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This invention relates to wave transmis-
sion, and more particularly to the conver-
son of mechanical waves into electrical
waves,

Heretofore it has been common to employ
tranemitters of the mechanically variable
resistance type. illustrated by the miero-
phone, or of the mechanically variable re-
actance element type for converting mechan-
ical waves, such as speech or sound waves,
into electrical waves. Transmitters employ-
ing a mechanically variable resistance are
in general more difficult to control, and pro-
duce more objectionable distortion than
thore employing a mechanically variable re-
actance element. On the other hand, the
energy output from transmitters of the vari-
able reactance type such, for example, as
condenser transmitters, has been found to
be insufficient for many purposes.

Objects of the present invention are to
overcome the above difficulties; to provide
cfficient methods of and apparatus for con-
vert'ng mechanical waves, for "example,
speech or other sound waves, into electrical
waves; to provide a substitute for a micro-
phonic transmitter; and to provide a suit-
able transmitter for a substation in a signal-
ing or wave transmission system.

Tn accordance with one aspect of the pres-
ent invention a mechanical wave is converted
into an electrical wave by mechanically con-
trolling a variable reactance element to mod-
ulate the phase of a carrier wave in accord-
ance with the mechanical wave, and detect-
ing the resulting modulated wave by beating
it with an unmodulated carrier wave in
phase quadrature with the first mentioned
carrier wave. The detected wave corre-
sponds in character with the mechanical
wave. The variable reactance for modulat-
ing the carrier wave may be a condenser
transmitter, and is so associated with the
carrier wave source as to not materially
affect its frequency.

Tn one form of the invention, an amplifier
of the space current type is so connected as
to generate the carrier wave and at the same
time produce the electrical wave correspond-
ing to the mechanical wave by detection of
the carrier wave modulated by the mechani-
cal wave. Provision is made for decreasing
the current fed from the output to the input

circuits of the amplifier and for increasing
the detecting cfficiency of the amplifier.

These and other novel features and ob-
jects of the invention will be more clearly
understood by reference to the following de-
tailed description in view of the accompany-
ing drawing, in which Fig. 1 is a schematic
circuit diagram of one form of the inven-
tion, and Fig. 2 is a modification employ-
ing an amplifier of the space current type.

Referring to Fig. 1, the generator 10 sup-
plies a carrier wave to the circuits 11 and
12. A phase shifter 13, of any suitable
type, for shifting the phase of the carrier
wave 90 degrees, is connected in one of the
circuits 11 or 12, so that the carrier wave
in one of thece circuits is in phase quadra-
ture w'th the wave in the other. The modu-
lator 14 connected in circuit 11 may be of
any suitable type for mechanically acting
upon circuit 11 to vary the reactive compo-
nent of the impedance through which the
carrier wave is transmitted. In the form
of cirenit shown a condenser transmitter 15,
of well-known type, is connected in parallel
with inductance 16 to form therewith a reso-
nant circuit, tuned substantially to the fre-
quency of the carrier wave from source 10.
Conderger 15 variably reactively or capaci-
tively impedes the transmission of the car-
rier wave and thus varies its phase in ac-
cordance with the mechanical wave applied
thereto. Circuits 11 and 12 are connected
to the detecting device 17, of any well-known
suitable type ﬁaving a non-linear transmis-
sion characteristic, the output circuit or line
18 being provided for transmission of the
detected wave.

It is to be noted that phase modulation
produces a modulated wave which requires a
somewhat more complicated detecting proc-
ess than that required for detecting a modu-
lated wave produced by amplitude modula-
tion. In the case of an amplitude modulated
wave, that is, a carrier wave whose ampli-
tude is varied in accordance with a modu-
lating wave, it is only necessary to beat to-
gether or produce a non-linear interaction
between the side-bands and an unmodulated
component of the original unmodulated car-
rier wave. In the case of phase modulation,
however, it has been found that beating of
the side-bands with an unmodulated com-
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ponent of the original carrier wave produces
no components of the signal frequency. This
is apparently due to the fact that when the
phase of a carrier wave is modulated, the
unmodulated component has a different re-
lation to the modulated side bands than in
the case of amplitude modulation. For ex-
ample, if the side bands are identical in the
two cases, the unmodulated carrier ‘compo-
nent of the phase modulated carrier wave is
in quadrature with the inmodulated carrier
component of the amplitude modulated car-
rier wave.

That is, the product of this modulation
may be represented by the expression: M=K
[cos pt—k sin pt cos qt] whereas the product
of amplitude modulation may be represented
by the corresponding expression: M=K
[sin pt+k sin pt cos qt] in each of which
equations p and q represent the carrier and
modulating frequencies, respectively, when
multiplied by the operator 2II; K sin pt and
K cos pt represent the unmodulated carrier
components; and K k sin pt cos qt repre-
sents the side band components. Comparing
these expressions, it will be seen that they
differ essentially only in that the phase of
the unmodulated carrier of the first expres-
sion is displaced, relatively to its side bands,
by 90 electrical degrees, as compared with
the unmodulated carrier component in the
second .expression. If the carrier and side
band components of the first expression are
combined in s detector which obeys the

% square law, the reproduced signal waves re-

sulting from the operations on the two side
bands will be found to cancel each other.
If the corresponding components of the sec-
ond expression are similarly combined, the
reproduced signal waves resulting from the
operations on the two side bands will add to
produce a resultant wave. A more detailed
proof of the above relations may be found
in applicant’s copending application Serial
No. 41,914, filed July 7, 1925, U. S. Patent
No. 1,633,016.

This difficulty is overcome in the circuit of
Fig. 1 by providing the circuit 12 supplying
a carrier wave in phase quadrature with the
unmodulated component of the carrier wave
in cireunit 11.

In the operation of Fig. 1, a high fre-
quency carrier wave from source 10 is trans-
mitted through circuit 11, the phase of the
wave being modulated in accordance with
speech or sound waves, or other mechanical
variations impressed upon condenser 15.
Modulated waves from circuit 11 together
with the unmodulated carrier wave from cir-
cuit 12 in phase quadrature with the wave
from circuit 11 are transmitted to detector
17. The resulting detected wave correspond-
ing in wave form to the mechanical wave
impressed on capacity 15, is transmitted to
line 18, It will thus be seen that the circuit

1,666,738

of Fig. 1 produces an electrical wave corre-
sponding to an impressed mechanical wave,
and is_particularly useful as a telephone
transmitter in a substation of a telephone or

other wave transmission system. The qual- 7

ity of the detected wave produced by the
method described is better than that pro-
duced in an ordinary microphonic trans-
mitter by the same mechanical wave.

In Fig. 2, an electric wave amplifier 20 of
the well-known space current type is pro-
vided with the cathode 21, anode 22 and the
grid or control element 23. Grid 23 together
with cathode 21 constitutes a pair of input
terminals, and anode 22 together with cath-
ode 21 constitutes a pair of output terminals
for the amplifier. Space current from source
24 is supplied to the amplifier through choke
coil 25 which prevents the transmission of
alternating current from the output termi-
nals of the amplifier through the source of
direct current 24. Condenser 26 prevents the
passage of direct current while presenting a
path of low or negligible impedance to the
passage of alternating current.

Inductance 27 of resonant circuit 27, 28
is coupled to inductance 29 to provide a
feed-back circuit conpling the output and
input terminals of the amplifier whereby a
carrier wave current’is generated, the fre-
quency being determined by resonant cir-
cuit 27, 28. Inductance 30 and condenser
transmitter 31 constitute a tuned circuit,
preferably resonant to the frequency of the
carrier wave generated in the amplifier, the
inductance 30 being loosely coupled to in-
ductance 27. Input resonant circuit 30, 81
is connected in series with inductance 29 so
that the voltages across circuit 30, 31 and
inductance 29 are in series. Owing to the
loose coupling between inductances 27 and
30, insufficient energy is passed therebetween
to support the generation of continuous
oscillations,

When carrier waves are being generated
in amplifier 20, current transmitted through
inductance 27 is approximately 90 degrees
out of phase with the voltage thereacross.
The voltage induced in inductance 29 is dis-
placed substantially 90 degrees from the cur-
rent in inductance 27. It will, therefore, be
seen that the voltage applied to the input
terminals of the amplifier by inductance 2
is substantially in phase with or displaced
180 degrees from the voltage across the out-
put terminals of the amplifier. Inductance
29 is so poled as to support the generation
of continuous oscillations. The voltage
across resonant circuit 30, 31 is displaced
substantially 90 degrees from the voltage in-
duced in inductance 29. That this is true
is evident when it is considered that, al-
though the voltages induced in inductances
29 and 30 from the inductance 27 are in the
same phase, these voltages are differently
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applied to the resonant circuit 30, 31. This
circuit is in parallel resonant relation to the
voltage induced in 29 and, therefore, con-
stitutes a very large impedance for current
due to this voltage; and in series resonant
relation to the voltage induced in 30 and,
therefore, constitutes a very much smaller
impedance for the current due to this volt-
age. The voltage im})reswd on the grid
from inductance 29, therefore, is substan-
tially the same vectorily as the voltage in-
The circulating
current produced in series resonant circuit
30, 31 by the voltage induced in inductance
30 is in phase with such voltage, which is
very small. However, the principal voltage
impressed on the grid-filament results from
the potential drop across the inductance 30
and due to such circulating current. This
voltage is obviously in quadrature with the
circulating current and, therefore, with the
voltage induced in 30 and also with the volt-
age across inductance 29. Inductance ele-
ment 29, therefore, may be looked upon as
a source of carrier waves in phase quadra-
ture with the carrier wave transmitted to
inductance 30 from circuit 27, 28 which func-
tions as a second source of carrier waves.
Mechanical vibrations, such as speech or
other sound waves, are applied to condenser
transmitter 31, thereby modulating the phase
of the carrier wave transmitted from reso-
nant cireuit 30, 31. The resulting modu-
lated waves are transmitted to the input
terminals of the amplifier together with the
unmodulated carrier wave from inductance
29. It will, therefore, be seen that the waves
applied to the input terminals of the ampli-
fier are in correct phase relation to produce
a detected wave corresponding to the me-
chanical wave acting upon condenser 31.
The non-linear transmission characteristic
of amplifier 20 causes the waves impressed
on the input terminals to beat together to
produce a detected wave. The detected wave
1s transmitted from the output terminals of
the amplifier through condenser 26 and high
frequency choke coils 32 to line 18. Coils
32 are of low impedance to the detected wave
and of high impedance to the carrier wave.
If the circuit 30, 31 is resonant ot the car-
rier frequency, the phase variations will be
proportional to the relative change in im-
pedance that would occur if the frequency
were similarly varied about a point of sym-
metry in the frequency-impedance curve
which represents the character of the im-
pedance as well as its absolute value. That
1s, variations would occur about the zero
impedance point marking the mid-point of
«the transition portion of such curve between
a relatively large inductive reactance and a
relatively large capacitive reactance. The
variation of phase is a maximum for this
resonant condition, and is also a maximum

when the resistance of the resonant circuit
is minimum. The ultimate cffect of this
method of modulation, as is explained in ap-
plicant’s copending application Serial No.
41,914, filed July 7, 1925, is to produce side
bands which are equivalent to the side bands
produced by amplitude modulation, although
the resultant unmodulated carrier compo-
nents are different in the two instances.

In the particular circuit disclosed there
may be amplitude modulation as well as
phase modulation but, by reason of the in-
herently unfavorable conditions, amplitude
modulation will be relatively very small.
That is, amplitude modulation results from
a change in absolute value of impedance.
Under the conditions specified for this cir-
cuit, the change of absolute value of im-
pedance would be a minimum.

Condenser 33 prevents the transmission
and consequent loss of the detected wave
through the feed-back circuit in shunt to
line 18, the condenser being of high im-
pedance to the detected wave and of low im-
pedance to the carrier wave. Resistance 34,
or other suitable impedance, provides a path
of low impedance for the carrier wave in
shunt to the output terminals of the am-
plifier thereby increasing the detecting ef-
ficiency of the amplifier and at the same
time reducing to a proper value the energy
of the carrier current transmitted through
the feed-back circuit. Resistance 35 still
further reduces the energy transmitted
through the feed-back circuit.

As ordinarily employed, the mechanical
wave applied to condenser 31 is of relative-
ly low frequency in comparison to the car-
rier wave generated in the amplifier, the
detected wave transmitted to line 18 being
also of low frequency corresponding to the
wave applied to condenser 31. However, it
is within the scope of the present invention
to utilize other frequency relations. While
a condenser transmitter has been disclosed
as the modulating element for varying the
phase of the carrier wave, it is obvious that
any suitable variable reactive element, or
phase modulating apparatus, might be em-
ploved for this purpose. ‘

1t should be noted that exact phase quad-
rature between the carrier wave from cirenit
30, 31 and the carrier wave from indnctance
29, Fig. 2. or between the earvier waves in
cireuits 11 and 12, Fig. 1, is not essential to
the successful operation of the system. The
reproduced or detected low frequency wave
is substantially proportional to the cosine
of twice the phase difference between the
carrier waves, and so varies quite slowly with
this difference in the neighborhood of 90
degrees.

While the invention has been described
with specific reference to certain illustrative
species, it is to be understood that the in-
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vention may be carried out in various ways
and be embodied in various forms as broad-
ly defined in the appended claims,

What is claimed is:

1. The method of converting & mechanical
wave into an electrical wave which comprises
modulating the phase of a carrier wave in
accordance with said mechanical wave, and
producing the desired wave by beating to-
gether the resulting modulated wave and a
carrier wave substantially in phase quadra-
ture with said first-mentioned carrier wave.

2. The method of converting a mechanical
wave into an electrical wave which comprises
variably reactively impeding the transmis-
ston of a carrier wave in accordance with
said mechanical wave, and producing the de-
sirted wave by beating together the resulting
modulated wave and a carrier wave substan-
tially in phase quadrature with said first-
mentioned carrier wave.

3. In a telephone transmitter, the method
of operation which comprises modulating
the phase of a carrier wave in accordance

5 with a mechanical wave, beating together the

resulting modulated wave and a carrier wave
substantially in phase quadrature with said
first-mentioned wave, and transmitting from
said transmitter at least a portion of the re-
sulting detected wave.

4. In a telephone transmitter, the method
of operation which comprises varying the
phase of a carrier wave In accordance with a
mechanical wave, detecting the resulting
modulated wave by beating therewith a car-
rier wave substantially in phase quadrature
with said first-mentioned carrier wave, and
transmitting the resulting detected wave
from the transmitter.

5. The method of converting a mechanical
wave into an electrical wave which com-
prises separately transmitting two carrier
wave currents substantially in phase quad-
rature with each other, modulating the phase
of one of said currents in accordance with
said mechanical wave, and beating together
the resulting currents from the two phases
to obtain the desired wave.

6. In apparatus for converting mechanical
waves into electrical waves, the method of
operation which comprises producing a high
frequency carrier wave current, varying the
phase of said wave in accordance with the
mstantaneous amplitudes of said mechanical
waves, beating together the resulting modu-
lated wave and an unmodulated carrier wave
substantially in phase quadrature with said
first-mentioned carrier wave, and transmit-
ting the resulting detected wave from the
apparatus,

7. The method of utilizing a space cur-
rent device of the kind having an anode, a
cathode and a control element, which com-
prises generating a carrier wave through the
agency of said device, deriving from said
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carrier wave a second carrier wave substan-
tially in phase quadrature with said first
wave, modulating the phase of one of said
carrier waves in accdrdance with a mechan-
ical wave, beating the resulting modulated
wave with said other carrier wave, and utiliz-
ing the resulting detected wave.

8. In a substation for an electrical wave
transmission system, a pair of circuit ele-
ments, means for producing in said elements
waves which are alike except relatively dis-
placed in phase substantially 90 electrical
degrees, one of said elements includin
means whereby it may be mechanically acte
upon to modulate the phase of the wave
therein in accordante with the wave to be
transmitted from the substation, and means
for beating the resulting modulated wave
with the wave produced in the other element.

9, In a substation for an electrical wave
transmission system, a pair of circuit ele-
ments, means for producing in said elements
electrical waves which are alike except rela-
tively displaced in phase substantially 90
electrical degrees, one of said elements in-
cluding means Wilereby it may be mechan-
ically acted upon to modulate the phase of
the wave therein in accordance with the wave
to be transmitted from the substation, means
for beating the resulting modulated wave
with the wave produced in the other ele-
ment, and a pair of output terminals for
transmitting from said substation the re-
sulting detected wave.

10. In a substation for an electrical wave
transmission system, a pair of circuit ele-
ments, means for producing in said elements
electrical waves which are alike except rela-
tively displaced in phase substantially 90
electrical degrees, one of said elements in-
cluding means whereby it may be mechani-
cally acted upon to modulate the phase of
the wave therein in accordance with the wave
to be transmitted from the substation, and a
space current device connected to said cir-
cuits for beating the resulting modulated
wave with the wave produced in the other
element.

11. In a substation for an electrical wave
transmission system, a pair of circuit ele-
ments, means for producing in said elements
electrical waves alike except relatively dis-
placed in phase substantially 90 electrical
degrees, one of said elements including a
condenser transmitter for modulating the
phase of the wave therein in accordance
with the wave to be transmitted from the
substation, and means for beating the re-
sulting modulated wave with the wave pro-
duced in the other element.

12. In apparatus for converting a me-
chanical wave into an electrical wave, an
electrical wave amplifier having input ter-
minals and output terminals, means cou-
pling said output and input terminals
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whereby a carrier wave is generated by said
amplifier, said coupling means including
means for modulating said carrier wave in
accordance with said mechanical wave, and
for transmitting the resulting modulated
wave to said amplifier for detection to pro-
duce the desired elecirical wave, and means
associated with said coupling means for de-
creasing the energy transmitted there-
through and for increasing the detecting ef-
ficiency of the amplifier.

13. In apparatus for converting a me-
chanical wave into an electrical wave, an
electric wave ampl fier having input termi-
nals and output terminals, means coupling
said output and input terminals whereby :
arrier wave is generated by said amplifier,
said coupling means including means for
modulating said carrier wave in accordance
with said mechanical wave, and for trans-
mitting the resulting maodulated wave to
said amplifier for detection to produce the
desired eclectrical wave, and nieans for trans-
mitting the detected wave separately from
said carrier wave.

14. In apparatus for converting a me-
chanical wave into an electrical wave, an
electrical wave amplifier having input ter-
minals and output terminals, means cou-
pling said output and input terminals
whereby a carrier wave is generated by said
amplifier, sald coupling means including
means for modulating said carrier wave in
accordance with said mechanical wave, and
for transmitting the rvesulting modulated
wave to said amplifier for detection to pro-
duce the desired electrical wave, and a_re-
sistance path in shunt to said coupling
means for decreasing the energy transmit-
ted therethrough and for increasing the de-
tecting efficiency of the amplifier.

15. In apparatus for. converting a me-
chanical wave into an electrical wave, an
electrical wave amplifier having input ter-
minals and output terminals, means cou-
pling said output and input terminals
whereby a carrier wave is generated by said
amplifier, said coupling means including
means for modulating said carrier wave in
accordance with said mechanical wave, and
for transmitting the resulting modulated
wave to said amplifier for detection to pro-
duce the desired electrical wave, and a path
of relatively low impedance to said carrier
wave in shunt to said coupling means for
decreasing the energy transmitted there-
through and for increasing the detecting
efficiency of the amplifier.

16. In apparatus for converting a me-
chanical wave into an electrical wave, an
electrical wave amplifier having input ter-
minals and output terminals, means cou-
pling said output and input terminals
whereby a carrier wave is generated by said
amplifier, said coupling means including

means for modulnting said carrier wave in
accordance with said mechanical wave, and
for transmitting the resulting modulated
wave to said amplifier for detection to pro-
duce the desired electrical wave, and a path
of relatively low impedance to said carrier
wave and of high impedance to the detected
wave in shunt to said coupling means for
decreasing the energy transmitted there-
through and for increasing the detecting
cfficency of the amplifier.

17. In apparatus for converting a me-
chanical wave into an electrical wave, an
olectrical wave amplifier having input ter-
minals and output terminals, means coupling
said output and input terminals whereby :
arrier wave is generated by said amplifier,
said coupling means including means for
modulating said carrier wave in accordance
with said mechanical wave. and for trans-
mitting the resulting modulated wave to said
amplifier for detection to produce the de-
sired electrical wave, and means associated
with said coupling means for decreasing the
energy transmitted therethrough and for in-
creasing the detecting efficiency of the ampli-
fier, said means including a resistance path
in shunt to said coupling, and a resistance
path in series therewith.

18. In apparatus for converting a me-
chanical wave into an electrical wave, an
electrical wave amplifier having input and
output terminals, means coupling said output
and input terminals whereby two carrier
waves substantially in phase quadrature
with each other are generated by said am-
plifier and transmitted to said input ter-
minals, said coupling means including means
for modulating the phase of one of said car-
rier waves in accordance with said mechani-
cal wave, and for transmitting the resulting
modulated wave to said amplifier for de-
tection to produce the desired electrical wave.

19. In apparatus for converting mechani-
cal waves into electrical waves, an electrical
wuve generator. a circuit associated with said
generator for deriving therefrom, an auxil-
iary wave substantially in phase quadrature
with the generated wave, said circuit in-
cluding means for varying the phase of the
wave transmitted therefrom in accordance
with said mechanical waves, said circuit
being connected to apply the resulting modu-
lated wave to said generator whereby detect-
ed waves corresponding to said mechanical
waves are produced in the generator.

20. In apparatus for converting a me-
chanical wave into an electrical wave, an
amplifier having an anode, a cathode and a
control element, a frequency determining
feed-back circuit coupling said anode and
control element whereby a carrier wave is
generated by said am lifier, means associated
with said feed-back circuit for deriving from
the generated wave a wave substantially in

00

05

[ od

00

105

110

116

—

20

[

25

130



10

15

20

s

phase quadrature therewith, said means in-
cluding a modulator for varying the phase
of the wave transmitted therethrough, and
being arranged to apply the resulting modu-
lated wave to said control element whereby
a detected wave corresponding to said me-
chanical wave is produced in said amplifier.

21. In apparatus for converting a me-
chanical wave into an electrical wave, an
am{)liﬁer ‘having a pair of input terminals
and a pair of output terminals, a resonant
frequency determining circuit connected to
said output terminals, an inductance con-
nected to said input terminals and coupled
to said resonant circuit whereby a carrier
wave is generated by said amplifier, and a
circuit substantially resonant to said carrier
wave connected to said input terminals and
loosely coupled to said output resonant cir-
cuit, said input resonant circuit including
a variable reactance controlled by said me-
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chanical wave for modulating a carrier wave
transmitted therethrough, whereby a modu-
lated wave is transmitted to said amplifier to
produce the desired wave by detection.

22, In apparatus for converting a me-
chanical wave into an electrical wave, a
source of two carrier waves substantially
in phase quadrature with each other, a pair
of circuits connected to said source, one for
each of said waves, means for mechanically
acting upon one of said circuits to vary in
accordance with said mechanical wave the
phase of the carrier wave transmitted there-
through, and means connected to said cir-
cuits for beating together the resulting
waves thereby to produce the desired wave,

In witness whereof, I hereunto subscribe
;r;qu{nume this 26th day of August A. D
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phase quadrature therewith, said means in-
cluding a modulator for varying the phase
of the wave transmitted therethrough, and
being arranged to apply the resulting modu-
lated wave to said control element whereby
a detected wave corresponding to said me-
chanical wave is produced in said amplifier.

21. In apparatus for converting a me-
chanical wave into an electrical wave, an
am{)liﬁer ‘having a pair of input terminals
and a pair of output terminals, a resonant
frequency determining circuit connected to
said output terminals, an inductance con-
nected to said input terminals and coupled
to said resonant circuit whereby a carrier
wave is generated by said amplifier, and a
circuit substantially resonant to said carrier
wave connected to said input terminals and
loosely coupled to said output resonant cir-
cuit, said input resonant circuit including
a variable reactance controlled by said me-

11,866,738

chanical wave for modulating a carrier wave
transmitted therethrough, whereby a modu-
lated wave is transmitted to said amplifier to
produce the desired wave by detection.

22, In apparatus for converting a me-
chanical wave into an electrical wave, a
source of two carrier waves substantially
in phase quadrature with each other, a pair
of circuits connected to said source, one for
each of said waves, means for mechanically
acting upon one of said circuits to vary in
accordance with said mechanical wave the
phase of the carrier wave transmitted there-
through, and means connected to said cir-
cuits for beating together the resulting
waves thereby to produce the desired wave,
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