Sept. 8, 1931, W. T. WINTRINGHAM 1,821,997
COMPRESSION OF FREQUENCY RANGE
Filed July 10, 1929

le7000 +|
»
%
, | : { v
o — F000 p'- 3060 el
]’l}j. 7
{1600}
' ' N ) Il ) Il Il H f
' e 3000 = 8500 gagp 10500 w3000 -
43000 = eve 7000 9500 13500 16500
_;[/'7'0 2
. )»r*
Fal -7
' 7 | i == et & ‘ = F
o - < -5
’ g5 ! ’
» Output Cits
—|o-3000~ | L_ls009-7005 | 500 16500 |—— 1,0 500l L — —
»Im |Low Pass Modulator (Hard Pass \Modulator |Band Pass o i —-
1 Fdter — - 1 Filter —] | Lelter [T \Fansmission—
. HMediewr,
. gscillator-
Oscillator ;r‘e’.?é,‘f g
~ L
7a00 5008 10550
ata rate of
1000 sec.
) Cereuits o ; . ” )
= %%gg’ﬂ; 250075500 |— - 00-7000 | — o-3000% | ___
— ansiission | Band Pass \Hodulator \Band Fass \Modulator Low Pass | Out
Felter [ 1 Filter Friter
]ﬂisc[llator- )
VE?;’Z’;‘; 4 Oscillator \
FA e 7609
ata rate of
70007sec.tn,
phase withA,

Fig. 4 |
/ INVENTOR
Q{ T Wentrinaham
oo K5,

ATTORNEY




Patented Sept. 8, 1931

STATES

1,821,99%

PATENT r OF FE@E

WILLIAT T. WINTRINGHAM, OF BROOKLYN, NEW YORX, ASSIGNOR TU" MEERICAfN
TELEPHONE & TELEGRAPI COMPANY, A CORPORATION OF NEW YORK

COMPRESSION OF FREQUENCY RANGE

Application:fled: July. 10,

This invention- relates to- a- method. and
means-for compressing the frequency range
requiree- for signaling; Its purpose.is to
make possible an.increase in the number of

& channels-of- communication over any: trans-
mission system.. Another purpose is to-ob-
tain a: greater: measure of secrecy in-com-
munication than is now. commonly present.

It is well recognized-that if a plurality of

10 messages. are- to- be transmitted. simultane-
ously over-any transmission medium, the fre-
quency bands of-the several- messages -should
not overlap. In- order, then, to obtain. as
large a'number of channels as possible over

16 a-given transmission mediur, it is desirable
that the frequency. band- width- for each
signaling channel should- be-as narrow as
possible, in order that. K times. T shall.be as
small as feasible: where F represents the

20 width-of the signaling band and T the time
requited to transmit the message.

In this invention 1 propose £0 accomplish
the desired ends by transmitting a given
portion of:'the -message irequency Band for:

25 - portion of the time only-and-arranging -the

system-so that the portion-of the-band wiich

is - being-transmitted- shall- move from one

end of the signaling band:to the other peri-
odically, thus- giving opportunity for all fre-
80 quency: bands in the desired range to be-rep-
resented; but for a:portien of’ thie-time only.
This - mwke its possible to reduce the width
of ‘the band: during transmission and still
transmit the message at- the normal rate.
85 More specifically, 'pmcuice my invention
by modulating = be riodically varying car-
rier frequeney ~with the message to be trans-
mitted. One side band of the modulation
products, which. band" will’ have the same
80 width: as the original message,.is- then re-
served and a por tion of this side band only
is transmitted. In-view of the varying na-
ture of’ the: carrier frequency, it is‘ possible
to-give each portion-of the original signal
£ a representation.in-the narrow portion of the
side band. which-is finally transmitted.
At the receiving station, this narrow side
band.is demodulated by a locally generated
carrvier frequency. which: varies-in the same
30 manner and in phase with that.at the trans-
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mitting station. Among the demodulation
plodub‘cs there will-appear an-original mes-.
sage with. which. the varying carrier at:the.
Lrancmltdlno station was. modulated.

The invention will: be. better. understood:
by reference to the accompanying drawing
in.which Figures 1, 2 and 3 show- frequenoy
spectra, and Fig. 4.shows a. signaling sys-
tem embodying my invention.. Referrmg
more particularly to- Fig.. 1, the: abscisswe g4
1ep1esent the frequency. and for: purpeses
of illustration, L have assumed a. message
such as a speech: signal’ whose . frequency:
band- extends- from. 0-t0-3,000. cycles.. Supx
pose now, this message is: used. for- modulat- 65
ng a-carrier froquency pi Of the two side
banm, one is suppressed, and: in Fig. 1, T
have shown the upper band. e‘{tendmg from
p-to-p-+38,000 as being.reserved. - By suitable
Imeans; such as band’ ﬁlters any desired.pors g
tion of this- upper side band. may be: trans-
mitted, and:in-Hig. 1 I have shown this band.
as: bei ng of. width: 1,000 and: being: in. the
middle of the carrier side band.. Tf the car:
rier frequency were. to-remain fixed;,then.a 75
portion only of the original. message would
be transmitted;. the upper third “and. the
lower third havmcr no-representation.. If;
however,. the carrier. frequency -sheuld- be
lowered to pi-by- an-amount.equal to. one- gq
third the width of-the 3;000- &ycle bandjthen
it is evident that throuorh the: same. band
filter the upper third: only.- of the: original
signaling  frequency- band. would: be- trans-
mitted: On the other: hand, if the carrier g5
frequency were increased to " by an amount
equal. to .one-third-the width. of: the signal:
ing band; then the lower third-of:the-origi-
nal. SlOYlﬁ,hDO band would: be- represented in
the wave passing through- the- band  filker. go
Still further, if the carrier. frequency were
to vary continuously from pi:to-p* and back
again,.then at one time or anether’each and
every. portion of the original signal: band
would be represented- in- The - outpuu of the 95
band filter..

My invention, then, consists-in part<in pro-
viding means for varying- the: carrier. fre-
quency- by a:suitable amount, so-that. each
portion of:-the original message shall receive 100
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representation. This variation may take
place in any desired manner, that is, con-
tinuously or step by step. In the continu-
ous change, again, it is evident that the vari-
ations may follow a large variety of cur-
rent relations. That is, the frequency may
vary at a uniform rate from p; to p’ and
back again, or may vary between these lim-
its sinusoidally, or in any other desired
manner, certain ones being preferable to cer-
tain others. In actual practice, I would pre-
fer to have a umiform rate of frequency
change in passing from p, to p” and then
the same uniform rate in passing from p’
to 4. :

1?191 general, such modulation on a varying
carrier frequency will introduce certain mod-
ulation products whose frequencies may lie
in the range of the message frequency. It
will be desirable to aveid this, and Fig. 2
represents a modification of the invention
for this purpose. In that case again, defi-
nite values for frequencies have been used
for illustrative purposes, but it is to be un-
derstood that the invention is not restricted
to the particular frequencies indicated. Re-
ferring to that figure, the message signal
whose frequencies vary from 0 to 3,000 is
first modulated on a fixed carrier frequency
such as 7,000 eycles. One of the side bands
from this modulation is reserved, in this case
the lower side band extending from 4,000
cycles to 7,000 cycles. The second carrier
frequency is shown as having a mid-value
for p of 9,500 and varies as a whole from
the value for p, of 8,500 to.a value for p’
of 10,500. This varying carrier is now mod-
ulated with the band extending from 4,000
to 7,000, and the upper side band ornly is
retained, this band extending from 13,500 to
16,500 when »=9,500. Here, also, for il-
lustrative purposes, the middle third of this
upper band is transmitted, and it will be
seen, as in the case of Fig. 1, that at one
time or another all portions of the original
signal band are represented.

The invention may be carried out with
apparatus shown schematically in Kig. 4,
in which A represents the transmitting sta-
tion and B the receiving station. In this
figure, the apparatus indicated schematical-
ly corresponds to the system described in
connection with Fig. 2. The input band of
frequencies extending from 0 to 8,000 cycles
is transmitted through a low-pass filter to
eliminate any extraneous frequencies. Tt is
then modulated on a carrier frequency of
7,000 cycles, and the lower side band from
4,000 to 7,000 cycles is selected from the out-
put of the modulator by band pass filter,
As has been previously mentioned, the pur-
pose of this modulation is to eliminate un-
desired modulation’ components at later
stages. From the output of this band filter,
the band is put into a modulator the carrier
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frequency of which varies from 8,500 to
10,500 cycles. The rate at which the carrier
frequency is varied is subject to a wide lati-
tude of choice but preferably should be of
a reasohably high rate in order that no por-
tion of the original frequency band shall be
omitted for a long period of time. A very
suitable condition would be to have the fre-
quency of the osciilator go through its cyclic
change at a rate of 1,000 cycles per second.
In the output of this modulator there is a
band pass filter passing the band 14,500 to
15,500 cycles, that is, a band whose width
is 1,000 cycles, which, it will be seen, lies

- in the middle portion of the upper side band

resulting from the second modulation. The
output of this band pass filter is then im-
pressed upon the transmission medium by
means of any appropriate circuits.

Comparing the results thus far obtained,
it will be seen that when the second carrvier
frequency is at its lowest value of 8,500, the
band transmitted corresponds to the fre-
quencies from 6,000 to 7,000 in the inter-
mediate modulation side band, which in turn
corresponds to the frequencies from 0 to
1,000 in the original message band. Simi-
larly, the portion of the band which is trans-
mitted for any other value of carrier fre-
quency can be calculated. For convenience,
the following table shows the results at a
number of different values:

Equivalent :
? A Equivalent
input band | :
Carrier frequency of inter- | ‘0 e b'gnil
mediate side g}lgg(ll a
band ¢
7, 000-6, 000 0-1, 000
6, 500-5, 500 500-1, 500
6, 000-5,000 | 1,000-2, 000
5,500-4, 500 | 1, 500-2, 500
' X 2, 000-3, 000

Since in this case the carrier is varied be-
tween the limits 8,500 and 10,500 at the rate
of 1,000 cycles per second, in the period of
one two-thousandths of a second each fre-
quency in the original input band would
have been transmitted through the 14,500
to 15,500 cycle band filter for a fraction of
the time, and thus every part of the original
frequency band will have been represented.
The band of frequencics at the output of the
last band filter mentioned may be either
transmitted cver a circuit in this position in
the frequency spectrum or may be shifted by
modulation into any other band of 1,000
cycle width that may be desirable.

At the recelving end, the 1000-cycle band
should preferably be remodulated to the po-
sition 14,500 to 15,000 cycles if it has been
shifted and then impressed on another
modulator having a varying carrier fre-
quency extending between the same limits of
8,500 and 10,500, at.the same rate of 1,000
cycles per second and supplied in the proper
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time phase. The time phase is important,
since the remodulated carrier must be at
exactly the correct frequency at each in-
stant to remodulate the output band into a
normal speech ba*ld At the output of this
modulator, the side band 4,000 to 7,000 cycles
is seleeted by a band pass filter ‘shown in
the receiving circuit of station B, and in
turn is modulated on-a carrier of T 000 cycles
to shift the band to its ondlndl position
from 0 to 3,000 cycles and belng preferably
transmitted through a low pass filter to
again eliminate any extraneous frequenmes

“While the circuit of Fig. 4 has been de-
scribed in connection with definite values
of frequencies, it is to be understood that
the invention is not limited to these fre-
quencies and that the width of the band to
be finally transmitted may be medified over
a wide range. Thls can be made clear by a
reference to Fig. 8 in which, for simplicity,
the intermediate frequency modulation has
been omitted. In this Fig. 3, the original
signal band is shown as e\tendmv over a
width g starting with zero. This is modu-
lated against a Varymo carrier frequency
whose mid- value is p. Selecting the upper
side band, it is seen that this extends from
p to p-l-g, and in the middle of this band
there is selected for transmission a narrow
band of width » If, now, the carrier {re-
quency is reduced to the value

the upper portion of the original band is
represented, whereas when the carrier fre-
quency is shifted to

—r
p+ig
the lower portion of the original band is
represented, and for intermediate values of
the carrier frequency, intermediate portions
of the original band are represented.

While in this description I have assumed
that the upper side band is retained after

modulation by the varying frequency, it -

should be pointed out .that the lower side
band could have been retained and upon
similar demodulation at the receiving sta-
tion the message would reappear in correct
form. Also, while in Fig. 2 the original
message is shown as being shifted to the
band 4 000 to 7,000, which is below the vary-
ing frequency, it could have been shifted o
a band above the varying frequency, where-
upon by suitable demodulation and shifting
of the band the original message would re-
appear in 1its correct spectral position.
Many other variations may also be intro-
duced as to the side bands which will be re-
tained or as to the particular apparatus used
for carrying out the invention, all leading

3

to: substantially- the: same: results, and; it: is
tor be: understoed: that: they: are- mduded» in:
this«invention..

What: is claimed: is::

1.. The. method: of: signaling; which: con--
sists: in transmitting:-a: narrow band: ofs fre-
quencies. of definite width: which represents
suceessively. different portions-of: the original
message band and.suppressingrall, other fre-
qgencies. ,

2:. The method. of: signaling, which: con=
sists, i t-mnsmittingr a bandrof: frequencies
narrower: than; thati ofs the-message, the nars
raw: band:representing successively: different;
portions- ofs and: covering- the band: width
ofi the original: message to: be transmitted:.

3. In a signaling: sy&tun the. methogd: of

signaling: with a: rednced: flequency band
wulth, which-consis's in; modulmmo the mes-
sage-to arcarrier wave of punodlca y vary-
ing frequency -and transmittingza: portion.of-
the modulated: wave: band of a width less
than the band width:of the original message
to-be; transmitted” and suppressing: the- re-
mainder. .

4: Inr ay signaling- system,. the: method: of
signaling: with a. reduced frequeney band
Wldth which congistsin modulating the mes:
sage. to.a.carrier wave: of: pBI'IO’hCtu vary-
ing- frequency;. transmitting: a: portion only
of the modulated- wave Hand of-a width.less
than the. band width: of: the original’mes-

age to:be transmitted; suppressing:the:re-
mainder; and-demodi 1ht1nfr this wave at the
recelving station: with:a; simila wrly - periodis
cally varying:carrier: frequency. .
5. In-a: signaling system,. the: method: of

-reducing the swnal frequency band:of: width

¢:to one-of a.nmarrower-width-7; which.con:
sists: in. modulating: the message to:a car-
rier wave:of: mid- frequency 7 and varying
the: carrier. frequency over a. range: from
g=r q-r
ptrgm to pTgm
and:suppressing: all frequencies -except: those
in.the-band of width 7

6:.In a.signaling  system; the method of"

transmlttmcr a- message of- frequency. band
width ¢ by one of:a narrower width », which
consists in modulating the- message  to a
carrier wave of mid- hequency p; varying
the carrier. frequency over a range from

+1 T,

p+

transmitting the bfmd’of Wid‘ch" 7 and: dé
modulatmc this at the receiving station
with a-carrier-of the:same varying irequency
maintained in a definite phase rehtmnshlp
with the carrier of the transmitting station.

7. In a signaling system for s101nhno
with a reduced erquency band Wldtﬂ a
source of signal current, a generator of car-
rier oscillations of varying frequency,
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means for modulating the carrier with the
signal, means for transmitting a portion of
the modulated frequency band narrower
than the message band width, a receiving
station, a generator of carrier oscillations of
a similarly varying frequency, and means
for demodulating the received signal on
the said oscillations to substantially repro-
duce the original message.

8. In a system for transmitting a message
of frequency band width ¢, means for reduc-
ing the band width to a band of width »
during transmission, said means comprising
an oscillation generator for carrier current
of frequency varying periodically by the
ameunt ¢—», means for modulating the
varying carrier with the message, means
for selecting from the modulated side band
a band of width », a receiving station and
means thereat for reversing the process fo
yield the message of band width ¢.

9. The method of reducing the irequency
band width required for transmitting a mes-
sage of a definite band width, which consists
in transmitting at one time a portion only
of the message frequency band and varying
this portion cyclically throughout the range
of the message frequency band.

10. The method of reducing the frequency
band width required for transmitting a mes-
sage of a definite band width, which con-
sists in shifting the message band cyclically
across a definite frequency range and sup-
pressing all but a band narrower than the
shifted message band width.

11. The method of signaling on a reduced
frequency band width, which consists in
modulating the signal to a varying carrier
frequency, transmitting a portion of one
side band thereof of narrower frequency
than the message band width, and perform-
ing the reverse process at the receiving sta-
tion to yield a message of original band
width.

i2. A signaling system for signaling with
reduced band width a message to be trans-
mitted of a certain frequency band width,
means for suppressing all but a narrow band
of width less than that of the message to
be transmitted, and means for causing the
whole band to shift periodically over a def-
inite frequency range to permit representa-
tion in said narow band of each part of
he original message frequency band to be
transmitted.

In testimony whereof, I have signed my
name to this specification June, 1929,

WILLIAM T. WINTRINGHAM.




