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tempts.

It has been proposed, heretofore, to transmit
intelligence by means of g carrier wave the fre-
qQuency of which ig Varied periodically between
two predetermined limits according to a given
pattern. Thig varying or “wohbbling” carrier is
amplitude modulateq with intelligence, To re-
ceive the wobbling carrier and to detect the in-
telligence conveyed thereby, the tuning of the
receiver is wobbled synchronously with the re-
ceived carrier. Thig synchronism is effected ac-
cording to the systems heretofore proposed by
periodic transmission of a synchronizing signal
or by a separate communicating or synchronizing
channel.

It is one of the objects of our invention to pro-
vide, for use in private communicating systems
wherein the carrier wave used is caused to wob-
ble in frequency over a given frequency band ac-
cording to a given pattern, a method and means
for receiving the transmitted carrier without re-
quiring periodic transmission of synchronizing
signals or the brovision of a separate communi-
cating or synchronizing channel,

Still another object of the invention is to pro-

vide a multiplex or radio communicating system 30

for transmission of a plurality of carrier waves
wobbling over the ohe or more frequency bkands
and receivers capable of selective reception from
the transmitters.

A further object of the invention is to provide 35

an improved method and means for synchroniz-
ing a locally produced cyclic sweeping electro-
motive force with another cyclic sweeping elec-
tromotive force produced at some remote point,

The synchronizing feature,
principles of our invention, includes the local gen-
eration of oscillations at a selected constant fre-
quency. This constant frequency is selected S0
that the oscillations produce, when mixed with

& carrier wave varying periodically over a given 46

R. F. frequency band, g pulse
lected I. P. frequency at least once during each
sweep cycle of the carrier., The receiver ig pro-
vided with a narrow band I. F. amplifier which

envelope at a se-

basses only the I. P, frequency of the pulse en- 60

velope which ig thereafter used to control the
local generation of a cyclic sweeping voltage.
The cycle of the sweeping voltage is adjusted in
time and rate of sweep to the sweep cycle and
rate of the received carrier,
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according to the 40

This locally gen- 55 Plaining the operation

modulation of

trol the local sweeping oscillator.,
It will thus be clear that where g receiver is
arranged for broad band reception equal to or

nals or a separate communication or synchroniz-
ing channel.

The above and other. objects and features of
the invention wil

to a given sweep pattern
between limits of a given frequenecy band ; .

Fig, 2 is 3 schematic block diagram of g re-
ceiver capable of synchronously receiving and de.
modulating the carrier wave transmitted by the
transmitter of Fig, 1 H :

Figs.3 and 4. are graphical illustrationg used. for
explaining the transmitting and receiving opera-
tions of the transmitter and receiver systemg of
Figs.1and 2 respectively;

Fig. 5 is a graphical illustration indicating the
operation of the receiver of Fig. 2 for g sinusoidal
sweep pattern;

Fig. 6 is a schematic block diagram of g re-
ceiver capable of receiving g pulse modulated car-
rier which is wobbled between two limitg of a
given frequency band:

Fig. 7 is a graphieal Mlustration used for ex-
of the receiver of Fig. 6;
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Figs. 8 and 9 are schematic and graphical dia~
grams used for explaining the T demodulation
features that may be included in the receiver of
Fig. 6;

Fig, 16 is & graphical illusti®tion of the selec-
tive syrchronjzing of & receiver to one of & plu-
rality of carrier waves wobbling in the same fre-
quency band; and

Fig.11lis a schematic block diagram of a multi-
plex signalling system according to our inven-
tion.

Referring to Fig. 1, the -transmitter is of the
character adapted to transmit a cafrier wave
whick varies in frequency aceording t6 o given
pattern such as a saw-tooth, sine wave, ete.,
whichever is preferred, the variation being be-
tween limits of a given fibguency band, fof
example, =5% of a mean frequency. 'The trans-
mitter circuit includes the usual R. F. oscilla-
tor 12 with antennsa system 13, a primary oscil-
Tator 18, frequency multiplier 16 and buffer am-
blifter 18. These elements of the circuit produce
n ‘catriér wave of a given mean frequency. This
wave 1S frequency modulated by a ‘sweep voltage
‘or ‘electromotive totce which varies cyclically at-
cording toa desired sweep pattern. A sweep volt-
‘age generator 20 is provided for this purpose, and,
‘if desired, may be adjustable to any desired sweep
Tréquency and -deviation. This varying voltage
is applied to a reactance modulator 22 which
‘controls the frequency of ‘thie primary oscillator
tha‘ﬁsi’ng‘ the oscillations produced thereby to
vaty -actording to the sweep characteristics of
he varying voltage.

“Nssifnis, for PUIDOSEs ot ilitstration, that the
sweeping electromotive ‘force produced by the
‘generator 20 varies according to a saw-tooth wave
etiween voltages Vi and Vs as indicated by the
yoltage wave 25 of carve 3, Fig. 3. The sweep
‘pattern of the varying voltage, howevér, may conl-
‘prise ‘other shaped patterns Such as a sine Wave,
‘tridngular ‘\wave, ‘etc., ‘as may be ‘desired. When
‘the oscillations are modulated by the sweep volt-

‘nge of wave 25, the carrier wave is frequency mod-
and f2 as”

iilated between two frequency limnits f1

'ihdigiated'By':the'WdVe 50°and the frequency cuirve

‘32 bt curve 3b. ‘ ,
Intelligence may be conveyed by the -carrier

‘{yave according to “jifferent types of modulation

‘sich as amplitude ‘moduldtion, frequency modu-"

1#tion, phase modulation ‘and various_forms of
‘pilse ‘modulation. ‘In ‘the latter case, the modu-
lation may include amplitude and/or ‘time moli-
ulation of the ‘plilses, modulation of pulse repeti-
‘tion rate or cadence frequency, C
“1ation, ete. ' ,

n Fig. 1, the intelligence may be regarded by
way of éxaihple as being ‘applied to the carrier

‘wave by a known form of amplitude modulating
“ciréuit 34 associated with ‘the R. F. amplifier 12,

‘the signal wave beirig applied {hereto through an
~audio amplifier 36 from. 2 microphone 38.

~ Ciirve 3¢ of Fig. 3 indicates a modulating sig-
el wave ‘40 such “as )
‘Inicfophone ‘to the modulator-34. ‘Ciirve 3d iliUs-
trates the carrier wave 30 ‘amplitude ‘moduldted
“iith 'the signal Wwave ‘40, 1t will be noted ‘that
iHe frequéncy modulation of the oscillations pro-
duced by the sweep voltage from ‘generator 20 s

“indépendent ‘of the ‘envelope ‘deéfinition of ‘the"

“Wave ¢ortesponding to ‘the sighal'wave 40. The
‘whve 30 thus conveys intelligénce -while, at ‘the
same time, it is frequency ‘inodulated ‘over ‘a
“wide i

© difficult ‘for unauthorized pers!

pulse width modtr-- ‘

‘mgy be applied from ‘the:._%

ons to-recetve ‘the

. 53 is coupled.
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‘pand of ‘freguencies, thereby rendering it

intelligence by means of the usual receiver or
even by & wide band receiver without the pro-
vision of special synchronizing means.

The receiver of Fig. 2 for receiving the wob-
bling carrier of curve 3d, Fig. 3, utilizes the
heterodyne principle and includes a broad band
R. F. amplifier 52 to which receiving antenna
The R. F. amplifier has a wide
R. F. band pass approximately equel to or slight-
1y larger than the frequency pand through which
the carrier wave sweeps. The output of the R. F.
gmplifier is fed to two mixer detectors 54 and
54q. 'The mixer 54 converts the R. F. carrier
into a corresponding wave of constant intermedi-
ate ‘frequency which is fed through a narrow
band, high gain L . amplifier 56 to a detector
5g for demodulation of the L F. The out-
put of the demodulator 59 is fed to the usual
integrating network 89 and thence through audio
smplifier 62 to a speaker 64.

in order to remove the wobble yariation from
the eatrier and provide the constant 1. F. wave
for the duration of the cyclic sweeps of the car-
rier wave, a varying plectromotive Torce is gen=-
erated by a sweep voltage generator ¢ substan-
¢inlly identical to the sweep pattern of the car-
rier wave. The generator js controiled by se-
lected synchronizing pulses from & plocking oscil-
lator 68, the selective feature of which Is'de-
seiibed in detail here‘inajft'er.

The gererator T0 18 ‘adjustable for a rate of
sweep corresponding to the sweep rate or pat-
tern of the generator 20 at the transmitter. This
varying voltage of the generator 78 is adjusted
by phase or time adjuster 11 to agree substan-
tially with the timing of the sweep pattern of
the received carrier. The voltage output of ad-
juster T1 is ‘applied to a reactance modulator or
other suitable modulator T2 to modulate the oscil-

lations ‘generateéd by 5, sweep oscillator 14. This
produces @ fréquency varying train of oscilla-
tions which when mixed with the carrier wave
st detector 54, the pattern of the stweeping ‘oscil-
lator being timed to the pattern of the ‘carrier
wave, a wave of constant intermediate Trequency
is produced which bears a faesimile of the modu-
letion ‘of the caprier wave. By detecting the L. P.
wave at 58, & sighal ‘wave cofresponding to the
transmitted intelligehce is reproduced for the
speaker B4. :

Synchionization ‘of the sweeping oscillations
of the oscillator 13 is effected by applying to the
mixer detector B4a oscillations ‘generated by @
synchronizing oscillator 16 at a selected frequ-
ency such, when ‘mixed with the carrier wave,
produces a pulse envelope of the L. P, frequency
of the narrow band, I . amplifier 56a, each
time ‘the received carrier Wave Sweeps across the
freguency band Of the ‘amplifier. The 1. F. pulse
envelope is detected at '§8q to remove the inter-
mediate frequency Jeaving ‘pulse envelopes used
for -synchronizing ‘purpcses. These synehroniz-
ing pulses -are sharpened hy pulse shaper ‘and
selector T8, ‘the sharpened pulses being used to
control the voltage sweep cycles produced by the
generator T0.

The two series of diémerits ‘54, 56,58 and 54a,
56, 58a separate the Teception -of intelligence
gigrials from the generation of syhchronizing
pulses. These two ‘functions, however, may he

"combined 'in ‘the"salme'elemen'ts, such as elements
‘54, 56 and §8, and the
‘of ‘oscillator

1 peating of ‘the oscillations
16'gnd'the carrier wave distinguished
by suitable filter meains from theintelligence wave
produced by ithe beating ‘of ‘the garrier with the
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Sweep oscillations produced by oscillator 18, The
filtering of the synchronizing pulses from the
intelligence wave Is insured in such case by se-
g the frequency of the sweep pattern repeti-
than the frequency
‘range of the signal intelligence, A specific ex-
ample of this feature is given hereinafter,

~ Ifdesired, the adjustment of the phase ad-

lator 76.
timing of the synchronizing pulses, Should it
be desirable to make the synchronizing oseilla-

-tor fixed, j i
Sweep pattern would then be performed by ad-
‘Justing the phase adjuster 11,

. The receiver Operation is graphically illustrat.
ed in Fig, 4, wherein the curves have the same
time base. Curve
32 the sweep patiern of a frequency wobbling
carrier wave. The broken line 80 represents the
synchronizing oscillations of oscillator 76 at g
selected frequency fs. According to the hetero-
dyning principle of the receiver, the frequency
difference between /s and the carrier wave at g
given frequency level 82 in its sweep will produce
anI P frequency which corresponds to the I, I,
frequency band of the amplifier 56q, Thus, each
time the carrier wave traverses the level 82 g
pulse envelope 83, curve 4b, of this particular
L P frequency is produced. It wil] be under-

-stood that there ig i

pattern, Curves 4¢ and 4d represent the pulse
- shaping operation at 18, the wave 84 representing
the. rectangular wave output of the multivibra.-
-tor 17 of the “flip-fop”
resenting the sharp pulses broduced by differen-
tiation of the wave 84 by differentiator 19. The
positive pulses may he segregated by the block-
ing oscillator 69 from the negative pulses of the
applied, in the ahsence

the voltage sweep 86 after bassing through the
- phase -adjuster 11, The saw-tooth wave 32 of
‘curve 47 is a reproduction of the carrier wave
pattern 32 of curve 4g for comparison with the

locally generated sweep pattern 86b produced:

. by oscillator 14, The sweep of the locally pro-
occurs hetween limits fa1 and
the same rate as the carrier

limits £ and f; so that the

* Jsa at substantially
~ between frequency

- difference between the two for the duration of the-

substantially constant I, P
frequeney. It will thus be clear that this I, F.
frequency output of the mixer 54 will pe con-
stant for the duration of the sweep thereby en-
abling the second detector 58 to demodulate the

-entire intelligence conveyed by the carrier wave,

In order to insure €xact synchronism of the
two sweeping patterns, an automatic frequency
contro] 80 is provided between the I F. amplifier

58 and the reactance modulator 72. Thig circuit
responds to any tendency of the I. F. frequency,
passing through amplifier 56, to vary from g
‘constant value ang applies a positive or negative
voltage, as the case may be, to the reactance
modulator 12 to counteract such variation. Thus,

4a indicateg by saw-tooth wavye .

type, and wave 85 rep-:.
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"~ other in bush-pull according to
55

60

65

" effect produced by

75

" Both the outputs of

known and used for.
tor of FM receivers,
The operation of the receiver according to a

105 for each cycle of the sweep pattern.
The multivibrator 17 will accordingly produce g
rectangular wave portion for each of these pulses
as Indicated by curve 8¢, i

which conforms to the sinusoida] pattern of the
This sweep voltage is indicateq by
wave 107 on curve Se. The broken line wave
{074 represents the timing of the Sweep after ad-
Justment by the Thus, the sweep pat-
tern i

way of example, for reception of TM (time mod-
ulation), the modulation of the pulses being of
the “push-pun” character where the successive
pulses are displaced toward and away from each
the instantane-
0us value of the modulating signal.

The R. F. amplifier 152, the mixer detector
154, the narrow band I. p. amplifier 156 and the
second detector (58 correspond to the elements
similarly numbered in Fig. 2. The 8eneration of
the synchronizing bulses, however, takes place
in the mixer detector 154, I. F. amplifier 156 and
detector 158 simultaneously with the conversion
of the intelligence portion of the carrier wave,
the synchronizing oscillator
176 and the sweeping oscillator 174 are applied
to the mixer detector 154. The double beating
the two locally produced
oscillations on the carrier wave results in a train
of pulses 158a, curve la, Fig. 7.

‘of these pulses are of greater amplitude as indi-

cated at 183,
ichronizing pulse envelope Components, By
limiting the pulseg 158a by limiter {59, the pulses
are all reduced to g constant amplitude as indi-
cated by curve 75, By threshold clipping ‘the
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spltises of curve 1a-at o level-i61d .corresponding
approximately to .the limiting jevel :of a limiter
159, the pulse groups 183a, :curve 1c, are .obtained.
By integrating the pulse groups: 183a-at 183, the
.pulse envelope 1s obtained which may be applied
to a multivibrator {65 to produce rectangular
wave 169a, curve 1d, which by differentiation at
161, produces sharp positive pulses 167a “which
dn durn may be used to control the sweeps of the
voltage . -generator {10, .

AWhere more than one carrier wave is 'present
.on . the same R. F. frequency band, it will be
wdesirable to eliminate undesirable pulses ‘gener-
rated insa similar manner. .This is done by means

vof g ‘blocking oscillator 169 or other pulse divid- .

iing :eircuit similarly as ‘hereinbefore described
Afot. Pig. 2. S :
. -The sweeping voltage of ‘the -generator 410 is
«corrected for phase by ‘adjuster (11 and then
sgpplied to the reactance modulator 174 which in
sturn ‘controls the sweeping -oscillator i14. As
-heveinbefore ~described, the frequency -of ‘the
-Jocally generated oscillations is .controlled by the
putomatic frequency control 190 ‘which counters
-any tendency of the carrier wave and the -local
-gweeping -oscillations to-drift out of synchronism.
“*The ‘time modulated pulses 158a of carve 1
*"are;demodul‘xated at 1160 after ‘which the energy
smay be amplified and integrated at {62 and ‘ap-
plied to speaker 154. The- demodulator 160 may
~comprise ‘any known form of translator capable
‘of translating the time ‘displacements into ampli-
tude” displacements. One form ‘of demodulator
“ts shown in Fig. 8. The TM pulses received, at

“input 280, drive a synchronizer 202 1o produce

-5 wave Havihg a frequency corresponding to the
. pulse ‘period, that is, the time interval between
“alternate pulses. A wave selector 204 selects 2
“gesired harmonic 205, curve 9a, of the wave e€n-
“ergy “produced ot 202, preferably an odd har-
monic, for demodulation . DUrpOses. “The har-
“yngnic wave ‘pg5 and ‘the TM pulses 159¢ are
“mixed in a suitably biased mixer 2086, whereby
“the output energy at 208 varies in amplitude in
. proportion to the amount the grid potential .of
“the mixer 906 exceeds a given ‘threshold level
‘210, curve 9a. . By integrating the output of the
.mixer. 206, the intelligence wave with which the
“pulses 15%a -are modulated will be obtained.
‘Wave 212 of curve 0b represents the envelope of
‘he  intelligence, such as where the pulses of
~gurve 0o .are modulated with increasing dis-
‘placements according to 2 linearly increasing
signal, the push-.pull.modmation
-by. the arrows on curve 8a.
., 'To tune {he receivers of Figs. 2 and 6 to a
p pa,r-ticular.d;rallsmitting station, it is first nec-
Lessary to set the sweeb oscillator 14 or 174, as
“the-case may be, £0 the mid 1. P. frequency cor-
nresponding 4o the mid frequency of the R. F. fre-
~guency band of the carrier, it being asumed that
_the R. F. amplifier is adjusted to cover the spec-
Ltrum of the R. P frequency band. ‘The next
; adjustment is that of controlling the sweep rate
_which, as:shown in Fig. 2, is effected by adjusting
:_:the:sweep_;r‘a,te‘of the voltage generator 10. This
in furn controlg through & ganged connection
. 245 the. adjustment -of the blocking-oscillator -69.
This is particularly jmportant where there are
& plurality of ‘transmitter stations-operating on
the same R. F. frequency band but -at -different
«:sweep.rates oF patterns. The phase of the locally
-jgenerated  'sweeps ig controlled - by -adjusting
~;phase shifter .

being indicated

wWith these three adjastments
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. pvention; it.
60

- power xmaking the

amaide, the receiver-s tuned to receive thedesired

carrier. . o "
Tt will e clear from the foregoing that -our in~

vention contemplates the provision of & plurality

differ in rate of sweep or some ‘other character-
istic of thesweep pattern such as limits -of. sweep
or shape of the sweep. pattern. Assuming thata
saw-tooth sweep pattern is used for four different
transmitters, the sweeps thereof may -be repre-
sented by the waves Ty, T2, Tz and T4, curve 4904,
Pig, 10, Assuming that 'bhe'isynchronizing»oscil--
Jlator beats with the carrier waves of these trans-
mitters at a level 220, four series -of synchroniz-
ing pulses S1, S2, Ss and S will e genersted,
one series each for each carrier-wave. In -order
to select ‘the synchronizing pulses -corresponding
to g particalar transmitter, it is
the blocking oscillator 69 (Fig. 2) he sadjusted
in.ganged relation with the sweep .voltage igen-
-erator ‘10 as indicated by connection 218, The
“blocking signals are represented by ‘the shaded
areas 225 ofcurve 10b. As.soon as:g synchroniz-
ing pulse is selected, gutomatically -a correspond-
ing local sweep pattern is produced. Thus, the
sweep pattern of the locally produced oscilla-
tiong will be caused to sweepat 2 chosen rate and
be timed according to the synchronizing puises
'g;. Likewise, if the signals of a different trans-
mitter are desired, .the :corresponding adjustment
of the elemnents 89 and 79 of Fig. 2 will block out
the undesired synchronizing pulses and provide:a
sweep rate corresponding ‘to ‘the synchronizing

-pulses selected.

It will be readily seen from the foregoing de-
.scription “that _each transmitter ‘may have two
identifying numbers. First, a numniber ' corre-
sponding to the mid frequency of the R. . band
in which it"operates and second, a humber repre-
senting the sweep rate. For ‘example, the. iden-
tifying numbers o7:5-20 would indicate a'trans-
itter:operating at-a mid frequency of 275 mega-
cycies, the R. F. carrier of which swings between
limits of:26 and 30 megacycles andat & sweep rate
of 20,000 times Der second. If many transmit-
ters are needed for:a particular Yocality, another
band can be’ used, for example, 20 to 125 mega-
cycles in which the: transmitters operate at:idi-
ferent -sweep rates. '

In regard o the secretive feature of theinven-
‘tion, it should be noted that while a-conventional
wide band receiver might detect the carriersiof
@, plurality of transmitters, it would not be :able
o segregate the ‘carriers one from the :other.
Consequently, the reception would be garbled by
many simul‘taneous‘smessages. ’ :

As regards the: counteriamming feature-of the
should. be woted it the . receiver
is sensitive ito enly & narrow. band :of frequencies
at-any given instant, while, :on the’ other ‘hand,
communication fills up a broad R. P.frequency
pend. The ratioof the R. . 1o the 1. F. band
width is representative of the-counter effect with
respect to jamming attempts. Attempts to dam
the communicabion-»’with 9, econstant carrier fre-
guency transmitter -would have to-fill a-ton-
siderable portien.of the band width with noise 2t
a level equal .to the narrow band signal. This
-obviously would require -an enormous. amount. of
jamming operation -impracki-

cal. -'Should 2 jamming -attempt provide:pulses

. that-would interfere with the synohronizing ‘pulse

.generation by.the transmission of & constant fre-
quency :carrier, this would result: in the:;genera-
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tion of pulses similarly ag
chronizing oscillator 16 of
ming signal, however, may be Substantially
avoided by changing the frequency of the oscil-
lator 75 to 5 clear portion of the carrier band,
a corresponding adjustment being made by the
time adjuster T4, Tt will also be clear that most
of such interfering pulses may he eliminated by
the blocking oscillator §9, :
Besides radip communication, our invention is
also  applicable to multiplex signalling, whether
wire, coaxial cable or the ether is used as the

produced by the syn-
Fig. 2. Such 3 jam-~

Each terminal includes g plurality of sub-sta-
tions each i i i

as commonly used for celectively switching in
telephone lines for two-way conversation. The
transmitter 310 may be constructed similarly as
described in connection with Fig, 1. The receiver
may take any of the forms described in connec-
tion with Figs. 2 and'6.

As indicated in Fig. 10, the carrier waves of the

as the sweep rate,

Where there are a very large number of chan-
nels different frequency bands may be used. By
€xample, each terming] may have a sep-
arate frequency band for the transmitters there-
Of with the receivers adjustable to any one of the
bands.

While we have described above the principles
of our invention in i

companying claims.

We claim:

1. A method of receiving
by a carrier wave periodically varied in frequency,

given frequency band, comprising producing sub.-
stantially regularly recurring  synchronizing

wave to produce g
wave of substantially constant intermediate fre-

synchronizing bulse producing

waves, mixing said

operation includes =
the generation of oscillations at g given fre-
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quency, and mixing the oscillations of given fre-
quency with said carrier wave to breduce at least,
a given intermediate

Synchronizing bulse producing operation includeg
controlling the Tecurrence rate of the synchroniz-
ing pulses sg that such rate is outside the audible
frequency range of said intelligence,

the timing"

of the successive sweep patterns of saig electric
wave, P

6. A method

according to claim 5 wherein the'
synchronizing: i i

Sweep pattern of saig
a steadily increasing change i

ducing oberation includes the generation of og-
cillations at g, given frequency, and mixing said
oscillations with said electric wave to produce a
synchronizing‘pulse of a given intermediate fre-

-, auency for each sweep pattern of the eleciric
60"

wave, .

8. A communication receiving system for re-
ception of intelligence conveyed by g carrier wave
beriodically varieq in frequency, in addition to

synchronizing
the successive Sweep patterns of said.
» meéans to produce oscillations vary-
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said carrier wave, means for mixing said oscilla~
tions with said carrier wave to prodice & wave of
substantially constant intermediate frequency,
detector means for said intermediate frequency,
and means to integrate the output of said detector
means. to obtain a signal wave according to said
intelligence.

9. A system according to claim 8 wherein the
means for producing said synchronizing pulses
includes means to generate oscillations at a given
frequency, means for applying said oscillations
to said mixing means for mixing with said carrier
wave to produce at least one pulse envelope of
a given intermediate frequency during each sweep
of the carrier wave, and means associated with
said detector means for segregating the syn-
chronizing pulse components from said pulse
envelopes.

10. A system according to claim -8 wherein the
means for producing synchronizing ‘pulses in-
cludes means to generate oscillations at a given
frequency, means separate from said mixing
means for mixing said oscillations of given fre-
quency with said carrier wave to produce at least
one pulse envelope of a given intermediate fre-
quency for each sweep cycle of said carrier, and
detector means for the pulse envelopes.

11. A system according to claim 8 wherzin the
carrier wave is pulse modulated, and.the means
for. producing synchronizing pulses - includes
means to generate oscillations at a given fre-
quency, means causing said oscillations of given
frequency fo mix and beat with said carrier wave
to produce pulse envelopes of a given intermedi-
ate frequency including at least one of the pulses
with .which the carrier is modulated, and means
to obtain the synchronizing pulse components of
said envelopes.

12. A communication receiving system for re-
ception of intelligence conveyed by
periodically varied in.frequency, in addition to
intelligence modulation, according to & given
sweep pattern between the limits of a given fre-
quency band, comprising means for receiving said
carrier. wave throughout the spectrum of said
frequency band, means for producing substan-
{ially regularly recurring synchronizing pulses
from the successive sweep patterns: of said car-
rier wave including means for deriving said syn-
chronizing pulses from frequencies. of said fre-
guency band, means controiled by said synchro-
nizing pulses to produce a varying electromotive
force having a cyclic sweeping characteristic sub-
stantially the same as the sweep pattern of said
carrier wave, Imeans for producing oscillations,
means for frequency modulating said oscillations
according to said varying electromotive force,
means for adjusting the timing of the sweep pat-
tern of said oscillations to the timing of the sweep
pattern of said carrier wave, means for mixing
said oscillations with said carrier wave to pro-
duce a wave of substantially constant interme-
diate frequency, detector means. for said inter-
mediate frequency, and means to integrate the
output of said detector means to obtain a signal
wave according to said intelligence.

13. A system according to claim 12 in combina-
tion with an automatic frequency control Te-
sponsive to variations in said intermediate fre-
quency wave to vary the instantaneous value of
the electromotive force, thereby offsetting any
tendency of the sweep patterns of the carrier
wave and the electromotive force to vary one
from the other.

g carrier wave it

" py a varying electromotive force

156

20

25

30

35

-
feed

45

50

55

80

65

70

12

sweep pattern of said carrier wave follows a saw-
tooth by a steadily increasing change from one
to the other of said limits and then repeating,
and the means for producing a varying electro-
motive force includes a voltage generator where-
is -produced.
which has a saw-tooth pattern substantially the
same as the sweep pattern of said carrier. wave.

15. A system according to claim 12 wherein

. the sweep pattern of said carrier wave varies in

a sinusoidal manner petween said limits thereby
producing two synchronizing pulses per cycle,
and the means for producing said varying elec-
tromotive force includes a sine wave voltage gen-
erator and a blocking oscillator whereby alter-
nate synchronizing pulses only are passed by said.
blocking oscillator for synchronizing of said sine
wave voltage generator.

16. A communication receiving system for re-
ception of intelligence conveyed by a calrier wave-
periodically varied in- frequency, in addition to
intelligence modulation, according to a-’ given.
sweep pattern between the limits of a given fre~
quency band; comprising a mixer detector, means.
for receiving and applying said . carrier wave
throughout the speetrum of said frequency band
to said detector, means to generate oscillations
at a selected frequency, means to apply said os~-
cillations to said detector to’ mix with -said car-
rier wave to produce at least one pulse envelope
of a given intermediate frequency for. each sweep:
of the carrier wave, means to produce oscilla~
tions varying in frequency according to said given
sweep pattern, means controlled by energy -of
said pulse envelopes to synchronize the sweep pat-
terns of ‘said varying oscillations with the sweep:
patterns of said carrier wave, means to retard the
timing of the sweep pattern of said oscillations
a given amount, means for changing the selected
frequency . of said oscillator to adjust the timring
of the synchronizing pulse envelopes, means for
mixing said varying oscillations with said carrier
wave to produce a wave of substantially constant
intermediate frequency, detector means for said
intermediate frequency, and means to integrate
the output of said detector means to obtain: a
signal wave aceording to said intelligence.

17. A system for synchronizing a locally pro--
duced cyclically varying electromotive force with
a remotely generated: electric wave periodically.
varied in. frequency according to a given sweep
pattern between the limits of & given frequency
band, comprising means for receiving said elec-
tric wave throughout. the spectrum of said fre-
quency band, means to produce substantially .
regularly recurring synchronizing pulses from
the cyclic character of the received wave, said-
synchronizing pulses being timed to at least cer-
tain of the successive sweep patterns of the re-
ceived wave, means controlled by said synchroniz-
ing pulses for producing & varying electromotive
force having a cyclic sweeping characteristic sub-
stantially the same as the sweep pattern of said
wave, said synchronizing pulses operating to time
the sweep patterns of said varying electromotive
force to the timing of the successive sweep pat-
terns of sald electric wave.

18. A system according to claim. 17 wherein
the means for producing synchronizing pulses
includes means for generating oscillations at &
given frequency, and means. for mixing sald os-
cillations with said electric wave to produce at
least one synchronizing pulse envelope of a given
intermediate frequency’ for each sweep pattern of

14. A system according to claim 12 wherein the 75 said electric wave,
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ating oscillations at 5 given frequency, and means
said oscillations with said electric
wave to produce g Synchronizing ‘pulse envelope
of a given intermediate frequency for each sweep
pattern of saig electric wave. -

20. A system according to ¢laim 17 wherein
the sweep pattern of said electric wave varies be-
tween said limits in g sinusoidal manner, and
the nieans for broducing synchronizing pulses in-
cludes the generation of oscillations at a given

the sweep pattern of said electric wave,
means to eliminate alternate pulses to provide
one synchronizing pulse only for each sweep
pattern of said electric wave.,

2. Ina communicating system wherein a ply-
rality of

from the successive sweep patterns of each of
said carrier Wwaves, means to produce oscillations
varying in frequency according to said given
Sweep pattern, means adjustable to select the

oscillations with the Sweep patterns of the de-
sired carrier Wwave, means for mixing said oseil-
lations with said carrier waves whereby a wave
of substantially constant intermediate frequency
is produced by interaction with said desired car-
rier wave, detector means for said intermediate
frequency, and means to integrate the output
of said detector means to obtain the intelligence
conveyed by the selected channel,

22. A two-way communication system compris-
ing first and second terminals each having a
transmitter and g receiver,
having means for modulating a carrier wave
with intelligence, means at the transmitter of
the first terminal to vary a first carrier wave be-
tween limits of g given frequency band, means
at the transmitter of sald second terminal to
vary a second carrier wave between limits of said
given frequency band but differing from said
first carrier wave by a given characteristic of the
Sweep pattern, means to transmit the first and
second waves over g common medium between
said terminals, the receivers of each terminal
having means to produce substantially regularly
recurring synchronizing pulses from the succes-
sive sweep patterns of the carrier wave transmit-
ted from the other terminal, means controlled by
said synchronizing pulses to produce oscillations
varying in frequency in a manner similar to the
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Sweep pattern of the carrier waves, means o
vary the sweep pattern of said oscillations with
respect to said given characteristic until the
Sweep pattern of said oscillations represents g
facsimile of the Sweep patbtern . of the carrier
wave received, means for mixing said oscillations
with the received carrier wave to
of substantially constant intermediate frequency,
detector means for said intermediate

23. A system according to claim 29 wherein:
the sweep pattern of the ecarrier waves is a saw-.
tooth wave and the given characteristic is the
sweep rate of. the saw-tooth; and the means con-

trolled by said synchronizing pulses for produe-~

24, A multiplex ctommunication system com-
Prising first and second terminals each having

waves according to a given characteristic thereof,
and means to transmit the carrier waves over a
common medium between said terminals; and
the receivers of each terminal having means to
broduce a separate series of substantially regu-
larly recurring Synchronizing pulses from the
successive sweep patterns of the carrier waves,
means adjustable to select the series of syn-
chronizing pulses corresponding to a desired car-
i ,» Ineans controlled by the selected series

sweep pattern thereof
corresponds substantially to the sweep pattern of
the desired carrier wave, means for mixing said
oscillations with said carrier waves whereby g
wave of substantially constant intermediate fre~
auency is produced by interaction of the oscilla-
tions with said desired carrier wave, detector
means for said intermediate frequency, and
means to integrate the output of said detector
means to obtain the Intelligence of said desired
carrier wave.

25. A communication system according to
claim 24 wherein the carrier waves of the trans-
mitters of the first terminal are varied between
the limits of g given frequency band, the carrier
waves of the transmitters of the second terminal
are varied between limits of a different wave
band, the receivers at the first terminal include
means for receiving the carrier waves of said sec-
ond frequency band and the receivers of said
second terminal include means for receiving the
carrier waves of said first frequency band.

26. A method of synchronizing a locally pro-
duced cyclie sweeping electromotive force with
& remotely generated electric wave Periodically
varied in the frequency in a sinusoidal manner
between limits of 5 given frequency band to pro-
vide a sweep pattern comprising generating oscil-
lations at a given frequency, mixing oscillations
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with said:electric wave to produce a synchroniz-
ing pulse of a.given intermediate frequency for
each half cycle of the sweep pattern of said elec~
tric. wave, plocking out of. said:pulses to insure
one synchronizing pulse only for each sweep pat-
tern- of - the- electric . wave, blocking alternate
pulses to insure one synchronizing pulse only for
each sweep pattern of the electric wave, produc-
ing:a varying electromotive force having a cyclic
sweeping characteristic substantially the same as
the sweep pattern of said wave, and using said
synchronizing pulses to time the.sweep patterns
of said\varying‘electromotive force to the timing
of:'the successive sWeep pattern of said electric
wave.s

: MARTIN SILVER.
CARL A. SEGERSTROM, JR:
RALPH B. READE.
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