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11 Claims.

This invention concerns a new method of and
means for adding the frequencies of radio fre-

quency energies modulated and unmodulated to

accomplish the same purpose- as the balanced
5 modulator and filters used in a single sideband
radio telephone or multiplex telegraph system.
The advantage in this invention resides in the
ability of the new method and circuits to balance
out the undesired sideband so that the necessity
10 for sharp discrimination between sidebands in
filter circuits is no longer necessary. The method
makes it possible to use much larger differences
between. carrier and modulating frequencies and
so reduces the number of cascaded single side-
15 band modulators which would otherwise be re-
quired to produce a flat response in single side-
band output, over a range equal to the modu-
lation frequency kand, at very high frequencies.
The principle upon which the invention is based
is that two sets of side frequencies or sidebands,
produced in two balanced modulators by modu-
lating currents 90° different in-phase, when com-
bined into a single circuit have such phase rela-
tions that one pair of sidebands add to produce a
useful output while the other two sidebands op-
pose one another and substantially balance out.
The carrier is suppressed by the action of the
balanced modulators.
In single sideband modulation systems such as
5y those in use at the present time, it is necessary
to have a relatively small frequency ratio between
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the carrier energy and the modulating energy in .

order that the percentage frequency difference
between sidebands in the output of a balanced
modulator may be sufficiently great to allow filter
circuits to discriminate between them. This is
no great handicap where signals are to be trans-
mitted at low radio frequencies. However, as the
transmission frequency is increased, the percent-
40 age spacing between sidebands in the modulators
must be made less and less and when very high
radio frequencies are used it is necessary to use
three or more modulators in order that the filters
may discriminate between the sidebands in each
modulator. I have described a way for reduc-
ing this difficulty, through the use of improved
filters, in my United States applications, Serial
#203,901 filed July 7, 1927, Patent No. 2,005,083,
dated June 18, 1935, and Serial #564,770, filed
50 September 24, 1931, Patent No. 2,000,387, dated

May 14, 1935. By the use of the invention to be

described here, the suppression of undesired side-

bands may be still further improved and in some

cases the invention will make possible the con-
55 -struction of satisfactory single sideband modu-
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lator systems for use at relatively high frequen-
cies without the use of mechanical oscillating
filters, which, up to the present time at least,
are difficult and expensive to construct.

This invention is not applicable at the present
time to the first stage of a single sideband modu-
lator in a telephone transmitter because no meth-
od is available for converting single phase voice
frequency currents into two currents having the
phase of all frequency components differing by 10
90°. . However, it can be applied to modulators
used for handling multiplex carrier current cir-
cuits and, in telephony, to the second or any suc-
ceeding modulator where the voice frequency cur-
rents occupy a relatively small percentage band 15
at the input frequency.

In -describing my invention reference will be
made to the attached drawings in which,

Figure 1 illustrates the primary elements of a
modulator circuit arranged in accordance with 20
my invention. In this circuit filament heating
leads and sources are omitted for simplicity as
are plate potential sources. In practice, addi-
tional elements not shown but well known in the
art, may be added to the circuit, :

Figure la illustrates a modification of the ar-
rangement of Figure 1, while

TFigure 2 is a series of vector diagrams denoting
the relations of the modulated wave components
in portions of the circuit of Figure 1. Figure 2 3
serves to illustrate the manner in which my novel
method is carried out and in particular how it is
carried out on the circuit of Figure 1.

In describing in detail one method of applying
my invention, reference is made to Figure 1 35
of the drawings. In this figure I have shown two
balanced modulators 10 and {2 so connected that
their outputs 4 and 16 are combined into a
single circuit 20. The balanced modulators are
supplied with phase opposed carrier energy from 40
a high frequency oscillator 40. At the same time
both balanced modulators are -supplied with
modulating energy which is taken from the out-
put of any single sideband modulator. That is
to say, a sideband resulting from the modulation 44
of a carrier wave in any manner is supplied from
5 modulator 2 to the two circuits 4 and 6 and is
applied to the two modulators 10 and 12 with a
phase difference of 90°. In the circuits shown in
Figure 1 I obtain this phase difference by de- o
tuning the two input circuits 4 and 6 connected
with the modulators 10 and 12 in opposite direc-
tions (relative to the mean side band frequency)
as indicated by fm+ and fm—, so that the cur-
rents set up by said side band frequencies are g
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made to lead and lag 45° respectively. When the
balanced modulators 10 and (2 are excited in
phase quadrature as described above the output
circuits {4 and {6 of each pair of tubes will con-
tain two sidebands but the carrier energies will
be balanced out. In order to complete the phase
shift necessary for the elimination of one side-
band the output circuits must be detuned rela-
tive to the carrier frequency in the same manner
as the input circuits as indicated by fe+ and jfe—,
50 that the phase of the output currents of each
pair of modulator tubes are shifted in phase by
90° with respect to the phase of currénts in the
output of the other pair of modulator tubes.
This gives in the mixing circuit 20, four side band
energy ccmponents, the carrier having been bal-
anced out. The relation of the four side bangds is
shown in Figure 2.

I could accomplish the phase shifting by em-
ploying artificial lines in the input and output
circuits of the modulators, by using radiogoni-
ometers or any other known phase shifting de-
vices.

Under the conditions described the two bal-
anced modulators 10 and 12 each have outputs
containing two sidebands, one above and one
below the carrier frequency by amounts equal
to the frequencies of the modulating energies
from the first modulator. Keeping in mind the
well known phase relations of currents in ordi-
nary balanced modulators, it will be noted that,
when two side frequency currents add together to
produce a maximum resultant instantaneous
output from modulator 18, then at this same in-
stant, because of the 90° phase relation between
input modulating currents, the corresponding two
side frequency currents. in the output of modu-~
lator 16 are opposed to give zero instantaneous
resultant output. Also at this same instant,
since the carrier input to the two. modulators is
180° different in phase it can be shown that the
natural phase relations between equal side fre-
quency currents in the outputs of the two modu-
lators are 90° different in phase.
bhase of output current from one modulator plus
output current
from the other modulator minus 45°, a total rela-
tive phase shift of 90°, we may. bring the upper

side frequency. currents in phase and the lower

side frequency currents 1802 out; of phase. or vice
versa.

To illustrate the manner. in which the side fre-
quency currents add up to produce single side-

band output I have made up a series of vector.
diagrams which appear in Figure 2. In this fig-.

ure the first or left hand row of vector diagrams
represents-successive
frequencies from the output of one modulator,
say 18, during a complete cycle of-the modulat-
ing energy, as it appears in output circuit 20,
The two vectors A—B represent the two side fre-

quencies corresponding to any: one modulating:
frequency. Vector A represents the upper side.

frequency and vector B the lower side frequency.
With these assumptions, the. relative rotations
or time positions of the vectors at various suc-
cessive positions of a cycle of the modulating
energy are as shown. In the second column of
vector diagrams.I have shown the phase rela-
tions of the two side frequencies produced by the
same modulating frequency in the outpus to ecir-
cuit 20 from the other modulator 1§. In this
diagram, vector C represents the upper side fre-
quency and vector D the lower side frequency. A

.comparison. between. the two sets of vector dia-

By shifting the

phase positions of two. side.

2,163,880

grams will at once indicate that vectors B and
D rotate in the same direction and are always
opposite one another in polarity so that when
the two sets of side frequencies are combined
into the one circuit 20 with the phase relations
shown, they cancel one another out and have a
Zero resultant. At the same time, vectors A and
C rotate in the same direction but are always
additive and consequently will produce an output
in the output circuit corresponding to their sum.

If the phase of the modulating frequency or
the polarity of the connections from the outpub
of one modulator were reversed, the polarities of
the two side frequencies represented in the vector
diagrams would be reversed. 'This ig represented

* by the dotted vectors ¢’ D’ in the second column
_of vector diagrams.

With the polarity of the side
irequencies reversed it will be at once apparent
that instead of vectors B and D cancelling out, it
will now be vectors A and C which oppose, while
vectors B and D add to give the useful output.
Consequently, by choosing the polarity of input to
either of the modulators or the polarity of output,
we may determine which of the upper or lower
sidebands appears in the output of the modulator.

Since the phase shifting circuits are not quite
perfect in that the relative amplitude of the mod-
ulating energy delivered to the two modulators
varies somewhat with frequency, it will be evi-
dent that the value of the sidebands delivered
by the two modulators is not perfectly constant
over a considerable frequency band and, conse-
quently, the suppression of the undesired side-
band will not he absolutely perfect. For this
reason I would expect in some cases, to use filters
with. this new type of modulator but since the
modulator itself gives a large amount of dis-
crimination between the side frequencies, the
characteristics of the filters may be either less

perfect or the modulator may be operated at a .

higher output frequency than would be possible
with previously known types of modulators.

Singce the lowest, modulating frequencies produce

sldebands nearest; together in the output of the
modulator, these sidebands are separated by
means of filter circuits with greater difficulty
than the sidebands produced by the higher mod-
ulating frequencies. Consequently, I would ex-
pect to adjust the relative amplitudes of carrier

and modulating energy to the two modulators i

for obtaining a perfect balance at the lowest mod-
ulati_ng_ freqp_encies and. to depend more upon
the filters to.discriminate between sidebands pro-
duced by-the higher modulating frequencies.

I have shown in Figure 1 only one of many
possible detail arrangements for carrying out the
fundamental idea of this invention. The circuits
shown may. be modified in mmany ways. For ex-

ample, the modulating energy may be applied to:

any electrode of the tube and the same statement
applies with respect to. the carrier excitation en-
ergy. The three element tubes shown may be
replaced with tubes having. four or more elec-
trodes if desired and the additional electrodes
may have modulating or carrier energy - applied
to them if desired. Another possible modifica-
tion is that instead of combining the outputs of
the two modulators by coupling a single circuit
to both modulator outputs, it may - be found de-
sirable to use amplification after each modula-
tor before combining the two sets of side fre-
quencies. Single stage amplifiers used for this
burpose are commonly called coupling tubes and
have the advantage that they would prevent re-
action of one modulator upon. another. .
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. It will, of couirse, be inderstood that the modu-
lator which I have described may be used not only
as part of a radio transmitter but it may also
be used for wire line cominunication as well. -In
carrier current telephony and multiplex teleg-
raphy over wire circuits, some of the most expen-
sive parts of equipment required.are the filters
used for discriminating between sidebands. It
is quite possible that the new circuit which has
been described can be applied to some wire cir-
cuits in a manner to bring about economies.

As a further simplification and improvement
T may alter the arrangement of Figure 1 by sup-
plying the two balanced modulators with carrier
excitation which is displaced 90° in phase instead
of 0 or 180°. This 90° phase relation can be ob-
tained by use of a phase splitting circuit 9, 1
connected, as shown in Figure 1la, to 40 and to
the grids of the tubes of balanced modulators -10
and 12. When I do this it is no longer neces-
sary to produce a phase shift of 90° in the outputs
from the modulators. In this case, output of one

. sideband or the other may be obtained by simply
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combining the output currents from the modula-
tors with one polarity or the other, without phase
shifting. ’

It should also be understood that my system
may be used to produce an output including the
carrier, as well as a single sideband due to modu-
lation, by omitting one tube from each of the
modulators in Figure 1. Likewise my system may
be applied with any other carrier passing or sup-
pressing modulators including all forms of am-~
plitude modulators, phase modulators and fre-
quency modulators. In other words, the modu-
lators 10 and 12 and the carrier oscillator: 40 of
Figure 1 may be replaced with any known forms
of modulators and carrier sources and the ob-
ject of my invention may still be achieved. - Of
course, the single sideband output may be am-
plified in power by all the known means. Also

it may be increased or decreased in frequency by.

further modulation or heterodyne. devices or it
may-in some cases, be frequency multiplied or
frequency divided according to the needs and ob-
jects of the- equ_lpment to which my invention is
applied.

It may further be noted that 90° phase relation
between the input modulating currents and the
90° shift in output currents or carrier input cur-
rents, are not essential since an undesired side
frequency or band of frequencies may always be
substantially balanced out so long as there is any
phase difference between the input modulating
currents to the two modulators. The 90° rela-
tions described are best, however, for obtaining
maximum output for the desired side frequency
or band of frequencies.

I claim:

1. The method of signalling which includes the
steps of, producing a phase quadrature relation
between two portions of signal modulated wave
energy, producing a phase opposed relation be-
tween two portions of oscillator energy of car-
rier wave frequency, superposing each of said
first named portions on a different one of said
last named portions producing a phase quara-
ture relation between the energies resulting from
said last step and combining the resultants.

2. The combination with a sighal modulated
wave energy source of a source of high frequency
oscillations, - two balanced modulator systems,
each consisting of a pair of electron discharge
tubes, circuits tuned to the opposite sides of the
mean frequency of the wave energy of said source

3

for applying signal modulated wave energy from
said source substantially in phase quadrature to
control electrodes of the tubes in each pair, cir-
cuits for applying the high frequency oscillations
substantially in phase opposition to control elec-
trodes of the tubes of each pair, a combining cir-
cuit coupled to the output electrodes of said tubes
to derive modulation components therefrom, and
means in said combining circuit for producing
substantially 90° phase displacement between the
modulatwn components from each pair of tubes.

-3, The combination with a signal modulated
wave source, of a source of high frequency oscilla-
tions, two balanced modulator systems, each con-
sisting of a pair of tubes, a detuned circuit for ap-
plying signal modulated carrier energy substan-
tially in phase opposition to the input electrodes
of one pair of tubes, a detuned circuit for ap-
plying signal modulated wave energy of different
phase from said source substantially in phase
opposition to the input electrodes of the tubes of
said other pair of tubes, said circuits being- de-
tuned in different directions with respect to the
mean frequency of said sighal modulated energy
means for applying high frequency oscillations
in phase to the input electrodes of the tubes of
each pair, and output cireuits detuned in oppo-
site directions with respect to the frequency of
said high frequency oscillator coupled to the out-
put electrodes of said tubes.

4, In 2 modulation system a pair of balanced
modulators each having symmetrical electron sys-
tems including input electrodes and output elec-
trodes, circuits connected with the input elec~
trodes of each system, a circuit for applying sig-
nal modulated waves to said circuits, means in
each of said first named circuits for detuning the
same in opposite directions relative to the mean
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frequency of said signal modulated waves, a -

source of carrier frequency oscillations, circuits
applying said carrier frequency oscillations to the
input electrodes of both of said electron systems,
output circuits connecting the output electrodes
of each of said systems in push-pull relation,
means for detuning said output circuits in oppo-
site directions relative to the mean frequency of
said oscillations, and a circuit coupled with each
of said output circuits.

5. Modulating means including means for sup-
pressing’ modulation components resulting from
modulation of a carrier wave including a pair of
modulating devices each having symmetrical
electron systems including input electrodes and
output electrodes, tuned circuits connecting the
input electrodes of each system, means for apply-
ing signal modulated waves to said tuned circuits,
a source of carrier frequency oscillations to be
modulated, means for applying said carrier fre-
quency oscillations in phase to the input elec-
trodes of one of said electron systems and in
phase to the input electrodes of the other electron
systems, output circuits in which modulated wave
energy flows connecting the output electrodes of
each of said systems in push-pull relation, means
for detuning said output circuits in opposite di-
rections with respect to the mean frequency of
said oscillations to produce substantially a phase
quadrature relation between the modulated wave
energies in said output circuits, and a combining
circuit coupled with each of said output circuits.

6. In a single sideband modulation system, a
pair of balanced modulators each having elec-
tron systems including input electrodes and out-
put electrodes, circuits connected with the input
electrodes of each system, means for applying
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signal medulated waves to said circuits, means
in each of said circuits for detuning the same
in opposite directions relative to the means fre-
quency of said signal modulated waves, a source
of oscillations of carrier wave frequency, circuits
applying oscillations from said source to the in-
put electrodes of both of said electron systems,
the oscillations applied to the input electrodes of
one of said systems being displaced in phase rel-
ative to the oscillations applied to the input elec-
trodes of the other systems, output circuits con-
necting the output electrodes of each of said sys-
tems together, means in each of said output cir-
cuits for detuning the same in opposite directions
relative to the mean frequency of said oscilla-
tions of carrier wave frequency, and a combining

“circuit ecoupled to each of said output circuits.

7. The method of producing a single sideband
in-a carrier system by means of wave energy of
carrier frequency anid sideband energy resulting
from modulation of oscillatory energy by signal
potentials which includes the steps of, producing
out of phase components characteristic of the
sideband energy, producing components char-
wave energy which
differ in phase by an amount different than the
phase displacement of said out of phase side-
band components, modulating one wave energy
characteristic component by one sideband en-
ergy characteristic component, modulating the
other wave energy characteristic by the other
sideband characteristic component, and phase
displacing and combining the two resultants ob-
tained by so modulating the said two wave en-

5. ergy characteristic eomponents by the sideband

characteristic components.

8. The method of single side band signalling by
means of signal modulated wave energy and
wave energy of carrinr wave frequency which in-
cludes the steps of, producing substantially a
phase quadrature relation between voltages char-
acteristic of the said signal modulated wave en-
ergy, producing voltages of substantially like
phase characteristic of the wave energy of car-
rier wave frequency, superimposing one of said
first produced voltages on one of said second
produced voltages and the other of said first
produced voltages on the other of said second
produced voltages, to produce two resultant volt-
ages, relatively phase displacing said resultant
voltages and combining the displaced resultant
voltages.

2,163,680

9. The combination with a signal modulated
wave energy source of a source of oscillatory wave
energy of carrier frequency, a pair of balanced
modulator systems, each system consisting of a
pair of electron discharge tubes each having con-
trol. electrodes and output - electrodes, - circuits
tuned to opposite sides of the mean frequency of
the wave energy of said source for applying signal
modulated wave energy from said source substan-
tially in phase quadrature to corresponding con-
trol electrodes of the tubes in each pair, means
for applying the high frequency oscillations sub-
stantially in phase to corresponding control elec-
trodes of the tubes of the pair of tubes, a com-
bining circuit coupled to the output electrodes of
the tubes, and means in said combining circuit
for producing a substantially 90 degree phase dis~
placement between the modulation components
from each pair: of tubes appearing in said com-
bining circuit.

10. The method of producing a single sideband
in a carrier system by means of wave energy of
carrier frequency and sideband energy. resulting
from modulation of cscillatory energy by signal
potentials which includes the steps of, producing
out of phase components characteristic of the
sideband energy, producing components charac-
teristic of said carrier wave energy, modulating
one wave energy characteristic component by one

sideband energy characteristic component, modu- -

lating the cther wave energy characteristic com-
bonent by the other sideband characteristic com-
ponent, and phase displacing and combining the
two resultants obtained by so modulating the said

two wave energy characteristic components by .

the sideband characteristic components.

11, The method of signalling which comprises
the steps of, producing a 90 degree phase relation
between two portions of modulating frequency
power, producing a0 or 180 degree phase relation
between two portions of carrier frequency power,

" applying. one portion of modulating frequency

power and one portion of carrier frequency power
to each of two modulators, shifting the relative
phase relations of output power from the two
modulators by 90 degrees and then combining
output power from the two modulators in a-com-
mon cireuit.

: CLARENCE W. HANSELL,
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