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[57] ABSTRACT 

A sub-carrier signal is amplitude modulated. This sub 
carrier AM modulated signal is then used to frequency 
modulate a radio frequency carrier. The radio 
frequency is then multiplied. One sideband in the 
modulated radio frequency signal is passed through a 
bandpass filter and then transmitted. 

3 Claims, 5 Drawing Figures 
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SINGLE SIDEBAND AM-FM MODULATION 
SYSTEM > 

This application is a continuation-in-part of my prior 
copending application Ser. No. 825,485, ?led May 19, 
1969, now abandoned, of the same title. 
This invention relates to a single sideband AM-FM 

modulation system. ‘ 

Due to the many growing uses of radio communica 
tion channels, there is a shortage of channels. In order 
to provide more channels,, it is necessary to make use 
of narrower bandwidths without sacri?cing quality of 
transmission. 
The present invention provides a modulation system 

using a very narrow bandwidth which occupies a very 
small portion of the radio frequency spectrum. 
More particularly, the present invention provides a 

good quality single sideband modulation system in 
which the modulation is preformed at low power levels. 
The signal is then ampli?ed and a single sideband is 
passed through a high Q bandpass ?lter and then trans 
mitted. 
The transmittal signal may be received and detected 

by a conventional radio type detector tuned to the 
center frequency of the single transmitted sideband. 

Accordingly, a principal object of the invention is to 
provide a new and improved modulation system. 
Another object of the invention is to provide a new 

and improved modulation system transmitting only a 
single sideband which would require a very small band 
width in the radio frequency spectrum. ’ 

Another object of the invention is to provide a new 
and improved combined AM-FM single sideband 
modulation system. 

Another object of the invention is to provide a new 
and improved modulation means wherein the modula 
tion takes place on low power levels. 
Another object of the invention is to provide a new 

and improved single sideband AM-FM modulation 
means comprising a sub-carrier frequency signal 
generator, means connected to amplitude modulate 
said sub-carrier signal, a radio frequency signal genera 
tor, means to frequency modulate said radio frequency 
signal with said modulated sub-carrier signal, and band 
pass ?lter means connected to pass one sideband of 
said modulated signal. 
These and other objects of the invention will be ap 

parent from the following speci?cation and drawings, 
of which: _ 

FIG. 1 is a schematic block diagram of an embodi 
ment of the invention. 

FIGS. 2, 3A, 3B and 3C diagrams illustrating the 
theory of operation of the embodiment of FIG. 1. 
The modulating circuit shown in FIG. 1 is a new way 

to produce a radio signal that has single sideband‘ 
characteristics occupying a very small space in the 
radio spectrum. This modulating circuit is made up of 
individual known circuits and the combination of these 
circuits produce a compatible single sideband signal 
that is only as wide as that required for a single frequen 
cy transmission. V 

Referring to FIG. 1, the intelligence which may be an 
audio signal is inserted in the microphone l which is 
connected to an audio ampli?er 2, the output of which 
is connected to a diode modulator 3. The other input to 
modulator 3 is a sub-carrier signal from generator 4 
which may be, for instance, 35 KHz. The output of the 

0 

2 
modulator 3 is then fed to sub-carrier ampli?er 5, out 
put of which is connected to reactance modulator 6, 
which is connected to modulate radio frequency oscil- ' 
lator 7. . 

An R.F. tripler 8 increases the frequency of the elec 
tron coupled oscillator 7 and some of this stage is fed ' 
into a mixer 12. A crystal oscillator 11 approximately 
465 KHZ away from the tripler frequency produces a 
beat at 465 KHz and this signal is fed into a discrimina 
tor l3 producing a DC voltage that is applied back into 
the electron coupled oscillator and is a means to 
further stabilize the electron coupled oscillator 7. A 
second output of the frequency tripler is coupled into 
additional frequency multipliers 9 and 10 which further 
increase the frequency to that desired. The linear am 
pli?ers l4 and 15 are tuned to the sideband desired 
upper or lower. The output of these ampli?ers is then 

' fed into a high Q ?lter 16 having very narrow bandpass 
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characteristics, for instance 5 KHz wide. The output of 
the ?lter is then ampli?ed with linear ampli?ers 17 and 
18 to the power desired for transmission via the anten 
na. 

The narrow high Q ?lter can be made with quartz 
crystals, resonant cavities or any other means for nar 
row bandpass. 
The output of the radio frequency oscillator 7 has 

both amplitude and frequency modulation and this out 
put is connected to frequency doublers 8,9,10. There 
fore, all of the modulation takes place at low power 
level and the radio frequency is then multiplied by the 
multipliers 8, 9, 10. The multiplied modulated radio 
frequency is then ampli?ed in linear power ampli?ers 
14, 15. 
The output of the ampli?er 15 is connected to a nar 

rowbandpass ?lter 16, which passes for instance 5 KI-Iz 
of the upper sidebands of ampli?er 15, FIG. 2. The 
?lter 16 determines the frequency to be ampli?ed by 
ampli?ers 17 and 18 and transmitted by the antenna 
20. ' 

The ?lter 16 is preferably of such design that it 
passes only a 5 KI-Iz band S FIG. 2, of the spectrum 
generated by all the equipment before it, namely cir 
cuits 1 through 15, ?lter 16 may be composed of reso 
nant cavities, lattice crystals or any other device with 
the proper bandpass characteristics. 

FIG. 2 shows the output of the signal generated be 
fore the ?lter. The overall swing of the spectrum is 
shown with P1 as a reference. F2 is the portion of the 
spectrum that enters the ?lter band S and is on the high 
frequency side of F1. The deviation is adjusted so that 
energy will enter the ?lter as described below. The total 
deviation DF as shown is 350 KHz or KC and the 35 
KHz with the audio impressed on it. The Filter S could 
be located for instance at a frequency of 28.140 KI-Iz 
plus 55 DE or 28.315 KI-Iz. This would permit energy to 
pass through the ?lter at 28.315 1 2.5 KI-IZ. The spec 
trum when modulated by 35 Kl-IZ can be moved by ad 
justing the discriminator l3 and positioned so that no 
35 KHz side frequencies pass through the'?lter.‘ Other 
methods for stabilizing the spectrum generated can be 
used to improve the system. 
The output of ?lter 16 can be used for generating a 

signal at a lower frequency by hetrodyning or beating 
down an further ?ltering will permit transmission of a 
signal with very narrow bandwidth such as in the AM 
broadcast band. 
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The oscillator 7 when frequency modulated by the 
35 KHz only produced by the oscillator 4, generates a 
series of carriers every 35 KHZ and one of these car 
riers could drift over and pass through the ?lter 16 and 
be ampli?ed by 17 and 18, and transmitted by the an 
tenna. Transmission of any of these unmodulated 35 
KHz side frequencies is not desirable and adjustment of 
the DC voltage generated by the discriminator 13 can 
be made to position the 35 KHz side carriers so none 
fall into the filter frequency. 
The overall stability of the 35 KHz side frequencies 

generated should be such that no one side carrier drifts 
into the ?lter. 

Positioning of the side carriers is shown in FIG. 3. 
FIG. 3A shows a typical spectrum of a radio frequency 
when frequency modulated by for instance 35 KHZ. 
FIG. 3B is a detail of the side frequencies and FIG. 3C 
is a detail showing the positioning of frequencies when 
a 1250 KHZ signal modulates the 35 KHz. 
When a radio wave is frequency modulated, side 

frequencies are produced varying in amplitude as 
shown by Bessel’s analysis. FIG. 3A shows a typical 
spectrum of‘ a carrier frequency modulated by a 35 
KHz signal. A 5 KHz ?lter is positioned between two of 
these unmodulated side frequencies an no signal will 
pass through'the ?lter if the stability of the system is 
maintained. FIG. 3B shows the position of the ?lter in 
greater detail. When modulation at audio frequencies is 
applied to the 35 KHz, side frequencies are again 
produced in the Bessel’s function arrangement and 
energy of any frequency below 5 KI-Iz at the ?lter 
frequency will pass through and be ampli?ed by am 
pli?ers l7 and 18 and transmitted by antenna 20. 
The signal transmitted by the antenna 20 can be de 

tected by the majority of detection system as it varies 
both in amplitude and frequency. _ 
The adjustment of the modulating system is not criti 

cal and using state of the art techniques and com 
ponents, a stable transmitted signal can be acquired. 
With no modulation of the sub-carrier, the deviation is 
adjusted either below or above the ?lter aperture as 
shown in FIGS. 2, 3A, 3B and'3C. In the diagrams the’ 
filter is located on the upper sideband. Therefore, the 
sub-carrier is deviated to just below the ?lter frequen 
cy. This adjustment will insure good response of the 
low amplitude audio signals. Audio compression or 
speech clipping can be used in the audio circuit in 
creasing the low amplitude signal transmission if 
required. 

Preliminary tests of the transmitter with this type 
modulation showed good quality and very narrow band 
characteristics. A receiver with a ratio detector was 
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4 
used detecting leakage from a dummy load on the 
transmitter. 

Advantages of the system are: 
I. This modulating circuit permits transmission of a 

compatible radio signal having single sideband charac 
teristics. 2. Transmission of unwanted signals are at a 
minimum as all R.F. generated before the narrow ?lter 
is at low level. 

3. The space required in the frequency spectrum for 
transmission is very small and permits a greater number 
of transmitters in a given space. 

4. High efficiency is attained due to the concentra 
tion of power on a given frequency‘. . 

5 It 15 very use ul on the big er end of the radio 
spectrum where present state of the art single sideband 
transmitters with suppressed carrier are critical. Con 
trol of a re-injected carrier is difficult. With the above 
mentioned circuit, it is not necessary to inject the carri 
er. 

6. This type of transmission will eliminate the beating 
of carriers experienced with many transmitters. ' 

7. It can be used on all frequencies of the radio spec 
trum. 

8,.'S-tereo transmission is possible on say the AMv 
broadcast band by placing two signals side by side 
producing a 10 KHz bandwidth. Two separate detec 
tors in the receiver would give two separate audio out 
puts. This would permit stereo transmission on the AM 
bands occupying the same bandwidth now used. 

Therefore, the present invention provides a new and 
improved system using a very small portion of the radio 
frequency spectrum and all of 'the modulation is done 
at lower power levels. 

I claim: 
1. Single sideband AM-FM modulation means com 

prising a sub-carrier frequency signal generator, means 
connected to amplitude modulate said sub-carrier 
signal, 

a radio frequency signal generator, means to 
frequency modulate said ‘radio frequency signal 
with said modulated sub-carrier signal, to create 
multiple sidebands, 

frequency multiplying means connected to said 
frequency generator, ' . 

and narrow bandpass ?lter means tuned to a frequen 
cy between two of said multiple sidebands so as to 
pass one sideband of said modulated signal. , 

2. Apparatus as in claim 1 wherein said bandpass 
?lter means is a narrow ?lter, of substantially 5 KI-Iz. 

3. Apparatus as in claim 1 having linear ampli?er 
means connected between said frequency multiplying 
means and said bandpass ?lter. 


