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This invention relates to modulation systems,
and more particularly relates to a system for de-
veloping a single-sideband modulated-carrier
wave, | |

‘When the amplitude of a carrier wave is mod-
ulated in accordance with a signal of variable
irequency, a modulated carrier wave is developed
which comprises an upper and a lower sideband.
It is well known that all the information con-
fained in the signal is present if the carrier fre-
quency and only one of the sidebands is trans-
mitted. Accordingly, one of the sidebands of a
modulated carrier wave represents surplusage,
and for this reason single sideband transmission
where only the carrier frequency and one of the
sidebands is transmitted has been proposed in
the past. Present television standards, for ex-
ample, demand transmission of the video signal
by vestigial sideband transmission. thereby to re-

duce the width of the channel required for the

transmission of an image with given detail. |
Modulation of a carrier wave in accordance
with a video signal, which may include frequen-
cies from zero to approximately 5 megacycles,
presents considerable difficulties. For this reg-~
Son, modulation of the carrier wave at low levels
1s preferred because it is practically impossible
to amplify the video signal to a high power level.
On the other hand, amplification of a carrier
wave modulated in accordance with a video sig-
nal also presents appreciable difficulties in view
of the extremely wide sidebands of the carrier,
Thus, for example, amplification of 2 modulated
carrier wave by means of a class C amplifier,

which is the most efficient amplification method,

1s not possible. Therefore, it has been Proposed
to remove one of the sidebands of the modulated
carrier wave before further amplification takes
blace. The undesired sideband of a modulated
carrier wave is conventionally suppressed by

Dower amplifier stages used for amplifying the
single-sideband modulated-~carrier wave have ex-
actly linear amplification, the undesired sideband
is reinserted. Modulation. systems have also been
suggesied where a modulated carrier wave is de-
veloped having a single sideband only. This ig
effected by destroying the undesired sideband
through interference, that 1s, by introducing a
phase shift of 180 degrees between two compo-
nents of the undesired sideband. |

It is an object of the bresent invention, there-
fore, to provide a modulation method and system
for developing a single-sideband modulated-car-
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| 2 |
rier wave of appreciable power without requiring
a high modulation level of the signal to be trans-
mitted. | | o |
A further object of the invention is to utilize
one of the two sidebands developed by modulat-
ing a carrier wave for feeding a utilization de-
vice, such as an antenna, while the other nor-
mally undesired sideband is utilized for develop-
ing g further sideband or further sidebands iden-
tical in frequency with the desired sideband,
thereby to increase the amplitude or power of the
desired sideband. - | | |
In accordance with the present Invention,
there is provided a single sideband modulation
system comprising means for developing g signal
and for developing a carrier wave of frequency f.
Means are provided for modulating the carrier
wave in accordance with the signal to develop
a modulated carrier wave of frequency f, having

an upper and lower sideband. One of the two

sidebands is the desired sideband and the other
one, the undesired sideband. Means are further
brovided for doubling the frequency of the car-
rier wave to develop a carrier wave of frequency
2f. 'There is also provided a means for modulat-
ing the carrier wave of frequency 2f in accord-
ance with the undesired sideband. Thus there
1s developed a modulated carrier wave of fre-
quency 2f having two sidebands, the lower one
of which is substantially identical in frequency
with the desired sideband, Accordingly, a fur-
ther sideband is developed which hag substan-
tially the same frequency as the desired sideband.
Finally means are provided for adding these iden-
tical sidebands. In accordance with a Dbreferred
embodiment of the invention the upper sideband
is the desired sideband, . o
- For a better understanding of the Invention,
to gether with other and further objects thereof,
reference is made to the following description,
taken in connection with the accompanying
drawing, and its scope will be pointed out in the
appended claims, = o -
In the accompanying drawing,
Is a circuit diagram, partly
single sideband modulation
the invention. N o
Referring now to the drawing, there is illus-
trated a single sideband modulation system com-
prising carrier wave generator |. Generator | is
arranged to develop a carrier wave at the fre-
quency fe. A signal of variable frequency fm is
developed by signal source 2. The signal devel-

the sing'le-ﬁgure |
in block form, of a
system embodying

oped by source 2 may, for eXample, be a video

sighal or an audio signal. In modulator 3, con.
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hected to the outputs of generator i and sighal
gource 2, the amplitude of the carrier wave of {fre-
quency fe is modulated in accordance with the
signal developed by source 2. Modulator 3 thus
develops g modulated carrier wave having an
upper sideband and a lower sideband. The fre-
quencies of the modulated carrier wave are given
as follows: fe+fm and fe—7m, where the first ex-
pression represents the upper sideband and the
gsecond expression the lower sideband.

The two sidebands are segregated by filter net=
work 4, having a high pass section 9 and a low
pass section 6. High pass filter section 5 com-
prises series condenser T and further comprises
inductance element 8 and condenser 18 arranged

in series and shunted between series.condenser T:

angd ground. High pass ﬁlter section. ® is ar-

ranged to pass the upper sideband of the modu-
lated carrier wave developed by modulator 3, that .

is, frequencies within the range fe4/m.
Low. pass. filter section & comprises series in-

duetence element {1 and.further comprises in-

ductance element {2 and condenser {3 arranged
m series. and shunted between inductance ele-

ment- i1 and eround. Low. pass filter section &
is - de51gned to pass.the lower sideband.of the
medulated carrier wave developed by modulator
3. that is frequencies within the range fe—fm.

Fllter network. & has been illustrated with
Inmped ‘elements but it is-to be understood that
filter network 4 may also consist of suitable sec-
tions of transmission lines having. distributed ca-
pacltance and inductance, as is well known In
the art: Ofher types of filfers including multi-
section structures may also be used.

The upper. sideband including the carrler fre-
quency, that is, frequencies in the range fe-t+-fm
are passed by high pass. filiter section o which
may be. connected to antenna (4 for the pur-
pose of radiating the smgle-mdebend modulated-
earrler wave into space.

For smgle sideband transmission it is cen-
ventmna,l practice to dissipate the undesired
sideband, which' is usually the lower sideband, by
means of a load resistor connected in perellel
across inductance element (2 and condenser. {3
of 1ow pass filter section 6. In accordance with
the" presemnt invention, the undesired sideband,
that is’ the ‘1ower ‘sideband, is utilized for devel-
oping- - further sideband’ of the frequency
fé+fm: To this end the frequency of the car-
rier wave developed by generator | is doubled
by ‘frequenicy doubler- {5. The output of fre-
giiency doubler 15 therefore, is a carrier wave
having the frequency of 2fs. The amplitude of
the carrier-wave of’ frequeney 2fc is modulated in
modulator- 16 in accordance with the lower side-
band fe—fm obtained from low* pass’ ﬁlter sec-
tien ‘0.

The output ef modulator 16 eceordmgly is .g
miodulated carrier wave havmg an upper side-
band!of frequency 3fec-——fm and & lewer sideband
of fréquency fe-+fm. Thus it-will be seen that the
lower sideband of the modulated carrier wave
developed - by modulator {6 is identical in fre-
quency with the upper sideband of the modulated
carrier wave developed by modulator 3.

For the purpose of segregating the two 51de-
bahds developed: by modulator 16, there is pro-
vided filter network 7 having a low pass filter
section 18 and a high pass filler section 20. Low
pass filter section 18-is similar to low pass filter
section: 6, while high' pass filter section 20 is
similar to- hich pass filter: eeetmn 5. However,
low: pess ﬁlter section 18 1s demgned to trensmlt

10
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frequencies in the range of fc+fm, that is, the
lower sideband of the modulated carrier wave
developed by modulator (6. High pass filter
section 20, on the other hand, is arranged to
transmit frequencies within the range 3fe—im,
that is, the upper sideband of the modulated car-
rier wave developed by modulator 16.

The- sideband -of the frequency: fe+7fm which is

_-'developed Dy - modulator: {6 and- passed by low

pass filter section {8 is added to the sideband

~ passed by high pass filfer section 5. However, it

1.

is necessary to add the two identical sidebands
of frequency fe+4fm in phase. If the two side-

bands are out of phase, a phase corrector indi-
cated at 21 may be arranged, for example, in the

~ lead connecting low pass filter section {8 to an-

tenna I4. |
- The upper sideband developed by modulator

15 and passed by high pass filter section 20 may
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be utilized again to develop a further sideband
of the frequency fec+fm. To this end. the ire-
quency of the carrier wave developed by fre-
quency doubler {5 is doubled again by frequency
doubler 22. The carrier wave developed by fre-
quency doubler 22 has the frequency 4fe. The
amplitude of this carrier wave may be modulat-
ed in modulator 23 in accordance with the upper
sideband developed by modulator 16 and having
the frequency 3fc—fm. The two sidebands of the
modulated carrier wave develeped by modulator
28 have the frequencies 7fe—/m and. fetfm, re-
spectively. Thus a further mdebend of the de-
sired ‘frequency is developed.

For the purpose of segregetmg the lower side-
bend from the upper sideband of the modulated
carrier wave developed by modulator 23, there
is provided filter network 24 comprising low pass
filter section 25 and high pass filler section 26.
L.ow pass-filter section 25is arranged to pass fre-
quencies’ W1th1n the range fe+/fm, while high pass
filter ‘section 26-is errenged te pess frequencies
within the range Tfe—fm.

. The deésired sideband of frequency fe-+-fm which
is ‘passed ‘by low pass filter section 25 may also
be féd ‘to antenna {4 thr ough phase corrector 21
toinsure that the 51debend is added to- fhe other
sidebands in phase.”

- The'upper.sideband of frequency 7fc—fm which
is" passed by high pass filter 'section-26 may be
dissipated by load resistor 28 shunted across in-
ductance element 36 and condenser 3{ of Iiter
section 26. Alternatively; it is feasible 'to utilize
the upper sideband:of frequency 7f¢—fm for de-
veloping: another desired -sideband: by modulat-
ing: therewith a carrier wave of frequency 8Fc:
This-procedure may be repeated again {o develop
as many: desired sidebands as required. -
- The modulation: system of the' invention has
certain advantages over those- of the prior art.
The modulation level:of signal source 2 need not

* be very high for medulating ‘the carrier-wave de-
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veloped by generator I.. The upper as'well as-the
lower: sideband of* the modulated. carrier wave
developed- by: modulator. 3 -will: have a higher
power level than that of the signal developed by
source. 2. The lower sideband of frequency fe—fm
is.- utlllzed for- modulating g carrier wave of fre-
quency: 2f.. Thus:the-desired lower- sideband de-
veloped by meduleter {65 will ' ggain have a higher
DOWer. level than that of the desired sidebend
develeped by modulator 3. |

The difficulties presented by raising the power
level.of g carrier wave are, of course, considerably
less. than. theee ef a;mpllfying g, modulated car-
I‘lEI‘ wave in view of: the large frequency range
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of & modulated carrier wave. Since the method
of: obtaining a further desired sideband may be
‘repeated -several times, the power level of the
single-sideband modulated-carrier wave may: be
raised to an appreciable extent without requiring
a high modulation level of the signal source. -

- Instead of developing a modulated carrier wave
having an upper sideband only, it is also feasible
in accordance with the invention to develop a
modulated carrier wave having a5 lower sideband
only. To this end the output of low pass filter
section 6 should be connected to antenna 14,
while the output of high pass filter section ' 5

[

D
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should be .connected to modulator 16.. Thus. the

lower sideband of a frequency fe—fm is fed to
antenna {4, while the upper sideband of a fre-
quency fe4fm is passed to modulator 6. The
modulated carrier wave developed:by modulator
{6 has two sidebands of the frequencies 3fc-+fm
and fe—fm, the latter being the
sideband. Tilter sections 18 and 28 should, in
this case, be arranged to pass the lower and the
upper sideband developed by modulator {6 hav-
ing, respectively, the irequencies fe—fm' and
With the connections shown in the drawing,
modulator 23 will then develop g3 modulated car-
rier wave having a lower sideband of the desired
frequency fe—fm and an upper sideband of a fre-
quency 7fc—fm. Filter sections 25 and 28 should,
in this case, be arranged to vass the lower and
the upper sideband of the modulated carrier wave
developed by modulator 23. | |
It will be observed that regardiess of whether
the upper or the lower sideband is the desired
sideband, the lower sideband of the modulated
carrier waves developed by modulators |§ and 23,
respectively, is always the ‘desired sideband. |
In case the lower sideband is the desired side-
band, the upper sideband developed by modula-
tor 23, which has the frequency 7fc+fm, may be
utilized again for developing a further desired
sideband. To this end the
filter section 26 may be connected to a further
modulator where g carrier wave of frequency 87
is modulated therewith. In that case load resis-
tor 28 may be omitted. o -

The modulation system of the invention will

also operate when the amplitude of the. desired

or transmitted sideband is not uniform through- °

out the frequency range. In some vestigial side-
band transmission systems, the amplitude of the
transmitted sideband decreases in the neighbor-
hood of the carrier frequency and reaches zero
amplitude at a point in the frequency spectrum
located in the frequency range of the undesired
sideband. As long as the points where. the de-
sired sideband reaches zero amplitude and where
the desired sideband reached maximum amplitude
are symmetrically disposed with respect to the
carrier frequency, the undesired sideband is g
mirror image of the desired sideband and will,
after its transformation to 5 turther desired side-
band, be identical in frequency with the desired
sideband. The term single sideband modulation
system as used in the claims is meant to include
such a vestigial sideband transmission system.

-~ While there has been described what i, at pres-
ent, considered the preferred embodiment of the
invention, it will be obvious to those skilled in the
art that various changes and modifications may
be made therein without departing from the in-
vention, and if is, therefore. aimed in the ap-
pended claims to cover all such changes and
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modifications as. fall within the true: spirit ‘and
scope of the invention.- .. - . .. . .
What is claimed is:. . .
1. A single sideband modulation system com-
prising means for developing g, signal, means for
developing a carrier wave of frequency f, means
for modulating said carrier wave of frequency f
in accordance with said signal to'develop a modu-
lated carrier wave of frequency f having an upper
and g lower sideband, one of said sidebands heing
the desired sideband the other one the undesired
sideband, means for developing a.carrier wave
of frequency 2f, means for modulating said carrier
wave of irequency 2f in accordance with said
undesired sideband, thereby to develop a modu-
lated - carrier wave of  frequency 2 f having two
sidebands, the lower one of sald sidebands being
substantially identical in frequency with said:de-
sired sideband, and means for. adding. said iden-
tical sidebands. -~~~ . - . . . R
2. A single sideband modulation system com-
prising means for developing g signal, means for
developing a carrier wave of frequency f,. means

~for modulating the amplitude of said carrier wave

of frequency f in accordance with said signal to
develop: a modulated carrier wave.of frequency f
having an upper and a lower sideband, one of
sald sidebands being the desired sideband and the
other one the undesired sideband, means . for
doubling the. frequency of said. carrier wave to
develop a carrier wave of frequency 2f, means for
modulating the amplitude of said carrier wave
of frequency 2f in. accordance with said unde-
sired sideband, thereby to develop a modulated
carrier wave of frequency 27 having two side-
bands, the lower one of said sidebands being sub-~
stantially identical in frequency with said desired
sideband, and means including a phagse correct-
ing device for adding said identical sidebands in
phas.e_ - VS SR R

3. A single sideband modulation system com-
Prising means for developing 8 signal, means for
developing a-carrier wave of frequency f, means
for modulating said carrier wave of frequency f

> 1n accordance with said signal to develop a modu-

lated carrier wave of frequency f having an upper
and a lower sideband, one of said sidebands being |
the desired sideband and the other one the unde-

sired sideband, means for segregating said upper
and said lower sidebands developed by modulat-
ing said wave of frequency f, means for develop-
ing a carrier wave of irequency 2f, means for mod-
ulating said carrier wave of frequency 2f in ac-
cordance with said undesired sideband, thereby to

develop a modulated carrier wave of frequency 2f

having two sidebands, the lower one of said side-
bands being substantially identical in frequency

- With said desired sideband, means for segregating
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sald {wo sidebands developed by modulating said
wave of frequency 2f, and means for adding said
identical sidebands in phase. IR
4. A single sideband modulation system. com-
Prising means for developing a signal, means for
developing a carrier wave of frequency f, means

> for modulating said carrier wave of frequency f

in accordance with said signal to develop a mod-
ulated carrier wave of frequency f having an up-
ber and a lower sideband, said upper sideband be-
ing the desired sideband, means for developing
a carrier wave of frequency 2f, meangs for modu-
lating said carrier wave of frequency 27 in accord-

ance with said lower sideband, thereby to develop

a modulated carrier wave of frequency 2f having |
two sidebands, the lower one of said sidebands.

75 being substantislly identical in frequency with




Said upper desired sidﬁband and means for add-
ing said identical sidebands in phase.

5. A single sideband modulation  system: com-
prising means for developing a signal, means ‘for
-developing a. .carrier wave-of frequeney f, means
for modulatine the amplitude of said carrier wave
of frequency f in accordance with said signal-to
develop a modulated carrier wave of frequency-f
having an upper and .a lower sideband, means for
doubling  the. frequency of said carrier wave (o
develop g carrier wave of frequency 2f, means for

modulating the amplitude of said carrier wave of
frequency 2f in accordance with.said lower side-
hand, thereby. to develop a modulated carrier wave
of frequency 2f having two sidebands, the lower
one of said sidebands being substantially identical
in frequency with said upper sideband, and means
including a phase corrector: f0r addmg said 1denb1-
cal sidebands in phase.

6. A single sideband mndula.tmn system com-
prising means for developing. a signal, means for
developing a.carrier wave of frequency f, means
for modulating said. carrier wave of frequency. ¥

in-accordance: with said signal to develop.a mod-

- ulated carrier wave of frequency fhaving an up-
per and-a lower sideband, means. for segregasing
said upper and:said lower sideband’ developed by
modulating said wave of frequency f, means for
doubling the frequency of said carrier wave to de-
velop:a carrier wave of frequency 2f, means for
modulating said carrier wave of freguency 2f in
accordance with said lower sideband, thereby to
develop a modulated: carrier wave of frequency 2f
having: two sidebands, the lower.one-of said side-
bands. being substantially identical in: irequency
with said upper sideband, means for segregating

said two.sidebands developed by modulating: said

wave -of frequency 2f, and means for: addmg said
identical sidebands in phase.-

7. A single gideband modulation system coni~
prising means for developing a.signal, means for
developing a.carrier wave of frequency f, means
for modulating said carrier wave of frequency f
in accordance with said:signal to-develop:a modu-
lated carrier wave of frequency. f having an. upper
and @ lower sideband,.one of said: sidebands be-
ing the wanted sideband. and the:-other one the
unwanted mdeband means for successwely
doubling the frequency of said carrier wave to
derive carrier waves-each naving a.frequency be-
ing 'a- multiple of f, means for modulating each of
said -carrier waves having a frequency which is &
multzple of f in accordance with the unwanted
sideband developed by-the. modulation of the car-
rier wave of half the frequency thereof, thereby
to develop modulated carrier waves each having
two.sidebands, the lower.one-ol. said -sidebands be-
ing substantially identical in frequency with said
wanted sideband, and means for:adding said iden-

tical mdebands in phase. |
8 A single sideband madulatmn system cam-

prising means. for dewlopmg a signal, means for
developmg a.-.carrier wave -of. frequeney f, means
for modulating smd carrier wave .of frequency. ¥
in accordance with said si.gnal to-develop a. modu-
lated.carrier wave. of. frequen cy fihaving an.upper
and a. lower. sidsband, one-of said. sadehands being
the wanted. suieband and the other -one the un-
wanted sideband, means foar segregalting. said two
mdebapda develeped by modulatmg said wave of
frequency: f, means: for successively: doubling the
frequency of said- carrier i wave to derivecarrier
waves.-each having-a freguency being::a-muliiple
of 7..means:for modulating. each ofisald’ carrier
waves having a frequency whmh is: g multiple of
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#in accordance with the unwanted sideband-de=
veloped by: the modulation of the carrier wave
of half the frequency thereof,

thereby to- de-
velop modulated carrier waves -each having two

sidebands, the lower one of said sidebands being

substantially ‘identical in frequency with said

wanted sideband, means for segregating said {wo

sidebands developed by modulating one of said

waves having o frequency which is a multiple of

f, and means for addmg sald identical mdebands
in phase. . |
9. The method of develnpmg 94 medulatﬂd car-
rier wave having a single sideband which com-
prises developing a signal, developing a carrier
wave of frequency f, modulating said carrier wave

of frequency f in accordance with said signal to
develop .a modulated ccarrier wave of. frequency .f

having an upper and a lower sideband, one of
said sidebands being the desired sideband and

the other one the undesired sideband, develop-

ing a -carrier wave of frequency 2f, modulating
said: carrier wave of freguency 2f in accordance
with said undesired sideband, thereby to develop
a, modulated carrier wave of freguency 2f having
two sidebands, the lower one of said sidebands
being. substantially identical in frsquency with
said desired sideband, and adding said: identical

sidebands in phase,

10. The method of developing .a modula,ted
carrier wave having a single sideband which com-
prises developing a signal, developing a carrier
wave of frequency f, modulating said carrier
wave of frequency f in accordance with said sig-

‘nal to develop a modulated carrier wave of fre-

quency f having an upper and a-lower sideband,
one of.said sidebands being the desired sideband
and the other one the undesired sideband, segre-
gating said upper and said lower sideband de-
veloped by modulating said wave of frequency f,
doubling the frequency of said carrier wave to
develop a carrier wave of frequency 2f, modulat-
ing. said carrier wave of frequency 2f in accord-
ance with said undesired sideband, thereby to
develop a modulated carrier wave of frequency
2f having two sidebands, the lower one of said
sidebands being substantially identical in fre-
quency with said desired sideband, segregating
said two sidebands developed by modulating sald
wave of frequency 2f, and addmg said identical
sidebands in phase.

11, The method of developing a modulated
carrier wave having a single sideband which com-
prises developing a signal, developing a carrier
wave of frequency f, modulating said carrier wave
of freauency f in accordance with said signal
to develop a modulated carrier wave of frequency
f having an upper and a lower sideband, doubling
the fr equency of said carrier wave to develop a
carrier wave of frequency 2f, medulating said
carrier wave of frequency 27 in accordance with
said lower sideband,; thereby to develop a modi-

lated carrier wave of frequency 27/ having two

sidebands, the lower one of said sidebands being
substantially identical in frequency with said
upper sideband developed by modulating said
wave of frequency f, and adding said 1dentlca,1
sidebands in phase,

12. The method of developing a modulated car-
rier wave having a single sideband which com-
prises. developing a signal, developing a carrier
wave of frequencyf, modulating said carrier wave
of frequency-f in accordance with -said signal to
develop a m@dulated carrier wave of frequency. f
having an upper and a lower sideband, one oi
said sidebands being the desired sideband and
the other one the undesired sideband, successively
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doubling the frequency of said carrier wave to REFERENCES CITED
develop carrier waves each having g, Irequency

being a multiple of #. modulating each of said
carrier waves having a frequency which is g

1The following references are of record in the
file of this patent: |

multiple of f in accordance with the undesired 5 UNITED STATES PATENTS

sideband developed by the modulation of the Number Name Date
carrier wave of half the frequency thereof, there- 1,989,170  Reeves ___._________ Feh. 5. 1995
Py to develop modulated carrier waves each hav- 2:270:335 Skillman __ —__ Jan. 20:’ 1049

Ing two sidebands, the lower one of said side-
bands being substantially identical in frequency 10
with said desired sideband, and adding said iden-
tical sidebands in phase. |
HANS W. G. SALINGER,
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