen-
erator i1 through resistors 15 and 16, inductance
coil 11, anode 18 and tube space to cathode 19
of tube V2, a biasing unit BU and ground elec-
trodes 20 and 12 to negative terminal N300 of
the generator. This anode-cathode circuit is
coupled to the oscillating circuit of the oscillator,
the anode of tube V2 being connected to one
terminal of the circuit  OC through a coupling
capacitor 22 and the cathode side of the anode-
cathode circuit being connected to the other
terminal of the oscillating circuit through
ground electrodes 20 and 9. Also the circuit
OC is connected to. control grid 23 of tube V2
through resistor 24 and capacitor 25, It is ap-
parent that the tube V2 is in parallel with the
oscillating circuit and the reactance of the tube
V2 will vary the oscillating circuit and cause

_corresponding variations of the oscillations sup-, -

" plied by the oscillator.

Thus it is seen that
voltages applied to control grid 23 of tube V2
to vary the reactance of the tube will serve to
frequency modulate the carrier supplied by the

. oscillator.
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A microphone M is connected to the input of
the modulator tube V2 through a circuit network
including a transformer TI and a modulation
limiter ML. Specifically the microphone M is
provided with a circuit that can be traced from
terminal X32 of the low voltage source through
wire 26, microphone M, wire 21, primary wind-
ing 28 of transformer T{, inductance coil 29 and
resistor 30 to terminal N32 of the current source,
a capacitor 31 being connected across the micro-
phone and a capacitor 32 being connected be-
tween the terminal of primary winding 28 re-
mote from the microphone, and ground. A
secondary winding 33 of the microphone trans-
former Tl is tuned by a capacitor 37 and it has
one terminal connected to control grid 28 of the
modulator tube V2 through a resistor 34 and an
inductance coil 35 and its other terminal con-
nected to ground, a resistor 36 being connected
between the junction terminal of resistor 34 and
coil -85 and ground. It follows that audio fre-
quencies impressed upon the microphone M cause
corresponding variations in the current flowing
in the microphone circuit and these current
variations induce a corresponding electromotive
force in secondary winding 33 of the transformer,
and this electromotive force is impressed upon
the control grid 23 of the modulator tube V2 to
vary the reactance of the tube and' frequency
modulate the carrier supplied by the oscillator.
That is, noise energy impressed upon the micro-
phone and an operator speaking into the micro-
phone cause corresponding frequency modulation
of the carrier.

As is well known in frequency modulation
systems, the amplitude of the modulating energy
determines the frequency deviation of the carrier
from its designated center frequency. Thus, with
a given assigned frequency band of say, for ex-
ample, plus or minus 3 kec., for the transmitter
here involved, a voltage of a magnitude greater
than a given value applied to the modulator tube

% V2 will over-modulate the carrier and cause &
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frequency deviation beyond the assigned band.
The modulation limiter ML comprises two

asymmetric units 38 and 39 connected in parallel

opposition. In Fig. 1 the limiter ML is connected

across the primary winding 28 of the microphone ’

transformer Tf. The asymmetric units 38 and
39 are alike and are preferably of the dry con-
tact surface type, such as for example, the well-
known copper oxide rectifier element. These

asymmetric units are characterized by a resist- !

ance in their forward direction that is a func-
tion of the voltage applied. This characteristic
feature is illustrated by the curve in Fig. 3, the
resistance of the unit decreasing rapidly with an

increase in the voltage applied thereto for a

given range of voltages. 'The units 38 and 39 are
made up of a stack of rectifier elements, the
number of elements used in the stack being de-
termined by the voltage appearing across the

brimary winding 28 of the microphone trans- .

former. In practicing the invention I have found
that the voltage appearing across the primary
winding of the microphone transformer is rela-
tively low and a stack of copper oxide rectifier
elements of six discs is usually satisfactory.
The size of the rectifier elements or dises is se-
lected so that the limiter ML impedance matches
the primary winding of the transformer.

Due to the capacitance and inductance involved

in this microphone circuit network, the network ;

approaches resonance at certain audio frequencies
and undesired responses are effected at such fre-
quencies. I have found that for a microphone
circuit network of a transmitter that is in com-

mercial use, the voltage applied to the reactance :

tube of the transmitter varies Substantially ac-
cording to a curve A of Fig. 5 for audio fre-
quencies when the modulation limiter ML is not
used. It is to be noted from curve A that at a
low audio frequency of the order of 200 cycles
per second a resonant condition occurs and a
very high voltage is applied to the reactance
tube. This means that voice frequencies and
noise energy frequencies of the order of 200 cycles
create a response in the oscillator that is all out
of proportion to the importance of these fre-
quencies. Again, as shown by curve A, a reso-
nant condition is approached and a high value
of voltage applied to the reactance tube for fre-
quencies over 2500 cycles.
is an undesired response to voice and noise energy
frequencies of the order of 2500 cycles. Thus
with transmitters as heretofore us>d an unde-
sired response is effected to very low frequencies

and also at the upper limit of the voice frequency -
band desired, the usual voice frequency band be--

ing taken as extending from 400 to 2500 cycles
in systems of the type here involved.

With the modulator limiter ML connected into
the circuit network, the voltage appearing at the
modulator tube for different audio frequencies is
substantially that illustrated by the curve B of
Fig. 5. It is to be observedfrom curve B that
with the modulator limiter the high voltage peak

of the low audio frequency of 200 cycles is en- €5

tirely suppressed and the high response of the
higher audio frequency of the order of 2000 to
2509 cycles is greatly reduced. In fact the curve
B shows that the response for energy between
400 and 2500 cycles is substantially uniform, or
at least it is much more nearly uniform than
that obtained without the use of the modulation
limiter.

Again, in Fig. 4, the curve C shows the varia-
tions of the voltage applied to the modulator tube

te

ot

In other words, there ::
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for different values or amplitudes of the input
voltage, that is, the voltage created in the micro-
phone circuit by speaking into the microphone
when the modulator limiter ML is not used. The
curve D shows this operating characteristic of
the microphone circuit network when the modu-
lator limiter ML is used. It is to be noted from
curves C and D that the voltages applied to the
modulator tube increase much less between a
normal voice and a very loud voice when the
modulation limiter is used. That is, the response
of a transmitter is much more nearly uniform
between loud and low voices when the modulator
limiter is connected into the microphone circuit
network. In other words, over-modulation is re-

duced by use of the modulation limiter.

Referring to Fig. 1, it is also to be noted that
a blocking capacitor may be connected in series
with the modulation limiter ML to block the flow
of direct current of tie microphone circuit
through the limiter, but I have found that under -
the usual condition the direct voltage drop across
the primary winding 28 of the microphone trans-
former is low and a blocking capacitor in series
with the modulation limiter is not required.

In Fig. 2, the transmitter is Substantially the
same as that in Fig. 1 except a modulation limiter
ML is connected across the secondary winding
33 of the microphone transformer Tl in place of
the limiter being connected across the primary
winding as shown in Fig. 1. 'The limiter MLI is
composed of two asymmetric units 49 and 41
connected in parallel opposition the same as the
asymmetric units of the limiter ML of Fig. 1.
Ordinarily, the voltage across the secondary
winding of the microphone transmitter is higher
than the voltage across the primary winding and
thus the units 40 and 41 of the limiter MLI are
made up of a greater number of rectifier discs
to agree with this higher voltage of the secondary
winding. Also, the dises are of a smaller size
for the limiter ML{ to impedance match the
secondary winding 33 of the microphone trans-
former. When thus constructed the modulator
limiter ML{ provides the transmitter of Fig, 2
with operating characteristics substantially the
same as those obtained for the transmitter of
Fig. 1 by the modulation limiter MI..

In practicing the invention, I have found that
transmitting appsratus here disclosed when used
with a railway train inductive carrier telephone
system not only has the advantages of assuring
a2 nearly uniform response for loud and low
voices but also the effects of background noise
and bursts of noise are minimized giving a higher
order of intelligibility of the transmitted speech.
Also, over-swinging or over-modulation of the
carrier frequency beyond the assigned band is
avoided. Furthermore, by proper choice of the
modulation limiter, the transmitter is an unex-
pected improvement due to the suppression of
the resonant conditions that ordinarily occur in
the microphone network when the modulation
limiter is not used.

Although I have herein shown and described
but two forms of means for I'miting the modu-
lation of the output of transmitters of communi-
cation systems embodying my invention, it is
understood that various changes and modifica-
tions may be made therein within the scopz 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 a transmitter for a carrier telephone
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system, the combination comprising, an electron
tube modulator having connections to a source
of carrier current of a definite frequency for
modulating the carrier current according to volt-
age variations applied to a control electrode of
the modulator tube, a microphone, a transformer,
a first circuit means including capacitance and
inductance to connect said microphone to a pri-
mary winding of said transformer, a second cir-
cuit means including capacitance and inductance
to connect a secondary winding of said frans-
former to said control electrode and a cathode
of said tube, a modulation’ limiter comprising a
pair of asymmetric units connected in parallel
opposition, said asymmetric units characterized
by an impedance that is a function of the voltage
applied thereto, said modulation limiter con-
nected across said primary winding of said trans-
former to limit the magnitude of the voltages
appearing across said primary winding for
limiting the magnitude of the voltages applied
to said modulator tube. :

-9, Tn a transmitter for a carrier telephone sys- -

tem, the combination comprising, an electron tube

modulator having connections to a source of car- ;

rier current of a deflnite frequency for modulat-
ing the carrier current according to voltage
variations applied to a control electrode of the
modulator tube, g microphone, a transformer, a
first circuit means including capacitance and in-
ductance to connect said microphone to a primary
winding of said transformer, a second circuit
means including capacitance and inductance. to
connect a secondary winding of said transformer
to said control electrode and a cathode of said
tube, a modulation limiter comprising a pair of
asymmetric units connected in parallel opposition,
said limiter connected across said primary wind-
ing, and said asymmetric units having a forward
direction characteristic of a decreasing impedance

. with an increase of applied voltage and propor-
tioned to impedance match said primary winding
to modify the voltage applied to said tube due to
Joud speaking into said microphone and to reso-
nant conditions of said first circuit means.

3. In a.transmitter for a carrier telephone sys-
tem using frequency modulation, the combination
comprising, an electron tube oscillator for supply-
ing a carrier of a definite center frequency, a re-
actance modulator tube connected to said oscil-
lator to frequency modulate said carrier accord-
ing to voltages applied to a control electrode of
said modulator tube, a microphone, a transform-
er, a first circuit means including a source of
current to connect said microphone across a pri-
mary winding of said transformer, a second cir-
cuit means to connect a secondary winding of said
transformer to said control electrode of said mod-
ulator tube to apply to said control electrode

- voltages created by audio frequencies impressed
on said microphone, a modulation limiter com-
prising two asymmetric units arranged in parallel
opposition, said units characterized by an imped-
ance which varies with the voltage applied there-
to, and said limiter connected across said first
circuit means and proportioned to limit the volt-
age applied to said primary winding and to elimi-
nate resonant conditions of the first circuit means
at voice frequencies to confine the frequency de-
viation of said carrier to a given value each side
of the center frequency. .

4, In a transmitter for a carrier telephone sys-
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tem using frequency modulation, the combina-
tion comprising an electron tube oscillator for
supplying a carrier of a definite center frequency,
a reactance modulator tube connected to said
oscillator to frequency modulate said carrier ac-
cording to voltages applied to a control electrode
of said modulator tube, a microphone, a trans-
former, a first -circuit means including a source
of current to connect said microphone across a

‘primary winding of said transformer, a second

circuit means to connect a secondary winding of
said transformer to said control electrode of said
modulator tube to apply to said control electrode
voltages -created by audio frequencies impressed
on said microphone, a modulation limiter com-
prising two asymmetric units arranged in parallel
opposition, said units characterized by an imped-
ance which varies with the voltage applied there-
to, and said limiter connected across sald second

‘eircuit means and proportioned to govern the volt-

age applied to said modulator tube to a given mag-
nitude. :

5. In a transmitter for a carrier telephone sys-
tem using frequency modulation, the combina-
tion comprising; an oscillator including an elec-
tron tube having an anode, a cathode and a con-
trol electrode and an oscillating circuit having
capacitance and inductance; said oscillator made
operable to supply a carrier of a definite center
frequency; a reactance modulator tube having an
anode, a cathode and a control electrode; sald
modulator tube having an anode-cathode circuit
coupled across said oscillating circuit to frequency
modulate said carrier according to voltage varia-
tions applied to said control electrode and cathode
of said modulator tube, a microphone, a trans-
former, circuit means including a source of cur-
rent to connect said microphone across a winding
of said transformer, another circuit means- to
couple another winding of said transformer to
said control electrode and cathode of said modu-

lator tube to apply to the control electrode volt-

ages created by audio frequencies impressed on
said microphone, a, modulation limiter comprising

5 two electrical asymmetric units of the dry surface

contact type arranged in parallel opposition, said
modulation limiter connected across a selected
one of said transformer windings to control the
voltages applied to the control electrode of the
reactance modulator tube, said asymmetric units
having a forward direction characteristic of a
rapidly decreasing impedance for a given range
of applied voltages to limit the voltages applied
to the modulator tube due to loud speaking into
the microphone, and said asymmetric units se-
lected as to their size for their elements to have a
given impedance to impedance match the wind-
ing to which the limiter is connected to minimize
resonant condition effects of said first mentioned
circuit means. b
ANDREW J. SORENSEN,
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