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The invention described herem may be ma u-

factured and used by or for the Government ‘for’

governmental purposes, without the payment to
me of any royalty thereon.

My invention relates. to a multi-channel radio
system for voice communication, which may. per-
form the functions of a multi- subscrlber “tele-

phone system. Because of the radio links em-

ployed the subscriber may be mobile within the
range of coverage of the radio waves. The chan-
nels to the separate subscribers are isolated on
a basis of frequency selection. Provision is made
for the connection of my mobile system with the
commercial wire line telephone systems. @ The

same degree of privacy is breserved as in normal.

telephone subscriber. systems.

It is a purpose of my. invention to provuie a,
mobile telephone system having radio links..

It is another. purpose of my invéntion to pro-
vide a mobile telephone System with arrange-
ment for interconnecting it Wlth a wire line tele-
phone system.

It is another purpose of my 1nvent10n to pr0V1de
a multi-channel radio transmission and reception
system.

It is another purpose of my 1nvent1on to pro-
vide a system of combined amplitude and fre-
quency modulation by which a multiplicity of
voice messages may be impressed and transmitted
over a single carrier.

It is another purpose of my invention to prOV1de
a system of communication having a multiplicity
of channels in a single final amplifier and trans-
mitting antenna and also in a single receiving
antenna and receiver.

‘The system which is proposed is Shown in block
dlagram in the figures as follows:

“Pigure 1 is a block diagram of a central trans-
mitting station.

Figure 2 is a block diagram of a subscriber sta-
tion.

‘Figure 3 is a block diagram of & central receiv-
ing station.

Figure 4 shows a modification of my invention
incorporating a multi-principal carrier system in
the central fransmitter.

Pigure 4A shows one example of a system for
sweep tuning the transmitter.

Figure 5 shows a modification of my 1nvent10n
ineorporating a multi-principal carrier system in
the central receiver. )

~The feature of my mobile telephone system
Whlch makeg possible the multiplicity of channels
is the system of modulation, which I shall now
explain,
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: Consider a principal radio carrier of 300. mega~
cycles frequency.. Now frequency modulate this
principal carrier by a subcarrier of 80 kilocycles
frequency. . Let the normal frequency shift of
the principal.carrier.be =+ 50 kilocycles for normal:
amplitude of, the subcarrier,. Now let the normal.
subcarrier be amplitude mogulated. by voice.fre-:
quencies. in:the range. 250-3000. cycles. For. 100
per cent-modulation the amplitude of the 80 kilo--
cycle subcarrier will vary from,zero to twice nor-.
mal. The corresponding limiting frequency shifts:
produced in the .principal carrier will be zere and
+100 kllocycles It is .also. poss1ble to superpose
on the :300 megacycle prmcrpal carrier -another
subcarrier.of 86 kﬂocycles similarly modulated by -
voice. frequencles in-the, range, 250—3000 cycles.
Hach subcarrier and its attendant sidebands of
amphtude modulation will by itself occupy a band

It 1s well -kn wn e art of frequency modu-
latlon that for a carrler with .several. superposed.
frequency modulatlons the band Wldth which -
must be.passed should be considerably in excess of
the h.1ghest frequenc of, the ,modu]atlon super- -
posed.. Thus for.a ximum. subcarner of .99
kilocycles. a. band widt, about ‘the principal car-
rier.of 200, 000 ‘to 400,00 'locycles Would probably
be adequate and in the case of the 300 megacycle
prmmpal carrie: voposed “this band width. ‘could,
be very easily han led in the u.ltra hlgh frequen' yi
radio chantnels. T

_Structure . to.. perform .the. above functlons is
shown in Flgure 1, which’ ‘shows a central trans-,.
mrttlng station.. "Audio slgnals are.received in.
the separate ‘dudio lines of channels Aa, 1D, lc,
etc, comlng from sw1tchboard 6. These linies
0 ] c111ator and modulator .

separaté ubcarrler frequency 48 54, 60 kllocycles ;
ete. with’ a‘_’f eq ey separation of six. kilocyeles. -
Each carrier is amphtude modulated by its own .
audio 51gnal The modulated carrlers from the_‘,-
ofcillators’ and mo ulators 2a,'2b;. 2¢, etc., are
combined’ and aimplified’ together 'in s
amphﬁer 3A. Because each fslg on’ subcarrler N
i§ contained in a’ separate band, thé sigiidls are
not™ confused in subcarrler amplifier 3A. The
number of channels whlch canbe accommodated
is dependent on thé pass band of the subcarr 3
ampllﬁer 3A For an “‘mphﬁer passing 45 to 99"
kllocycles ‘n e ch nels six “kilocycles apart in-
carrier’ frequency and six kﬂocycles Jbroad may
be accommodated. . .. . ; :
The: output of. ampliﬁer 3A is applled to radlo :
transmitter 4 as modulation. In radio transmit-
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ter 4 this modulation frequency modulates the
principal carrier. The output is radiated from
antenna 5.

In order to accommodate more audio channels
id, e,
fiers are provided for them, 2d, 2e, 2f, etc. These
oscillators are respectively on nine additional fre-
quencies in-the band 99-153 kilocycles.. Their
outputs are combined and amplified in subcar-
rier amplifier. 3B, the pass band of which may be
considered as 99-153 kilocycles. The output of

amplifier 3B, as well as that of amplifier 3A, is ap-~ -

plied as modulation on the carrier in radio trans-

1/, etc., additional oscillators and ampli-

4
and central receiver T at the central stationi
shown in Figure 3. - The discriminator of receiver
1 reproduces the subcarriers as amplitude vibra-
tions with amplitude modulation. These are
passed to a bank of video amplifiers 84, 8B, etc.
where they are amplified in groups, the number
of subcarriers being amplified in each video am-

- plifier being: determmed by the pass band of the

10

mitter 4. 'The number .of subcarrier amplifiers -

-which may apply additional subcarriers and the

number “of voice channels which may be thus

. passed through transmitter 4 and antenna.b§ is

very large in view of the high frequency of the -

principal carrier, 300 megacycles.

The signal from antenna 5 is broadcast and is
received on all the receivers at the subscriber sta-
tions, one of which is shown in Figure 2. The
subscriber receiver lla is a frequency modula-
tion receiver and is fixed-tuned to the frequency
of the principal carrier from the central trans-
mitter. "The signal affer passing the discrimina-
tor of receiver {ig will reproduce the modulating
frequencies, namely the subcarriers. This signal
is passed to a filter 12¢ which has a band width
of six kiloeycles and a center frequency equal to
that of the subcarrier from oscillator 2a. Ac-
cordingly . filter f2a selects from .all the sub-
carriers reproduced by receiver Ila just one along
with its attendent side bands of modulation, and
that signal only is passed along with the voice
modulation which it carries. This signal is am-
plified and detected in filter (2¢ and passed to
the telephone receiver i3a, where the voice tones
are reproduced.

It is thus seen how a voice communication from
a particular channel lg is transmitted to a par-
ticular receiver 13a of a partlcular subscnber sta-
tion by radio.

It is apparent that for each-subscriber there
must be a separate audio channel ta, 1d, etc. In-
sofar as calling a subscriber is concerned, chan-
nels fa, 1d, etc., may be ordinary lines of a normal
subscriber telephone system, with the restric~
tion that ringing should be done by a low fre-
quency alternating current rather than by direct
current. Means for such modlﬁcatlon are well
known in the art.

The apparatus for responding to a call from
the central station or initiating a call to the cen-
tral station from the subscnber s station will now
be described.

The subscriber’s calhng signal or voice (as the
case may be) is.received in oscillator and modu-~
lator i4a, Figure 2, which is similar to the oscil-
lators and modulators 2a, 2b, etc., and the calling
signal or voice signal is impressed as amplitude
modulation .on a subcarrier generated therein,
For convenience this subcarrier may be thought
of as having the frequency of filtér 12a, though'a
somewhat different frequency might be prefer-
able. This amplitude-modulated subcarrier. . is
then impressed on a principal carrier i trans-
mitter 10a and transmitted. ‘The frequency .of
the principal carrier of the subscribers’ trans-
mitters is.common to all but is sufficiently remote
from the frequency of the céntral transmitter so
that it does hot interfere w1th receptlon in the
subscribers’ receivers.

The signals from all the subscrlbers are then
received together on a single:central antenna 6 -
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amplifier.
From each video ampllﬁer the signals are
passed to a bank of filters 9a, 9b, 9¢, etc. These

filters are similar to the filter 12¢, that is, each

filter passes only a single selected subcarrier with
its attendant side bands. In these filters 9a, 9b, -
8¢, etc.. the subcarrier is demodulated and the
voice or calling code frequencies are reproduced.
These signals are put upon the wire lines 15a,-15b,
{5¢, etc. These lines may be handled as incom-~
ing lines of a normal subscriber telephone sys-
tem, and pass to switchboard (8.

Thus there has been shown means for trans-
mitting speech and call signals from a central sta-~
tion to a multiplicity of mobile stations and-for:
transmitting speech and call signals from a mul=
tiplicity of mobile stations to a central receiving
station with satisfactory isolation of the channels
to and from each station.

The wire part of the system and the switch-’
board 16 are normal except that for each radio-
subscriber’s station there is a pair of lines in the-

“switchboard, rather than the-single line of all

- speech and signal from the subscriber.
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wire systems. One line of a pair carries speech
and signal to the subscriber, the other carries
The two
lines. are switched together. 1In setting up the
connection between two subscribers’ stations the
incoming line from one station is connected to the

‘outgoing line to the other station and vice versa.

The switchboard 16 may be used &lso to con=:

 nect wire telephone subscrlbers with radio sub-

seribers.

In order to increase stlll further the number of
subscribers which my mobile telephone system
can accommodate I have introduced the modifi~
cation shown in Figure 4 for a multi-principal
carrier system. In this system a multiplicity of
prineipal carriers is provided, thus increasing the
number of possible subscribers in the ratio of the
number of principal carriers. In this system 2
brincipal carrier of 300 megacycles is generated
in frequency modulator 1TA, a principal carrier of
302 megacyecles is generated in frequency modu~
lator {7B, and so on for a series of frequency
modulators. In frequency modulator {TA the:sig-
nals from a bank of subcarrier amplifiers 34, 3B,

‘etc. (amplitude modulated with voice), are im-

pressed as frequency modulation on the 300 meg-
acycle principal carrier just as before and then
further amplified together with similar signals
from frequency modulator 17B and from . other
frequency modulators in a sweep-tuned or sweep-..
ing radio transmitter {8 and radiated from
sweeping antenna {9. s

In exactly similar fashion voice- modulated sub-
carriers:from subcarrier ampllﬁers 3D, 3E, etc.,
are impressed as frequency modulation in fre-
quency modulator iTB on a 302 megacycle car-
rier, and this modulated carrier is passed . to
sweeping radio transmltter 18 and radlated from
sweeping: ‘antenna 9.

It may be seen that the subecarriers in ampll-
fiers 3A, 3B, etc.-may duplicate the frequencies
used in subearrier- amplifiers 3D, -8E, ‘since’ the

75 signals of one bank are sufficiently isolated from
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those .of any. other bank by being. on different
principal carriers.

‘For. a large number of prmclpa,l carners sweep-
1ng radio transmitter .18 and sweeping antenna
i8. may be progressively tuned automatically
through the band of principal frequencies. This
is done.at a rate rapid compared with the highest
voice frequencies to be transmitted.

Figure 4A shows. the input circuit to one stage
of radio -frequency amplification  in ' sweeping
radio transmitter 18, by means of which it may
be - progressively tuned automatically through a
band of frequencies. This stage receives the sig-
nal from the frequency modulators and its out-
put goes either to the next stage or to the anten-
na.

A contmuously tuned tank cu“cmt is shown con-~
nected to the grid 3i of radio frequency ampli-
fier tube -32. It consists of condenser 33 in par-~
allel with variable inductor 34. Variable inductor
34 ‘consists of a number of coil sections 835a;
35b; and 3%c. Each coil section is connected in
series with the next coil section and the ‘points
of junection are connected to a commutator seg-
ment.  Thus coil section 35a has one end con-~
necting to the grid 31 and the other end to coil
section 335
commutator segment 36a. The junction of coil
sections 3%b and 35c connects with commutator
segment 36b and the other end of coil section 35¢
connects with commutator segment 36c.

Brush 37 is rotated by motor 28 to contact
each commutator segment in turn.  Brush 37 is
grounded and therefore in the position shown in

the drawing, only coil section 35¢ is in parallel

with condenser 33, - The inductance of coil sec-
tion 35a°is chosen to have a value which will res-
onate with condenser 33 at one principal carrier
frequency and thus the radio frequency ampli-

fier tube 32 is tuned to  amplify only that princi-

pal carrier frequency. As brush 37 is revolved
in a clockwise direction; it comes in contact with
commutator segment 36b. The inductance in
parallel with condenser 33 is then that of coil
section 35c¢ and 85b in series. The inductance of
coil section '35b is chosen to have a value which
when added to that of coil section 35a will cause
resonance at’ the second principal carrier fre-
quency. Thus radio frequency amplifier tube 32
is tuned to amplify a second principal carrier fre-
quency. Continued rotation of brush 37 in. a
clockwise direction causes it to contact commu-
tator segment 36c with the consequent tuning of
the radio frequency amplifier 32 to a third princi-
pal carrier frequency, in -the same manner as
above stated. As brush 37 continues to be ro-
tated, it will again contact commutator segment
36a and the radio frequency amplifier 32 will
be again tuned to selectively amphfy the first
principal carrier frequency.

1t is to be understood that, although only three
are shown, as many coil sections and commutator
segments may be used as there are prinecipal car-
rier frequencies. Also, another 'continuously
tuned tank circuit such as shown, may be added
to the plate circuit of radio frequency amplifier
tube 32, in & manner well known in the art, and
may be driven by the same motor 38. This will
sharpen the overall tuning of the radio frequenecy
amplifier. Furthermore, as many such radio fre-
quency amplifier stages as are necessary to ob-
tain the desired output power may be used. The
frequency of the alternation of the principal car-
riers depends upon relative brush and commu-

b. The junction point connects with’
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tator segment size and the speed of rotation:of
motor:38.- It is also to be understood that there
are other well known ways to alternate the fre-
quency radiated by a radio frequency transmit-
ter-and the embodiment shown in Figure 4A is
by way of illustration only and.is not to be con-
sidered as a limitation upon the mventlon as re-
cited in- the -claims.

For-a small number-of principal carriers the
transmitter and antenna may be fixed-tuned with
a pass band width broad enough to: pass all prm-
cipal carriers- simultneously.- A

In this multi-principal carrier system the mo-
bile subscriber stations are:as before except that
the tuning. of the subscriber receivers is distrib-
uted-among the principal carrier frequencies from
the central transmitter -18. -Each subscriber re-
ceiver {1a will-be tuned to the principal carriér
of the freguency modulator {TA with which that
subscriber’s wire line - la is assoclated m switch-
board 18.
© Similarly the tmnsm1tters of the subscriber
stations are now tuned to one-or another of a
set of principal carrier frequencies different from
the set used for transmlssmn from the centra,l.
station. - :

The modlﬁcatlon of the central receiving sta-
tion for my- multiprincipal carrier - system is
shown - in Figure 5.

The signals on the multiplicity of principal car-
riers from the subscriber transmitters {0a, etc.
are all received simultaneously on ahtenna 6 and
sweeping receiver 20 at the central receiving sta-
tion. If necessary to cover the entire band of-

. principal carriers from the subsecribers, sweeping

receiver 28 may sweep in tuning over the band at
a rabe high compared to the highest audio fre-
quency to be received, but in general it is possible
to construct: a receiver with a much higher pass
band width than it is‘to construct a transmitter
in the-same range, so that the sweepmg feature
may not be 50 necessary

After conversion to 1nte1med1ate frequency in-
receiver 2§ (whether actuzlly sweeping or fixed-
tuned) the output is fed to a multiplicity of in-
termediate  amplifiers. ‘There will be as many
different intermediate frequencies in sweeping’
receiver 28 as there are different principal fre--
quencies in the subscriber transmitters {la, etc.
Each of the intermediate- amplifiers 214; 2{B,
ete., is tuned to one of these intermediate fre-
quencies and rejects the othérs. Thus the prin--
cipal carriers are separated in the intermediate

stage. ‘The outputs of the intermediate ampli-’
fiers are fed to limiters and discriminators which:
produce-the subcarrier-groups, these groups are
fed to their respective video amplifiers 8A 8B,
ete., 8D, 8E, etc., just as before. i

It is seen that just ‘as in the central trans-
mitter each subearrier frequency may be used‘
once for every principal carrier frequency used,’
so for the subscriber transmitter the same sub-
carrier may be used in one subscriber transmit-
ter having one principal carrier and again in
another subscriber transmitter having another
principal carrier frequency; and so on for’ each
principal -carrier employed."

By the use of single side band techmque in the
amplitude modulation of the subcarriers the
band width of the modulated subearrier signals
may be halved and the number of subcarriers
doubled with a consequent doubling of the num-
ber of subscriber stations which may be han-
dled by given radio equipment,

Many changes and substitutions in the appara-
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- mbdulnied prineipial caivier 18 the .egmwt e

fus iy be iade Wikisous departiog from the

spirit of my invenbion, which is lamited enl'y by.
the. following claims.

i claim:

Lidna mulhxsuhsw;ber radio ielephone system,
a mt.m}_ radio trapsmitter station, ¢ telephone
switehbosard, 2 multiplicity of groups of syb-
seriber radio stations, outgoing iines from :said
switchboard carrying audie signals for respeetive
subschibers 1o -said ceniral radie -transmitter
station, means for generating a plurality of dis-
tinet subcarrier frequencies. each one of whieh

is associated with-one subscriber radio stadion

i each of said groups, means -ap the -central

adtio fransmitter station to amplitude modulate

eack of :the subgearrier freguencies by eseh of e
said-audio -signals, means for combining the am-~
plitude modulated subearsier frequencies &sso~
eiated with a group of subscriber radio stations
inte @ subcarrier -group, apparatis for generat-
ing a plurality of distinct principal carriers,-each
Brineipal -caxrier being :assighed o one of the
said- groups ©f subseriber radio -stations, means
for frequency modulating -each 0f the assigned
pxineipal -carviers by .the subcarrier group as-
signed to the same radio subscriber station
groun, means for mlternately radiating gaid fre-
guency anodulated prineipal -earriers at a rase
that is high when compared with the :highest

audio freguency sought ‘0 be transmitted, re-

ceiving means ab -said subseriber radio :statiens
o receive said-alternately radiated principal car-

riers,central radio receiving station.means, com-

munication means between said ﬁubscmber radie
stations and said .central receiving radio station
means, incoming lines from said cenfral reeeiv-
ing wadio station ko .said telephene switchbaard.

2. In 2 .multisubseriber radio telephone system

as .set- forth im .claim i, wherein said regeiving

means.at said.subscriber radio stations.comprises,
tuning -means .to.select the principal .carxier .as~

o

ceiving radio station means. .-

4. T s multisubscriber xadio kelephone system
& set forth i clainm &, wherein aaid central xadio
rsceiving station means comprises brosd band
reegiving means i@ :receive -all $he frequeney
wodulated principel esrriers from the sitbseriber
radio stationg, means to heterodyne the received
prineipal-cgrriers with 3 locally generated osgil-
ation, & plugality of-intermpediate frequeney ams
pliiers each tuned {0 an-intermediate frequericy

" assigned +0 each one of said groups of radio sub-

sepiber stations, megns 1o feed the heterodyned
ware 10 e plaratity of intermediate freguency
amplifiers, means 10 demodulate the respective
intermediate frequency amplifier outputs of their
respestive subearier groups, fiker means 40 sep-

- axale the subesrrier groups «inte -the respective

25

80

35

signed to said group of subseriber radio stations, -

means.to demodulate .the -assighed prineipal car-
riex, means to filter from the wave derived from
the demodudation -the ;subcarrier frequency -as-

signed to the subscriber -radio :station, means 4o

demodulate .said .subearrier «of the -audio signal
amplitude modulated:upon-it, means totransduce
said audio signal into aceustical energy.

-3. dn & -multisubscriber .radie telephone: System
as .set forth in claim .1, whezein said.communi-
cation means between said:subscriber radio sta-
tions .and :said eentral .receiving .radio Nstatmn
comptises :means to transduce -acoustical energy
to.audio .freguency,.means to.gemerate & subcar-
rier of the.frequenecy assigned io :the ;subserther

48 their aummfx:equencxeshand Jmeans to connect it}

mmmhex

radio station, means-toamplitude moduylgte said

subcarrier by the saig:audio freguency;,:means to
generate .a :principal .earrier -different from the

prineipal carvier.received, these.subscriber radio 60

station .generated .principal -carriers being as-
signed.similatly,.one to:-each group of :subseriker
radio.stations :andof a.different:frequency-than
the principal carrier received (by -said smroup,

means .o freguency modulate the .said principal € ,'

carrier-by -the .amplitude .modulated -subeaxrier
frequency, means to twransmit -said frequency

pared wifh the .

subearriers assigned Yo each subscriber ragio sta«
Wen, mmeans 4o demedulate the subearviers of
their audio trequoncies #nd means to connect the
said -audio Jfrequencies in to the ;elephom
switchbeard. :

5. Ina gnumsgbacrgber ra.@zg $elephone sy_stem
as set forth in .glaim 1, wherein said central
redio receiving stabion means -comprises funed
Leceiving means, Jmeans 1o alternate said funes
receiving means through the principal carrier
frequencies J:mnsmﬁtagl by, smg subscmbqr radeg
station groups atf & rate that is high when com-
ighest .andio” frequency frans-
mitted, means to heteradyne the received pringi-
pal.sarriers with-a Aoca;uy -generated o

a plurality of intermediate frequency an liflers

.eaqh juned fo .an intermediate ireguﬁney ass

signed to each.one .of said groups .of radio sub-
scxiber stations,.means fo feed the heterodyned:
waye fo the plurality of intermediate freguency -
amplifiess, means to .demodulate the respective
intermediate ftequeney amphﬁer outputs of their
respsctive subearrier yups, filter means to sep-
arate fhe subeattier groups into the respective
subicariiers assignad to .ea¢h subscriber radio
station], means to.demodulate the subgarriers.of
he
sbsndﬁudmﬁ ‘equencies. in.to the telephone:switoh-
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