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. My invention relates to modulating systems
and methods and in particular to systems and
methods in which the various components of
the modulated wave may be segregated into

6 separate circuits. )

In radio transmitting systems, it is some-
times desirable to transmit certain compo-
nents only of the modulated current; for ex-
ample, it is common to transmit only one side-

10 frequency or side-band and suppress or elimi-
nate the other side-frequencies and the car-
rier. - Heretofore, the undesired components
were eliminated or suppressed by use of filters.
Where the modulating current comprises a

156 band of frequencies, the filters must be de-
signed to pass the desired band and eliminate
or suppress all frequencies above and below
the. band. For ideal operation the filter
should have the same transmitting properties

20 for the entire range of frequencies, that is,
it should transmit all frequencies with the
same relative degree of attenuation, and it
should have sharp cut-off points. - o

It is difficult to design a filter to approach

25 jdeal conditions, and 1t is therefore an ob-
ject of my invention to devise a modulating
system in which the various components of
the modulated current or wave are separated
from each other without the use of filters.

30 Itis an object of my invention to devise a
modulating system in which the two side-fre-
quencies or side-bands are separated into sep-
arate circuits by means other than filters.

A further object of my invention is to de-

35 vise a modulating system in which either side-
band may be selectively supplied to one and
the same output circuit by a simple switching
arrangement, and without the use of filters.

Another object of my invention is to devise

40 g phase dividing circuit, that is, an arrange-
ment for deriving currents of definite phase
relations from a single-phase source.

I accomplish the objects of my invention by

. employing a duplex modulating system in

45 which the two modulators are connected to 2
common output eircuit and are supplied with
signal and carrier currents from common
sources but of such phase relations that the
currents correspondirng to one side-band from

59 the two modulators have the same phase and

appear in the output circuit, while the cur-
rents of the other side-band or in phase op-
position and do not appear in the output cir-
cuit. -

My invention is illustrated in the accom- 85
panying drawings in which,

Fig. 1 shows one form of my invention for
selectively eliminating either side-band;

- Figs. 2 and 3 are vector diagrams illustrat-
ing the operation of Fig. 1 60
Fig. 4 shows a second form of my inven-
tion in which the carrier wave is eliminated
and the two side-bands are segregated into/

separate circuits; ’ ’

Fig. 5 shows one form of phase divider for 65
use in.connection with Figs. 1 and 4; -

Figs. 6, 7 and 8 are vector diagrams illus-
trating the operation of the phase divider
shown in Fig. 5; :

_ Fig. 9 shows the amplitude of the signal- 70
ling currents produced by the phase divider
over a range of frequencies;

Figs. 10, 11 and 12 show modified forms of
phase dividers; and,

Figs. 18 and 14, show simplified forms of 75
my invention.

Referring to Fig. 1, SG represents a suit-
able source of signal current, which may be
a source of current having a single frequency
or a source having a number of frequency 80
components, “uch as a microphone circuit for
the transmission of speech or music. The
signalling currents are supplied to a phase-
divider PD, the purpose of which is to divide
the signalling current into currents of the 85
same frequency but differing in phase. In
other words, the divider serves to convert
the signalling currents into currents of one
phase impressed across the terminals ¢—d,
and currents of a different phase impressed 90
across terminals e—f. The arrangement is
such that the two currents are displaced in
phase by 90 degrees. Various arrangements
may be employed for this purpose as will be
seen hereinafter. Terminals c—d of phase 95
divider PD are connected to the primary
winding of a transformer T* in the input cir-
cuit of a modulator M. Also, terminals e—f
of the phase divider are connected to the pri-

‘mary winding of transformer T2 in the input 100
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circuit of modulator M2, Modulators M?! and
M2 are of a well known type employing three-
electrode vacuum tubes 1 and 2, respectively.
Carrier current for both modulators are sup-

plied from a common generator CG, but the .

carrier currents supplied to the two modula-
tors are not of the same phase. The two car-
rier currents should be displaced in phase
by 90 degrees, and for the purpose of secur-
ing such phase relation between the two car-
rier currents, a resistance 3 and a condenser 4
are connected in series across the carrier gen-
erator CG, carrier current for modulator M*
then being supplied across resistance 5 in the
input circuit of the modulator by the voltage
drop across resistance 3, and, for modulator
M?, across resistance 6 in the input circuit
of the modulator by voltage drop across con-
denser 4. It is apparent that other arrange-
ments may be employed to supply the carrier
roper phase relation. Modula-
tors M* an Mg are provided with output
transformers T® and ’II‘), the secondary wind-
ings 7 and 8 of which are connected in series

5 across output terminals OT. A reversing

switch RS 1s provided so the direction of con-

_nection of secondary winding 7 may be re-

versed, for a purpose which will appear here-
inafter.
The operation of Fig. 1,is as follows:

. The phase divider PD supplies signalling
currents in phase quadrature to the modula-
tors M* and M*% The carrier currents sup-
plied to modulators M* and M? are also in
phase quadrature as explained above. For
the purpose of explanation, assume the sig-
nal to be a single frequency current repre-
the car-
rier current being represented by the equa-
tion A.sin. (¢¢+e). The currents in the out-
put circuits of each modulator may be repre-
sented by

A si t+a)+K —9) tta—60]—
e e e

The first term of this equation represents
the unmodulated carrier component, the sec-

~ond term the lower side-frequency current,
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and the third term the upper side-frequency
current.

For modulator M* assume « and 8 to be
zero, then for modulator M3, 6 and « must be
either plus 90° or minus 90°, assume, for
example plus 90°. With these values of 6
and «, the equation for modulator M* becomes

A sin ¢t + K cos (¢g—p) t— .
: K’ cos (¢+p)2--(2)
and for M2,
A sin (¢¢+90°) + K cos (¢—p)¢t—
(4 K’ cos [(g+p)t+180°]--(3)

The currents represented by the equation
for modulator M* are indicated vectoriall

in Fig. 2, and the currents for modulator M?

1,831,516

are indicated vectorially in Fig. 3, that is,
Figs. 2 and 3 represent the initial phase re-
lations of the currents in the output circuits
of modulators M* and M2, respectively.

In Figs. 2 and 3, C indicates the carrier
current vector, S the signal current vector,
LF the vector for the lower side-frequency
current, and UF the vector for the upper
side-frequency current. In Kig. 3,all the vec-
tors have the same phase, but vectors LK
and UF have been drawn on opposite sides
of C in order to avoid confusion. While vec-
tors C, S, LF and UF represent currents of
different frequencies, and, therefore, their
phase relations are constantly changing,
nevertheless, vectors representing currents
of the same frequency wiil maintain the rela-
tive phase relations indicated in Figs. 2 and 3.

From an inspection of Figs. 2 and 8, it will
be seen that the lower side-frequency cur-
rents LF in the two modulators have the same
phase relation and will add in the output cir-
cuit, while the upper side-frequency currents
UK are opposite 1n phase in the two modula-

“tors and will cancel out in the common output

circuit provided they are of the same ampli-
tude. T'he unmodulated components of the
carrier wave C are in phase quadrature and
will add to produce a resultant current lag-

ging behind the lower side-frequency current..

By reversing the connection of secondary
winding 7 by means of reversing switch RS,
the phase relations of the various currents
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will be such that the upper side-frequency

currents will add together and appear at the
terminals OT, while the lower side-frequency
currents will oppose each other and will not
appear across the output terminals.. It is ob-
vious that instead of reversing the direction
of connection of winding 7, the same result
may be obtained by reversing any winding
or its direction of connection in any of the
transformers, It is also obvious that instead
of reversing a transformer winding in order
to eliminate one side-frequency and obtain
the other, either the signal current or the car-
rier current of one of the modulators may be
reversed in phase; however, the two signal-
ling currents, as well as the two carrier cur-
rents, must always be maintained in phase
quadrature with each other. The signal cur-
rent or the carrier current may be reversed
in phase either by mechanical or by electrical
means, such as by reversing switches in the
supply leads, or by substituting, for example,
an inductance for condenser 4. Instead of
making the complete phase change by actual
reversal of one current, effective reversal may
be obtained by displacing both currents by
complemental amounts, such as by exchang-
ing the positions of resistance 8 and con-
denser 4.

In Fig. 4, I have shown a form of my in-
vention in which the carrier as well as one
side-band may be eliminated from the output
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circuit. In this figure, elements serving the
same function as corresponding elements in
Fig. 1 are indicated by corresponding refer-
ence characters. In Fig. 4 the modulators M*
and M2 are of the well-
employing vacuum tubes 1—1’ and 2—
The carrier currents for the two modulators
are supplied across resistances 5 and 6 con-
nected, respectively, in the common branch
of the input circuits of the two modulators.
As is well understood, this arrangement does
not permit the transmission of the unmodu-
lated carrier current component to the output
circuit, - :

The operation of Fig. 4 will be apparent
from the above description of operation of
Fig. 1. In Fig. 4, however, transformers T3
and T* are supplied with additional sec-
ondary windings 9 and 10 respectively.
Windings 7 and 8 are connected in series in
the same direction across output terminals
A—A’, and windings 9 and 10 are connect-
ed in series in opposite directions across out-
put terminals B—B’. From the operation
of Fig. 1, it will be understood that for the
particular phase relations given above, the
lower side-frequency will be delivered at
terminals A—A’, and, due to the reverse con-
nection of winding 9 with respect to 10, the
upper side-frequency will be delivered: at
terminals B—B’. Thus, the two side-fre-
quency currents are separated into separate
circuits without the use of filters.

While the operation of my invention has

been described for signal current of a single
frequency, it is obvious that the only condi-
tion necessary for operation with signal cur-
rent comprising a band of frequencies is that
the currents supplied to the two modulators
shall be in phase quadrature for each fre-
quency component, and if the two modulators
are identical, the two signalling currents
should be substantially the same in ampli-
tude. .
One form of phase-divider which may be
employed in Figs. 1 and 4 when the signal-
ling source comprises a band of frequencies is
shown in Fig. 5. In this arrangement an in-
ductance coil L is connected between termi-
nals & and &. A resistance R and a condenser
K are connected in series between terminal @
and the midpoint o of inductance coil L. Ter-
minal @ is connected by a direct con-
nection to terminal ¢; terminal fis con-
nected to a variable tap on resistance R; and
terminal ¢ is connected to a point between re-
sistance R and condenser K. For the pur-
pose of explaining the operation of the phase-
divider the two halves of inductance coil L
will be designated by L* and L? respectively.
The two halves of the inductance coil L are
as closely coupled as possible, and for this
purpose it is desirable to employ an iron mag-
netic circuit with very small leakage,

own push-pull tyé')’e,

3

The operation of arrangement shown in
Fig. 5 is as follows:
ingle-phase signalling currents are im-
pressed across terminals ¢ and b from a suit-
able source. Assume that the signal currents
are currents of voice frequencies ranging
from 500 to 1800 cycles per second. The
values of coil L and condenser K are so chosen
that the circuit across términals ¢ and b, in-
cluding the left half L* of coil L, condenser
K and resistance R, is tuned to a frequency
approximately at the middle of the frequency
band to be transmitted, for example, 1,000
cycles. At the resonant frequency the volt-
age drop across L* will be equal and opposite
to the voltage drop across condenser K, and

the drop across resistance R will be equal to

the voltage applied at terminals e—5. The
voltage relations in the arrangement for cur-
rents of a frequency of 1000 cycles per second
is indicated vectorially in Fig. 6. Vector B
indicates the applied: voltage, vector VR the
drop across resistance R, vector VK the drop
across condenser K, and vector VL! the drop
across the left half 1* of coil I.. Due to the
mutual induction between the two halves of
coil I, the right half L2 of the coil will have
induced therein g voltage substantially equal
to the voltage drop across the left half of the
coil. This voltage is indicated by vector VIL>?
in Fig. 6. The voltage appearing across ter-
minals ¢—d will be the vector sum of the
drops across condenser K and across the right
half L? of coil L. From Fig. 6, it will be
seen that this voltage is indicated by vector
Ved, which is the sum of vectors VK and VL=
Also, the voltage appearing between termi-
nals e—f is indicsted by the vector Ve, It
will be seen that these two vectors are a right
angles to each other and, therefore, the volt-
ages across terminals ¢—d and e—f at 1000
cycles are in phase quadrature. The value of
the voltage Vef may be controlled by adjust-
ing the variable tap on resistance R.

The relations of the various voltages for
currents having a frequency of 500 cycles per

second are vectorially indicated in Fig. 7.-

From an inspection of this figure, it will be
seen that while the voltage drop across con-
denser K has increased, the voltage drop
across L? has decreased, with the result.that
the voltage between terminals ¢—d remain
substantially the same in value as for 1000
cycle current.

The phase relations'of the voltages for
1800 cycle currents are indicated in Fig. 8.
In this figure, it will be seen that while the
drop across the condenser K is smaller than
in Fig. 6, the drop across L2 is larger than in

Fig. 6, and the resultant voltage between ter- -

minals c—d is substantially the same in mag-
nitude as in Fig. 6. = '

It will be noted from Figs. 7 and 8 that the
vectors Ved and Vef are in phase quadrature
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for freguencies both above and below the res-
onant requencfy. '
The values of voltages Ved and Vef for the
entire range of frequencies are indicated by
the curves in Fig. 9. These curves represent
the operation of the arrangement in Figs. §
for the following conditions:

The applied voltage across terminals a—b

" is assumed to be 10 volts for all frequencies,
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resistance R is 100 chms, the reactance of con-
denser K is 25 ohms at 1000 cycles, and the re-
actance of Lt is also 25 ohms at 1000 cycles.
Curves 1 and 2 of Fig. 9 represent respective-
ly the voltages Ved and Vef for the various
frequencies with the adjustable tap on resist-
ance R adjusted to make the two voltages
equal at 1000 cycles, that is, curves 1 and 2
represent the conditions when the adjustable
tap includes half of resistance R between ter-
minals e—f. In order to reduce the maxi-
mum relative change between the two volt-
ages Ved and Vef over the entire frequency
range, the adjustable tap may be moved to in-
clude a greater portion of resistance R be-

tween the terminals e—f. For example, when

the tap is moved to include 55 ohms of resist-
ance R between terminals e—f, the voltage
relations are indicated by curves 1 and 3 1n
Tig. 9. .

From an inspection of Figure 9 it is ap-
»arent that the phase divider circuit which I
%mve devised produces two-phase currents in
which the amplitudes of the different fre-
quency components in each phase are sub-
stantially the same for the same applied volt-
age. In other words, amplitudes of the com-
ponent frequency currents are substantially
independent of frequency over the frequency
band employed. The relatively high value
of resistance R as compared with the result-
ant reactance of the two reactance elements
renders the phase currents substantially in-
dependent of frequency. It is to be noted
that the frequency band over which there is
substantially no variation in amplitude with
frequency has a frequency width at least of
the order of the mean frequency of the band.

The elements comprising the phase divid-
er shown in Fig. 5 may be re-arranged in a
manner shown in Fig. 10. In both arrange-
ments, the half L? of coil I which is not in-
cluded in the tuned circuit is connected in
series with condenser K in a circuit between
terminals ¢ and d, and the voltage induced in
L2 is in phase with the voltage drop across
condenser K.

In order to prevent the impedance of ex-
ternal circuits connected across terminals
¢—d and e—f from disturbing the proper
phase relations within the phase-divider, it is
obvious that vacuum tube repeaters may be
inserted in each circuit between the respec-
tive terminals and the circuits to be supplied.

Another form of phase-divider is shown in
Fig. 11. A resonant circuit, including con-

1,831,516

denser K, inductance coil L3, and resistance R,
is connected across terminals @ and . The
inductance L? has the same relative value as
one-half of coil L in Figs. 5 and 10, and at
resonant frequency the drop across coil L® is
equal and opposite to the drop across K. The
input circuit of a vacuum tube repeater VI*
is connected across condenser K, and the in-

ut circuit of a second vacuum tube repeater

T* is connected across inductance L. These
repeaters are provided with common ener-
gizing batteries as shown. The output cir-
cuits of the two repeaters VT* and VT? are
provided- with transformers T® and T* re-
spectively, the secondary windings of these
two transformers being connected in series
between terminals ¢ and d. In a like manner,
the input circuit of a third repeater VTI?* is
connected across a variable portion of resist-
ance R, and the output circuit of this repeater
is connected across terminals ¢ and f by means

‘of a transformer T". The windings of trans-

formers T® and T* are connected in such man-
ner that the voltages delivered by the sec-
ondary windings in the output circuit are
added together in the same phase.

_ The operation of the arrangement shown
in Fig. 11 will be readily understood from
the description of operation of Fig. 5 above.
The resonant circuit is tuned to a frequency
approximately at the center of the frequency
band. Instead of using two separate trans-
formers T? and T® in the output circuits of
the repeaters VT* and VT? a single trans-
former having a primary provided with a
midpoint tap, may be employed. In other

70
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words, the two transformers T® and T® may .

be provided with a common magnetic circuit.

A simplified form of the phase-divider
shown in Fig. 11 is illustrated in Fig. 12. In
this arrangement the vacuum tube repeaters
VT? and VT* with the corresponding trans-
formers are dispensed with. The second-
ary winding of transformer T° is connected
between terminal ¢ and the upper end of in-
ductance L%, and the lower end of inductance
L& is connected directly to terminal ¢. In this
arrangement, vacuum tube repeater VT* and
transformer T® serve to repeat (and to re-
verse the phase of) the voltage drop across
condenser K and to add this drop to the drop
across inductance L® in the circuit between
terminals ¢ and d. "

In connecting the arrangement shown in
Fig. 11 to the modulators of Fig. 1 the con-
nections may be made as shown in Fig. 1, or
if desired transformers T* and T? may be
omitted and the terminals c—d and e—f will
then be connected directly to the input cir-
cuits of modulators M* and M?, respectively.
Fig. 11 may be connected in the same manner
to the arrangement shown in Fig. 4 by pro-
viding midpoint taps in the secondary cir-
cuits connected between terminals c—d and
¢—f. The vacuum tube repeaters in Fig, 11
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serve to prevent the phase relations in the
phase divider from being disturbed by the
output circuits.

It will be seen that each arrangement of
phase divider includes a tuned circuit having
an inductive reactance and a capacity react-
ance, with means for developing a voltage
proportional to the drop across one of the re-
actances and adding it to the voltage drop
across the other reactance and in phase
therewith. _

In Fig. 13 I have shown a simplified form
of my invention in which the two modulators
are. provided with common energizing bat-
teries, and the modified phase dividing ar-
rangement is connected directly to the input
circuits of the modulators without the in-
terposition of transformers. In this ar-

. rangement, MC represents a microphone eir-

20

cuit for supplying signalling current. The
phase-divider comprises inductance coil I
condenser K and resistance R connected in a
manner similar to that shown in Fig. 5. The
free end of the right half of coil L is connect-
ed through a radio frequency choke coil RC*
to the grid of modulator M!. The point o’
between condenser K and resistance R is
connected to the filaments of the modulators
through a biasing battery for the usual pur-
pose. - The variable tap on resistance R is
connected through a radio frequency choke
coil RC? to the grid of modulator M2 The
carrier generator CG has resistance 8 and
condenser 4 in series across its terminals,

3 and carrier current for modulator M* is sup-

plied through condenser C* from the voltage
drop across resistance 3. Carrier current
for modulator M? is supplied through con-
denser C? by the voltage drop across condens-
er 4. Condensers C* and C? are of sufficient
capacity to permit the passage of high fre-

" quency current, but small enough to offer

LE3

e
(91

€3

very high impedance to the flow of signal-
ling current.” Transformers T® and T* and

5 reversing switch RS are connected to output
terminals OT in the same manner as shown T

in Fig. 1. The signalling current for modu-
lator M? is supplied in this arrangement by
the voltage drop in resistance R from the
point o’ to the variable contact on resistance.
The operation of Fig. 13 will be apparent
from the description of operation of Fig. 1.

Fig. 14 is a second simplified arrangement
of my invention employing a modified form
of the phase-divider shown in Fig. 12, and a
modified arrangement for supplying the two
modulators with carrier currents. The
phase-divider shown in Fig. 14 is the same as
that shown in Fig. 12, except that the signal-
ling current for modulator M2 is supplied
from the voltage drop across resistance R
from the point o’ to the variable contact.
This re-arrangement is made necessary in or-
der to adapt the phase-divider to supply
signalling currents to the modulators when

they are provided with common energizing
batteries as shown. Carrier current is sup-
lied to modulator M’ from generator CG
inductively coupled coils 11 and 12, and a
similar arrangement of coils 13 and 14 sup-
ply carrier current to modulator M2 Va-
riable condensers C* and C* are provided in
series with coils 11 and 18 respectively for
the purpose of adjusting the phase of the
respective carrier currents. Condensers (*
and C°® serve to by-pass the carrier currents
around the signalling current source. These
condensers are small and do not disturb the
phase relations of the signalling currents.
The remainder of Fig. 14 is the same as the
arrangement shown in Fig. 13. The opera-
tion of Fig. 14 will be apparent from the de-
scription of operation of Fig. 1.

It is apparent from the foregoin descrip-
tion that my invention may be embodied in
several different arrangements, and that
the details may be varied in many ways with-
out departing from the invention in its
broadest aspect. :

What X claim is:

1. In the art of wave modulation, the
method of segregating the upper and lower
side-bands into separate circuits which con-
sists in, producing two carrier currents hav-
ing quadrature phase relation, modulating
one of said carrier currents by signalling cur-
rents, modulating the other carrier current
by signalling currents in phase quadrature
to the first mentioned signalling eurrents,
and supplying modulated currents from
both carrier currents to two output circuits
having the two modulated currents supplied
to one circuit reversed in relative phase with
respect to the modulated currents supplied
to the other circuit.

2. In a modulating system, a pair of mod-

ulators, means for supplying carrier currents -

to said modulators from a common source
in quadrature phase relation, means for sup-
plying signalling currents to said modulators
rom a common source but in quadrature
phase relation, a pair of output circuits, and
means for coupling each modulator to both
output circuits with the two couplings in one
circuit reversed in relative phase with re-
spect to the couplings in the other circuit.

3. In a modulating system, a pair of mod-
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ulators, means for supplying carrier cur-

rents to said modulators from a common
source but in quadrature phase relation,
means for supplying signalling currents to
said modulators from a common source but
in quadrature phase relation, a pair of out-
put circuits, a pair of transformers for con-
necting the modulators to the output circuits
each including two secondary windings, each
output circuit including one secondary wind-
ing of each transformer with the two wind-
ings in one circuit relatively reversed with
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| .
respect to the two windings in the other cir-
cuit. -

4. In a modulating system, a pair of car-
rier-suppression modulators, means for sup-

s Plying carrier currents to said modulators in
quadrature phase .relation respectively,
means for supplying signalling currents to

- said modulators in quadrature phase relation

respectively, a pair of output circuits, trans-
formers for supplying modulated currents
from each modulator to both output circuits,
said transformers being so connected that
the two resultant modulated currents sup-
plied to one circuit are reversed in relative
15 DPhase relation with respect to the modulated
currents supplied to the other circuit.

5. In a modulating system, a pair of car-
rier-suppression modulators, means for sup-
plying carrier currents to said modulators in

20 quadrature phase relation respectively,
means for supplying signalling currents to
said modulators in quadrature phase relation
respectively, a pair of output circuits, a pair
of transformers for connecting the modu-

25 lators to the output circuits each including
two secondary windings, and each output cir-
cuit including in series circuit one secondary
winding of each transformer; the two wind-
ines in one circuit being relatively reversed

30 with respect to the two windings in the other
circuit.

6. In a modulating system, a pair of push-
pull modulators, means for supplying carrier
currents in quadrature phase relation to the

38 common portions of the input circuits of
said modulators respectively, means for sup-
plving signalling currents in guadrature
phase relation to the divided branches of the
input circuits of said modulators respective-

40 lv, an output transformer for each modu-
lator, each including two secondarv wind-
ings. an output circuit including in series
circuit relation one secondary winding of
each transformer. and a second output circuit

¢ including in series cireuit relation the re-

maining secondary windings of said trans-

~ formers, the two windings in one of said cir-

cuits being relativelv reversed with respect
to the windings in the other circuit.

7. In the art of wave modulation, the
method of eliminating the carrier and segre-
gating the side-bands into separate circuits
which consists in, producing two carrier
waves of the same frequency and eanivalent
656 phase relations, separatelv modulating the

two carrier waves by signaling waves from a
common source, combining the modnrlated
waves from the two carrier waves with the
unmodulated carrier components opnosed to

60 each other to produce resultant side-band

waves without the carrier, producing two
. additional phase-equivalent carrier waves of
the same frequency as the first mentioned car-
rier waves but having a resultant phase in

50

65 quadrature to the resultant phase of the first'
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two carrier waves, separately modulating the
last mentioned carrier waves by signaling

_waves from said common source but in phase

guadrature to the modulating waves for the
rst mentioned carrier waves, combining the
modulated waves from said last mentioned
carrier waves with the unmodulated carrier

70

components opposed to each other to produce

a second resultant of side-band waves with-
out the carrier, and supplying modulated
waves from both resultants to two output

-circuits, having the waves supplied to one

circuit reversed in relative phase with respect
to the waves supplied to the other circuit.

8. In combination, two sources of modu-
lated waves each containing upper and lower
side-bands, two corresponding side-bands in

‘said sources having thesame frequency compo-

nents of substantiallyequalamplitudesand the

same phase relations, the remaining two side

bands having the same frequency components

of substantially equal amplitudes and oppo-

site phase relations, two work circuits, and
means for coupling each source to each work
circuit, the two coupling means for one cir-
cuit being relatively reversed with respect to
the coupling means for the other circuit.

9. In combination, two sources of modulat-
ed waves each containing upper and lower
side-bands derived from the same carrier and
modulating waves, two corresponding side-
bands in said sources being of tﬁe same phase
and the remaining pair of side-bands being of
opposite phase, two work circuits, means for
coupling both sources to one of said work cir-
cuits in the same direction, and means for
coupling both sources to said other work cir-
cuit with one of said sources coupled in re-
verse sense with respect to the other source.

10. In combination, two sources of complex
waves containing component currents of the
same frequency and same phase relation and
containing other component currents of the
same frequency but differing from said first
frequency and of opposite relative phase re-
lation, two work circuits, means for coupling
both sources to one of said work circuits in
the same direction, and means for coupling
both sources to said other work circuit with

one of said sources coupled in reverse sense {1

with respect to the other source.

11. A phase dividing circuit comprising an
input circuit including an inductive react-
ance, a capacity reactance, and a resistance in
series, an output circuit including a portion
of said resistance, means for developing a
voltage proportional and opposite to the volt-
age across one of said reactances, and a sec-
ond output circuit including said means and
said other reactance. )

12. Means for obtaining a reactive voltage
of substantially constant amplitude for alter-
nating currents having a range of frequen-
cies comprising, a tuned circuit including an
inductive reactance and a capacity reactance,
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and mheans for developing a voltage propor-
tional to the voltage drop across one react-

ance and adding said voltage to the drop

across the other reactance and in phase there-
with. .

18. In a phase dividing circuit a pair of
input terminals and .a pair of output termi-
nals, an inductance coil between an input
terminal and an output terminal, a condenser

connected between an intermediate point on

said coil and the second output terminal, a
resistance connected in series with said con-
denser and the input terminals, a second pair
of output terminals tapped across a portion
of said resistance, the values of said induc-
tance, capacity and resistance and the tap-
ping points on said coil and resistance being
adjustable in relation to each other to pro-
duce substantially constant and equal volt-
ages across said pairs of terminals over a
range of frequencies.

14. 1n combination, a source of speech fre-
quency current containing frequency com-
ponents essential to intelligible speech, and
means comprising a static impedance net-
worlk for deriving from said source substan-
tially equal two-phase currents with the com-
ponent currents in each phase of substantial-
ly equal amplitudes for the same applied
voltage.

15. In combination, a source of current
comprising a band of frequencies, means com-
prising s static impedance network for de-
riving from said source two-phase currents
with the component currents in each phase of
substantiaily. equal amplitude for the same
applied voltage for all frequencies in the
band. ‘

16. In combination, a source of current com-
prising a band of frequencies, and means
comprising a static impedance network for
deriving from said source, two-phase cur-
rents whose component amplitudes are sub-
stantially independent of frequency.

17. In combination, a source of speech fre-
quency current containing frequency com-
ponents essential to intelligible speech, and
means comprising a static impedance net-
work for deriving from said source two-phase

‘currents with the component amplitudes in

each phase substantially independent of fre-
quency.

18. In combination, a source of current
variable frequency, and means comprising a
static impedance network for deriving from
said source two-phase currents having ampli-
tudes substantially equal and substantially
independent of frequency.

19. In combination, a source of current
comprising a band of frequencies having a
frequency width of the order of the mean
frequency of said band, and means compris-
ing a static impedance network for deriving
from said source two-phase currents with the
component currents in each phase of sub-

<
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of

7

stantially equal amplitudes for the same ap-
plied voltage.

20. In combination, a circuit containing a
source of current having a band of component
frequencies, means for producing a voltage
proportional to the current flowing in said
circuit, and means for producing a voltage
in quadrature phase relation to said first volt-
age and in which the component amplitudes
are substantially the same for the same ap-
plied voltage for all frequencies in the band.

21. In combination, a circuit containing a

source of current having a band of component -

frequencies, a resistance element connected
in series with said circuit, and means con-
nected in series to said resistance element for
producing a voltage drop in quadrature to
the voltage drop across said resistance and of
substantially the same amplitude for the

‘same applied voltage for all frequency com-

ponents in said band.
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22. In combination, a source of alternating -

current having a range of frequencies, means
for deriving from said source a voltage sub-
stantiaily independent of frequency wvaria-
tions, means for deriving from said source
a second voltage in quadrature to said first
voltage and having an amplitude variable
with frequency, means for deriving from said
source a third voltage in phase with the sec-
ond voltage and varying with frequency in
substantially complemental relation to the
variation of said second voltage, and means
for combining said second and third voltages
in an output circuit.

23. Means for obtaining a reactive voltage
of substantially censtant amplitude from al-
ternating currents having a range of fre-
quencies comprising, a circuit including an
inductive reactance and a capacity reactance
tuned to a frequency near the middle of said
range of frequencies, and means for develop-
ing a2 voltage proportional to the voltage
drop across one reactance and adding said
voltage to the drop across the other reactance
and in phase therewith.

24. Means for obtaining two-phase currents
from a source of alternating current having
a range of frequencies comprising an input
circuit including an inductive reactance and
a capacity reactance of equal values at a fre-
quency near the middle of said range, a re-
sistance in series with said input circuit hav-
ing a value to render the current substan-
tially independent of frequency over said
range of frequencies, a phase output circuit
tapped across at least a portion of said re-
sistance, a second phase output circuit includ-
ing one of said reactances, and means for
developing a voltage proportional to the
voltage drop across the other reactance and
adding said voltage to the drop across the
first reactance and in phase therewith in the
second phase circuit.

25. A phase dividing cirenit comprising an
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input circuit including an inductive react-
ance, a capacity reactance, and a resistance
1n series, a phase output circuit, a uni-direc-
tional relay having an input circuit includ-
ing at least a portion of said resistance and
an output circuit connected to said phase cir-
cuit, a second phase circuit, a. uni-directional
relay having an input circuit connected across
one of said reactances, and a third uni-direc-
tional relay having an input circuit connect-
ed atross the other reactance element, said
second and third relays having their output
circuits connected in series across said second
phase circuit for supplying to said circuit in
phase voltages proportional to the voltage
drops across said reactance elements, :

In testimony whereof I have hereunto
signed my name. '

o " RALPH B. STEWART.



