2,477,428

R. M. SPRAGUE ETAL
‘COMMUNICATION RELAY STATION
Filed Nov. &, 1946

- July 26, 1949.

: e S R
— Tl B 4
: - ) ! iy | — 23141 TdWY .
é 7| | Toeuna MTZ...S%“ oAy @L mmmz NS
, : - . : gamy
S 1 _ . oz s [l _ SO0 %
: Qﬁwﬂw\aﬁ 2] £ ‘ dm o ; oaiariany|. SR 0 g ‘
e e HOLVIIIS0 li 99~ oranv ‘ mw NS
‘ Whss
SI¥Q
&oQ

LS \E____

b

nn
i

- ==

| SRR SRS e — —— 4

-4
P e
. Tm 30 Vmsm
doLvnNaLey |
- ——
- Ym 5 Ym
. " o
ity AC ;
oranv = ]
[ s~ ]
Yor
— — w3y | 2RUNOD
( mw\_mmx&wmw | IXIW || Ao | —amemessio| —=| Santaons [—{20ivTI050, 9 /




Patented July 26, 1949

UNITED STATES

2,471,428

PATENT OFFICE

2,471,428
COMTVIUNICAYEION REEAY STATION:

Robert, M.* Sprague, Waban, Mass,, George G
EIHCE( Farmmgda,le N. Yi,; and Philip E: Volz,
Orange, N. “J., assignors to Raytheon Manu-
factiring Company, Newton, Mass., a ‘corpora-

tion of.Belaware. .

~ Appiication November 6, 1946, - Serial No. 708,144 -
| (CL. 250—15)

15 C.laims

1

Fhis invention- relattes to radio communication

systemu, and: more- particularly- te an-intermedi-
ate relay- station for: 3 frequeney- modulated;
radro commumcatlon system comprising, for ex-
ample; ‘fwo w1de1y sepalated terminali stations
and a plurality of mtermedlate relay- sta,tmns all
operatmg on -different  mean' carrier- frequencies,
or each: statron operatmg on two drﬁelent car-
tra.nsm1ssron of- 1nte111éence between any and all
of ‘the statxons included-therein, with the carrier
wave emanatlng from: one-of -the terminal: sta~
tions; heremafter referred ‘to as the slave station;
and-from each mtermedlate relay-station: under
the controk of: the carrier ‘wave ‘received at each
sflch station, and ‘alk: inder: ‘the eontrol: of ‘the
earrier--wave or1g1nat1ng at-the. remaining’ te-
minalé statlon heremafter referred to- as the
master- statlon ;

Tt-18; therefore, one- of the -main obJects of the
present irivention' to provide-an intermediate re~
lziy station- capable-of -relaying -intelligence- re-

ceived: from two widely: separated« terminal: sta-
tions,

This, and. other.objeets: of the: present inven- gy

tion; which: will beecome moré apparent’ as the

detailed: description: thereof- progresses,: are- at-

tained briefly,.in-the following: mannes:
Throughout this specification it-will bé-assumed

that the:device:of the present: invention- operates”

in: conmnctron with. a - radio - communication
system -comprising two widely:separated ‘terminal
stations, and that said device-is, preferably, dis=
posed between-said terminal: statmns
Each:station. includes - means: for: locally gen-
erating:.a-carrier.wave; preferably; in the: micro-
wave. region: oft the electromagnetic- speelrum,
and:means.for: frequency-modulating-said carvier
wayes:with: locally-generated: intelligence. = Nor-
mally; there is a.predetermined : difference- be-
tween.the.frequencies:of: the: carrier waves-gen-
erated;at-each: station; ivel, the master-and-slave
stations: ‘and: the: mtermedlate relay stations
therebgtween.  PFor-example; the frequency ofthe
locally-generated carrier wave at the master sta~
tion: may. be 8,000 -megacycles, while: the: relay
station;:in this particular embodiment; will-have
. for locally: generating: two carrier waves
8010 megacycles, and;8020: - megacycles; - and
the ave- station: wrlt have: means: for loeally
gene;;»atmg‘ & - carrier wa.ve ha.vrng a frequency
0£:8030 megacycles..

a portxon of the‘loc,,, fY-generated carrier.wave
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of the, relay station, recelved at the master sta=
tion, is mixed to. derive therefrom an interme-.
diate= frequency wave whose frequency. normally
corresponds to the.aforesaid frequency différence
between said carrier waves: For example, if' the
locally- generated carrier -wave . at . the master,
station has a frequency of 8000 megacycles, and
it is mrxed with the. remotely-generated carrier
Wave of the relay station,:whose frequency: 1s"
8010 megacycles the.: intermediate frequency
waye will have.a frequency difference Of; 10 mega,-'
cycles.

The intermediate- Jrequency wave thus derived.
is passed through a system, of the type descrmed,
in_the copending application.of-George G. Bruck,
Philip .E. Volz, Paul. J. Pontecorvo and:Malcoim
C. Vosburgh entitled. “Radio- communication
Ser No. 656;716, filed- February- 217, 1946,
‘ ; No, 2475,,474 issued - July: 5; 1949,
and. se;:;ves 0. adjust: the flequency of the lopal
carrier- wave. to’ compensate for any deviation
from.the. d,esmed mean frequenecy thereof:: Now;
as-Wwill. hereinafter be pointed: out, the. remotely=
genera.ted carrier wave, emanating from the re=
lay. station: and; received ‘at: the. master station,
is, frequency stablhzed within very close. limits,
and -inasmuch as the. apparatus, - described in
said- pending ‘application, assures  the mainte-
nanee-of.a constant:frequency. difference between
the:remotely;and:-locally-generated carrier waves,
the locally=generated carrier wave at the. relay
station; - likewise, becoies frequency  stabilized,
As:the: relay: station; as. pointed. out before; there
are employed: two:local: carrier wave generators
whose: frequencies are; respeetwely for example,
8010 megaeycles,: and 8020 megacyeles. The
remobely-generated carrier: wave, which has, for
example; a: frequency. ofs 8000-megacycles, trans-
mitted from the master- station; ‘is received- by
the: relay. station. and mixed with: the locally
generated “carrier: wave of+-8010--megacycles; ‘to
produce’ an, intermediate’ frequency ‘of 10' mega-
cycles.. i "This frequency: difference’ controls ‘the
stability of the locally- generated carrier wave at
the: relay- station and-is locked in with' the re-
motely-generated: wave at-the master station.
Thus; any-drift*from-the desired mean frequency
isalways -corrected: :

Intelligence  transmitted- via the 8000 mega-
cycle:cariier-wave, for: example, from the master
station= is- extracted from said carrier wave ab
the relay- station” and: 1mpressed on the locally=
generated - 8010 megacycle carrier wave of said
relay-station: and® is in turn transmitted from
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said relay station to the other terminal or leave

station.

At the slave station, the locally-generated

carrier wave, which has for example a frequency
of 8030 megacycles, is. mixed with the remotely-

generated carrier wave of the relay station, which
has a frequency of 8010. megacycles, to produce
a difference frequency for controlling the local
generator of said slave station. Thus far, the
transmission has been from the master station
via the relay station to the slave station. 'The
locally-generated carrier wave at said slave sta-
tion, whose frequency, for example, is 8030 mega-
cycles; is received by the relay station and mixes
with a second locally-generated carrier wave in
said relay station, which has a frequency, for
example, of 8020 megacycles, to preduce an
intermediate frequency of 10 megacycles, said

last-named frequency difference controlling the.

frequency stability of said 8020 megacycle car-
rier . wave at the relay station, as described in
the aforesaid pending application. Now, the in-
telligence from the slave station is extracted, at
the relay staticn, from the remotely- generated
carrier wave a¥ said slave station and trans-
mitted back to the master station via the ear-
rier wave of 8020 megacycles, the frequency of
the second locally-generated carrier wave at
said relay station. At said master station the
last-named ‘carrier wave  of 8020  megacytles,
generated at the relay station, mixes with the
locally-generated carrier wave of the master sta-
tion and the intelligence is extracted, as de-
scribed in-the aforementioned pending applica-
tion.

In the accompanying specification thiere shall
be described; and in the annexed drawing shown,
an illustrative embodiment of the -relay station
of the present invention. It is, however, to be
clearly understood that the present invention is
not to be limited to the details herein shown and
described for purposes of illustration only, inas-
much as changes therein may be made without
the exercise of invention, and within the true
spirit and scope of the claims hereto appended.

- 4
ing,-as hereinbefore stated, by a prpdeterrmned
frequency «d. The remotely-generated carrier
wave o’'n and the intelligence ws travel along a so-
called E arm I3 of a wave guide assembly |4,
known as a “magic T.” Sueh a wave-guide as-
sembly comprises, in additien to.the E arm I3,
oppositely-disposed side branches {5 and 16 ex-
tending in the same direction and at right angles

~to the E arm 13, and a so-called H arm 17, ex~
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tending outwardly from said side branches 15
and 16, and being mutually perpendicular to-said

side branches. and said E arm, said side branches,

said E arm, and said H arm all extending from a
common junction 8. As shown in-the drawing,
the H arm 171 recedes from the observer for a
short -distance from the common junction. I8,
then bends.away from the branches 15 and (6,

~ahd is then:twisted through an angle of 90°.

20

23

30

40

As the energy travelling- along the E grm- {3
from. the horn 12 reaches the junction 18, it splits,
part travelling along the side branch 16 to a-sec-
ond T 19 and the other part-along the side branch
15 $o0 a second local oscillator 20 where this part
of the energy is lost.. - That portion of the energy
trayelling along the side branch 1§ enters an E
arm 21 of the second T 19.

The second-named T 19, the oneratmn and
construction of which is: fully disclosed :in the
copending. application of George G. Bruck en-
titled “Mixing apparatus,” Ser, No; 652,628, filed
March 7, 1946, now Patent No, 2,468,166, granted
April 26, 1949, comprises, in- addition to an H
arm 22, oppositely-disposed side -branches 23 and.
24, said side branches being terminated in oppo-
51tely disposed crystals 25 and 26, between one
side of each of which and the T itself capaci-
tances 271 and 28 exist, said T being grounded as
shown at point 29, and said crystals being con-
nected in series with a source 38 of direct current
and g resistor 31, to provide parallel outputs to
ground through a capacitor 32 and the primary
winding 323 of a radio-frequency transformer 34, .

- The source 30 of direct current is for the purpose

In said drawing; the single figure is a partial ~

block, partial schematic diagram of the relay sta-
tion of the present invention.

Referring now more in detail to the aforesaid
illustrative embodiment of the present invention,
with particular reference to the single figure of
the drawing, the numeral (0. designates an 0s-
cillator for locally generating, at'a relay station,
8, carrier wave€ wn, preferably in the microwave
region of the electromagnetic spectrum. It is the
mean frequency of this carrier wave that it is de-
sired to stabilize, either under the control of -a

stabilized, remotely-generated carrier wave re- .

ceived from a master station, or by means incor-
porated in the local station itself.

. This description will be addressed to the case
where the carrier wave which is locally generated
at a relay station is to be stabilized under the con-
trol of a carrier wave which is. remotely generated
at a magster station.
~ The. oscillator 10 is adapted to be frequency
modulated, by any preferred frequency control
{1, as will be presenily explained. An. electro-
magnetic horn 12 is receptive, from g first pre-
determined direction, of a remotely-generated
carrier wave of a frequency «’n, which may be
frequency modulated “with intelligence wa, and
which emanates from a terminal station, in the
case under consideration, a master station, the
master and relay carrier waves normally differ-

80

of operating the crystals 25 and 26 at a favorable
point along their characteristic curve, and the se-
ries circuit is for the purpose of passing equal cur-
rents through said crystals to assure their similar.
action even though they be mismatched to the
wave-guide system.

Now, as the energy of the carrier wave w'n and
the intelligence wa travelling along the side branch
18 and the E arm 21 reaches a junction 35 of the
wave-guide assembly 19, assuming the electric
vector of said carrier wave is pointing to the
right in the E arm 21, it splits into'two constitu-
ent waves containing w’'n and wa, travelling along
the side branches 23 and 24, each. constituent
wave, respectively, tra,vellmg toward the crystals
25 and 26. The wave travelling toward the crys-
tal 2§ will have its electric-vector pointing down-

. wardly and the wave travélling toward the crys-
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tal 26 will have its electric vector pointing up-~
wardly. In other words, these two constituent
waves will be of equa,l amplitude but of opposite
phase.

Dlgressmg for tne moment and referring back
to the local oscillator 10, it was pointed out that
said oscillator provides a locally-generated car-
rier wave wh. The output from said oscillator is
applied to one branch 36 of a pair of oppositely-
disposed branches- 36 and- 37 of a third “magic
T” 88, said T comprising an E arm 39, an H arm
40 and a junction 41, all of which are disposed-in
2 manner herelnbefore described in connectmn
with thefirst and second-named Ts.
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- fAs ®he -energy travelling -dlong ithe brunch 36
reaches ‘the junction #1, 4t ‘splits, part travelling
wlong the 'H armh 40 to an attenidtor 42 4nd the
other ‘part being radidted. from an ‘electromag-
netic hern 53, ‘as will beiexplained ‘below.. The
attenuator periits - just ‘encugh of said par-
tial energy from said ‘local -oscillabor 19 to
travel :along ‘the H @rm 22 %o ihe junction
35 where said -‘energy. ‘sgain  $plits linto wo
gondtituent waves withe waves fraveling . along
‘the dide ‘branches 23 and 24, irespectively; to-
ward ‘the -crystals 25 dnd :26. :Assuming that
the éléctric vector -of ‘the witve wn travelling along
the *H arm 22 'is pointing upwardly.4t the. june-

tion' 35, the :constituent waves thereof travelling

‘along the ‘side branches23:and 24 will have'their
elestric’ vectors; likewise, ‘pointing upwardly, In
‘other ‘words, these ‘constituent waves :will e of
-equalidmplitude:and like phiase. .
Atithe ierystals 25 and £6, there :are now pres-
entin-phiase portions-of thedocally-gensrated car-
‘Tier wave wh, out-of <phase:portions:of the rerote=
Jy-generated carrier wave w'h and the intelligence
wa, “Therefore, gt the ¢rystals 25:and 26 there are

proeduced Hwo  waves ‘having :a- beat frequenty,

‘Whose frequency -corresponds to the frequency
difference wa between' the ¢arrier waves. At ‘the
orystal 26, the resultant wave: is produced by two
ih-phase components @and the phase -of 'said re-

sultant' wave may thus e considered positive. At -

‘the crystal 28, the resultant wave is produced by
two- ouib-of-pHase -componerits ‘and tHe phase of
#aid Tasb-namedresultantiwave may thus be-con=
sidered negative. FHowever, inasmuch as parallel

oltpuls arve taken from ithe crystals 25 and 28,

theitweresultant waves: are'in-phase with respeet

‘to-each other and-addition oscurs; and a constant-
amplitude’ intermediate-trequeiicy ‘wave ‘appesrs
ac10ss “the -primary winding ‘33 of ‘the ‘trans-
Tormer -34.

Through a secondary ‘winding -43 ‘of the transs
former 34 ‘this. intermediate ‘frequency wave-is
eipplied to a oroad-band amplifier #4 whose center
Trequency -corresponds to ‘the mormal -difference

wi- between ‘the frequencies -of ‘the locally ‘ghd -

‘remdoteiy-generated carrier waves on-and-o’yn. The
‘output of the -amplifier- 44, consisting of the §if-
Terence ‘frequency wa. and -any audiou’fr'e'quency
modulation ‘or intelligerice -ws, originating -4t ‘the

master station, is applied to'a mixer 45. -Also ‘gp-

PHed to said mixer is a‘frequency-modulated sig-
naliwn from a monitoring oscillator 46, Thislast-
named monitoring unit enables the relay -stabion
‘operator to-break in -on- the transmission ‘beirg
relayed in the event of emergencies, etc. . The To-
‘cally-generated intelligence «'s is applied to said
mronitoring oscillator 46 through a microphone
#l and an audio-frequency transformer 48, the
‘epergtion of ‘the ‘microphone 47T being controlled
byg -switch 49,

At the mixer 45 the frequencies wa and wm are
‘Gombined to produce a second difference frequen-
¢y ‘o'a, the output from said mixer being applied
t0'a-second broadband amplifier 50; whose center-
freduency corresponds to'the difference frequendy
w'a.’ "The -output of ‘the amplifier 50; consisting
‘of:the second-difference frequency «’a and ‘any
‘audio~frequency medulation: wa and o's originat-
“ing, ‘respectively, -at the ‘master station ‘or Telay
‘gtation; is appliedl to & frequency discriminator
Bl:whose cenber frequeney corresponds to'the difs
ferente frequency w’q. The discriminator extracts
theintelligence.wa 0T.e’ s impressed upon the différ.
-ence . frequenicy «w’q Anput-applied thereto, which
intelligence:isithen conveyed: simultaneously to-an
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frequency w’’d ‘i g fourth “magic

6
dudio-frequenicy amplificr 52 and the Trequency
contyol I ‘ o Co

TERe outiit from the frequency .control # frec
quency modulates the:local osecillator (0 :-and the
exergy  ‘from. said ‘oscillator iravels @long ‘the
branch arm 36 and thence to- the junction 41
where it splits, part travelling along the H @rm
42:asexplained herginbefore; the other part trav-
elling. glomg the £ 'sxm 39 to 'the electromapnetic
Hom §8which is adapted to-directionally radigte
theweariieroncontaining wa orw’a;

‘Regarding “the intellicence conveyed. o ihe
audio-frequency. amplifier 52, the output of ;saidl
amplifierds applied to-an audio-frequency trans-
former54-snd thence tophones:55.  The functich
ofisaidl lagt-named Coniponernts serves as & HMoHi-
toriagunit b supervise the relayed transmission
Lyan-operator at the relay station. i

#As-long as the mean frequency of the interme:
digte=frequency wave 'défived from £he hetéro-
dyningof thetemotely and locally-genersted cars
ier waves:corresponds to the predetermiined:Hif-
Terence:wa therebetween, the orly-outiput fron the
discriminator- 51 is an audio-frequency <gutptit
corresponding to the intelligence wa'or s, How-
ever should the oseillator 48 driet, resulting in a
deviation: ot the frequency of ‘the intermediste-
freguency wave Trorm thie difference frequency i
Bebween  the cariier-wave freduencies, ‘the dis-
criminator ¥ will 'have ian olitput ‘Including, in
additiontethat resulting fromthe intelligenceap-
plied theréts, s B:=C. ior uniditectional Compo=
nent whose sefise ‘and magnitude will-depend; ‘re-
spectively, ‘on the sense-and maghitule of ‘any
such deviation. . Therefore, the outpiit of ‘the dis-
criminator: is applied tothe ‘frequency control 14
to-adjust'the oscillator 16 and compensate for-atiy
frequency - deviation from ‘the mean frequency
desired of ‘saidl oseillator, ‘

Thtis far there-has been-described that portion
ot 'the relay stdtion of the present invention When
said station is rélaying the ‘transmission, Tepres
sented by o' and ws, received from ‘the rsster
station at 'the eleetromagnetic Tiorn 12, “Uniter
these conditions the system performs like s single
repester ‘relay :station. However, "the relay stas
tion of ‘the ‘present invention is capable of Telay-
ing, h:two differetit divections, ‘two Qifferetit Te-
motely-generated carrier waves simultaneotisty,
the comporents and the operationsl fimétions Te-
ing the samé when the othier terriinal or ‘slave
station transmits toward the electromagnetic hoin
83 a.remotely-generated carrier wave w'n’ con-
taining intelligence «"’a. | )

A locally-generated carrier " 'n produced by a
Iocél. oscillator 28 combires with the remotely-
generated carrier wave o’'n to produce a difference
T 56 in ‘the
same manner describéd-in tonnection with the
first-named local oscillator 10, The output of a
pair of oppositely-disposed crystals 57 and §8 is
applied, as explained ‘hereinbefore in connection
with the “magic ‘T 19, through a capacitor §9
and thence to the primary 68 of o radio-frequency.
transformer61. As explained previously, the out-
but of the radio-frequency transformer is applied
to 3 series ‘of stages, 62, 63, B4, 65, 65, B7, 68 and
69 and to the local oscillator 28 in the same man-
ner in cohnection with the stages 44—45 and
stage. 1.

The ‘intelligence "o having been extracted
in ‘the same manner as the intelligence ws and
w's, said intelligence frequency modulstes the
local-oscillator 20, whereby the locally-generated

‘carrier wave o'y containing the rémotely-gen-
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“etated intelligence »’’s is radiated from the horn
12 in the direction of the master station. As ex-
plained before, it-is possible to inject the locally-
generated intelligence «’a from the oscillator
46 into the mixer 63 of the system for supervisory
- purposes.

This completes the description of the aforesaid
illustrative embodiment of the present invention,
including the mode of operation thereof either
as a one-way or two-way relay station in a com-
‘munication system having the characteristics
set forth in the opening paragraphs of this speci-
fication.

The flexibility of the system of the present de-
vice provides excellent means for relaying frans-
mission of intelligence in that portion of -the
radio frequency spectrum which depends on line-
of-sight installations such as frequency-modu-
lated radio communication and television broad-
casting. With the system of the present inven-
tion it is possible to disregard topographical ob-
structions by skirting such obstructions with- a

_chain of relay systems as presented in this spec-
ification.

What is claimed is:

1. In a relay station for a communlcatmn sys~
tem: means for locally generating a carrier wave;
means. for receiving a remotely-generated car-
rier wave, said carrier waves normally having a
predetermined frequency difference therebe-
tween; means, receptive of portions of both said

~ carrier waves, for deriving from one, two con-

stituent waves of equal amplitude and opposite
phase, and from the other, two constituent waves
of equal amplitude and like phase; means for
deriving from all of said constituent waves an
intermediate-frequency wave whose frequency
normally corresponds to said predetermined dif-
‘ference between the frequencies of said carrier
waves; means, receptive of said intermediate-
frequency wave, for deriving therefrom a unidi-
rectional output whose sense and magnitude are
functions, respectively, of the sense and magni-
tude of any deviations of the frequency of said
intermediate-frequency wave from said predeter-
mined difference between the frequencies of said
carrier waves; means, receptive of said unidirec-
tional output, for so controlling the frequency of
said locally-generated carrier wave in response

thereto as to maintain substantially constant said .

predetermined difference between the frequencies
of said carrier waves; and means for transmitting
said locally-generated carrier wave.

9. In a relay station for a communication sys-
tem: means for locally generating a carrier wave;

means for receiving a remotely-generated car--

rier wave, said carrier waves normally having a
predetermined frequency = difference therebe-
‘tween; means, receptive of a portion of one of
said carrier waves, for dividing the same into two
constituent waves of equal amplitude and oppo-
site phase; means, receptive of a portion of the
remaining carrier wave, for dividing the same
into two constituent waves of equal amplitude
and like phase; means for mixing said first-

named constituent waves, respectively, with said -

second-named constituent waves to derive there-
from two beat-frequency waves of equal ampli-
tude and opposite phase; means for so combin~
ing said beat-frequency waves as to produce a
single intermediate-frequency wave whose fre-
quency normally corresponds. to said. predeter-
mined difference between the frequencies of said
‘carrier waves; means, receptive of said inber-
mediate-frequency wave, for deriving therefrom
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a.unidirectional output whose sense and magni-
tude are functions, respectively, of the sense and
magnitude of any deviations of the frequency of
said intermediate-frequency wave from said pre-
determined difference between the frequencies of
said carrier waves; means, receptive of said uni-
directional output, for so controlling the fre-
quency .of said locally-generated carrier wave in.
response thereto as to maintain substantially con-
stant said predetermined difference hetween the
frequencies of said carrier waves; and means for
transmitting said locally-generated carrier wave.

3. In g relay station for a communication sys~
tem: means for locally generating a carrier wave;
means for receiving a remotely-generated car=
rier wave, said carrier waves normally having a
predetermined frequency. difference therebe-
tween; means, receptive of portions of both said
carrier waves, for deriving from one, two con-
stituent waves of equal amplitude and opposite
phase, and-from the other, two constituent waves
of equal amplitude and like phase; means for
deriving. from all of said constituent waves an
intermediate-frequency wave whose . frequency
normally corresponds to said predetermined dif-
ference between the frequencies of said carrier .
waves; means, receptive of said intermediate-
frequency wave, for driving therefrom an output
for so controlling the frequency of said locally-
generated carrier wave as to maintain substan-
tially constant said predetermined difference be-
tween the frequencies of said carrier waves; and
means for - transmitting sa1d locally~-generated
carrier wave.

4, In a relay station for a communication sys-
tem: means for locally generating a carrier wave;
means for receiving a remotely-generated carrier
wave, said carrier waves normally having a pre-
determined frequency difference therebetween;
means, receptive of a portion of one of said carrier
waves, for dividing the same into two constituent
waves- of equal amplitude and opposite phase;
means, receptive of a portion of the remaining
carrier wave, for dividing same into two constit-
uent waves of equal amplitude and like phase;
means for mixing said first-named constituent
waves, respectively, with said second-named con-
stituent waves to derive therefrom two beat-
frequency waves of equal amplitude and opposite
phase; means for so .combining said beat-fre-
quency waves as to produce a single intermediate-
frequency wave whose freqguency normally cor-
responds to said predetermined difference between
the frequencies of said carrier waves; means, re-
ceptive of said intermediate-frequency wave, for
deriving therefrom an output for so controlling
the frequency of said locally-generated -carrier
wave as to maintain substantially constant said
predetermined difference between the frequencies
of said carrier waves; and means for transmitting
said locally-generated carrier wave.

8. In a relay station for a radio communication
system: means for locally generating a carrier
wave; means for receiving a remotely-generated,
frequency-modulated carrier wave, said carrier
waves having a predetermined frequency differ-
ence. therebetween; means, vreceptive of said
locally-generated carrier wave and said remotely-
generated, frequency-modulated carrier wave, for
deriving from one, two constituent waves of equal
amplifude and opposite phase, and from the other,
two constituent waves of equal amplitude and like
phase; means for deriving from all of said con-
stituent waves 2 frequency-modulated,  inter-
mediate-frequency wave whose mean frequency
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corresponds: to the- difference: between. tite: fre-
quency of said:locally-generated: carrier wave and
the-mean: frequency: off said remetely~generated
carrier- wave} means, veceptive..of said inter-
mediate~frequency: wawe, for extracting ‘there-
from: - the' intelligence: ‘incerporsted: = therein;
means, receptive of: said intelligence; far-altering
the “frequeney. of said locally~-generated carrier
. wave: int accordance: therewithy and® means for
transmitting: the: resulting freguency~modulated;
locally~generated: carrier wave. s
" 6: In. o relay station for o radio: communicas
tion system: ' means: for loeally .generating ‘a
carrier wave; means: for receiving & remotely-
generated, - frequency-modulated: carrier . wave,
said carrier waves: having: o predetermined: fre-
queney: difference therebetweens means, receptive
of: a. portion: of one: of :saitk carrier -waves, for
dividing: the: same. info: two. constituent: waves: of
equal amplitude: and’ oppoesite: phase; means, re-
ceptiverof a portion of the remaining carrier-wave,
fon-dividing: the same:into two: constituent: waves
of- équal: amplitude amd like phase: means: for
mizing:said: first-named: constituent: waves; Te-
spectively,. with: said: secondrnamed constituent
waves: to deriver thervefram: two: beat~frequency
waves: of equal: amplitude: and: oppesite- phase;
means forse:combining sazidbeat:frequency waves
as: to produce: a. simgli: intermediate-frequency
wave: whese: frequency normally: corresponds: to
the: difference: between: the frequeney: of said
locally-generated: -carrier: wave: and the mesn
frequeney off -said’ remotely-generated: earrier
wave; means, reeeplive; of said intermediate fre-

quency: wave;. for :extracting therefrom the ‘in- :

telligence: inporperated: therein: nreans; receptive
of said: inteHigence; for-altering the frequency: of
said:Jocally~generated: carnier wave in: ageordance
therewith; and:means for-tvansmitting-the result-
ing: frequency-modulated;. loeally-generated: ear<
rier wave,. : :

7. In.a relay:station for aradio.communication
system:. means. for locallyy generating: a. earrier
wave;. means: for receiving.a remotely-generated;
freguency-modulated: earrien wawe, said: carrier
waves having: a predetermined: frequeney. differ
ence: therebetween;. ‘means, receptive off said
locally-generated: cannier wave andisaid: remotely-
generated, frequiency-moditlated carrier wave; for
deriving from:one; twas constituent. waves of: equal
amplitude and.eppoesite:phase; and from: the: other,
two: constituent. waves of equak amplitude and: ke
bhase; means: fon deriving: frem: all of said: con-
stituent. waves. a. freguency-medulated, interme-
diate-freguency.  wave: whoese mean frequency
corresponds; te. the: differemce: between::the fre-
quency. of said:locally~genenated: carnieriwase: and
the. mean, frequengy: of said: remately-generated
catrier wawes;, means, -recephive: af: said inter-
mediate~frequency. wayve;, for extivacting: therrefrom
the intelligence: incerparated: thereiny: mesns, re-
ceptive of said. intelligence, for altening the: fre-
quency. of: said lecally-~generated: carrier wave: in
agcordance. therewith;, and. means: for transmit-
ting the resulting frequency~madulated; locally-
genenated. carrier wawe. \

8., In.a relay-station; fora- radio-communieation
system: means. for lecally generating g carrier
wave; means-for receiving. a remotely-generated,
frequency-medulated: earvier: wave,. said carrier
waves having -a, predetenmined; frequency: differ-

-ence therehetweens means; receptive:of a; portion
of one-of said: caxrier waves, for dividing the
same: into-two constitiztent ‘waves: of equal ampli-
tude and epposite: phases: means; receptive of. a
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portion: of: the remaining carrier wave; for divid-
ing- same- into- two. constituent waves: of equal
amplitude and: like: phase; means: for mixing said
first-named constituent waves, respectively, with
said:- second~named constituent. waves. to. derive
therefrom two. beat-freguency waves of: equal
amplitude and epposite phase; means.for'so.com-
bining. said beat-frequency ‘waves: as to. produce
a:single intermediste~frequency wave whose-mean
frequency: corresponds: to the: difference: between
the frequency  of'said locally-generated: carvier
wave-and: the mean frequency of said remeotely-
generated carrier wave; means; receptive: of said
intermediate ' frequency: - wave,. .for extracting
therefrom: the intelligence incorporated: therein;
means, receptive of said intelligence, for altering
the: frequency: aff said: locally-generated: carrier
wave in: accordance therewith; and means: for
transmitting: the resulting frequency-modulated,
locally~generated: carrier wawe:

9 In a relay station. for a communication:sys~
tem: means:for locally: generating a:carrier wave;
means for: receiving a. remotely~generated;. fre-
quency-modulated: carried wave; said  carrier
waves normally having a. predetermined:. fre-
quency- difference. therebetween; means: for: com=
bining said: locally=generated: carrier wave with
said remotely-generated; frequency-modulsted
carrier wave, for deriving fram.one, two ‘constitu=
ent waves of equal amplitude . and opposite:phase;
and from the other two: constituent waves. of
equal amplitude and like: phase; means. for de-
riving from, all of said: constifuent. waves:.a: fre=
quency~modulated; intermediate-frequency: wave
whose mean. frequency- corresponds: to the dif<
ference' between: the .frequency: of said: localiy-
generated: carrier wave and. the mean: frequency
of said: remotely-generated: carrier wave; means
receptive of  saidintermediate-frequency: wawve,
for deriving-therefrom: an: output: wave; the mag-
nitude  and sense: of -which corresponds to: the
magnitude:and: sense-of the: deviation: of the fre-
quency. ' of: said intermediate frequency- wawe
from; its mean: freqiiency: and: for  extracting
therefrom: the: intelligence. incorperated: thereing
means, receptive: of: saidi output wave: and said
intelligence, for controlling: the: frequency ofisaid
locally~generated carrier wave as: to maintain
substantially: canstant: said: predetermined .qQif-
ference: between: the: mean: frequeney: of said: re-
motely-generated carrier wave andithe frequency
of said local carrier wave and: bo-ihcorperate in
thelatter said intelligence;: and means for-trans-
mitting' the resulting frequency~modilated; lo-
eally~generated: carrier wave:

10: In:a: relay: station:for s communication: Syse
tem: means:forlocally generating a. carrier-wave;
means for receiving a remotely-generated, fre=
guency-modulated - cariier wave; -saidi - carrier
waves. normally having: & predetermined: fre-
duency - difference: therebetween; means; re-
eeplive of g portion of one of said- earrier waves,
for dividing: the same into-two constituent waves
off equal: amplitude  and' opposite phase; means,
receptive: of & portien of the: remaining carrier
wave; for dividing the same into two- constituent
waves: of equal’ amplitude-and' like phase; means
for’ mixing “said first-named’ constituent waves;
respectively, with said- second-named constitu-
end. waves to- derive therefrom two beat-fre-
quency  waves' of equal amplitude and opposite
phase; means for so combining said beat-fre-
quency- waves- as' to produce a single intermedi-
ate-frequency wave whose mean frequency’ cor-
responds-to-the- difference between the frequency
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of: said locally~-generated carrier wave and the
mean frequency of said remotely-generated car-
rier wave; means, receptive of said intermediate
frequency wave, for deriving therefrom an out-
put. wave, the magnitude and sense of which
corresponds to the magnitude and sense of the
deviation- of the frequency of said intermediate
frequency wave from its mean frequency and for
extracting therefrom the intelligence incorpo-

rated therein; means, receptive of said output 10

wave and said intelligence, for :controlling the
frequency of said locally-generated carrier wave
as to maintain substantially constant said pre-
determined difference between the mean fre-

quency of said remotely-generated carrier wave 15

and the frequency of said local carrier wave and
to incorporate in the latter said intelligence; and
means for transmitting the resulting frequency-
modulated, locally-generated carrier wave.

11. In a relay station for a communication s¥s- ag

tem: means for locally generating a carrier wave;
means for receiving a remotely-generated, fre--
quency-modulated = carrier wave, said -carrier
waves normally having a predetermined fre-

quency difference therebetween; means for com- o3

bining said -locally-generated carrier wave with
said remotely-generated; frequency-modulated
carrier wave to derive from one, two constituent
waves of equal :amplitude and opposite phase,

and from the other, two constituent waves of 3o

equal amplitude -and like phase; means for de-
riving from all of said constituent waves a fre--
quency-modulated, intermediate-frequency wave
whose mean frequency corresponds to the differ--

ence between the frequency of said locally-gen- 23

erated carrier wave and the mean frequency of:
said remotely-generated carrier wave;: means
receptive of said intermediate-frequency wave,-
for deriving therefrom an output wave, the mag-

nitude . and sense of which corresponds to the_4)

magnitude and sense of the deviation of the fre-
quency of said intermediate-frequency wave from
its mean frequency and for extracting therefrom
the intelligence incorporated therein; means,

receptive of said output wave and said intelli~ 45

gence, for controlling the frequency of said lo-
cally-generated carrier wave as to maintain sub-
stantially constant said -predetermined difference
between the mean frequency of said remotely-

generated carrier wave and the frequency of: said 50

local carrier wave and to incorporate in the lat-
ter said intelligence; and means for transmitting
the resulting freguency-modulated, locaily-gen-
erated carrier wave.

12, In a relay:station for a communication sys- 55

tem: means forlocally generating a carrier wave;
means for receiving a temotely-generated, fre-
quency-modulated carrier wave, said carrier
waves normally having a predetermined fre-

quency-difference therebetween; means, receptive ¢o

of a portion of one of said carrier waves, for di-
viding -the same into two constituent waves of
equal amplitude and opposite phase; means, re-
ceptive of a portion of the remaining carrier
wave,
waves of equal amplitude and like phase; means
for mixing said first-named constituent waves,
respectively, with said second-named constituent
waves to derive therefrom two beat-frequency

waves of equal amplifude and opposite phase; 7o

means for so combining said beat-frequency
waves as to produce a freqiency-modulated,
intermediate-frequency wave whose mean fre-
quency corresponds to the difference between

the frequency. of sald locally-generated carrier 75

for dividing same into two constituent g5

12

wave and the mean frequency.of said remotely-
generated carrier wave; means receptive of said
intermediate-frequency wave, for deriving there-
from an output wave, the magnitude and sense
of which corresponds to the magnitude and sense
of the deviation of the frequency of said interme-
diate-frequeney wave from  its mean frequency
and for extracting therefrom the intelligence in-
corporated therein; means, receptive of said out-
put wave and said  intelligence, for controlling
the frequency of said locally-generated carrier
wave as-to maintain substantially constant said
predetermined difference between the mean fre-
quency of said remotely-generated carrier wave
and the frequency of said local carrier wave and
to incorporate-in the Jlatter said intelligence; and
means for transmitting. the resulting frequency-
modulated, locally-generated carrier wave.

13. In a relay station for a communication sys-
tem: a plurality of double T-shaped wave- -guide
assemblies, each including a cross arm common
to both of its-T’s and-a pair.of branch arms per-
pendicular te-said cross arm and to each other;
means, connected to one of the branch arms of
two of said wave-guide assemblies, for receiving
and radiating electromagnetic carrier waves: a
carrier-wave..generator connected to one end of
the cross arm of each of said last-named wave-
guide assemblies; the other end of said last-
named cross arms being connected to one of the
branch arms of two other of said. wave-guide
assemblies; the remaining branch arms. of said
first-two ‘wave-guide assemblies being connected
to the remaining branch arms of said second
two wave-guide assemblies; said first two wave-
guide assemblies being receptive, respectively, of
remotely-generated ‘carrier waves to divide the
same, respectively, into two- constituent waves,
one of each of said constituent waves entering,
respectively, said second two wave-guide assem-
blies to divide the same, respectively, into two
sub-constituent waves of opposite phase; said
first two wave-guide:assemblies being also recep-
tive of locally-generated carrier waves to divide
the same, respectively, into two constituent waves,
one of each of said last-named constituent waves
entering, respectively, said second-named wave-
guide assemblies ‘and the other of each of said
last-named ‘constituent waves ‘being transmitted
in the respective directions from which said re-
motely-generated carrier waves were received, the
first of said last-named constituent waves enter-
ing said second-named wave-guide assemblies and
dividing into sub-constituent waves of like phase;
a pair of series-connected, oppositely-disposed
non-~linear impedances terminating the opposite
ends of the cross arms of said second two wave-
guide assemblies for ¢combining said locally and
remotely-generated; sub-constituent-waves to de-
rive therefrom intermediate-frequency waves; an
inductive impedance connected in parallel with
each pair of said non-linear impedances for ex-
tracting said intermediaté-frequency waves; and
means, receptive of said infermediate-frequency
waves, for so controlling the frequencies of said
lIocally-generated carrier waves, respectively, as
to - maintain - substantially: constant predeter-
mined differences between the frequencies of said
locally and remotely-generated carrier waves.

14. In a relay station for a communication sys-
tem; means for locally generating a carrier wave;
means for receiving a remotely-generated carrier
wave, said:carrier waves normally having a pre-
determined frequency  difference therebetween;
means, receptive of portions of both of said car-
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rier waves, for deriving therefrom a first inter-
“mediate-frequency wave whose: frequency nor-
mally corresponds to said predetermined differ-
ence between ‘the frequencies of said carrier
waves; means for locally generating a monitor-
ing wave; means, receptive of said first interme-~
diate-frequency wave and said monitoring wave,
for: deriving therefrom a- second ' intermediate-
frequency wave; means, receptive of said second
intermediate-frequency wave, for.deriving there-
from a unidirectional output whose sense and
magnitude are functions, respectively, of the sense
and magnitude of any deviations of the fre-
quency of said first intermediate-frequency wave
from said predetermined difference between the
frequency of said carrier waves; means, receptive
of said unidirectional output, for so controlling
the frequency of said locally-generated carrier
wave as to maintain substantially constant said
predefermined difference between the frequen-
cies-of said carrier waves; and means for trans-
mitting said locally-generated carrier wave.

15.- In a relay station for a communication
system: means for locally generating a carrier
wave; means for receiving a remotely-generated
carrier wave; said carrier waves normally having
a. predetermined frequency difference therebe-
tween; means, receptive of portions of both of
said carrier waves, for deriving therefrom g first
intermediate-frequency wave whose frequency
normally - corresponds to. said  predetermined
difference between the frequencies of said carrier
waves; means for locally generating. a monitor-
ing wave; means for frequency modulating said
monitoring wave. in accordance  with locally-
generated intelligence; means, receptive of said
first intermediate-frequency wave -and  said
monitoring wave, for deriving therefrom a sec-
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ondfrequency-modulated intermediate-frequency
wave; means, receptive of said second interme-
diate-frequency wave, for-deriving therefrom- 2
unidirectional output whose sense and magnitude
are functions, respectively, of the sense and mag-
nitude of -any deviations of the frequency of
said first intermediate-frequency wave from said
predetermined difference between the frequencies
of said carrier waves and the sense and magnitude
of the deviations of the frequency of said monitor~
ing wave due to the frequency modulation of
said monitoring wave; means, receptive of said
unidirectional output, for so controlling the fre-
quency of said locally-generated carrier wave as
to. maintain ‘substantially constant said prede-
termined. difference between the frequencies of
said carrier waves and simultaneously to fre-
quency modulate said locally-generated carrier
wave in. accordance with said:locally-generated
intelligence; and means for transmitting said
locally-generated carrier wave.
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