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‘Theipresent: invention. relates,; in general, to a -

slgnal-translating system:and is particularly. di-

‘rected o such a system for'translating an angi-

lar-velocity-modilated carrier:signalhaving mod-

ulation cofiponents determineg by information to .

ke translated-and predominantly.in a predeter-
mined band:of frequencies: While the invention
ds to be particularly- described in connection with
‘& phase-modulation system, it is equally applica-
“ble 408 frequency-moduldtion ‘system and, ge=

-cordingly,. the term “apgular-velocitymodulated

-carrier:signal” is used in this specification -and in

‘10

-the' appended claims- to' include the modulated

carrier signal translated in-each such:system:

In a:phase-modulation system it'is desirable to. i

haveat the receiver a phase-reference signal rep-
resenting the absolute phase of the ¢arrier com.
ponent: of the receivedmodulated carrier signal.

Where:such a reference sighal is available, all of -
“20

the modulation: components ‘of ‘the received sig-
nal may be derived directly by:--as method; of com-
‘parison, - -In:certain :prior. art arrangements g
:phase-reference signal; comprising ‘the unmodu-
lated.carrier;signal, is transmitted: to the receiver
-over one channel while the modulated carrier. sig-
-nalis transmitted thereto over a separate and in-
devendent .channel.  Although  such arrange-

~

ments-provide the desired phase-reference signal;."

they require at-least two-transmitting channels
which, for many installations, i§ -an ‘undesirabls
limitation.

Other. prior-art arrangements. utilize some har-
menic or subharmonic.of.the original carrier sig-
nal -as-a reference -which .is. transmitted - over: s

single-channel along -with the modulated carrier &

signal and- separated therefrom’.at the receiver,
However, these other arrangements are .subject
to-the limitation .that the- reference signal .and

-modulated:carrier signal .are widely separated:in

430 .

the frequency spectrum:” This is.undesirable sinca
‘the wave propagation.characteristics of-a.trans~."

mission channel are frequently quite different for
signals.of widely separated frequencies. which ef-
fect-introduces distortion into the.detected signal.

-8till other arrangements utilize.a. reference os- e

cillator at the receiver; synchronized from the
transmitter,-to .supply a.phase-reference signal.

Obvicusly, such arrangements are.objectionable-

in that they require.a duplication. of; equipments

-and:introduce “an:exacting synchrenizing ‘prob--*

lem. : ‘
Arrangements-have- also been: proposed::which
include- a-sharply iselective -filter for:selecting 'a
-signal-having:the -average phase:of ‘g received

iphase-modulated-signal, the'signal so selected be=. 15

3

)

‘ 2
ing: thereafter-compared with:the -instantaneous;
phase of:the:received: signal:for the pUrpose:of -
obtaining: its odulation: components. ~However,
arrangements of ‘this-type require an:extremely
selective - filter. to: derive low-frequency-modula-.
tlon:components-and in-any:event are ‘unable’to
derive-modulation- components ‘down $0:and in:
cluding-direct current components. ; :
It ds; therefore; .an object: ofr the invention ito .

“provide aniimproved: angular-velocity-modulated
“earrier . signal-translating : system ‘Wwhich ; is*'not

subject. torone.or; more of the -above-mentioned

-Iimitations of prior art.arrangements; = . .

:It ds:another object: of:the.invention 0. provide

“ah impreved signal-translatingisystem. for trans-
"lating over:-a-single channel an: angular-velocity=
“modulated -earrier-signal and
‘signal. ‘ ‘

a-suitable reference

1t is'a specific.object of the invention to provide
ail improved signal:translating: system: for trans-

Jating over .a single channel 3, phase-modulated
-earrier.signal-and a phase:reference-signal.

‘In -accerdance .with  the-invention, a-signal-

-translating system comprises means for supplying
-a first signal-and:means for effectively supplying

a second -signal, the second.sighal-comprising-a

-pair- of signal .components having predetermined

phase relations ‘with reference to the. first. signal
and -being individually spaced: therefrom:in' the
frequency. spectrum by-equal-ard opposite values,

'This:system also includes means for modulating:

the angular-velocity of ene of the first.and second
signals.-in . accordance - with ‘-informatiqn .to+be
transmitied: to. develop. a modulated -carrier.sig-

‘nal having. preédominant modulation, componernts

within a modulation band that. is located only in
a:portion-of:the frequency. spectrum adjacent:its

“carrier-frequency.- The.width .of. one modulation
.sldebang-thereof is less than one of the aforesaid

40

vatues... Further, the system.includes:a. signal.
translating channel having inpit.and output ter-

_minals-and. means for. applying to:the input. ter-

minals-thereof, the modulated. carrier: signal .and
theother.one of .the: first:.and second  signals

sAdditionally, “means -are -coupled -to -the output
~terminals. for utilizing the modulated carrier: sig-

nal-and the:other one of the first and second sig-
nais-to derive the modulation.components::
- ~Also in-accerdance with the invention, a signal-

JAranslating isystem: comprises: means for supply-
-ing-a-first-signal.and.means.for: effectively: sub-

biying -4 second:signal; the; second signal. com-

‘prising a pair.of signal components.having: pre-

determined. phase relations.with reference to the

first-mentioned: signal .and: being - -indiyidually
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spaced therefrom in the frequency spectrum by
equal and opposite values. The system also in-
cludes means for modulating the angular veloc-
ity of one of the aforementioned first and second
signals in accordance with information to e
transmitted to develop a modulated carrier sig-
nal having predominant modulation components
within a modulation band located only in a por-
tion of the frequency spectrum which is adjacent
its carrier frequency, the width of one modula-
tion sideband thereof being less than one of the
aforesald vaiues. Further, the system includes a
signal-translating channel and means for apply-
ing to the channel the modulated carrier signal
and the other one of the aforesaid signals.

Also in accordance with the invention, a re-
ceiver is provided in a system for translating
s composite signal which includes a first signal
and a second signal, the second signal including
a pair of signal components having predeter-
mined phase relations with reference to the first
signal and being individually spaced therefrom
in the frequency spectrum by equal and opposite
values:. Also, one of the first and second signals
is angular-velocity-modulated in accordance with
information to be translated so as to provide a
modulated carrier signal having predominant
modulation components within a modulation
band located only in a portion of the frequency
spectrum which is adjacent its carrier frequency,
the width of one modulation sideband thereof
being less than one of the aforesaid values. The
receiver comprises a pair of input terminals for
receiving the composite signal, frequency-selec-
tive means coupled to the input terminals for
individually separating the modulated carrier
signal and. the other one of the first and second
signals, and means coupled to the frequency-
selective means for utilizing the separaled signals
to derive the modulation components.

Tor a better understanding of the present in-
vention, together with other and further objects
thereof, reference is had to the following descrip-
tion taken in connection with the accompanying
drawings, and its scope will be pointed out in
the appended claims.

- Referring to the drawings, Fig. 1is a schematie
circuit diagram of a complete signal-translating
system in accordance with the invention; Fig. 2
is.a graph utilized in explaining the operation of
the system of Fig. 1; Figs. 3, 4 and 5 represent
modifications of a portion of the signal-trans-
lating system of Fig. 1; and Figs. 3a to 3¢, Fig. 40
and Figs. 5a and 5b comprise graphs used in de-
seribing the operation of the arrangements o
Figs. 3, 4 and 5, respectively. :

Referring now more particularly to Fig. 1 of the

‘drawings, there is represented schematically a.

complete signal-translating system, in accord-
ance with the invention, composed of elements
which, individually, are of well-known construc-
tion and design. As represented, the system com-
prises a sending station {8 and a receiving sta-
tion {1, interconnected by a single signal-trans-
lating channel {2 having input terminals 13, I3
and output terminals {4, 14. Channel 12 may
be a direct wire connection as, for example, a
telephone cable, or it may consist of a conven-
tional radio link. The sending station includes
means for supplying an angular-velocity-modu-
lated carrier signal having modulation compo-
nents determined by information to be trans-
lated and predominantly in a predetermined band
of frequencies. This means comprises an oscil-
lator 15 having a mean operating frequency fo
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for supplying a carrier signal to ke modulated,
a source of phase-modulating signals {6 repre-
senting the information to ke translated, and a
phase modulator 7 having one input circuit
coupled to oscillator §5 and another input cir-
cuit coupled to signal source 18.

There is also included in the sending station
means for supplying a pair of reference-signal
components having predetermined phase rela-
tions with reference to the carrier signal applied
to phase modulator 1. This means comprises
means for supplying a second carrier signal hav-
ing predetermined phase and frequency relations
with reference to the first carrier signal, namely,
that applied to modulator 17. It is preferred
that the second carrier sighal have substantially
the same frequency and phase as that of the
first carrier signal and, consequently, it is expedi-
ent to derive the second carrier signal directly
from oscillator 15, as illustrated, although an
guxiliary oscillator may ke provided if desired.
The means for supplying a pair of reference-
gignal components also comprises a signal source
15 which supplies a modulating signal having
a predetermined frequency fi, to be defined more
particularly hereinafter, and a balanced ampli-
tude modulator 19 having one input circuit cou-
pled to oscillator 15 and another input eircuit
coupled to signal source 13. The outputb circuit
of modulator 19 is arranged to select only the
upper and lower sideband components of ampli-
tude modulation which are utilized as the ref-
erence-signal components, the second carrier
signal being suppressed.

Other information, in addition to that repre-
sented by signal socurce {8, may also be trans-
mitted from sending station {0 to recelving sta-
tion i1 over the channel {2, TFor this purpose,
means, comprising an amplitude modulator 29,
are included in the sending station fcr modulat-
ing each of the reference-signal components pro-
duced in balanced modulator i8 in accordance
with such additional information. Modulator 20
has one input circuit which is coupled to hal-
anced modulator {9 and another input circuit
coupled to a signal source 21, representing the
additional information to be translated. The fre-
quencies of the signals developed by source 2!
are included in a predetermined band of frequen-
cies, defined more particularly hereinafter.

The output circuits of modulators 7 and 20
are connected to the input circuit of a combining
amplifier 22. The output circuit of this ampli-
fler, in turn, is connected to input terminals 13,
i3 of signal-translating channel {2, thereby to
provide means for applying the phase-modu-
lated carrier signal developed in unit 17 and the
amplitude-modulated reference-signal compo-
nents developed in unit 28 to channel {2 for
translation to the receiving station f(i.

The receiving station comprises means coupled
to the output terminals of channel {2 for utiliz-
ing the reference-signal components to derive the
modulation components of the translated phase-
modulated carrier signal. 'This means includes
an amplifier and equalizer 3§, such as an ampli-
fier having a frequency-response characteristic
selected to compensate for any ncnuniform fre-
quency-response characteristics of channel 12,
coupled to output terminals {4, {4 of the channel
and frequency-selective means or filters 31, 32
and 33 connected to the amplifier and equalizer
30 for individually selecting the received modu~
lated carrier signal and each of the reference-sig-
nal components. Filters 31 and 82 are designed
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-torhave passchandsswith: meant frequencies: corre-
-sponiding:to individual:ones-of the referencessig-
rnal components: and: sufiiciently wideito bass the
rband:cf.amplitude-modulation:components asso-
ciated .witheach ;such 'reference-signal compo-
‘nent. LFilter:33-has:a:passihand-having:a:mean
frequency which: corresponds: to' that.of the:car-
‘rier. componéntuot  the-phase-nmodulated signal
-and:g: passihandreffectiveito . pass the. kand of
~bhasesmodulatiton: components associated there-
~with. _A:miixer, or mgodulator,-and limiter-24-is
“coupled: to. the cutput -circuits of flters 5 and:32
‘for the:purposeofieffectively. combining the sep~
-garated ~referencexsignal-components.
‘putb circuit - of ‘mixer- 24 ris'designed o select-that
~upper :sideband ;i modulation - component which
comprises-a'reéference carrierisignal having a pre-
~determined phaseirelation with: reference to:-the
carrier:signal igenerated: in’oscillator #15-af send-
dng. station: 18, but. ef twice the frequency. :The
Adimiter of unit: 84 is-provided te remove ‘all- ampli-
tuder madulatmn from:this reference earrier. sig-;

na]
“In-order-to. utilize ;the ‘derived_ : refereuce car-
rier signal for the purbnse of detecting. all:of .the
phase-modulation. -components. of " the' received

phase-modulated carrier:signal, it is desirable to’
:convert:the frequenecy.of the-carrier component.

-ofione;of these'sighals to that of the other. . Ac-
cordingly,.a frequent’ converter or:multiplier ‘38
is:provided in-receiving station 11, coupled to the
“output-circuit of filter. 33.

The output civcuits of mixer 34 and freguency
converter: 3%5.-are coupled to:input circuits.of a

phase-modulation detector-38. designed to derive

.the .desired -phase-modulation .components . by
effectively comparing. the .applied phase e-modu-
lated rcarrier signal and.reference carrier signal.
+This. detector. may: be.;generally similar to:that
included in the phase-control system. disclpsed
in Fig. 1.of United States Letters Patent 2,231,704,
issued .on-February.11,.1941 to-Leslie F. Curtis.
Such .a-.detector comprises.a. pair of .diodes- {0
.which-the phase-modulated carrier signal.is.ap-
plied-with like phase and to.which. the reference
‘carrier gignal ‘is -applied ~with opposite  phase.

<

10

Theout=

20

25

45

. The unidirectional voltages developed in the lead

circuits of the diodes are dgifferentiaily combined
:and -the resultant. ontput voltage comprises. the
modulation components. of. the phase-modulated
signal. : The derived phass-modulation. compo-
nents are -supplied . for- utilization . to:.a.suitakle
utilizing circuit 38 connected to the output.circuit
-of detector 38.

‘An. amplitude-modulation: deteckor. 37 is con-
nected. to the. output civcuit of filter 31 for deriv-
ing the modulation components of the amplitude-
modulated reference-signal component: selected
by this filter. (The output circuit.of detector 27
is:coupled to utilizing cireuit 38 so.that .the.de-

tected amplitude-modulation components may be:

_supplied . thereto. for utilization in.any. desired
manner. ‘For convenience of illustration; a single
utilizing circuit 38 has been shown. Tt will bhe
understood - that this unit . includes- circuit rar-
‘rangements for utilizing the:modulation cocmpo-
nents derived in each detector 3% and 87. In the
most general case, unit: 38 comprises two-circuit

arrangements individually-designed to utilize the

signal output of ‘one of detectors 36 and 37.

" In considering the ‘operation -of the- described
‘system,- it “will be: seen: that the-angular-veloeity
of the carrier signal applied by cscillator 15 to
-medulator {7 is: modulated- in“accordance - with
-the signals:supplied: by signal:-source:16'or, ex-

50

55

‘60

65

-
et

~7
o

.signal.

6

pressed ~in ‘other wwords, :the ::carrier :signal: is

-phasesmodulated:in-accordance: with information
~tosbertranslated. A mathematical: analysis indi-
“reatestaninfinite-numberof modulation ‘compo-
snentsror sidebands:to:be:produced through: such
za mgdulating process;:the sidebands:beingspaced
nither frequeneyrspectrum. on:opposite sides:of

thercarrier-component. - However; where the fre-
-quency- deviation::of :the . carrier ‘signal.is large
swith reference-to: the:frequency of the.modulat-
“ing-signal s it is: found: that the energy:of ithose

:giderband ¢omponents:which are spaced from the

carriercomponent by :an:amount- exceeding the

‘maximum ~deviation rof - the ‘carrier  signal-is:so

-small- that :stichi-components: may .be. neglected.
~Therefore, :in:such: a--case the 'developed phase-
modulated signal may be-defined;as havingmodu-
lation components.predominantly in:a predeter-
mined band-of frequencies; which:bangd: is deter-
mined: by:the maximum rdeviation:of the carrier
"Thus, for the-arrangement under:consid-
eration:which:employs. suchia mode of:modula-~
-tion; . the phasexmodulated - signal -produced . in
unit, 11,-as'represented by the graph'of Fig.'2, has
g earrier.component .of frequency feo:correspond:
ing .to-the:operating - frequency: of oscillator 15
-and-a bandof phase-modulation components hav-
ing.- thedimiting-frequencies of fo-FAf and fo—A7,

.where Afis- the mazﬂmum deviation -of the carrier

‘signal:

<The.carvier: 51gna1 fo- supplied: by oscﬂlator 15
is+ also-.amplitude-modulated in modulator 19
with ;a3 modulating signal-having a. frequency fi

A0 produce ‘upper--and -lower -sidéband compo-
nents  Having the -frequencies fo--f1 . and . fo—7f1,

respectively. .. These-.compounents, -being . derived:
through..an amplitude-modullation: process; have
such:phase.relations -with reference.to their car:
rier;components: fo:as. to: combine: in: ‘phase there-
'with:.and, hence, are :suitable reference- s1gna1,
components for: prov1dmg a.phase-reference-sig-
nal representing. the-absolute ;phase of the car-
rier signal-formodulated in-unit- 11, ‘Ta"facili-
tate iseparating: the: phase-reference. signal.com-
ponents:from the phase-modulated:carrier:signal
-at: the »receiving: station,. the modulating  fre-
quency: fris:so.chosen that the: reference-signal
components.: fo4-71r:.and fo—f17have - frequencies
spaced: from :the carrier component: fo- by -equal
.and-opposite inecrements of-suech: magnitude:that -
the band of-frequencies fo—A7f.to fo-Af contain-
ing the phase-modulation components is located
therebetween. |/ This' frequency-relation 1s clearly
showniby:the ‘graph:ofFig. 2

.The -developed  reference-signal - components
Ffo—friand fo-f1are individually -amplitude-mod-
Mated-in-unit 28-in accordance with sighals from
.source 2, or in:accordance with-additional -in-
formation:torbe:transmitted. ‘The resuliing sig-
makicutputsof:modulator 128 comprises-a pair of
-amplitude-modulated ~reference-signal. 'compo-.
mnents, having:modulation: components contained
in different predetermined:bands:of frequencies.
In Fig.:2:these bands:of- modulation components
-aredesignatedeby:reference characters g and b.
Theifrequencies ‘of thermodulating sighals: from
signal source:-21{:gre:located in:such'a predeter-
‘mined ‘band of (frequencies: that these:different
predetermined bands -of modulation. components
a,"brare spaced in the'frequency spectrum’ from
the band ¢f-phase-modulation components fo=Af
produced-in:unit =11, as: 111ustrated by:the: graph
of Fig,2;

‘{The:describedssignals ‘produced: in:the sending
station;satter-amplification in amphﬁer 22;.d9re
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applied to channel {2 for translation to the re-
ceiver. This channel has a pass-band charac-
teristic sufficiently wide to pass the reference-
sighal components and their associated bands of
modulatioh components a, b. At the receiving
station these signals are selectively amplified in
unit 30 to compensate for any nonuniform fre-
quency-response characteristics of the translat-
ing channel and are thereafter individually sep-
arated by filters 31-33, inclusive, their separa-
tion being facilitated by virtue of the aforemen-
tioned frequency relationships established at the
sending station. The separated reference-sig-
nal components, upon being combined in mixer
34, produce a phase-reference carrier signal hav-
ing a predetermined phase relation with refer-
ence to the carrier signal of oscillator {5 in-
cluded in the sending station, but of twice the
frequency. This may be seen from the follow-
ing consideration. The signals applied to mixer
34 include, among others, the carrier compo-
nents of the amplitude-modulated carrier sig-
nals selected by filters 3f and 22. Such compo-
nents have the frequencies fo-+f1 and fo—f1 and
their sum frequency, obtained in the output cir-
cuit of unit 34, is 2fo, where fo is the operating
frequency of oscillator #5. 'Thus, the reference
signal derived in unit 34 is harmonically related
to the carrier component fo of the received phase-
modulated ecarrier signal and, specifically, the
reference signal corresponds to the second har-
monic of such carrier component. However, the
separated phase-modulated carrier signal is dou-
bled in fregquency by frequency multiplier 25, so

that detector 35, by comparing therewith the 3

phase~-reference carrier signals from mixer 34,
is effective to derive all of the phase-modula-~
tion components for utilization in utilizing cir-
cuit 38.. Further, the amplitude-modulation
components of the particular reference-signal
component fo—f1 selected by filter 3{ are de-
rived in detector 37 and are also supplied to cir-
cuit 28 for utilization in any desired manner.

It will be apparent that the aforedescribed sys-
tem is especially suited for translating a phase~
reference signal to be utilized in deriving the
modulation components of a phase-modulated
carrier signal. In the described arrangement,
modulator 20 functions merely as an amplifier in
the event that the only information to be trans-
Jated between stations {0 and i1 comprises the
signals from source i6.

It will also be apparent that a pair of ampli-
tude-modulation detectors may be utilized in the
receiving station {1 for individually deriving the
amplitude-modulation components of each ref-
erence-signal component. This arrangement is
particularly . advantageous in those applications
where there is an undesired frequency distor-
tion in the signal-translating channel. In such
a case, by combining the derived amplitude-mod-
ulation components from each of the detectors a
compensation may be effected.

The described signal-translating system may
be further extended by individually modulating
the reference-signal components from uwnit (8
with additional information desired to be trans-
lated to receiving station {1. To accomplish this
result, modulator 20 at sending station 18 may
be replaced by a pair of amplitude modulators
individually coupled to unit {8 through frequency-
selective circuits so that one reference-signal
component fo-+f1 is applied to one such modula-
tor while the other fo—f1 is applied to the other
such modulator. It is then possible individually
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to couple a pair of different signal sources to the
modulators, thereby separately to amplitude-
modulate the reference-signal components with
information to be translated. When the sending
station is modified as herein suggested, corre-
sponding modifications are neécessary at receiving
station tf. In particular, an additional ampli-
tude-modulation detector is required to be cou-
pled to filter 32 so that the modulation compo-
nents of each received amplitude-modulated ref-
erence-signal component may be derived, How-
ever, in deriving the modulation components of
the received phase~modulated carrier signal, the
modified system operates substantially as here-
inbefore described. The graph of Fig. 2 again
illustrates the frequency relations to be main-
tained for the signals translated by the sug-
gested modification. Accordingly, the expres-
sion “means for modulating each of the refer-
ence-signal components in accordance with addi-
tional information to be translated” as used in
this description and in the appended claims is
intended to include the specific arrangement of
Fig. 1 and the aforementioned modification
thereof.

In any case where information is translated
between stations {8 and tf by amplitude modula-
tion of the reference-signal components, it may
be convenient to limit the percentage modulation
to less than 100 per cent. Where this operating
condition is established, the signal outputs from
filters 34 and 32 may be supplied to mixer 34
through limiter stages, adjusted to remove all
amplitude modulation therefrom and thus sup-
ply to unit 34 only signals having the frequencies
fo+f1 and fo—fi. Such an arrangement mate-
rially reduces the filtering nroblem otherwise pre-
sented when the signals applied to unit 34 com-
prise the amplitude-modulated reference-signal
components.

In the foregcing description of receiving sta-
tion i1 it was shown that mixer 34, by combin-
ing two reference-signal components having the
frequencies fo-+f1 and fo—f1, respectively, pro-
duces the desired phase-reference signal having
the frequency 2fc. This reference signal will be
seen to be independent of the. phase and fre-
gency of the signal f1 utilized in generating the
reference-sighal components at the sending sta-
tion 18. Thus, signal f1 may be variously modu-
lated without affecting the desired phase-refer-
ence signal derived at the receiving station.
Specifically, information may be translated by
amplitude meodulation of the reference-signal
components, as particularly described in connec-
tion with the arrangement of Fig. 1, or by modu-
lating the angular velocity of the reference-sig-
nal components in synchronism and in opposite
senses, as in the arrangement of Fig. 3 presently
to be described.

PFig. 3 represents a modification of the send-
ing station 10 of Fig. 1 and corresponding com-
ponents thereof are identified by like reference
nurmerals primed. Sending station 18’ com-

‘prises means for supplying a first signal and

means for modulating the angular velocity of the
first signal in accordance with information to
be translated to develop a first modulated car-
rier signal having components predominantly in
a first predetermined band of frequencies. Such
mmeans are provided by an oscillator {8’ having a
mean operating frequency fo, a signal source 1§’
representing the information to be translated,
and a phase modulator 1T’ interconnected as cor—
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responding units of ‘sending station {8 of Fig. 1.
described above.

Sending station 18’ also includes o signal source"
18" for supplying a second signal and means
for modulating the angular velocity of such .sec-~
ond signal-in accordance with additional infor-
mation tobe translated to develop-a second moduy-=
lated carrier signal having ¢omponents predomi-
nantly in- a second predeterminéd hand ‘of fre=:
quencies. - This last-named - means comprises ‘a-
phase-modulator 24 having “input - circuits-indi~
vidually coupled to  signal’ scurce 18’ and: to
& source of phase-modulating signals 28 repre-
senting sueh: additional information.

A’ balanced amplitude modulator. 8% is in-
cluded ‘in sending ‘station 19’ having.one input
circuit coupled to.oscillator 15 and- anotherinput
circuit- coupled-to phase modulator. 24 Thus;
unit 19" comprises: means for amplitude-moduy-
lating the first signal, i; e: the signal from-oscil=

Jator (8%, with $he moduizted carrier signal of-.

modulator 24 to develop only a-pair of angular-
velocity-modulated signals having predetermined
phase relations- with' reference to the afcresaid
first- signal: - A combining: amplifisr -22% - serves
to apply the phase-mcdu-latedgcarrier siginal pro-
duced in- unit 17" and-the pair-of phase-modu~
lated :signals. produced: in-unit 19’ to & signal-
translating’ channel: 2% for- translation” to- the
receiving station- 1 {:

Receiving - station. i{,  when the: above-de-
scribed sending- station 18* is utilized-in the sig-
nal-translating system-of the inventien; may be
substantially .as represented in Fig. 1. However;,
it will be. necessary to substitute a phase-moduy.
lation detector for unit 37 thereof -and filters 31,
32 must have band widths sufficiently . wide .to
accommodate a band of. frequencies ‘containing
the. predominant modulation .components of one
of the above-mentioned pait of modulated sig-

o
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sideration, modulator: 19* pbroduces;: asireference.
signals,.a pair.of angular-velocity-modulated sig~
nals:having predetermined phase. relations with-
reference 'to. the. carrier. signal’ fo supplied” by
oscillator. 15’ ‘and having modilation components:
corresponding- to-those of the:modiuldted carrier
signal ‘from: modulator-24:but located in differ-
ent individual predetermined Bands.of -frequen-
cles. Thismay ‘be readily understood from 4. con-
sidération ot the signgl comporients-involved:

The-signal ‘applied to-iihit 18’ to be:modulated
has the frequéncy-fo'and the modulatinig signals:
supplied -fromunit- 24. may-be- represented: as
f14-Af", ~'The ‘resulting ‘modulation broducts- ob-
tained from the output circuit: of unit (9% are:

JoRCh=AL)  and fo—(fiaAf) (D)
This expression may be rewritten: as:
FotFrEAf"s ang fo—fim AR, (@)

It-will :be‘;_appareht from.expression (2): that the:
pair:of :modulated isignals; utilized \in: the instant:
modification . of the;. invention: o translate: a

_-phase:reference to receiver:station L, are angu=

40

nals produced in modulator {9’ at sending: sta-.

tion 1§,

In considering the operation -ofithe signal-.

translating system of Fig:. 3, reference.is. made
to.the graphs.of Figs. 3a, 8b and 3c. Let.it be:
assumed. for. the-moment that the.only informa-
tion - to- be-translated between  stations 19’ and
[ § comprises the signals.from source. 1&’. For the:
assumed . condition,  phase. modulator. {1+ devel-
ops. a - first - angular-velocity-modulated - carrier.
signal having components predominantly in. a
first. predetermined band.of frequencies as.rep-
resented by the graph of Fig. 3¢; modulator 24

functions as an amplifier; and balaticed modu-. s

lator 19" produces reference-signal : components
having the frequencies fo71 and fo—fi.. These
signals are translated.over channel 12, to" the
receiving station {{ where:they are utilized to:
derive the modulation components of the trans-:
lated modulated carrier signal. This operation
of ‘stations 16’ and. {1 is precisely as described:
hereinkefore in connection with the arrangement
of Fig,' 1.

When- signals-from source 28 sre alsorto be
translated, modulator 24 develops a second an-
gular-velocity-modulated carrier signal, Fig. 2b,
having.a carrier. component: of frequency 71 and:
modulation components bredominantly in-a sec~
ond ‘predetermined- band. of: frequencies having
the limiting values of Fi-LAf and f1—Af’, where
Af*is the maximum deviation of ‘signal /1 in such
modulation. In -thig respect . the. operation of
modulator 24°i$ similar to-that of modulator i1,
However, for-the:operating conditions.under con-
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lar=velocity-modulated: in: ' synchronisii and ‘in:
opposite senses: " It:will be:further apparent:that,
the sum frequenecies of such modulated signals is:
equal to:2fd which is: harmonically related: to both
the:signal prodiced by oséillator {5 and the-car-~
rierycomponent; of ‘the modulated carrier signal
developed inimodulator: 1% o §
.“Thus, the signal ‘transmitted; to: receiving : sta-
tion: It from station: 10 for the assumed. condi-.
tions, is as represented by the graph of Fig. 3c.
Inlorder that theiseveral signals-may be conven-
iently .separated, at. the . receiving . station, the.
fréquencies of “the first and second signals. sip=
plied by units: 15’ and 18, respectively, are. so.
chiosen and. their angular=velocity modulation is
such that the predetermined band of frequencies.
fo=Af containing the -predominant: modulation.
components produced in. unit 17%'is located in the
irequency spectrum  between the different. indi-
vidual:-bands . of. frequencies fotfiEAfT and

5-f0—/1Af containing the predominant modulg,~

tion components of the. pair.of modulated. signals
from. modulator: 19’. | The operation of the re-
ceiving.” station in deriving " the. . modulation
components " from. the. translated signals  is
substantially.as described in ‘connection with the
arrangement of Fig. 1.

A further, modification .of - the. invention is
represented in Fig, 4 which: comprises. & -sending:
station, 107’ having. a construction. generally
similar; to.that .of: sending. station . 18; already
described,. corresponding. parts. thereof. being.,
identified. by. like . reference, numerals . douple,
primed.. --Sending. station -1 01’ -includes an-oseil--
lator 152" forsupplying a first:signal of frequency

foand; means-for. supblying;a second signal which - .

comprises - apair-of r signal . components: -having;
bredetermined:-phase relations - with reference:. to:
the: first-named signal -and being.. individually-
spaced therefrom: in the. frequency- spectrum by

equal and opposite values.; Such:means:comprise:
a-balanced amplitude modulator: {94 having one:
Input ‘circuit coupled:to- oscillator: 15!’ ~and’ an-

other, input circuit coupled- to: a: signal source

18{7:- A phase modulator-177* ‘having input :cir-
cuits: individuallyrcoupled:to; balanced modulator:
9% :and-td:a signal source: (6’ representing in-

formation to;_;kie.«:tra.nslated;;.c‘onstitutes,means for:
modulating:-the' angular. velocity. of theséconds .
Ramed signal in accordance: with information: to
be: translated to: develop g .pair - of - modulated
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carrier signals, described more particularly here-
inafter. ' A combining amplifier 22’’ has input
circuits coupled to modulator 17’7 and to oscil-
lator {5/, being provided as a means for applying
to a signal-translating channel {2’ the pair of
modulated carrier signals developed in modula-
tor 17"’ and a phase-reference signal obtained
from oscillator {5’.

Receiving station 1! of Fig. 1 may also be
utilized with sending station 10’’ to complete the
signal-translating system. However, in such an
arrangement the amplitude-modulation detector
37 will not be required at the receiving station
and filter 33 may be sharply selective to the fre-
quency fo of oscillator i5"’.

Tn the arrangement of Fig. 4, a signal from
oscillator (5’ having the frequency Jfo and a
signal from sourece {8’’ having the frequency fi
are modulated in unit 18’/ producing in the out-

put circuit thereof a signal which comprises a ¢

pair of components having the frequencies, re-
spectively, fo+f1 and fo—/1. Since these compo-
nents are produced through an amplitude
modulation process they have predetermined
phase relations with reference to the signal from
oscillator 15’ as mentioned hereinbefore and the
frequency relationships of such signals are as
indicated by the graph of Fig. 4a¢. The signal
components from modulator 19’° are Phase~
modulated in unit 7”7
information to be translated to develop a pair of
angular-velocity-modulated carrier signals.
These modulated carrier signals may be defined
as:

(fo--71) £AS; (fo—F1) =Af (€)]

where Af represents the maximum deviation of
each carrier component. It will be apparent
from expression (3) that the carrier signals are
angular-velocity modulated in synchronism and
in the same sense and therefore their sum fre-
guency, as obtained in a modulator, is equal to
92f0=2Af. In other words, by combining such
modulated carrier signals a third angular-
velocity-modulated carrier signal is obtained
which has a carrier component harmonically
related to the signal from oscillator 15" and
having modulation components which correspond
to the modulation components of each of the pair
of modulated carrier signals produced in unit
£1'. In order that the pair of modulated carrier
signals translated from sending station 18"’ to
receiving station i1 may be readily separated and
then modulated at the receiving station to derive
the above-mentioned third angular-velocity-
modulated carrier signal, the frequency relation-
ships indicated by the graph of Fig. 4¢ must be
established. In particular, the angular-velocity
modulation in unit {77 must be such that each
modulated carrier signal obtained therefrom has
predominant modulation components within an
individual modulation band located only in a
portion of the frequency spectrum which is
adjacent its carrier frequency. Also, the width
of one modulation sideband of each of the pair
of modulated carrier signals is to be less than
the separation between the frequency fo and the
particular carrier frequency.

The operation of receiving station 11 in com-
bining the translated pair of modulated carrier
signals to derive the aforementioned third
angular-velocity-modulated carrier signal and
the manner of utilizing the reference signal of
frequency fo translated from oscillator #5'7 will
be apparent. o

Fig, 5 represents a still further modification of

in accordance with ¢
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a signal-translating system in accordance with
the invention, this modification being generally
similar to that of Fig. 4 and corresponding com-
ponents are identified by like reference numerals
triple primed. This modification includes an os-
cillator 15’/ for supplying a first signal, a phase
modulator 17’’’ and a source of phase-modulat-
ing signals 1§’’’ representing information to be
transmitted, interconnected as described in con-
nection with the arrangement of Fig. 1 to de-
velop a first modulated carrier signal having pre-
dominant modulation components in a predeter-
mined band of frequencies.

Sending station 10’77 further includes means
for amplitude-modulating the aforementioned
first modulated carrier signal to develop a pair of
angular-velocity-modulated signals described
more particularly hereinafter. Such means con-
sists of a balanced amplitude modulator 18°"'
having an input circuit coupled to phase modu-
lator 17’'’ and another input circuit coupled to
a signal source 13’’’ which supplies a second, or
modulating, signal of frequency fi. Additionally,
station 18’’’ is provided with means for supply-
ing a third signal having predetermined phase
and frequency relations with reference to the
aforementioned first signal, namely, that applied
to modulator {71’’’ from oscillator 15’’". It is pre-
ferred that these signals have substantially the
same phase and frequency characteristics and,
accordingly, the third signal is derived from &
second output circuit of oscillator 13" as illus-
trated. Such third-named signal, as well as the
pair of modulated signals produced in modulator
1977, is applied to a signal-translating channel
12’’’ by way of a combining amplifier 22°’’ hav-
ing input circuits individually coupled to units
{5’ and £9’’’.

Receiving station 1§ of Fig. 1 may be utilized
in connection with the described sending station
18" to complete a signal-translating system, it
being only necessary to modify the receiving
station as above mentioned in connection with the
Fig. 4 embodiment.

In considering the operation of the Fig. § ar-
rangement, reference is made o the graphs of
Figs. ba and 5b. 'The carrier signal of frequency
fo supplied from oscillator §6’*’ to modulator L
is phase-modulated in accordance with informa-
tion to be translated to develop a first angular-
velocity-modulated carrier sighal having pre-
dominant modulation components in a predeter-
mined band of frequencies. This modulated sig-
nal, which is represented graphically in Fig. 5a,
is amplitude-modulated in unit 19"’" with the
signal supplied from source 18", There re-
sults from such modulation a pair of angular-
velocity-modulated carrier signals having prede-
termined phase relations with reference to the
modulated carrier signal from medulator 17777
and having modulation components correspond-
ing to those of the modulated carrier signal from
17" but contained in different individual prede-
termined bands of frequencies as indicated in Fig.
5b. 'This may be clearly understood from the
following:

The signals applied to unit 18"’ to ke modu-
lated may be expressed as fo=Af while the modu-
lating signal may be defined as fi. The modula-
tion products derived from unit {9"'" are:

(Ffo=AP) +71; and (fo=Af) —f1
By rearranging terms this expression becomes:
(fo+f1) =Af; and (fo—f1) =Af

4)

()]




Tt will: be, apparent from- a:comparison: of - €x=:

pressions:(3) and-(5) ;that the pair of modulated

carrier signals:developed in the arrangements of:

Figs. 4 .and 5-are:-identical. - Hence, the reference
signal -from oscillator- 15’/ which is-translated

along with such pair:of modulated carrier-signals.

may -be utilized at:the receiving station as previ-
ously described for.deriving: the desired raodula-
tion -components:. However; the frequency rela=
tionships- represented by: the: graph:of Fig. 5b
must- be: maintained: at the sending :station in
order:that such-signals'may be: conveniently sep=
arated. . This may-be achieved by-selecting ‘the
frequency. of -modulating :signal f1 such-.that the
signal. fo from  oscillator: 15’" is::located-in-the
frequency spectrum- between - the different prede-

termined bands:of frequencies: [ (fo4-f1)i==Af] and .

[(fo—f1).£Af] containing the:predominant mods=
ulation components of each-of:the pair-of modu-
lated signals; respectively.

Inasmuch as the arrangements:of Figs. 4 and.: 5
operatesin. substantially the samie-manner and
translate identical signals, the expressions “means
for effectively supplying a second:signal compris=
ing :a pair.iof-sighal components’” and “means for
modulating the: angular: velocity - of said second
signal to.develop:a. pair:of modulated carrier sigs
nals’ as used.dn: the:specification: and in:the ap=
pended: claims are/intended:to include both such
arrangements:: ‘

To:simplify-the: explanation, the reference sig-
nal transmitted:from the:sending station in both
the:Figs:4:and 5 embodiments - has been disclosed
as;an:unmodulated signal of frequency: fo. “If.de-

sired, the:utility: of -either. arrangement may: be. s

enhanced :by:translating. additional information
aszamplitude -modulation on'such’ reference: sig=
nal:

Sonlong: as-the: percentage ‘modulation is.
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frequency. discrimination,: proposed.: by - .. B
Shaeffer; and described in:the Proceedings of the
I. R E:, vol. 30, No. 8, August, 1942, page 365+367, .
inclusive:- When adapted: to:such. a system, the
reference: signial -derived. at ‘the receiving station
may be utilized as the: reférence oscillations sup-
plied: to’the zero-beat frequency-discriminator:. .
system.. Such g frequency-modulation system has™
the -advantages: that the -system' utilizes in the
diseriminator no:resonant:circuits which may: be=:
come detuned; that the reference. oscillations de-
termine the balance :or:center. frequency of:the
discriminator, thereby facilitating its adjustment;
and that the l1near1ty of the system is improved.

‘While there have. been described .what are at:
present considered to be the:preférred embodi-

~ments of this invention; it will:be obvious-to those:

skilled in theart that'various:changes and modiz

fications may be made therein without departing:
from: the:invention; and it is, therefore, aimed in

theappended claims to cover:all'such changesand

modifications’ as"fall’ within'.the true -spirit gnd
scope of the invention,

‘What is claimed is:

1. A signal-transiating - system': compriging;
means for. supplying ‘a firstisighal, means for-ef-
fectively-supplying a.secondsignal comprising a;:
pair:of ‘signal components-having predetérmined
phase relations with reference to said first: signal
and being individually spaced-therefrom in. the
frequency spectrum by ‘equal and opposite values,
means for modulating the.angular velocityofione.
of said first and second signalsin accordance with
information to-he transmitted to develop a modu=
lated icarrier:signal having predominant modus
lation components within a’'modulation band ls-
cated--only in:aportion: of the frequency spec-

~ trum which i adjacent its carrier frequency; the

limited toless than:100 per:cent., the carrier-com~ -

ponent required - as a.phase-reference:. signal at:

the receiving station may be: derived through the

use.of :a limiter stage, as hereinbefore suggested.:

Ineach:of :the described embodiments:of: the
invention:a: signal-translating system .comprises
means for supplying a first signal and means for
supplying;. or effectively. supplying, a second sig~
nal which comprises. a - pair.of signal components
haying predetermined phase relations with refer:
ence:to the.-first signal and . being: individually

spaced.therefrom:in the: frequency: spectrum:by. |
equal and oppositevalues:. Also,in each case, ths.

system-includes means: for'modulating .the -angu-
lar:.velocity -of -one.of -the aforesaid first: and secs=
ond:signals \in :accordance with ‘the information

to.be transmitted to- develop.a modulated carrier:

signal having: predominant’ modulation  compo=

nents within a:modulation band:located only.ina -

portion:of the frequency:spectrum which:is ad-
jacent its :carrier: frequency, the:width: of one
modulation sideband thereof:being less:than one
of theaforementioned values:: Further; each sys-

‘tern comprises g:signal-translating ‘channel, and.

means for- applying.to-that channel ‘the modus
lated carrier.signal ‘and the:other of:the afore=
said first :and ‘sécond signals.: .

For-a-specific ‘application -of ‘a phase modula-.
_tion system-in accordance with the.:teachings of-
this  invention, reference may bethad to copend-

ing: a,pphcatlon ‘Serial No; 503,069, filed concur-

rently - herewith’ in “the- name-. of " "Bernard . D.

Loughlin and assigned:to the same:-assignee-as
the présent-invention.  Furthermore; the signal-
translating system:is especxally suited-for-applica~

tion to-a frequency-modulation system:of the:type-
which employs-a: -so=called’ zerojbeat method-iof*

40

width: of one:modulation sideband thereof: bsing
less than one of said values, a'signal-transiating
channel having- input  and output: terminals,
means for applying said-modulated carrier:signal
and the other one. of said first and second sigs
nals to-said input terminals; and means coupled:

-t0said ‘cutput.terminals for utilizing said modu~

lated. carrier -signal-and said other cne of said
first-and second signals-to derive said modulaticn
components:;

2. A signal-translating - system. comprising,

sIneans for supplying a first signal; meang for ef-

fectively supplying. a: second . signal comprising. a
pair of signal components haying predetermined
phase relations with réference to said first signal

~‘and being individually spaced therefrom in. the
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frequency spectrum by. equal and opposite values,
means for modulating: the angular veloeity of .one
of said “first'"and second . signals in accordance
with information to be ‘transmitted to develop a
modulated  carrier signhal. having predominant
modulation” components  within - a. modulation
band located only in g portion of the frequency
spectrum-which is adjacent its carrier frequency, .
the width of one modulation sideband thereof be~ "
ing ‘less than one of said” valLes a Sigrial-trans-

+lating channe] having: input ‘and output fermi-

nals, ‘means-for-applying 'said modulated carrier
signal and: the other one of said first and second
signals to°said: input-terminals; frequency=selec-
tive means ‘coupled-to ‘said output: terminals-for

Jindividually- separating. ‘said- modulated:. carrier

signal and said other one of said-first and second
signals,  and means coupled to-said frequency-se-
lective ‘means-for-utilizing the separated s1gnals‘
to: derive.said modulation compodents.

3. A:- signal-translating - system’ - comprising;
meansfor supplyingia-firstisignal,-means:for efs-
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fectively supplying a second signal comprising a~

pair of signal components having predetermined
bhase relations with reference to said first gignal
and being individually spaced therefrom in the
frequency spectrum by equal and opposite values,
means for modulating the angular velocity of one
of said first and second signals in accordance with
information to be transmitted to develop a modu-
lated carrier signal having predominant modula-
tion components within a modulation band locat-
ed only in a portion of the frequency spectrum
which is adjacent its carrier frequency, the width
of one modulation sideband thereof being less
than one of said values, a signal-translating
channel having input and output terminals,
means for applying said modulated carrier signal
and the other one of said first and second signhals
to said input terminals, frequency-selective means
coupled to said output terminals for individually

separating said modulated carrier signal and said o

other one of said first and secend signals, means
for deriving from the separated other one of said
first and second signals a reference signal having
predetermined phase and frequency relations

with respect to the carrier component of the sep- «

arated modulated carrier signal, and means for
utilizing said reference signal and said separated
modulated carrier signal to derive said modula-
tion components.

4. A signai-translating system
means for supplying a first signal, means for ef-
fectively supplying a second signal comprising a
pair of sighal compouents having predetermined
rhase relations with reference to said first signal
and being individually spaced therefrom in the
frequency spectrum by equal and opposite values,
means for modulating the angular velccity of one
of said first and second signals in accordance with
information to be transmitted to develop a mod-
ulated carrier signal having predominant mod-
ulation components with a modulation band lo-
cated only in a portion of the frequency spectrum
which is adjacent its carrier frequency, the width
of one modulation sideband thereof being less
than one of said values, a signal-translating chan-
nel having input and ocutput terminals, means
for applying said modulated carrier signal and
the other one of said first and second signals to
said input terminals, frequency-selective means
coupled to said output terminals for individually
separating said modulated carrier signal and said
other one of said first and second signals, meang
for deriving from the separated other one of said
first and second sighals a reference signal of sub-
stantially the same phase and frequency ag the
carrier component of the separated modulated
carrier signal, and means for utilizing said ref-
erence signsal and said separated modulated car-
rier sighal to derive said modulation componenis.

5. A signal-translating system comprising,
means for supplying an angular-velocity-modu-
lated carrier signal having modulation compo-
nents determined by information to be translated
and predominantly in a predetermined band of
frequencies, means for supplying a pair of refer-
ence-signal components having predetermined
phase relations with reference to the carrier com-
ponent of -said sighal, the frequencies of said ref-
erence-signal components being spaced in the
frequency spectrum from said carrier component
by equal and opposite increments of such mag-
nitude that said predetermined band of frequen-
cies is located therebetween, a signal-translating
channel having input and output terminals,
means for applying said modulated carrier sig-

comprising, -
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nal and said reference-signal components to said
input terminals, frequency-selective means cou-
pled to said output terminals for individually sep-
arating said modulated carrier signal and each
of said reference-signal components, means for
combining the separated reference-signal com-
ponents to derive a reference carrier signal which
is harmonically related to the carrier compo-
nent of the separated modulated carrier signal,
and means for utilizing said reference carrier sig-
nal and the separated modulated carrier signal
for deriving said modulation components.

6. A signal-translating system comprising,
means for supplying an angular-velocity-mod-
ulated carrier signal having modulation compo-
nents determined by information to be trans-
lated and predominantly in a predetermined band
of frequencies, means for supplying a pair of
reference~-sighal components having predeter-
mined phase relations with reference to the car-
rier component of said signal, the frequencies of
said reference-signal components being spaced in
the frequency spectrum from said carrier com-
ponent by equal and opposite increments of such
magnitude that said predetermined band of fre-
quencies is located therebetween, a signal-trans-
lating channel having input and output termi-
nals, means for applying said modulated carrier
signal and said reference-signal components to
said input terminals, frequency-selective means
coupled to said output terminals for individually
separating said modulated carrier signal and each
of said reference-signal components, means for
combining said separated reference-signal com-
ponents to derive a reference carrier signal which
is harmonically related to the carrier component
of the separated modulated carrier signal, a fre-
guency converter, means for applying one of said
carrier signals to said frequency converter to
convert the frequency of the carrier component
of said one carrier signal to that of the other, a
detector, and means for applying the carrier signal
of converted frequency and said other carrier
signal to said detector to derive said modulation
compohents,

7. A signal-translating system comprising,
means for supplying an angular-velocity-modu-
lated carrier signal having modulation compo-
nents determined by information to be trans-
lated and predominantly in a predetermined band
of frequencies, means for supplying a pair of ref-
erence-sighal components having predetermined
phase relations with reference to the carrier com-
ponent of said signal, the frequencies of said
reference-signal components being spaced in the
frequency spectrum from said carrier component
by equal and opposite increments of such magni-
tude that said predetermined band of frequen-
cies is located therebetween, a signal-translating
channel having input and output terminals,
means for applying said modulated carrier signal
and said reference-signal components to said in-
put terminals, frequency-selective means coupled
to said output terminals for individually sepa-
rating said modulated carrier signal and each of
said reference-signal components, means for
combining the geparated reference-signal com-
ponents to derive a reference carrier signal cor-
responding to the second harmonic of the carrier
component of the separated modulated carrier
signal, a frequency doubler, means for applying
said separated modulated carrier signal to said
frequency doubler to double the frequency there-
of, a detector, and means for applying said ref-
erence carrier signal and the double-frequency




yive said moduiation components

lated and predominantly in a predetermmed band o
‘of frequencies, means for supplying a pair of ref-

: ‘lated carrier sighal ‘and said’ nmodulated refer-
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modulated carrier signal to- said detec‘

l‘tojde,

A 51gna1 translatmg systern comprxsmg,

‘:rneans for supplymg an ‘angularsvelocity: modu-

lated carrier signal having modulation: compo- 5
nents ‘determined by information’ to be trans=~

erence-signal components havmg predetezmlned
phase relations with reference to-the carrier com
ponent of said signal, means for modulatmg ¢ h
of “'said reference-signal components 1n accord-
ance with additional 1nformat10n t0" e trans-
lated thereby to ‘develop a ‘bair, of modula .-
reference signal components havmg modulatlonf

components in_ different predetelmmed bands of
fréquencies; the frequencles of said reference-
nal’ components bemg spaced in the frequ nCy
spectlum by equal and’ opp051te mc 1

named: band: of frequenc1es 1§ 1oéated "betwesn
said different predetermined bahds of freque'w_cles,
% signal- translating channel “having 1nput and
output terminals, means for applymg ‘said modu=

ehce-signal  components to said mput ‘terminalg,

+ frequency-selective means coupled to said’ output

‘terminals. for individually separating said’ modu- 30
lated” carrier signal and each of sald modulated
reference=signal components, neans coupled to
said. frequency-selective means for utﬂmng the
separated sighals to detive. said modulatl n‘ com-
ponents of said moditlated carrier signal, al
ditional means coupled to said frequency selectlve
means for deriving said modulation 'components
of at least’ one of sa1d modulated reference
components. ‘
9. A  signal-translating. . system - compmemg, 40
wieans for supplying a-first’ S1gnal me'ms for ef-
fectively 'supplying -a- second sighal- compr ihg s
pair of signal components having predéte ned'
‘phase relations'with reference to said first-named
elgnal and’ being ‘individually spaced therelrom 45
in the frequency sbectrum by equal and’ oopos1te
values, means for modulating the angular‘ ity
of ‘said'second sighal in accordanca withinfe ma-‘
tlon to be:translated to dévelop a pair of mod:
lsted  carvier “signals. each hang pred
modulation ‘components: within' an md
modulation band located only insy, portlon of the
frequency spectrum’ whmh is adjagent' its*carrier
frequency, the Width of one modulation sxdeband, 5
of each of 'said pair of modulated’ carrler s1gnals 55
heing less than one of said values; a signal- transf
lating channel having input and outpit termi-
nals, means for applylng said ﬁrst-named -signal
and sald pair of modulated carrier signals to sa1d :
input’ terminals, frequency—selectIVe means, cou-‘ 60
pled to said output terminals for 1nd1v1dually sep—
arating said first-named signal and’ each of sald
pair of modilated carrier s1gnals means for com-
bining‘ the "separated modulated carrier signals..
to derive a'third angular- -velocity~modulated car- 65

; rier signal havmg a carrler component harmon-

ically related to said first-named 51gnal and hav-}
ing modulation components correspondlng to uald
modulation components of each. of .said palr of o
modulated carrier signals, and means for uti- 70

‘ ‘llZlng the separated ﬁrst-named slgnal to derlve;
said modulation components of: sa1d thzrd (modu-‘j

lated carrier signal,
10, A signal- translatmg system [

means for supplying a first' signal, means for ef- 75"

dommant modulatlon components w1th1n indi-
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fec‘ 'Vely supplymg a “second’ ‘signal comprlsmg 4
paxr of s1gna1 components having predetermined.

‘th reference to sald ﬁrst named

equ ncy spectrum by " equal and opposite
eans for. modulatmg the angular ve-

V1dua1 modulatlon bands located only ln a por- ‘

anslatmg channel havmg input’ and

‘output termmals means for applying said first~

‘nal and said palr of modulated carrier

-arid harmon of ‘said, firstinamed 51gnal ar'd hav-

mg modulatlon components corresponding to said
modulatlon components of each of said pa1r of

( dulatlon components of said thud modu:
arrier ‘signal,

‘ 11 A signal-translating system comprlsmg,
means for supplymo g first sxgnal means for ef-
fectlvely supplymg a3 second s1gna1 compns*ng a
igh mponents havmg predetermmed

1th reference to sazd first- named

: 1ty of 'said seco' d s1gna1 in accordance with in-

formatlon to'b translated to ‘develop a pair of

modulated carner 51gnals each hdving: predoml-

nant modulatmn componenfs w1thm an individ-
ual modulatmn band located only in; a portlon of
the frequency spectrum ‘which " is adjacent its

‘carrler frequency the w1dth of one modulation
.. side band of each of said pair of modulated car~‘,

rier s1gnals bemg 1648 than ;one of said values, a ‘
1vnal translatmg channe] having input, 21id out-

put termmals means for” applying - said first-

named s1gna1 and said pair of modulated carrier

. mgnals to sald input tcrmmals frequency-selec-

t1ve means coupled to said output terrminals for
individually .Jeparatmg said. first-named “signal
and each of said pair of modulated carrier sig-
nals meaps for combmmg the separated modu-

lated carrier 51gnals to - derive ‘g, third" angular-

velomty-modulated carrier signal having-a car-,
rier componens which corresponds to the second
harmonic of said fArst-named s1gna1 and having
modulatlon components . correspending  to. -said

o modulatlon components . of .each of said- pair of

modulated carrier sighals, means for doubhng the
frequency of -the separated ﬁrst-named signayl to'
derlve a reference signal - of substant1a11y the
same phase and’ frequency as the carrier compo—
nent of sa1d thlrd modulated carrier signal; a de<
tector and means for supplying said reference
mgnal and, said, thn‘d modulated carrier 51gnal to‘
sa1d detector to. der1ve saxd modulatlon compo-‘
nents s

A sighal-translating . system comprising,
S for supplymg a “fitst §ignal; means for éf=
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fectively supplying a second signal comprising a
pair of signal components having predetermined
rhase relations with reference to said first. sig-
nal and being individually spaced therefrom in
the frequency spectrum by equal and opposite
values, means for modulating the angular veloc-
ity of one of said first and second signals in ac-
cordance with information to be transmitted to
develop a modulated carrier sighal having pre-
dominant modulation components within a mod-
ulation band located only in a portion of the fre-
quency spectrum which is adjacent its carrier fre-
quency, the width of one modulation sideband
thereof being less than one of said values, 3 sig-
nal-translating channel, and means for apply-
ing to said channel said modulated carrier sig-
nal and the other one of said first and second
signals.

13. A signal-translating system comprising,
means for supplying a first signal, means for ef-
fectively supplying a second signal comprising a
pair of signal components having predetermined
phase relations with reference to said first sig-
nal and being individually spaced therefrom in
the frequency spectrum by.equal and opposite
values, means for phase-modulating one of said
first and second signals in accordance with in.
formation to be transmitted to develop a phase-
modulated carrier signal having predominant
modulation components within a modulation
band located only in a portion of the frequency
spectrum which is adjacent its carrier frequency,
the width of one modulation sideband thereof be-
ing less than one of said values, a signal-trans-
lating channel, and means for applying to said
channel said phase~-modulated carrier signal and
the other one of said first and second signals.

14. A signal-translating system comprising,
means for supplying a first signal, means for ef-
fectively deriving from said first signal a second
signal comprising a pair of signal components
having predetermined phase relations with ref-
erence to said first signal and being individually
spaced therefrom in the frequency spectrum by
equal and opposite values, means for modulat-
ing the sngular velocity of one of said first and
second signals in accordance with information to
be transmitted to develop a modulated carrier
signal having predominant modulation compo-
nents within a modulation band located only in
a portion of the frequency spectrum which is ad-
jacent its carrier frequency, the width of one
modulation sideband thereof being less than one
of said values, a signal-translating channel, and
means for applying to said channel said modu-
lated carrier signal and the other one of said
first and second signals.

15, A signal-translating system comprising,
means for supplying an angular-velocity-modu-
lated carrier signal having modulation compo-
nents determined by information to be trans-
lated and predominantly in a predetermined band
of frequencies, means for supplying a pair of ref-
erence-signal components having predetermined
phase relations with reference to the carrier com-
ponent of said signal, the frequencies of said ref~
erence-signal components being spaced in the
frequency spectrum from said carrier component
by equal and opposite increments of such magni-
tude that said predetermined band of frequencies
is located therebetween, a signal-translating
channel, and means for applying to said channel
said modulated carrier signal and said reference-
signal components.

16, A signal-translating system comprising,
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means for supplying a first signal, means for
modulating the angular velocity of said first sig-
nal in accordance with information to be trans-
lated to develop a modulated carrier signal hav-
ing components predominantly in a predeter-
mined band of frequencies, means for supplying a
second signal having predetermined frequency
and phase relations with reference to said first
signal, means for amplitude-modulating said sec-
ond signal to develop reference-signal compo-
nents comprising upper and lower sideband com-
ponents of amplitude modulation, the frequency
of said second signal and the. modulation fre-
quency of said amplitude modulation being such
that said predetermined band of frequencies is
located between said 'reference-signal .compo-
nents in the frequency spectrum, a signal-trans-
lating channel, and means for applying to said
channel said modulated carrier signal and said
reference-signal components. .

17. A signal-translating system comprising,
means for supplying a first signal, means for
modulating the angular velocity of said first sig-
nal in accordance with information to be trans-
lated to develop a modulated carrier signal hav-
ing components predominantly. in a predeter-
mined band of frequencies, means for supplying a
second signal of substantially the same phase and
frequency as said first signal, means for ampli-
tude-modulating said second signal to develop
reference-signal components comprising upper
and lower sideband components of amplitude
modulation, the modulation frequency of said
amplitude modulation being such that said pre-
determined band of frequencies is located be- -
tween said reference-signal components in the
frequency spectrum, a signal-translating chan-
nel, and means for applying to said channel said
modulated carrier signal and said refelence -gig-
nal components.

18. A signal-translating system comprising,
means for supplying a carrier signal, means for
modulating the angular velocity of said carrier
signal in . accordance with information to be
translated to develop a modulated carrier signal
having components predominantly in a prede-
termined band of frequencies, means for ampli-
tude-modulating said carrier signal to develop
reference-signal components comprising upper
and lower sideband components of amplitude
modulation, the modulation frequency of said
amplitude modulation being such that said pre-
determined band of frequencies is located be-
tween said reference-signal components in the
frequency spectrum, a signal-translating chan-
nel, and means for applying to said channel said
first-named modulated carrier signal and said
reference-signal components.

19. A signal-translating system comprising,
means for supplying a carrier signal, means for
modulating the angular velecity of said carrier
signal in- accordance with information to be
translated to develop a modulated carrier signal
having components predominantly in a prede-
termined band of frequencies, means for supply-
ing a modulating signal of a predetermined fre-
quency, a balanced amplitude modulator, means
for applying said carrier signal and said modu-
lating signal to said modulator to produce ref-
erence-signal components comprising upper and
lower sideband components of amplitude modu-
lation, the frequency of said modulating signal
being such that said predetermined band of fre-
quencies is Iocated between said reference-signal
components in the frequency spectrum, a signal-
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tlanslatmg channel; and; means..for applymg to
said channel' said: first- namod modulated carrier
signal and:said reference-signal components.
20: A signal-translating. - system comprising,

means for- supplying . an.angular-velocity~modu- ..

lated: carrier- signal having. modulation- compo-

: _nents determined by, information to be translated:
"~ and:predominantly: in a-predetermined band .of

frequencies, means: for supplying a:pair:-of ref-
erence=signal components: having. predetermined
phaserelations with reference to the carrier com-
nonent: of. said signal, . means ‘for:modulating each
of said! reference-sighal components. in- accord-
ance: with-additional- information to. be :trans-
latedito::develop: a ‘pair: of ‘modulated reference-
signal: components: having: modulation; compo-
nents: in: different” predetermined ‘bands-of fre-
quencies; the frequencies:of said reference-signal

22

related. and thelr angular- velocxty modulatlon

. “being; such: that: said first-named predetermined:

&

10:

15

components:being spaced in: the frequency spec- -

trum: by equal and-opposite increments from said:

carrier component . and: the frequencies:of . said

20:

modulation: components . of said - referencer-signal. -

components:: being ' such’ that said- firstznamed"’

band:of: frequencies is.located between said differ-

entpredetermined bands of frequericies; a:signal-;
translating-channel; and means:for-applying said-

modulated: carrier:signal and. said. modulated

reférence+signal components-to: said-channel.
210 Ai,-signal-translating: system. - comprising,

meansgfor supplying: an- angular-velocity-modu-

- lated: carrier: signal “having modulation compo-

nents:determined; by information: to be translated
and-predominantly. in. a predetermined band.of
frequencies,:means for:supplying a pair of refer=

. encessignal: componenis having: predetermined
" phaserrelations:with reference to the carrier:com-

ponent of:said sighal: means for-amplitude-modii-
lating-each'of: said reference-signal components

in‘aecordance: with: additional ‘information to. be:

translated ‘to develop a pair of modulated: refer~
encersignal components havmg amplitude-modu-~
Jation: “‘components: in - different . predetermined

~hands-of:frequenicies; the frequencies:of.said ref=

erence-signal components being spaced: in - the
frequency: spectrum by. equal and opposite incre-
ments: from-said:carrier component . and the fre:
guencies: ofthe - components: of said amplitude-
modulation! keing: 'such that" said - first-nomed
band: of frequenciesislocated between said-differ«
ent predetermined bands-of frequencies;a ' signal-
translating channel, and means. for applying said
modulated-carrier:signal and:said modulated ref-
erence<sighal> components:to said channel.

22 A signal-translating - system - comprising.
means: for- supplying -a: first -signal,” means for
modulating:the angular velocity of said first sig-
nal in accordance with information to be trans-

lated to develop a first modulated. carrier signal

having:components predominantly -in-a first pre-
determined:-band of frequencies, means. for sup=
plying assecond:signal, means for medulating the
angular-veloc¢ity of said second 'signal in accords
ance with information: to be:translated to:develop
aisecond’ modulated ‘carrier: signal-having:com=-
ponents:predominantly in a second predetermined
band:of:frequencies, means-for amplitide modu-
lating.said: first signal with said seecond:modulated
carrier signal:to:develop: & pair of angular-veloc-
ity-modulated: signals  having ' predetermined

phase:relations with reference to:said first signal:

and havingimodulation components correspond-
ing:to:said :components: of‘said ‘second:modulated
carrier signal .but located in.different individual
predetermined  bands- of : frequencies; the . fre-

quencies;of said first-and.second signals being:so..

30

35

band: of frequencies/is;located:in. the: frequency:
spectrum’ between: said: different :individual pre-
determined; bands. of frequencies; & signal-traris-
lating: channel, and means:for applying said first~
named: modu]ated carrier-signal and;said:pair.of
taodulated, sighals to-said channel. R ,

23, ‘A .signal- Lransﬂatmor systen:. comprlsmg,‘
means - for: supplying:.a; ﬁrst signal, .means:.for:
effectively: supplying. a; second:-signal. comprising:
a .- pair. of -signal-components having predeter~.
mined phaserelationswith reference to-said:firsts
named signalandibeineg; individually spaced.there-.

‘from in. the. frequency spectrum. by: equal and

opposite values; means, for modulating, the angu-.:
lar- velocity, of said :second. signal:in:.accordance
with mformatlon to.. be. translated . to. develop:a;
pair: of ‘modulated: carrier 51gnals each, havmgt
predominant. modulation:. components w1thm an.
individual.: medulation. band located only in g
portion;of the frequency spectrum which:. 1s ad-
jacent. its. earrier. frequency, , the. width of” ‘one;
modulamon 51deband of:each of said pair.of modu-,

5 lated. carrier, signals, being, less.than one of sa.ld

values,. & signal-translating , cnannel and means:
{for applymg to ‘said channel‘ ‘said. first- named‘
signal and said pair of. modulated carrier mgnals
24. A signal-translating . system . comprising,
means, for. . supplying. a: ﬁrst signal, means. for,
modulating. the: angulax velocity .of sald first sig-:
nal. in aceordance, with. information to be: trans-
lated.: to. develop. a.-first modulated. carrier signal
ha,vmg predeminant:. modulation, componeiits; in
a .predetermined. band. of. frequenmes, ‘means,_for

: uupplymg 8, Second: mgnall means. for. amphtude—
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modulating. said, first. modulated. carrier. signal
with said.second:signal. to develop 2 pair. of an-
gulars Velomty modulated. SIgnals having prede-
termined. phase: relations..with reference to.said
first modulated. carrier ‘signal.and having modu-.
lation:components. carresponding: to those. of sald; ;
first, modulated. carrier, signal but. contamed in
different, individual predetermmed bands of Ire-L
quencies, the frequency of “said second signal
being such that said first, signal is located in the
frequency -spectrum between sa1d dlffnrent in-
dividual. predetermined . bands. of frequencles
means for supplying 2. third signal havmg pre:

‘determined. phase and’ frequency relatlons with

reference to sald ﬁrst signal, a signal- i,ranslatmg
channel; and means fot ﬂapplymg to said channel
said palr of modulated swnals and sald thlrd 51g-
nal.:

25, A" 51gna1 translatmg system comprlsmg,
means  for supplymg a first signal, means for
modulating the angular velocity of .said ﬁrsb sig-
nal in accordance with information to be trans-
lated to:develop a first modulated carrier. signal
having predominant” modulation components: in’
a’ predetermined: band of frequencies, means:for
supplying a’ second-signal, means for amphtude-*
modulating - said first modulated carrier 51gnal,
with said ‘second ‘signal to - develop a ‘pair of an-
gular-velocity-modulated- signals having: prede:
termined- phase -relations with reference to said
first: modulated 'carrier: signal'and. having modu~:
lation‘components: corresponding-to those of said’
first modulated carrier-sighal but contained in dif-

ferent: individual -predetermined bands of “fre=:l

quencies,’ the  frequency . of: said second signal
being such that said first signalis:located in the
frequency- spectrum* between said: different:in=
dividual: predetermined : bands 'of” frequenc‘iés.,,:
means' for: supplying:a: third signal ‘of :substans
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tially the same phase and frequency as said first
signal, & signal-translating channel, and means
for applying to said channel said pair of modu-
lated signals and said third signal.

26. A signal-translating system comprising,
means for supplying a first signal, means for
modulating the angular velocity of said first sig-
nal in accordance with information to be trans-
lated to develop a first modulated carrier signal
having predominant modulation components in
a predetermined band of frequencies, means for
supplying a second signal, meang for amplitude-
modulating said first modulated carrier signal
with said second signal to develop a pair of an-
gular-velocity-modulated signals having prede-
termined phase relations with reference to said
first modulated carrier signal and having modu-~
lation components corresponding to those of said
first modulated carrier signal but contained in
different individual predetermined bands of fre-
quencies, the frequency of saild second signal
being such that said first signal is located in the
frequency spectrum between said different indi-
vidual predetermined bands of frequencies, a sig-
nal-translating channel, and means for apply-
ing to said channel said pair of moduated signals
and said first signal.

27. In a system for translating a composite
signal including a first signal and a second sig-
nal which includes a pair of signal components
having predetermined phase relations with ref-
erence to said first signal and individually spaced
therefrom in the frequency spectrum by equal
and opposite values, one of said first and second
signals being angular-velocity-modulated in ac-
cordance with information to be translated so as
to provide a modulated carrier signal having pre-
dominant modulation components within a modu-

1ation band located only in g portion of the fre-

quency spectrum which is adjacent its carrier
frequency, the width of one modulation side-
band thereof being less than one of said values,
a receiver comprising, a pair of input terminals
for receiving said composite signal, frequency-
selective means coupled to said terminals for in-
dividually separating said modulated carrier sig-
nal and said other one of said first and second
signals, and means coupled to said frequency-
selective means for utilizing the separated sig-
nals to derive said modulation components.

28. In a system for translating a composite
signal including a first signal and a second sig-
nal which includes a pair of sighal components
having predetermined phase relations with refer-
ence to said first signal and individually spaced
therefrom in the frequency spectrum by equal
and opposite values, one of said first and second
signals being angular-velocity-modulated in ac-
cordance with information to be translated so as
to. provide a modulated carrier signal having
predominant modulation components within a
modulation band located only in a portion of the
frequency spectrum which is adjacent its car-
rier frequency, the width of one modulation side-
band thereof being less than one of said values,
a receiver comprising, a pair of input terminals
for receiving said composite signal, frequency-
selective means coupled to said terminals for
individually separating said modulated carrier
signal and said other one of saiq first and sec-
ond signals, means for deriving from the sep-
arated other one of said first and second sig-
nals a reference signal having predetermined
phase angd frequency relations with reference to
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the carrier component of the separated modulated
carrier signal, and means for utilizing said ref-
erence signal and said separated modulated car-
rier signal to derive said modiulation components.

29. In a system for translating a composite sig-
nal including a first signal and a second signal
which includes a pair of signal components hav-
ing predetermined phase relations with reference
to said first signal and individually spaced there-
from in the frequency spectrum by equal and op--
posite values, one of said first and second signals
being angular-velocity-modulated in accordance
with information to be translated so as to pro-
vide a modulated carrier signal having predomi-
nant modulation components within a modula-
tion band located only in a portion of the fre-
quency spectrum which is adjacent its carrier
frequency, the width of one modulation sideband
thereof being less than one of said values, a re--
ceiver comprising, a pair of input terminals for-
receiving said composite signal, frequency-selec-
tive means coupled to said terminsals for individu-
ally separating said modulated carrier signal and
said other one of said first and second signals,
means for deriving from the séparated other one:
of said first and second signals a reference signal
of substantially the same phase and frequency as
the carrier component of the separated modulated
carrier signal, and means for utilizing said refer-
ence signal and said separated modulated carrier
signal to derive said modulation components. :

30. In a system for translating a composite sig-
nal which includes a first signal comprising an
angular-velocity~-modulated carrier signal having -
modulation components determined by informa-
tion to be translated and predominantly in a pre-
determined band of frequencies and a second sig-
nal including a pair of reference-signal compo-
nents having predetermined phase relations with
reference to the carrier component of said first
signal, the frequencies of said reference-~signal
components being spaced in the frequency spec-
trum from said carrier component by equal and
opposite increments of such maghnitude that said
predetermined band of frequencies is located
therebetween, a receiver comprising, a pair of in-
put terminals for receiving said composite sig-
nal, frequency-selective means coupled to said
terminals for individually separating said modu-
lated carrier signal and each of said reference-
signal components, means for combining the sep-
arated reference-signal components to derive a
reference carrier signal which is harmonically
related to said carrier component of said medu-
lated carrier signal, and means for utilizing said
reference carrier signal and the separated modu-
lated carrier signal for deriving said modulation
components.

31, In a system for translating a composite sig-
nal which includes a first signal comprising an
angular-velocity-modulated carrier signal hav-
ing modulation components determined by infor-
mation to be translated and predominantly in a
predetermined band of frequencies and a second
signal including g pair of reference-signal com-
ponents having predetermined phase relations
with reference to the carrier component of said
first signal, the frequencies of said reference-sig-
nal components bheing spaced in the frequency
spectrum from said carrier component by equal
and opposite increments of such magnitude that
said predetermined band of frequencies is located
therebetween, a receiver comprising, a pair of in-
put terminals for receiving said composite signal,
frequency-selective means coupled to said termi-.
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nals and individually separating said modulated
carrier signal and each of said Yeference-signal
components, means. for combining the separated

reference-signal components to derive's reference.

carrier signal which -is' harmonically related to
said carrier component of said modulated: carrier
signal, a Irequency converter, means for .apply-
ing one of said carrier signals to said frequency
converter to convert the frequency of the carrier
component of ‘said one-carrier signal to 'that of
the other, a detector, and means for applying the
carrier s1gna1 of .converted frequency and said
other carrier signal to:said detectdr to: derive
said modulation components:

32. In a system for translating a composite sig-
nal which includes g first signal and a second sig-
nal comprising a pair of angular-velocity-modu-
lated carrier.signals the carrier components of

which ‘have predetermined phase relations with:

reference. to said first signal and are individually
spaced ‘therefrom in-the frequency spectrum by
equal and opposite values,: said pair of ‘carrier

26

.-signals-each including predominant modulation
components -within an individual modulation
..’band located only in a portion of the frequency

10

15

spectrum which is-adjacent its carrier frequency,
the width of one modulation sideband of each of
said pair of carrier signals being less than one of
said values, a rece1ver comprising, a pair of input
terminals for receiving said composite signal, fre=
quency-selective means coupled to said terminals
for individually separating said. first signal and
each of said pair of modulated carrier signals,
means - for combining the. separated modulated
carrier signals to derive & third angular-velocity-
modulated carrier signal having a carrier compo-
nent harmonically related to said first signal and
having modulation components corresponding to
said modulation components of each of said pair
of modulated carrier signals, and means for uti-

~lizing. the ‘separated. first signal to- derive said

modulation components of said. third modulated
carrler signal.
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