1 FoInop 729008 MM
- THNDIC /) 294 HOIH ol : YA
| Tr] (& T ;

% S OO\ U
o dOLOFLIT '} } _M o M
] Y0199130 NOLLY TNTONW FSUHS £ §
o - NOLLYTNGON _ ewetw 779 YOLYINGON z m . m

J0NL TdV L, d0LITTIS O3NS HOIH . FaNLITdAY. T e
\ Q\NQ..\ IIMO7T i \ dOLITTITO) ) / =R
m [} ) ] 7 r N 8 .
m v & (/4 6 8 4 5 . ot g Z
« \ / ] [
0 —
_m m m o / u , _ ff\ mGA\W\S&\ FSUHI \ﬁ .,
T ; HILSAS INLLVINAONIO . . . WILSAS INILYINGON :
m g - SVETN. : : FoMia :
= o WNOILYZL TILN FOINN0 FINEM
m m M SRty o &' @\ NOLLEZITILN “b724 3IMOT
m = 9 F22N08 FIAVM J24N08 INvM
> m o AININOTHA HIIH L. ADq1 dImo7
3 m o SNVIW 20133130  ¥0LI317S  Y0LI7LI0  ¥0L0FTIS : v F ¢
- NOILVZITILN -NOILVINGOW  ADNINDIYS  NOILYINGOW AININOTYo /(7] ) JOLYINGOW
8 wNaIS x&ﬁb\mmw& dIMOT JASVHd HIH  ¥01237100 NOLLYZITILN JoLvinaon AININOIYL
= / 4 _/ / / ) / ASYHd /
8 b W O 6 2 L § £ N 9
N . 1
o
Qv’ AN — -/ AN N - \\\
Lo WILSAS INILYINAONIA WILSAS INILYINGOH 9 Qv 0
> . _
] . 1vN91S
=



Patented May 19, 1942

2,283,575
HIGH FREQUENCY TRANSMISSION SYSTEM

Walter van B. Roberts, Princeton, N. J., assignor
to Radio Corporation of America, a corporation

2,283,575

UNITED STATES PATENT OFFICE

of Delaware

Application April 19, 1938, Serial No. 202,826
’ (CL 250—6)

6 Claims.

My present invention relates to double modu-
lation systems of transmission and in particular
to a system wherein each successive modulation

affects the phase or frequency rather than the
amplitude of the wave being modulated.

signal,

demodulation is possible.

of the series )

(w-+-2p) t4-cos(w—2p) {1

It will thus be seen that the result of such

modulation is to produce-an infinite series of
side frequencies on each side of the frequency
of the original high frequency wave, these side
frequencies all being uniformly spaced at in-
tervals equal to the modulation frequency. In

This band width is

5
The object of the invention -is to provide a practice, however, the amplitudes of the side fre-
carrier wave communication system wherein the quencies fall ofi rather rapidly as one departs
carrier wave component is inherently absent or more than a certain distance on either side of
greatly reduced. A subsidiary object is to pro- the original or carrier frequency so that for all
vide a method for detecting waves modulated in 10 Practical purposes the signalling energy resides
accordance with the method of the invention. within a finite band whose width is determined
Modulation methods are known in the art by the amount of phase swing or depth of phase
wherein the carrier wave is suppressed or modulation employed.

balanced out in the modulator, or eliminated greater the deeper the phase modulation. It
-from the radiated spectrum by filtering methods. 15 should be noted that in the case of constant
However, signals transmitted in accordance with modulation such as so far considered, there is no
these known methods require that energy of - possible distinction between phase and fre-
carrier frequency be re-supplied at the receiver quency modulation. If we were to look upon the
in order that the detector output should be a modulation here described as the result of swing-
faithful reproduction of the original modulating 20 ing the instantaneous frequency of the high fre-
‘quency wave in accordance with the lower fre-
In accordance withy the present invention, quency wave, we would obtain the same spectrum
carrier wave energy is eliminated or greatly re- as already described and would also have a simple
duced by phase modulating a high frequency physical picture of the radiation as consisting
wave by a constant amplitude wave of lower fre- 25 of a high frequency wave swinging in frequency
quency, the amplitude of the phase swing of the back and forth between limits determined by the
high frequency wave being chosen such that the depth of frequency modulation. However, for
radiated spectrum contains little or no energy the purpose of describing the present invention

at the frequency of the high frequency wave. As the concept of phase modulation is preferred.
will appear upon further examination, this is 30 = It has been mentioned that the values of the
quite a different thing from eliminating the car- coefficients J of expression (1) depend upon the
rier wave from a spectrum to which it normally angular deviation or phase swing employed. As
belongs and to which it must be returned before the phase swing increases the J functions oscil-

’ late about the value zero so that each of the -

In order fully to understand the operation of 35 J functions vanishes for a certain characteristic
the invention it will be desirable to summarize series of values of phase swing. In particular,
briefly the results of phase modulating a high -Jo, the Bessel’s function of zero order, vanishes
frequency wave in accordance with a constant for & phase swing of approximately 2.4 radians
amplitude lower frequency wave of simple har- and again ‘at a value lying between 5 and 6
monic form. It is well known in such a case 40 radians, and so on for a series of values which
that the radiated spectrum includes in general may readily be determined by reference to a
components proportional to the various terms ‘table of Bessel’s functions. In accordance with
) my invention I choose the amount of phase
: modulation of the high frequency wave as 2.4
Jo cos wi+Jilcos(w-p) —cos(w—p) £ +J2[c°?1) 45 radians or any one of the larger possible values
that cause Jo to vanish, and thus obtain a
In this expression w represents the angular fre- radiated spectrum substantially lacking in energy
quency of the high frequency wave, p the angular at the carrier frequency. The value 2.4 is chosen
frequency of the low frequency wave and the if the radiation is to be kept within as narrow
coefficients J are Bessel's functions of orders in- 50. a band as possible while one of the higher values
dicated by their subscripts.  The value of each of - is chosen if & wide band transmission is desired.
these Bessel’s functions depends upon the angle Since the avoidance of any appreciable amount
through which the phase of the high frequency of transmitted carrier depends upon maintaining
wave is swung by the modulating wave. - the amplitude of the lower frequency wave con~

stant, signalling voltage, applied to the lower
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frequency wave prior to its employment to modu-
late the higher frequency wave, must modulate
the lower frequency wave not in amplitude but
only in phase or frequency. Means for phase
and frequency modulating the lower frequency
wave are well known and need not be described
in detail.. Since the modulation of the lower
frequency wave does not vary its amplitude it
will not affect the phase depth of modulation of
the higher frequency wave and its only result
is to spread apart or shrink together all the
component frequencies of the radiated spectrum
in accordance with the varying frequency of the
lower frequency wave. The main point to be
stressed is that regardless of the signal modula~-
tion the radiated energy is substantially free of
any considerable concentration of energy at the
carrier frequency.

Since my method of modulation and detecting
arrangements for receiving signals modulated in
accordance with my method may be carried out
by connecting together in suitable relation units
of equipment whose construction and operation
are in themselves well known; I prefer to avoid
unnecessarily lengthening the description of the
various embodiments of my invention by indi-
cating such component parts merely by rectan-
gles. Hence in the appended drawing,

Figure 1 shows schematically the connections
for producing waves modulated in accordance
with my invention and for demodulating such
waves;

Figure 2 shows a modified form of the sys-
tem.

Referring- to Figure 1 a source of high fre-
quency wave energy | is connected to -a phase
modulating unit 3 whose cutput is connected to
a utilization device 5 which may, for example,
consist of -a transmitting antenna or a wire line.
The high frequency wave energy impressed upon
modulator 3 is modulated in accordance with
the output wave of phase or frequency modula-
tor 4 to which-is supplied lower frequency energy

from a source 2. This lower frequency energy is ’_ ]
frequency modulated in device 4 in accordance 43

with  signals impressed upon modulator 4 from
a source of signals shown at 6. In the absence
of signals the lower frequency wave passes unal-

<t
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signals, that is, just such a voltage as impressed
upon modulator 3 from modulator 4 of the draw-
ing. This lower frequency output is impressed
upon a lower frequency selector system 10 whose °
output is in turn impressed upon a phase or fre-
quency modulation detector 11, The type of de-
tector here corresponds to the type of modula-
tor in 4 whose output reproduces the original sig-
nals as provided by source 6 and which is con-
nected to a utilization device {4 which may be
for example, a loudspeaker. It will be under-
stood throughout the foregoing that amplifica-
tion may be added at any pcint throughout the
modulating and demodulating circuits that may
be necessary for providing a sufficiently high
output level in device 4.

_ The behavior of the detecting system may he
summarized by saying that it is inverse to the
modulation system, that is, the signals as first
collected are converted to the lower frequency
which carries in the form of frequency. modu-
lation the original signals. This frequency mod-
ulated lower frequency current is then detected
to yield the original modulating signals.

Figure 2 is similar to Figure 1 in the high fre-
quency waves from source | are modulated in
the modulator 3 in.accordance with lower fre-
quency . waves provided by source 2 and the mod-

- ulation is to one of the critical values described

30
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tered from source 2 through modulator 4 and

modulates high frequency energy
upon modulator 3 to a phase depth of 2.4 radians
or any other fixed value for which the zero order
Bessel’s function vanishes. The so modulated
high frequency wave is then impressed upon the
utilization device B.
voltages the frequency but not the amplitude of
the modulating wave impressed upon modulator
3 is varied so that the frequency spectrum de-

impressed

In the presence of signal-

50
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livered to device B is altered not in relative am-

plitudes but only in spacing between its compo-
nents.

The remainder of Figure 1 shows an arrange-
ment for receiving the double modulated wave
delivered to device 5. A collector 1 which may

be a receiving antenna in the case of radiated °

energy or the terminals of a wire line in case of
wire transmission, collects the doubly modulated
wave and impresses it upon a tuning or selective
system 8 which is tuned to accept a sufficiently

wide band of frequencies in the vicinity of the

carrier frequency,  The selected band of fre-
quencies is passed from selector 8 and impressed
upon a phase modulation detector 9. The out-
put of detector 9 consists of the lower frequency
voltage frequency modulated in accordance with

60
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above. However, instead of modulating the fre-
quency of the lower frequency wave, signal volt-
age from signal source 6 is used to modulate the
amplitude of the output of modulator 3 by im-
pressing both the output of modulator 8 and the
output of source 6 upon an amplitude modulator.
i2 whose output is cornected to a desired uti-
lization device 5. In this case the output spec-
trum at § has components whose frequency sep-
aration is constant and whose relative ampli~
tudes are constant but all of whose amplitudes
are varied in accordance with the signalling volt-
age from source 8.

The  receiving arrangement for the modula- -
tion system of Figure 2 is correspondingly altered
from that of Figure 1. The collection, selection,
phase modulation detection, and lower frequency
selection arrangements indicated by devices 1, 8,
9, 18 are similar to the corresponding arrange-
ments of Figure 1 but the final detection of the
lower frequency wave is made by an ordinary
amplitude modulation detector {3 whose output
is impressed upon a utilization circuit-14. It will
be seen that in both Figure 2 and Figure 1 the
characteristic lack of any substantial amount of
carrier frequency energy is mdintained despite
modulation in accordance with desired signals.

It will be understood that in case frequency
multipliers are utilized in obtaining the phase
modulated high frequency. wave, the depth of
phase modulation must always be such that the
final frequency. obtained by multiplication has
its phase modulated by-one of the critical angles
described so that in accordance with the inven-
tion there is relatively little energy in the radi-
ated spectrum at the carrier frequency.

While I have shown specific steps which may
be taken in accordance with the invention for
providing s transmission system relatively free
of carrier frequency energy, it will be understood
that a low order component other than the cat-
rier may be reduced -or caused to vanish. As
stated hereinbefore, each of the various J func-
tions of expression: (1) vanishes for a certain
characteristic series of values of phase swing and
components other than the carrier or.zero order
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component may be caused to vanish. In._-my
method and means I propose to reduce or cause
to vanish the carrier or other low order compo-
nent such as, for example, the first or second
order component, and the expression “low order”
is hereby defined.

The invention may be practiced in many mod-
ified forms and I therefore do not wish to limit
its scope except in accordance with the follow-
ing claims,

I claim:

1. The method of signalling within a channel
of given width which includes the steps of, vary-
ing the instantaneous frequency of a substantially
constant amplitude auxiliary wave as a function
of signal voltage and utilizing said modulated
auxiliary wave to continuously vary the phase of
a higher frequency wave between fixed limits of
phase swing, the amplitude of said auxiliary wave
being such as to reduce to a negligible value at
least one low order component of the resul’cmor
spectrum within said channel.

2. The method of signal transmission which in--

cludes the steps of phase modulating a high fre-
quency wave in accordance with a constant am-
plitude lower frequency wave to such a phase
deviation as to eliminate energy at the carrier
frequency from the radiated spectrum, varying a
characteristic of the thus. modulated high fre-
quency wave in accordance with signals, trans-
mitting the resulting spectrum, demodulating the
phase modulated high frequency wave in ac-
cordance with its phase modulation to reproduce
the signal varied lower frequency wave, demodu-
lating the lower frequency wave, and utilizing the
resulting signals.

3. In a high frequency signalling system, the
method of modulating a high frequency carrier
wave which includes generating an auxiliary
wave, phase modulating said carrier wave by said
auxiliary wave to a phase deviation whose zero
order Bessel function is substantially zero, and
varying a characteristic of the resulting energy

3

spectrum in accordance with signals to be trans-
mitted.
.4. In a high frequency signalling system the

" method of modulating a high frequency carrier

[
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wave In accordance with signals which includes
the steps of, generating an auxiliary wave, of
substantially constant. amplitude continuously
varying the. phase of said carrier wave by said
auxiliary wave between fixed limits of phase de-
viation such that the carrier component of the
resulting modulation is reduced to a negligible
value, and varying the frequency of the auxiliary
wave in accordance with the said signals.

5. In a sighaling system, means for frequency
modulating a sub-carrier wave of substantially
constant amplitude with a signal, means for con- -
tinuously varying the phase.of a high frequency -
carrier between fixed limits in accordance with
the frequency modulated sub-carrier of substan-
tially constant amplitude, the amplitude of said
sub-carrier being such as to reduce to a negligible
value at least one low order component of the

resulting spectrum within said channel and at

the receiver means for deriving from the phase
modulated high frequency carrier a frequency
modulated sub-carrier wave, and means for de-
riving a signal from the frequency modulated sub—

“carrier wave.

6. The method of signalling by means of a high
frequency carrier, an auxiliary wave of substan-

tially constant amplitude and signal potentials

which includes the steps of, modulating the wave
length of said high frequency carrier by said aux-
iliary wave to produce a spectrum of frequencies
corresponding to different orders of Bessel’s fune-:
tions, adjusting the amount of said modulation to
a value at which one of said frequencies corre- -
sponding to a low order one of said Bessel’s func-
tions vanishes to thereby suppress from the said
spectrum of frequencies one of its low order com-
bonent frequencies' and modulating the wave
length of said auxiliary wave in accordance Wlth
said signal potentials.
WALTER vax B. ROBERTS




