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18 Cliirds. (CL 250—9)
2.

This invention. pertamg to: the commumc “tion‘ exchange station and the provision thereat of a
‘arts, particularly radio. <_lephony, and a sys m wxde-band radlo f«requency transmmter cap ) ,‘o_f
-for interconnecting callingand called substatxons
GI‘ subscr:bel’s, . whether moblle or otherw ise,

: ge: g ity of ftmnk;_g'c’: frmr frequenmes, to the pro-'
statxon espec‘ally ada,pth w prowde a snumber vision of -‘means for allocating cértain. of the su-
‘Qf ﬁwo-way talkmg OF trunk channels 0ver _the peumposed carrier channe;ls as talklng .or trunk

'Wlde~band recerver wmhm i}hef»llmltS‘Qf a,.smgle

-broad-band carrier frequency ) means fer estabhs

It is as prmc:pal ob:yect of the. mvention to pro- smd channels 0.
ch mak .

appalabus, ¥ .;pp,ear as the followmg descnp—
tion proceeds in_view. of. the annexed “drawings,
in.which:
ig. 1 is ‘a.block; d1ggram showing the basic op-
30 eratmg units involved.in a entral or hnk Statio
and one. mobile Sub-station:
- Figs. 2 and 3.are cireuit diagranis for a central
‘exchange or link station and are to be read to-
gether;
.85 Flgs 4 and 5 are c1rcu1t dlagrams for one re-

Flc, 6 1s a,mrc;ult 'agram detamng the tu mg
,motor eontrol unit ex ployed at each sub sta on
Fig. 7 is a skeletop: erspactive detall of the
_trunk carrier frequenmes constltutmg talking,.49 «all. signal transmitter and circuit ‘connections
channels; to ‘the'provision+at“such stations of therefor;
automatlc ‘means for testing-and -selecting. idle Pig. 8 is. a. fragmentary perspectwe detail of
channels _pyer which - commumcatlon may. be.-es- che a.u.toma,tlc call. sxgnal transmit
tabhshed with-the central station or: exchange % )
-the provision-of means-at-such stations:for But0~ 45 Gencral description

matlcally setbing the testing and.selecting means “In-general, the completion of ‘connections: ‘over
.into-operation responsive-to the reception of:cer- “the ‘novel systeém ' involves -the calling, by ‘the
-tain coded call signals; to-the provision:of means ‘Subsériber, of the” central exchange .passing- the

.at said _stations for-the automatic transmissionsof ~ -desited number tothe answering central opera-
~station 1dent1ﬁcat1on signals when calls .are, madeﬂﬁo -tor,. who then calls the des1red subscnber and
s} % answered to the: prowsmn -of means. for_a.uto-

'.\‘ah mcommg call responswe to the receﬁtmn rof
the aforesaid coded call SIgnals
- Still further-objeets relate to-the central or-link. b5
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hess by tuning the substation transmitter and re-
ceiver progressively over the frequency range of
the system. A special signal or tone is placed
upon idle channels at the central exchange, and
the substation apparatus will automatically re-
main tuned to the first idle channel freguency
encountered and marked by such tone in the
aforesaid testing operation. :

When an idle channel is seized by the sub-
station, the identifying designation of the call-

ing station is thereupon automatically trans- =

mitted until the central office operator answers
and the called number is passed, whereupon the
central operator sets a calling device info oper-
ation over a calling channel, and when the called
subscriber responds, the operator interconnects
the calling and called stations through jack ter-
minals at the central switchboard, and the oe-

cupied trunking channel is blocked for the dura-

tion of the call.

Referring to the block diagram of Fig. 1, there
is provided at the central or link station a wide-
band ulira high frequency radio transmitter A
adapted to transmit over a band preferably 1.5
megacycles wide, together with ultra high fre-
quency receiving means B adapted fo receive
over a band of greater width than the trans-
mitting band, the transmitter operating on fre-
quencies from 100 to 101.5 megacycles and the
receiver operating on frequencies from 80 to 82
megacycles, in the present embodiment.

Channel converter means, generally indicated
at C, is utilized to provide at least one call chan-
nel D, operating in this instance on 500 Kkilo-
cycles for transmitting call signals from a call-
ing device E located at a central control or
switchboard F. In addition to the call channel
or channels (several may be required), there are
provided a number of talking or trunk channels
numbered consecutively from | to 100, and each
separated by a band width of 10 kilocycles,
preferably.

The wide-band receiver B is connected to a
plurality of channel separators, generally indi-
cated at &, and numbered consecutively from {’
to 109’, and each separated in frequency from the
other by intervals of 20 kilocycles.

Drop connections from each of the channel
converters and separators are brought out at the
switchboard F in jacks H, also numbered from
f to 100, to correspond to the talking channels,
so that the operator’s telephone set may be
plugged into any of the 100 talking channels
for two-way communication thereover.

At the right-hand side of Fig. 1 are shown the
instrumentalities of one substation, which in-
clude an ultra high frequency wide-band re-
ceiver J operating on a band width of 1.5 mega-
cycles, that is, from 100 to 101.5 mec., and a
U. H. 7. transmitter K operating on a band 2
megacycles wide, that is, from 80 to 82 mec.

The substation receiver is tuned by a channel
tuner L, actuated automatically by a channel
tuning motor M, which simultaneously actuates
a channel tuning converter N for tuning the
transmitter K to any of the trunking frequencies
included within the principal link carrier fre-
quency. The automatic tuning means is so ar-
ranged that when the channel tuning motor M
is set into operation, the substation transmitter
and receiver will be tuned simultaneously over
their respective trunking channel frequency
bands for two-way communication with the
central station unit over the idle channels se-
Jected thereby. : :

4
The substation receiver is normally kept tuned

(with the channel tuning motor means at a start-

ing position) to one of the call channels D of

the central station, and when a certain sequence
5 of call code signals of pre-arranged frequency is
received thereby, a call selecting device P sets
the channel tuning motor means M into opera-
tion, so that the substation transmitter and re-
ceiver will antomatically begin to tune over the
range of the aforesaid operating band, testing
for an idle trunking or talking channel.

Means is provided for rendering idle channels
selectively distinguishable from busy channels,
the preferred form of such means being the
transmission of a characteristic idle tone over
the various idle channels, such that when the
substation receiver is automatically tuned, as
aforesaid, over its operating band and the first
idle tone is received, the call selector will be ac-
tuated at once to stop the automatic tuning
means or channel tuning motor M, so that the
substation will be conditioned to operate on the
particular frequency of such idle channel.

Upon automatic selection of an idle channel by
the called station, the transmitter K thereat is
operated to radiate a carrier wave and an auto-
matic station identification device S, cooperating
with the transmitter modulator T, will cause the
call number of that subscriber to be transmitted
over said carrier to the central exchange or link
station operator. The reception of this carrier
at the central station causes a relay in the corre-
sponding channel separator circuit to operate and
turn on a “busy” or “line” lamp located over the
corresponding channel jack on the switch board.
The attention of the operator is thus called to the
answering channel and by connecting the oper-
ator’s telephone set to this channel, the answer-
ing subscriber ean be identified. Upon complet-
ing the connection, a “go ahead” signal is trans-
mitted from the central station to the mobile sta-
tion. The reception of the “go-ahead” signal ab
the mobile station operates a local signal or buz-
zer thereat to announce the call to the subscriber.

Should the subscriber wish to place a call, in
the diagrammatic arrangement of Fig. 1, he re~
moves his hand-set in the usual manner, setting
the automatic call selector device P into opera-
tion, and thereby causes the aforesaid channel
testing operation to go forward until an idle
channel is found, whereupon the station identifi-
cation device S causes the call number of this
particular substation to be transmitteq to the
central station, with a resultant illumination of
a signal lamp over the jack terminal of the call-
ing channel at the central switchboard; when the
operator answers, the subscriber passes the de-
sired number, and the operator completes the cail
‘in the manner heretofore described.
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At the top of Figs. 2 and 3 (read together)

there are shown by block symbols, appropriately

designated, the major unit components of a con-

g5 ventional ultra high frequency (U. H. F.) radio
transmitter, such apparatus including a crystal-
controiled oscillator doubler unit, a buffer-tripler
stage, a frequency tripling stage, an U. H. F. am-
plifying unit; an U. H. F. driver stage (Fig. 3) the

70 output of which is amplified by an U. H. F. power
amplifier unit, which has its output modulated
by the unit so-designated, in cooperation with the
channel converter system shown in detail to the
leit thereof in Fig. 2.

75 ~For purposes of this specification, it may be
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pointed out here that the individual instrumen-
talities of the foregoing transmitter components
indicated by block units are well understood in
the art, so that a detailed description and illus-
tration of these parts is deemed unnecessary.

The principal apparatus interposed-between the
central office switchboard and the transmitter
therefor, is the channel conversion means, the
function of whieh is the provision of a plurality
of sub-frequency carriers or trunking and signal-
ling channels, the term sub-frequency being uti-
lized here to designate the various carrier fre-
quencies which are additively contained within
the modulation band of the ultra high frequency
(U. H.F.) carrier of the central office transmitter.

Since the apparatus and cireuit connections
for one channel conversion unit differ from those
of another unit only in the frequency at which
it is‘capable of operating, only one such unit need
be described in detail.

- Beginning at the central exchange sw1tchboarc‘
t0 (Fig. 2), conductors Ht lead from the tip and
sleeve terminals 12 of the jack terminal for chan-
nel No. 1 to the primary I3 of an input trans-
former whose secondary winding {3a connects
respectively to the control grid {5 of tube 11 and
to ground. .

The output of the modulator tube IT is passed
through a coupling transformer 20 connecting
with the plate 19 of the modulator stage and at
junction 21 with the positive plate power lead 22.
The secondary winding of transformer 2@ has one
terminal connected to plate power lead 22, and
its other terminal connected via -conductor 23
through the primary winding 24 of a radio fre-
quency injector coupling transformer and thence
via conductor 25 to the plate 26 of a radio fre-
quency amplifier tube 27. ‘

An oscillator tube 28 has its control grid 29
connected to a crystal oscillator unit 38, the plate
31 of this tube being connected to power lead 22
through the primary winding 32 of a coupling
transformer tuned by condenser 33. The second-
ary winding of this coupling transformer connects

at 34 with the ground {6 and at 35 to the control B

grid 38 of the R. F. amplifier tube 27..

The frequency of the trunking chann_el carrier
afforded by the foregoing converter unit is deter-
mined by the crystal control means 30, and. the
voice freguency energy from the talking circuit
is picked up at the jack terminals of the switch-
board and impressed upon the trunking channel
carrier through the modulator stage or tube {7.

The channel carrier, thus modulated, is im-
pressed upon' the main transmitting carrier
through the injector coil secondary winding 24a
(Fig. 3), there being a plurality of such injector
coils 24b. etc., corresponding in number to the
number of call channels and {runking carrier or
sub-freqiiency channels used, preferably one hun-
dred, as heretofore stated.

. All the injector coils 240, 24b, etc., are con-
nected in parallel and feed into a channel mixer
42 via conductor 39, leading to.the control grid
40 of the mixer tube, and conductor 39¢ leading
to the cathode lead 41 of this tube. Mixer tube
42 has its output connected from its plate 38 and
second grid 43 condenser-coupled via leads 44
and 45 to a wide-band amplifier 46, which in
turn passes its output into the modulator unit,
so-designated for impression upon the main car-
rier through the U. H. F. amplifier unit, and it
should be observed here that a side band of this
main carrier is cut-off by a side-hand filter so
designated ahead of the radiating antennsa, in
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6

order ‘to- reduce the overall fregilency band
(which would otherwise be occupied) to nearly
one-half,

" For purposes of illustration, a second chan-
nel converter unit is shown in Fig, 2 connected
via conductors i1a to switchboard jack terminals
{2a, and this unit has its output coupled through
another of the injector coil windings 24c to the
channel mixer, such converter unit being identi-
cal to that just described excepting that it is
tuned, as by its oscillator crystal control unit
30, to & frequency about 10 kilocycles away
from the frequency of the first-described . unit;
so as to provide a second voice trunking chan-
nel distinet from the others, it being understood
that addition converter units of this type are
included in the actual installation for the trans-
mitting side of the ‘required one hundred trunk-
ing channels.

The same kind of converter means is employed
for call channel purposes, one stich channel unit
being shown on Fig. 2 connected from a call sig-
nal control unit 8 at the switchboard via con-
conductors f Iz to the input transformer {3y for a
call channél modulator tube 17a. The output of
this call channel converter unit is coupled with
the injector coil 24b (Fig. 3). Thus, a call chan-
nel carrier of 500 k. c., modulated by special call
signals under control of the call coding device
8, as will be more fully explained hereinafter, is
impressed upon the control station transmitter
through the channel mixer stage 28 and associ-
ated instrumentalities, in the same manner as
the voice-modulated trunking carriers.

In order to afford two-way communication for
each trunking channel, there are provided, as
shown in Fig. 2 (read with Fig. 3), a plurality of
channel separators, which are essentially special
individual receiving circuits provided with fre-
quency converter means and certain control re-
lay means, and respectively picking up their
input energy from a master frequency converter
48 (Fig. 3), having its output connected via con-
ductors 50 through the parallel primaries of a
plurality of injector coils 5ia, 51b, ete.

The master frequency converter receives en-
ergy from an U, H. F. receiving antenna 47,
which is provided with metal shield means 47a to.
reduce the field strength of nearby mobile sta-
tions, and this incoming energy is passed
through an amplifying stage 47b having its out-
put coupled to a mixing and converting stage
48 via coupling transformer 48a. A crystal-con-
trolled master:oscillator 498 (tuned to 79 me., for
example) coupled via transformer 4%z with the
mixing converter stage 48, and the resultant in-
termediate frequency, including the mixed
trunking carriers, is passed through coupling 495
and conductors 58 to the several injector coils
Bla, 51D, etc., for selective distribution to the sev-
eral channel converter units.

Considering the converter circuit for channel
No. {, for example, the mixed-frequency energy
from the main control office master frequency
converter is picked up by the winding 51 (Fig. 3)
of the corresponding injector coil, amplified by
radio frequency amplifier 5lx, then coupled to.
the input of a converter 52 via conductors 53
and- 94, the injector coil being tuned by con-
denser 55 for selective response to the incoming
trunking carrler frequency of this particular
channel.

Converter 52 includes an oscillator circuit in-
cluding a parallel condenser and inductance 56
and: feed-back coil 87, setting up local oscilla-.
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tions which beat with the incoming injector fre-
quency, giving a resultant intermediate fre-
quency which is passed via windings 59 (Fig. 3)
and 60 (Fig. 2) of a coupling transformer and
c¢onductors 61 and 62 to the input of an inter-
mediate frequency amplifier tube 64.

‘The output of the intermediate frequency
amplifier is passed to coupling coil 66, from
which it is transferred in part via tuned winding
67 to plate 68 and cathode 69 of a twin diode de-
tector, and demodulated, this portion of the de-
modulated energy being coupled via drop resis-
tor 10, condenser 11, conductor 12 to the control
grid 13 of an audio frequency amplifier, and the
amplified voice component is then transferred
through output transformer 74 and conductors
15 and 76 to conductors 12z leading to the jack
terminals of channel No. { at the switchboard.

Since there is a wide variation in the signal
strength from the substations, automatic volume
control (A. V. C.) is provided at the central sta~
tion for each converter unit, such A. V. C. be-
ing derived from the drop across resistor 70 in
diode circuit 68—869, and acting to vary the grid
bias voltage applied to the preceding amplifier
tubes 64, 52 and 5{x.

A feature of the foregoing channel separator
circuit is the “idle channel” signal control means,
which includes (lower Fig. 2) a “busy” lamp 80
above the corresponding channel jack on the
switchboard, one terminal of which lamp con-
nects with power supply line 81, and the remain-
ing terminal of which connects via conductor 82
to the normally open “make” contact 83 of the
“jdle channel” relay 88. The coil 85 of this relay
is in series with plate 86 of the D. C. amplifier
tube and the posiitve plate or “B” power supply
line 87.

This “idle channel” relay 84 is actuated by the
second diode unit of the detector, which includes
tuned coupling coil 67a connected in a rectifying
circuit with plate 88a¢ and cathode 69a of the
diode, the D. C. control component from which
connects via conductor 88 to control grid 88 of
the “idle channel” relay tube.  If channel No. 1
is busy, relay coil 85 is energized through the
plate circuit 86—87 by virtue of the control volt-
age applied to grid 89 from the diode detector
circuit 67¢, 68a, 69a, 88, causing contact 83 to
“make” with its companion contact 83a and com-
plete circuit to illuminate the “busy” lamp 80.

A further important function of the “idle
channel” control relay circuit is the application
or removal thereby of an “idle channel” buzz
signal from source conductor 90, via conductor
8¢ and normally closed contacts 92 on the “idle
channel” relay and through coupling condenser
93 to primary winding T4a of the output trans-
former leading to the channel jack 12. Thus, the
“idle channel” buzz signal is normally applied
by closed contacts 92 to the switchboard jack
¢ircuit, through transformer 74, and also via con-
duectors 11 to the input side {3 of the correspond-
ing channel converter unit, so that the “idle”
signal is transmitted constantly over this chan-
rel so long as it remains idle; but so soon as the
channel is seized or busy, relay coil 85 becomes
energized to open contacts 92 and disconnect
the “idle” tone, while at the same time closing
relay contacts 83—83a to illuminate the “busy”
lamp. :

The circuit for additional channel separator
units, such as that shown for channel No. 2, is
identical to that just described for channel No. 1
excepting, of course, that the tuning components

b

10

25

30

35

40

45

50

b5

80

685

70

thereof are principally resonated to the partic-
ular frequency of channel No. 2.

Subseriber station equipment

Considering now- Figs. 4 and 5 together, the
receiving equipment at the substation consists
generally of a superheterodyne type circuit with
a demodulator for the modulation band, and cer-
tain automatic call selector, filter and switching
neans. ) )

_The broad band carrier with its mixed trunk-
ing or sub-frequency carriers is picked up by the
antenna 108 (Fig. 4) .and passed through input
coupling means 101 to a conventional U. H. F.
amplifier stage 102, whose output is transferred
via coupling transformer means 1063 to the input
leads 108, 105 of an U. H. F. frequency converter
stage 106, and the output of this stage is passed
via conductor 188 and a tuned coupling unit 108b
to the input side of a first intermediate frequency
amplifier 109, which in turn passes its output to
the input of a second intermediate frequency am-
plifier 110 through a tuned coupling unit {18b.

. The mixed channel trunking carriers are next
passed-via conductors 115, 116 to a diode detector,
which delivers the mixed modulated side bands
of channel trunking carriers to a special tuning
radio frequency converter 118 through coupling
i11. 'This converter by beating selectively vari-
able freguencies generated by its own tunable
oscillator circuit 119 with the output of the diode
or second detector in coupling circuit 117, makes
possible the selection of a particular one of the
trunk carriers, and to this end, coupling circuit
117 is provided with a variable condenser ({la,
which is ganged with a variable condenser Ii18a
of the converter oscillator circuit for joint tun-
ing by connection with a drive shaft 120 actuated
by channel tuning motor. 121 through reduction
gear means 122,

Any trunking carrier frequency selected by
the aforesaid converter means, is demodulated
and amplified as to its voice component in a com-
bination detector and amplifier 125 having detec-
tor diodes 126 and cathode 127 connected to the
converter output via conductors (28, 129, a
sharply tuned band filter circuit {30 being indue-
tively coupled with circuit 129 to the output or
plate circuit [ [8a of the converter. The rectified
component in the diode plate circuit is impressed
upon a control grid 13t in tube 125 via a potenti-
ometer 132, thus controlling the amplifier current
flow to plate 133, this plate circuit being coupled
via transformer (34 and conductor {35 to the
telephone receiver of the sub-station hand-set,
as will presently be explained.

Automatic volume control is provided for the
converter 106 and intermediate frequency am-
plifiers 189, 110, by the drop across resistor {16a
in the cathode lead of the diode detector, from
which the bias volatage is passed via filter re-
sister 165q, conductors 105, 104 to the control grid
of the converter, and via conductors 08¢ and
f10a, respectively, to the control grids of the two
intermediate frequency amplifiers.

The voice frequency output of the detector-
amplifier 125 is also impressed, via conductor 140
upon the grid 141 -of a buffer stage 142 (Figs. 4
and 5 together) for the purpose of energizing cer-
tain call selector means, which includes a plural-
ity of tuned band pass filter circuits generally in-
dicated at 144, and numbered serially from 1 to 5,
all in series via conductor 145 with plate voltage

75 supply lead [46,
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Each of the individual call selector filters 144
is connected to. one of the contacts numbered
serially from 1 o 5 on a stepping switch generally
indicated at {47, and having a movable wiper
contact {48 adapted to be rotatively stepped by
a ratchet mechanism {49 into engagement with
any of said contacts. The stepring switch wiper
contact 148 is connected via condenser 150 to the
grid 152 of a selector relay tube 153, which has
the coils 155a, 1E5b, of a slow and fast relay in
series with its plate 154 and plate voltage supply
lead 145 for control .of the stepping ratchet
mechanism.

Calling of subscriber stations is- effected by
transmission of g series of coded or predetermined
call signals at audio frequencies, and the first
three of the call filters 144 are each peaked or
sharply tuned to one of these freguencies. For
example, the filter connected to contact #1 may
be peaked at 300 cycles, filter #2 at 492 .cycles,
and filter #8 at 2750. Ten frequency intervals
are considered practical for such a.call filter sys-
tem, and will afford possible combination and
permutation groupings of frequencies taken three
at a time, which will give 1000 call signals each
consisting of three consecutive call frequencies.

The subscriber stations are preferably each as-
signed a call number -consisting of digits or
groups of digits from 1 to 9 and zero, and to each
such call digit (inclusive of zero) is assigned a
particular audio frequency for selective signalling

purposes. In one arrangement, the digits are as-
signed the frequencies tabulated hereafter:

cyc.
1 . — - 300
2 —— — —— . 384
3 ———— - 492
A e e 628
5 803
6 e e 1025
S 1310
L J — 1680
L UL 2150
0 e 2750

Assuming, by way of example, that the assigned
call of a substation were “130,” the operator
would set up the digits 1-3-0 on a call coding
device (8 in Fig, 2) hereinafter more fully re-
ferred to, and would thereby cause the call chan-
nel carrier to be modulated by three successive
signals, the first of which would be at 300 cycles,
the second, at 492 cycles, and the third at 2750
cycles. .

If the substation illustrated in PFig. 5, partic-
ularly, were intended to respond to such ecall,
filter #1{ in group 144 would be peaked or tuned
to the frequency of the first call signal or 300
cycle; filter #2 at 492 cycles; and filter #3 at
2750 cycles.

A call signal at 300 cycles would be sufficiently
passed through filter section #1 fo impulse the
grid 182 of the selector relay tube and cause a
current flow through the windings of slow and
fast relays 185a, §55b, and such energization of
the latter relay weould effect closure of fast relay
contacts I56 fo energize the selector switch
ratchet magnets 157, causing ratchet pawl 148a
to. advance the ratchet and associated contact
arm (48 to contact #2, thus connecting filter #2
in the grid circuit of the selector relay tube 153.
. The next incoming call signal, being at the
proper frequency of 492 cycles, will be passed by
filter #2 to cause another impulsing of the slow
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and fast relays, so as to effect advance of the se-
lector switch contact arm 148 to contact #3; and
the next call signal at 2750 cycles will pass filter
#3 to cause a further advance of the selector
contact arm 148 to contact #4& in the same
manner.

It may be pointed out at this juncture that the
function of the slow-acting relay, which is of the
slow-to-release variety, is to control the locking
of the ratchet mechanism to prevent return of
the wiper contact arm 148 to normal or starting
position by its spring 1486 so leng as proper call
signal impulses continue to be received and corre-
sponding impulses traverse the plate circuit of
relay tube 153. This is accomplished by reason
of the fact that each call sighal impulse which
actuates the ratchet relay to advance the selector
switch, also effects closure of slow relay contact
159 to energize locking magnet {60 from the main
power source or battery 219, via conductor 158,
said contact 159, conductor 161, resulting in at-
traction of locking dog 164 fo engage the ratchet
means {49 so that the latter is held against retro-
grade movement to starting position by spring
1490,

Since relay 189a is slow to release, it will tend
to hold up and lock the ratchet mechanism
against return so long as the call signal impulses
continue to come in.in proper sequence.

However, should an improper call signal trav-
erse the filter means 144-—1{45, the selector re-
lay tube 153 would fail to deliver further impulses
to the relays (55q, 155b, and slow relay 155a
would release, breaking the circuit to holding
maegnet 160 at contacts 199, allowing locking or
holding dog 164 to be withdrawn by its spring
164a, so that spring 149b would restore the selec-
tor contact arm 148 {o starting position.

When the contact arm 148 arrives at contact
#4, cam {69, among other things, closes con-
tacts 162a. The purpose of this is to hold up
the selector switch at position 4 while the “idle”
channel test.goes forward.

Driven jointly with the selector switch wiper
148 by drive shaft 168, is a switch cam {69, which
normally rests upon and closes motor. control
normalizing contacts {70a to energize channel
tuning motor 12{ through motor control means
115 for operation fo normal or starting position,
via conductors 170—112, said motor being reversi-
ble, the control means 175 for this motor being
described in detail hereinafter in connection with
Fig. 6. ) : ‘

When the call selector stepping switch moves
to position #4, as by reception of the proper se-
quence of call signal frequencies, .cam {69
closes confacts 113 and energizes the tuning
motor in the reverse direction via -conductors
{70—171 and control means {75, hereinafter ex-
plained, and the gang tuning condensers [i7a,
119a, 203, begin progressive tuning of both the
substation receiver and transmitter over the
trunking carrier frequency range, as heretofore
described. When an idle channel is tuned in
(modulated as heretofore explained by the “idle
channel” buzz signal) which is of a predeter-
mined characteristic frequency, for example, 200
cycles, to which call filter #4 is tuned, then the
selector relay 1550 will be actuated again to
cause the stepping switch. to advance to position
#5, thus causing cam contacts (13 to open and
stop the channel tuning motor 121 with the gang
condensers tuning the receiver and transmitter
to the frequency of the idle channel over which
the “idle channel” buzz tone was thus received.
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At position #5, the stepping switch cam 169
will close contacts 116, causing energization of
the station transmitter via conductors IT1, actu-
ating power relay 118 to connect power through
contacts 178e¢ from the line to the transmitter
power pack 19 (Figs. 4 and 5), so that the sub-
station transmitter (Fig. 4) is conditioned for
operation. In addition, cam 169 at position #5
also closes contacts 180 to energize the automatic
station identification transmitter motor 182 via
conductors 181. "As in position 4, contacts 162b
keep the locking magnet {60 energlzed and pre-
vent falling back of the selector.

The automatic station identification transmit-
ter shown is of the magnetic tape type, in which
a magnetizable wire loop 183, on which is mag-
netically impressed a vocal . (or other) recording
of the identification call or “telephone number”
of this particular station; and this wire loop is
driven, by drive wheels 183z and motor 182,
through the field of a pick-up coil 184, which
causes the station transmitter to be modulated
with the call identification recording v1a micro-
phone lead (85.

At this juncture the substation transmitter

may be conveniently described. - Apart from the
novel ‘channel tuning means, this transmitter
may be of conventional U. H. F. design, includ-
ing (Fig. 4) a microphone input transformer 186
controlling voice input amplifiers i87, (88, cou-
pled by modulator input transformer 189, to a
pair of modulator tubes 190, 19f, whose output
is impressed upon the antenna coupling coil 193a
through modulation transformer 192 to modulate
the U. H. P. output of the transmitter power
amplifier stage 193. The remaining transmitter
instrumentalities include an oscillator 194, tuned
by a crystal control unit 195, and having its out-
put frequency modified by a frequency multiplier
stage 196, the resultant frequency being subject
to variation over the range of the trunking car-
rier frequencies in an U. H. F. converter stage
191, which controls a driver stage 198 ahead of
a power amplifier stage 193.

The transmitter channel tuning means in-
cludes (Fig. 4) a variable oscillator 200 having
a plate inductance 20f coupled with a grid in-
ductance 202 tuned by a variable condenser 203
which is driven from the channel tuning motor

drive shaft 120, along with receiver condensers

{1a, 119a. The output of this channel tuning
oscillator is passed via conductor 264 to injector
grid 197¢ in the U. H. F. converter stage to pro-
duce a selectively variable resultant transmitter
frequency corresponding to the several trunk car-
rier frequencies.

Resuming the foregoing description, wherein
the c¢all signal step switch had come to rest at
position #5, in which the transmitter power pack
was energized by relay 118, as described, and the
automatic station identification transmitter start-
ed, consequent upon the reception of the
proper -incoming call code signals, with the re-
sult that the subscriber’s transmitter would then
be radiating at one of the idle trunking carrier
frequencies determined by the aforesaid chan-
nel testing operation.” The reception of this
trunking carrier frequency (assume it to be that
of channel #1{) at the control exchange (Fig. 2)
causes the D. C. “idler channel” relay means
84—85 to close contacts 83, 83q, illuminating lamp
80 at the switchbeard to show the trunk channel
“busy,” at the same time opening contacts 92 to
remove the free or “idle channel” buzz signal
from this channel. '
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Upon ascertaining the call number of the sta-
tion answering over this channel by listening to
the call emitted by the station identification
means {83—184, to determine if the proper sta-
tion is answering, the operator interconnects the
calling and call stations at the jack terminals
and closes a “go-ahead” signal switch 208 (Fig.
2) connecting a “go-ahead” tone of distinct fre-
quency, for example, 100 cycles, momentarily to
the central station transmitter from tone source
line 209 via one of the jack contacts I2y.

The “go-ahead” tone received at the called sub-
station (Figs. 4 and 5) will be passed by selector
filter #5 to contact #5, causing the step switch
to advance to position #§ in the manner here-
tofore described, at which cam 169 will close con-
tacts 212 across conductors {17 to hold up the
power supply relay 178. Cam 168 will at this
sixth position alsc close contacts 13%5a, connect-
ing the audio output of the receiver amplifier
from line 135 to the station telephone receiver at
terminals 135b.  Cam 169 at this position will
also close contacts 2195, energizing the station
signal or buzzer 218 via conductors 216 and main
battery or power source 2{9 through the normally
closed telephone set contacts 217, which will
open to stop the signal 218 when the subscriber
lifts the set to answer. In addition, contact {62¢
is closed and keeps locking magnet 169 energized.

Lifting of the telephone set to answer also
closes transmitter microphone contacts 220 at the
phone set, so that the microphone of the latter
is conneeted with the transmitter at terminals
221, 222 to conductor 185.

When the telephone hand-set is lifted to an-
swer the call, the cradle plunger 225 (Fig. 5)
rocks lever 226 thereby causing arm 227 to move
downwardly to rotate wheel 228 in a clockwise
direction. During the clockwise rotation of wheel
228 the upper end of arm 19@q is engaged by a
cam projecting from the face of wheel 228 and
is ‘moved thereby towards the shaft {68. When
wheel 228 is: fully rotated this cam passes be-
yond the tip of arm 19%¢ permitting it to restore
to normal. When the call is finished and the
hand-set is restored, wheel 228 is rotated counter-
clockwise by arm 227. During the return move-
ment of wheel 228 the upper end of arm (90a
is again engaged by the cam projecting from the
face of wheel 228, but this time arm {90¢ is
moved away from shaft 168 causing contacts 190
to open and release locking magnet 169 so as to
permit shaft 168 to be restored by spring (49b.
When wheel 228 reaches its normal position the
cam projecting therefrom passes beyond the tip
of arm 190¢ permitting it to restore and reclose
contacts 199.

Should the call be outgoing from the substa-
tion shown in Fig. 5, the subscriber lifts the hand-
set in the usual manner, which sets the selector
switech on position #4 through the agency of
levers 225, 225, 227 turning wheel 228 so that
dog 229, which is engaged in ratchet tooth 23%a,
will turn the ratchet 230b and cam {69 to posi-
tion #4; causing the channel tuning motor to
start the testing operation for an idle channel,
which, when located, will by its idle tone, cause
the selector switch to be advanced to position
#5 in the manner explained, energizing the
transmitter and signalling the central exchange
operator as heretofore described.

In Fig. 6 are shown details of the motor con-
trol unit 175, wherein a common lead {70 from
battery 250 is connected (in Fig. 5) through cam
switch contacts 173 and conductor 171 to close
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an operating -circuit for a “forward” relay 25
via normally <¢losed starting position contacts 253
and conductor 254 to battery 250. This circuit
actuates “forward” relay 251, energizing ‘motor
starting coil 285 via conductors 256, contacts
251, 258, closed, with power line contacts 259 .on
this relay, which also serves to close its contacts
260 to energize the main motor field coil 251 via
conductors 262 from the zame power line, at the
same time, thus starfing motor 124, which ro-
tates the gang condenser drive shaft 120 slowly
through reduction gear means 122.

Energization of the main motor coil 26f as
aforesaid also simultaneously snergizes the sole-
noid 263, in shunt therewith, -of a brake 264,
which is normally urged by spring 265 against
brake drum 266 on the motor shaft, to hold the
latter aganinst rotation. As soon as the “for-
ward” relay coil circuit is de-energized, -the
soleneid 283 is likewise de-energized -and brake
264 drops back instantly snd stops the motor 124
and the associated rotors of the gang tuning
condensers {{7q, ete.

‘When the gang condensers are disposed at
starting position, tuned to the call channel, an
end-Dposition cam arm 267 on shaft 120 holds the
starting switch contacts 253 closed at 268, but
as soon as the shaft begins turning the econ-
densers through the tuning range, contacts 253
open and their circuit is shunted via- conductors
254, 289 and toggle switch -contacts 269a held
closed by tozgle 279, so that the “forward” re-
lay will hold up until the condenser rotor drive
shaft 120 is turned through the entire tuning
range (assuming it does not stop for an idle chan-
nel beforehand), whereupon the -cam arm 267
will trip toggle 210 into the .opposite position.
thus opening “forward” relay shunt contacts
262a and dropping ouf this relay 2Z5{.

Such action of the toggle closes reverse super-
visory contacts 272, closing circuit via conductors
213 from hattery 250 to one terminal of the re-
verse relay 274, the power circuit from battery
250 being completed. via conductor 254, toggle
switch contacts 215 closed, conductor 278 to the
remaining terminal of the coil of relay 274. Alsop,
conductors 254 and 276 are shunted by contacts
271 closed (as by cam arm 287 leaving starting
position) to complete the carry-over necessary to
permit cam arm 267b tc pass the toggle as ib
approaches normal starting position after re-
versal, cam arm 287 opening. the shunt super-
visory contacts 277 when the drive shaft, and
hence cam arms 287, 287b, actually reach start-
ing position. ’

Assuming that the reverse relay 2%4 has been
energized as aforesaid, reversal of the motor is
effected through closure thereby of contacts 288,
power line lead 281, conductor 282, for the main

motor winding, and power line lead ‘283, contacts

284 closed, conductor 285, coil 255, conductor 288z,
contacts 257" closed to power lead 281, for the
starting coil 255,

It will be observed that alternate forward and

reverse motion of the tuning motor 121 will con- -

tinue so long as contacts 173 at the selector switch
{PFig. 8) remain closed, as in the case where no
idle channel is encountered during the first tun-
ing transit of the gang condenser means in test-
ing for an idle channel,

However, should selector eam 169 (Fig. 5) be
restored to starfing position, to close contacts
170a, then circuit would be closed through con-
ductors #78, 172, relay 274, and either toggle
switch contacts 275 closed, or supervisory start-
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ing position contacts 217 «wclosed, whichever of
said «contacts 275, 217, happened 1o be closed at
the time, since they open and close in reverse re-
lation, whereby the motor will always be stopped
at its normal starting position whenever cam
contacts 110a (Fig. 5) are closed, as by return
of the call signal selector means to normal start-
ing position.

In Fig. 7, there are disclosed ceriain details
of the automatic, central exchange, call coding
transmitter which is generally indicated at 3 in
Fig, 2. This device includes a plurdiity of audio
frequency signal tone sources, 309, 360q, 3050 . . .
309, there being ten such tone sources corre-
sponding to the ten digits (counting zero gs a
“digit™), each generating a call signal frequency
ranging from 300 cycles to 2750 cycles, as here-
tofore explained.

One output terminal of each signal frequency
generator aforesaid is connezcted in common to
one of the two call channel leads 11z. The re-
maining tone source output leads 208z, 3%z
. . . 300ir, each terminate in = corresponding soh
of brush contacts 302, 302a, 3685 . . . 382 an
carried on ‘a bail 383, which in turn is shiftabiy
carried on a rock shaft 304, urged into the nor-
mal -position shown by spring means 284q,
wherein esch of the said brush contact sets 282,
302a, etc., is shifted axially of the rock shaft
(toward the left, Fig. 7), with respect to o cor-
responding number of operating cams %65, 385¢
. . . 305i, arranged in three horizontal rows or
sets on an arcuate mounting panel 308, such
that each brush contact, when alizned as hers-
inafter explained, can engage any one or all of
three cams disposed along its arc of travel.

In the normal position shown in Fig. 7, tha

‘brush contacts 882, elc., are shifted or offset with

respect ‘to their respective columns of cams 2085,
385a, etc., so as not to engage the latter when
the rock shaft 304 is rocked downward, by de-
pressing handle 399, but when said handle is
released by the operator, spring 394q urges shaft

‘304 in an anti-clockwise (upward) direction,

The bail 303 is coupled to the rock shaft by
pin means 310-engaging in spiral grooves or worm
tracks 311 on the shaft, so that downward or
clockwise motions of the shaft tend to shift the
pins 310, and hence bail 303, and hence brush
switches 302, etc., toward the left out of align-
ment with cams 305, but upon reverse or upward
motion of the shaft, the worm coupling 3i0—3i1
shifts the bail and contacts back into alignment
with the cams.

The cams 305 consist (Fig. 8) essentially of

‘arcuate shoes carried on plungers 312, normally

urged by individual springs 313 to raiseg Pposi-
tion with shoes or cams 305, etc., out of the path
of ‘the corresponding brush contacts 3982, etc.

By depressing any of the plungers 312, the same
will be locked by a catch 314 in the slot 313 of
& lock bar 316, which is shiftable laterally of the
axis of the plungers against its normalizing ten-
sion spring 311,

As depicted in Fig. 8, there are three of the
same digits, “1,” “2,” etec., shown in each column
of keys or plungers, as indicated on the knobs
318, 3i8a, etc., there being ten digits Uinclusive
of zero) in each horizontal row across the unit,
and three of the same digits in each vertical
column, from which selection of numbers, as
heretofore stated, one thousand combinations of
three digits at o time may be made.

After a call number has been set up on this
coding device, the plungers may be normalized




2,479,701

15

or released by depressing a clearing button 320
(Fig. 8) having a non-latching cam nose 321
which engages edge 322 of a corresponding slot
to shift the latch bar 316 to the left and free all
depressed plungers.

Operation

The exemplary installation shown in the draw-
ings, particularly ¥ig. 2, contemplates 100 trunk-
ing channels, and one call channel, and there-
fore there would be provided 100 channel con-
verter units each identical (excepting as to oper-
ating frequency) to the converter units shown to
the left of the input transformers {3, {3z, in Fig.
2. In addition, there will be at least one more
such channel converter for -call signalling pur-
poses to transmit substation call signals from
the coding device 8 at the switchboard via con-
ductors {lx and input transformer {3y tc modu-
late the frequency of the call channel carrier.

In addition to the aforesaid chanuel converters,
there will be individual receiving circuit units
called “channel separators” corresponding in
number to the number of channel converter units,
not counting the call channel converter. - ]

Each channel converter provides a transmit-
ting channel, and has a corresponding channel
separator unit, providing a receiving channel,
looped in with it t¢ the same switchboard jack
terminal.

The frequency of the call channel is selected at
500 ke., and the remaining 100 channel converters
operate on frequencies separated by an interval
of 10 ke. (see Fig. 1). Thus, channel No. 100,
for example, would operate at 510 kc., channel
No. 98 at 520 ke., and so on, so that channel No. |
would accordingly operate at 1500 kc.

The operating frequency of each channel sepa~
rator unit is likewise separated from the other
by a frequency interval of 20 ke., and, as depicted
in Fig. 1, channel separator unit No. 188 may
operate at 1000 kc., channel No. 89 at 1020 ke.,
and channel! No. {, accordingly, at 2930 kc.

The control link station operator plugs the
usual telephone set into any of the jacks 12 and
is thereby connected for two-way-communication
over the corresponding channel converter and
separator section of any of the 100 trunking chan-
nels.

If it is assumed that a regular non-mobile tele- &

phone station has called in for connection to a
mobile substation whose assigned call number is
130, the central operator sets up the number by
pushing the plunger knob 3{8 numbered “i” in
the lower or “hundreds” column on the call se-
lector shown in Fig. 7, and-in the “tens” row the
knob numbered “3” is depressed, and finally in
the “units” or top row the knob numbered “0”
would be depressed., thus lowering the correspond-
Ing operating cams generally indicated at 285
into operative positicn, whereupon the operator
would pull handle 309 (Fig. 7) downward and re-
Jease it for return by spring 304c at a rate regu-
lated by conventional governor means 325,

The return motion of the associated shaft 304
shifts the brush contact bail 383 to the right so
‘that the brush contacts generally indicated at
302 will be operated by engagement with such of
the cams 395 as have been depressed by the op-
erator. In this example, the brush switches cor-
responding to the frequencies assigned to the call
numbers {—3—8 would be so actuated in suc-
cession, connecting tone momentarily from the
tone sources 308 via conductors §00z, brush con-
tact 302 to leads ilx which connect with inpub
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transformer 13y (Fig. 2), thereby modulating the
call channel converter with a first call signal
tone at 300 cycles.

As the bail 303 continues its upward move-
ment, brush switch 302¢ would then momentarily
connect tone from source 300a via conductor
300ax to the call channel input leads flz, so
that the call channel converter would transmit
a signal at 492 cycles, and finally brush contact
302i would be actuated to connect tone from
source 300i via conductor 388ix to leads Ilz,
causing a call signal at 2750 cycles to be trans-
mitted.

Referring to Fig. 2, the foregoing call signal
frequencies would be impressed in succession up-
on the 500 kc. call carrier generated by the call
channel converter associated with leads iz, and
the call carrier, thus modulated, would be im-
pressed in turn (Figs. 2 and 3 read together) up-
on the central station U. H. F. transmitter
through the injector coil 24b, channel mixer 42,
wide-band amplifier 46, modulator 46a, and
thence upon the main U. H. F. carrier through
the U. H. F. amplifier designated in the block
diagram.

All mobile substations being tuned to their nor-
mal stand-by call channel of 500 ke., the main
carrier would be received and demodulated by
the means heretofore described, at all stations,
and the call signal frequencies ultimately caused
to traverse the filter circuit means 144 (Fig. 5)
at each such substation. ’

Assuining that filters (44, numbered i—2—3
in Pig. 5, were peaked or tuned to audio frequen-
cies at- 300, 492, and 2750 cycles, respectively,
then the selector tube {53 would have its grid 152
excited by three successive call signal impulses,
the first of which would cause relays §55a, 155D,
to pull up at once, but whereas relay 1550 would
quickly release at the cessation of such first im-
pulse, relay 155, being slow to release, would
tend to hold up long enough for the next or sec-
ond signal impulse to arrive. Meanwhile, actu-
ation of relay 1590 would energize ratchet mag-
nets 157 to advance the ratchet means {49 one
step, causing contact arm 148 to lodge on filter
contact #2. ‘ ,
* If the second call signal is of proper frequency
to pass filter #2 and arrives at its properly timed
interval, before relay 155¢ has had time to re-
lease, then both relays 55q¢, 155D are again im-
pulsed, causing slow relay (55¢ to continue to
hold up, and causing the ratchet mechanism to
advance contact arm (48 to filter contact #3.

When the slow relay 155¢ first pulls up, its
contacts 159 energize the locking magnet (60 to
pull locking dog 164 into locking position so that
the ratchet mechanism cannot return to normal
position. If, however, the second or third call
signal impulses are not properly received there-
after, as explained, then relay 155a¢ releases, de-
energizing the locking magnet 160 so-that spring
168a restores the locking dog and frees the
ratchet means 149 for return to normal starting
position by spring 149b.

Assuming that the three call signal impulses
are, however, properly received, the selector arm
148 will be lodged upon contact #4, and selector
cam 189 will close contacts 113, thus energizing
the “forward” tuning motor relay 25{ (Fig. 6)
via conductors 1718—171 thus connecting power to
the starter and main windings 255, 261 for motor
121 at relay contacts 251, 258, 2608, whereupon
gang condenser shaft (20 rotates the rotors of
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condensers-111a, 119a, 203 (Fig. 4); thus progres-
sively tuning hoth: the transmitter and receiver
of the called substation .over the trunking fre-
quency range, as heretofore explained in detail.
Meanwhile, locking magnet 160 holds up by clo-

sure of cam contacts 162a' and relay contacts

1592 on the slow relay.

At the central office .(Fig: 2), “Idle channel”
tone from source conductors 90 is impressed via
conductor 81 and relay contacts. .92, normaily
closed, .condenser 93, transformer windings T4a,
14, upon the drop or jack.connections 15—176:for
channel No. .1, and .consequently upon.the. input
transformer 43 for the.corresponding channel
converter, and filter #4 (Pig. 4) at the substa-
tion being tuned to the frequency. of this.“idle”
tone causes the selector relay: tube to be excited
so that relays 155a¢, 1550 are again impulsed,
resulting in a further advance of ‘contact arm
148 to contact #5; at which position cam con-
tacts 112 are again .open, dropping out the “for-
ward” motor relay 251 (Fig. 6), stopping motor
121 instantly, through the-agency .of brake 264,
whose solencid winding 288 is:de-energized at-this
time since it is in parallel with motor winding
261,

- Thus, the substation is now tuned to an idle
trunking carrier.frequency.

As a result.of cam 1469 (Fig. 5) reaching fifth

position as aforesaid, cam contacts 176 are now -

closed, connecting power via .conductors 47171 to
energize transmitter power:relay. 118, closing con-
taets  118a to conunect power-to the  transmitter
power pack: 19, thus conditioning ithe substation
dransmitter for.operation. In addition; the clos-
ing .of .contact 162b: keeps the locking magnet
energized :and locks the selector. in position 5. .
Cam 89 also.at this time closes :.cam .contacts
480, energizing motor 182 of the :automatic iden-

tification transmitter via conductors:481; andthis .

causes ‘the magnetic xecording loop 188. to - be
passed through the field of pick-up coil I84; so
that the substation transmitter-is meodulated with
the recorded identification:data via microphone
lead 185, input transformer 186 (Fig. 4) .and-the
agsocisted amplifying and modulating stages 481,
488, 190, 184 -for impression of the identification
recording :on the-trunking :carrier generated by
the oscillator -means -194-—198,.and antenna.cou-
pling 183a, for radiation from.the- substation
antenna. .

‘The central link station -operator receives the
substation garrier over-the channel separator unit
No. {1 (-Fig:2) inthisexample, -the trunking caxr-
rier :heing -picked up by -antenna 471, amplified
threugh radio frequency:stage 41h, mixed in:con-
verter stage 48 -with.the frequency. of the - master
oscillator 49 1o provide.a first intermediate trunk
carrier-frequency, distinet from the-other trunk-
ing carrier frequencies but shill:bearing the voice
modulations:-from the identification device .ofithe
substation. : ‘

The aforesaid intermediate or trunking.carrier
is ‘then transferred wvia injector coil .5ig to the
converter :stage 52 for channel No. o, providing
asfurther intermediate frequency which is-ampli-
fied in stage 84, demodulated:in diode circuit-61g;
68a, .88, andthe D. C. component of:the rectified
carrier impressed upon-the .grid -89 of -the “idle
channel” relay -tube-(¥ig. 2).

As.a resust.of voltage.thus.applied:to relay:tube
grid 838, “idle channel” relay winding :85 :is.ener~
gized, ‘causing .contacts :42. to open; lifting :the
“idle” tone:from:the.channel, and:closing .con-
tacts ‘83, 83a, to:illuminate “busy” lamp:80 via
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conductor.:82, thus signalling the central operatoy
that a call is incoming, whereupon the operator
plugsin on.channel No. I; listens to the:identifica-
tion data, which will preferably be.avocal records
ing of the substation call number, in this:example
“1=—3—0," and thereby ascertains that the proper
station has responded. The trunk carrier:is .de=
modulated to deliver ‘the voice component to the
jack-ferminals by-the diode circuit £1; 68, 69, and
transferred wia condenser. T4, coaductor 12; to
grid 78 of the audio .amplifier tibe whose output
is.connected through transformer means 14—7T4g
to thie jack ferminals 12, =

-'The central station operator having thus de=
termined that' communication is established with
the proper substation, interconnects the calling
and called. stations at the jack terminals and
closes-switch: 208 at the switchboard, thus con-
necting -a: “go -ahead” or connecting signal’ of
audio frequency from scurce: conductor 209 via
Jaek contact 42y to the input leads {41 of this
channel, and this frequency passes filter #5-(Fig:
5) -at the substation, eausing the selector contact
arm 148 to he advanced to-sixth and final pesi-
tion.

When thus-advanéed by “connecting’” tone, the
selector. switch. contacts 212 shunt the contacts
176 (now: open again) to hold up-the transmitter
power relay 118, contacts-435a :conneet the -hand
telephione st receiver with the output of: the
audio-detector amplifier stage 425 via-conductor
439, .and terminal 1350 while contacts 1622 shunt
contacts 1620 and contacts 245 close-an operating
circuit, through telephone set contacts 241 nor-

5 1nally .closed, to the signal or buzzer 218 to -sum-

mon. the subscriber, who lifts. the: instrument;,
causing contaets 217 to open-and stop the buzzer,
asanincidenttoraising cradle plunger 225, which
also-actuates selector;switch levers 226,227, with-~
out effect atithe time, since notch 230a:0n ratchet
whieel 280%.is-away from dog 229. However, clock-
wise motion -of leverwheel 228 -upon lifting
of the hand-set, brings the -cam projecting from
the-face of wheel 228 into position relative to the
arm 4988a¢ so that when the hand-set -is finally
restored ‘and cradle plunger descends, lever-
wheel 228°will rotate anti-clockwise, causing this
cam to operate arm -{90a:to the right to-open
contaet 190 ‘temporarily and thereby -de-energize
the locking magnet 160. Locking dog 164 is re-
tracted by -spring 164a and the selector: returns
unepposed to.position:i: ’

As .o further: incident to raising of the cradle
plunger 223, microphone. contacts 220 close, con-
necting - the hand+set. microphone at terminals
224, 222:n circuit with microphonelead i85, The
called subscriber. is:now ready to talk.

Wlien the:-substation hangs up by reseating the
hand-set to.depress:cradle plunger 225, the lever
means 22§, 227, 228, 229 will reset the selector
eam to starting .position .as heretofore:described,
normalizing:.or restoring all .circuits theretofore
set:up,-and .closing tuning motor normal.contacts
1H0a to actuate. the motor reverse relay 214 via
conductors 110, 172,.causing a return:ofthe.gang
condensers . o .starting position  with the sub=
station:receiver-tuned again:to the call channel
frequency-of :500 ke.

-Channel No. |:will again-be .designated “idle?
by.extinction of “busy” lamp :80.and application
of*idle” tone: to -this channel by .dropping :out-of
“idle:channel” relay 84:(Fig. 2) opening contacts
83, 830, -and closing -contacts 92.

Jn -the event the substation -initiates the. call,
rajsing ;of :the thand :telephone set actuates:(Eig.
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B) lever means 225, 226, 221, wheel 228, to cause
dog 229 to engage in notch 288a and rotate ratchet
wheel 230b clockwise to move selector contact
arm 148 and cam (69 to fourth position, at which
cam switch contacts. {73 close to start the tun-
ing motor, under control of means 175, heretofore
described, to test for an idle channel... Locking
magnet 160 would also be energized through con-
tact cam switch 162 to hold up the selector switch
in fourth position by closure of contacts 162a.

~'The operation from this. point on, goes forward
as in the case of the call just previously described.
When an idle channel is found, the selector switch
advances to position “five,” causing transmission

of the identification data of this substation; the

central operator, upon responding, effects trans-
mission of the “connecting” signal by operating
switch 208 (Fig. 2), which sets the selector and
cam switch contacts to the condition of sixth po-
sition, and the substation is ready for.communi-
cation with the central operator and any called
statlon connected through the central board.

While I have illustrated and described the
preferred form of construction for ecarrying my
invention into effect this is capable of variation
and -modification  without departing from' the
spirit of the invention. I, therefore, do nof wish
to be limited to the precise details of construc-
tion set forth, but desire to avail myself of such
variations and modificaticns as come within. the
scope of the appended claims.

Having thus described my invention, What
cla1m as. new.and desire to protect by Letters
Patent is:

ol Ina commumcatmn system of the class de-
scrlbed, in combination, an ultra high frequency
transmitter and receiver, a plurality of channel
converters generating a plurality of transmitting
trunk carriers and each having operatively -asso-
ciated therewith a channel separator for receiv-
ing an incoming trunk carrier of frequency dif-
ferent from the-corresponding transmitting trunk
carrier, whereby each said channel converter and
corresponding channel separator comprises means

for two-way communication, means for modulat-:

ing each channel converter individually with voice
irequency energy, said channel separators includ-
ing means for demodulating the trunk carriers
received through said channel separators, means
coupling said .channel converters with said high
frequency transmitter, means coupling said chan-
nel separators with said high frequency receiver,
means cooperable with said.channel converters
for. modulating the same. with an “idle” signal,
means controlled by the trunk carriers received by
said channel separators for rendering said idle
signal modulating means ineffective:for the cor-
responding channel converter when the trunk car-~
rier is received by the correspondmg channel sep-~
ara,tor

2. In g communication system, means for gen-
erating an ultra high frequency main : carrier;
means for generating a plurality of outgoing sub-
frequency trunk carriers, their frequency:being
a small fraction of the main carrier frequency,
and spaced approximately 10:kilocycles apart,
means for modulating said trunk carriers .with
voice frequency energy, means for superimposing
all outgoing trunk carriers upon said main car-
rier, means for receiving an incoming ultra high
frequency carrier, means cooperable with said
receiving means for selecting incoming trunk car-
rier frequencies at 20 kilocycle intervals within
the range of said ultra high frequency carrier
and for demodulating said incoming trunk car-
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riers,” means: for modulating said ‘main carrier
with various call signal frequencies, and with an
idle signal frequency, and with a connecting signal
frequency, means for connecting an operator’s
telephone set:-selectively with one each of said
outgoing and incoming trunk carriers in pairs for
two-way communication theréover, together with
substation apparatus including a transmitter and
a receiver respectively adapted to operate at fre-
quencies corresponding to any said pair -of trunk-
ing frequencies; means for tuning said substation
receiver and-transmitter successively to any said
pair of trunk frequencies, means. actuated under
control of said call signal frequencies received by
the substation receiver for automatically tuning
said: substation receiver and transmitter to a pair
of: said trunk frequencies, one of which is modu-
1ated by said idle signal frequency, and means at
said substation actuated under control of said
connecting signal frequency received over one of
the pair of trunk carriers to which the substation
receiver is automatically tuned as aforesaid, for
establishing - connections at said substation for
two-way commumcatlon over said pair of trunk
carriers.

3.Ina commumcatlon system of the class. de-
seribed which:includes means for transmitting a
plurality of cutgoing trunk carriers and receiving
g. plurality of -incoming trunk carriers, means
modulating said transmitting trunk carriers with
an idle tone, means coupling said oufgoing and
incoming transmitting and receiving means in
pairs for two-way communication, indicating
means associated with each said pair of transmit-
ting and receiving means operable to indicate the
same as “busy,” and means under control of an
incoming trunk carrier for effecting operation of
the corresponding indicating means and render-
ing said idle tone. modulating means ineffective

; forthe corresponding outgoing trunk carrier when

the correspondmg incoming trunk carrier is re-
celved

‘4. In"a commumcatlon system of the class de-
scribed which includes a broad-band ultra high
frequency transmitter operable over a first fre-
duency-band, and a broad-band ultra high fre-
quency receiver operable over a second frequency
pand different from the first band, the combina-
tion of a plurality of means generating a plurality
of ‘outgoing trunk carriers of distinet frequency,
means for separately modulating said trunk car-
riers and modulating said transmitter with all
trunk-carriers, means cooperable with said re-
ceiver for selectively demodulating a plurality of
incoming trunk carriers received thereby, means
linking an outgoing trunk carrier generator means
with “an ‘incoming  trunk carrier demodulating
meéans to provide two-way communication chan-
nels; means normally modulating outgoing trunk
carriers with an “idle” signal, and means actuated
by incoming trunk carriers to effect removal of
the “idle” signal from the correspondmg outgoing
trunk carrier.

5. In 2’ communication system of the class de~
scribed, substation apparatus comprising an ultra
high frequency receiver operable on g first fre-
quency, an ultra high frequency transmitter op-
erable on a second frequency different from the
first, means for simultaneously tuning said re-
ceiver and transmitter :to operate at any of a
plurality of sub-frequencies differing respectively
for the receiver -ahd transmitter, means actuated
by a combination of predetermined received call
signals for:starting 'said tuning means, means
actuated by a predetermined received “idle” sig~
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nal for stopping. said tuning means, at a tuning
frequency: at which:said:“idle? signal was received;
and: means: actuated: by-a- predetermined: received
“conneeting” signal: for giving & signal at the
substation:

6. A radio-communication system: comprising. a
central station including sn ultra: high frequency
transmitter and an: ultra high frequency receivey
each: operating: on: & distinet: wltra high: frequency
band; means providing a plurality of cutgoing
trunk carriers all' superimposed: upon: said: trans-
mittey carrier, means providing a plurality: ofs in-
eoming: trunk- carrier demodulators: each tuned
to-a frequeney distinet from that of any outgoing
trunk carrier and: all energized. from ssid-receiver,
means: providing: a. ¢all'’ channel carrier super-
imposed- upon the transmitter carrier; means
modulating. each cutgoing trunk carrier with: an
idle signal; together with a plurality of substations
each including: a transmitter progressively tun-
able: over the frequency range of said- incoming
trunk carriers, a- receiver progressively tunable
over the:frequency range of said outgoing trunk
carriers: and said call: channel: carrier, means-ae~

tuated by a call signal received at said substation ¢

at sgid: call' channel: ecarrier frequency for-start-
ing said-tuning means of the receiver and trans-
mitters; means actuated: by said idle- signal re-
ceived: at the-frequency of* one- of said outgoing
carriers-for stopping said: tuning means of the
receiver and transmitters with the substation
receiver tunted: to- said last-mentioned- frequency,
and-the substation: transmitter tuned- to the cor-
responding- distinet-transmitter frequency, means

at the substation for modulating the transmitter !

thereof with: station identification data auomat-
ieally - upent- tuning by idle signal- as aforesaid,
medns at- said’ central station for: transmitting a
connecting signal at the frequency to- which the
substation- receiver is funed: by- said- idle' signal;
means at said substation actuated: by reception
of said-connecting signal to stop said identifica-
tion modulation, to give a signal at the substa-
tion, and to connect said substation transmitter
and receiver for two-way communication: with
said central station at the tuned:frequencies de~
termined by. the idle signal as aforesaid.

7. Apparatus as defined in claim 6 in which
said central station transmitter is further pro-
vided, with. means. for modulating said first fre-
quency with a.plurality of subszfrequencies; and
mezns: for modulating. the sub~frequencies: with
idle: tone: and.connecting tone of predetermined
freguency;. and. said. substation: apparatis. is. fur-
ther characterized: by the provision of means
coapergble: with said:selective means respensive
to.the.reception. of said. idle: tone: for actuating
said selector switch means to. still further: ad-
vanced: position. to.disable said tuning means: of
the receiver and transmitter. with:the substation
receiver tuned. to the. sub-frequency at: which
said idle tone was. received, and- thereafter to
effect still-further advance of said:selector: switch
means; responsive to reception of said conneeting
tone by said selective. means, to- conneet: said
substation: transmitter and:receiver with- substa-
tion telephione equipment. for: two-way communi-
cation thereover.

8. In a communication system of the class de-
scribed including a central station receiver and
a transmitter emitting 2 main carrier modulated
by a call channel carrier and a plurality of sub-
frequency trunk carriers each of the latter in
turn modulated by an idle trunk tone, means for
removing said idle tone, and means for modulat-
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Ing said-trunk carriers with: connecting: tone; sub-
station apparatus including: a.transmiitter, aJoeat
telephone set; receiving means tunableto the fre-
quency of any said:trunk carrier, nieans: for tuti~
ing: said: receiver over the. range of said: trunk
carriers; means-including frequency-selective: ap=
paratus- cooperable with said receiver and oper
able by:reeeption: of certain: call frequericies over
said: call: channel carrier for actuating said tun~
ing: meang: to start: the tuning of said: receiver
over the range aforesaid and to stop-said: tuning
means by reception: of said idle tone over: one
of said' trunk carriers, and means actuated: by
reception: off sgid: cornecting. tone.to conneet: said:
transmitter, said receiver, and said: telephone:set:
for two~way communication. with sdid. central
station at: freqiiencies: lying: within the range:of
said main. carrier; said: substation transmitter af
all» times: being. tuned: to a non-interfering. fie-
quency different from any frequency to: which:
the substation receiver is tuned:

9, In: an ultra. high. frequency carrier com-
munication. system, & central office ultrs high
frequericy main. carrier generator; means for
generating and-modulating a multiplicity of sub«
carriers; means for: modulating the msin carrier
with said: sub-carriers; medns modulating idie
sub-carriers: distinctively; substation apparatus
including a. tunable receiver and transmittes:
nrodulation: controlled: means. for starting: a. tun-
ing: operation' of said: substation apparatus to
locate an:idle-sub-~carrier; modulation-controlled
mearns for stopping sdaid tuning: operation when
the substation apparatus is tured to s said: disx
tinctively: modulated: sub-carrier; meaus: operat-
ing-automatically at the substation to. transmit
an identifying signal: to the central: office: when
said. tuning. operation is- stopped as: aforesaids
modulation-controlled means at the. substation
for interrupting said:signal transmission: and giv=
ing: & subscriber’s signal; and means:at said cepn-
tral office for modulating said. sub-carriers with
control: modwlations: for actuating the: aforesaid
maodulation-controlled means.

10: Improvements in communication systems
of: the: class: which include a- central office ultra
high frequency emitter and receiver modulated
with sub-frequencies to provide a multiplicity-of
two-way communieation channels with. mobile
and: fixed: substations, said improvements. com-
prising:. substation transmitting and. receiving
apparatus: ineluding means: for tuning. said: gp~
paratus: over the frequency range of said chsri
nels, means: normally: tuning said apparatus to
a.callifrequency. channel, means. actuated hy sig«
nals: over said: call channel for setting said: tun-
Ing:means:into.operation; means actuated'by idle
signal:omn: a selected: idle. communication channel
towhich:said-substation-apparatus hecomes tuned
as:aforesaid for stopping said-tuning means with
the:substation-apparatus tuned to said last-men-
tioned: channel; means- actuated automatically
upon: stopping of: the tuning: aforesaid to- effect
transmission: of an-identification signal from said
substation: over said selected channel; central-
office controlled signal means for stopping trans-
mission of: said identification- signal’ and' giving
an incoming call signal at said substation and
for further conditioning said substation apparatus
for two-way subscriber communication over said
selected channel; means at said central office for
impressing an idle signal on all idle channels:
means at said central office providing at least one
said call frequency channel; and means at said
central office for impressing on a said call chan-
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nel sighals as aforesaid for starting said sub-
station tuning means. N

11. In a communication system employing ultra
high frequency carrier with sub-frequency,
trunking carriers thereon, improvements com-
prising: central office means modulating idle
trunking carriers with an idle signal; substation
transmitting and receiving apparatus tunable to
any said trunking carrier; substation means actu-
ated by predetermined caill signal from said cen-
tral office for tuning said substation apparatus
successively to each said trunking ecarrier; sub-
station means for automatically causing said sub-
station apparatus to remain tuned to the first idle
signal encountered during said successive tuning;
and substation means for automatically signalling
over said last-mentioned trunking carrier seized
by the substation as aforesaid to designate at the
central office which trunking carrier has been
seized by the substation.

12. Improvements as defined in claim 11, fur-
ther characterized by the provision of means-at
said substation for initiating said tuning opera-
tion at the substation to seize an idle trunking
carrier, for actuating said designating means, and
for transmitting a substation identifying signal
over said seized carrier to the central office.

13. In a radio communication system, a plu-
rality of stations each having receiving means
tunable to any one of a plurality of communica-
tion channels, the receiving means of each sta-
tion being normally tuned to a call signal chan-
nel, a further station having means for trans-
mitting -a marking signal over one of the
communication channels and having means for
transmitting a signal, characteristic of one of
the first stations, over the call signal channel,
means controlled by the receiving means at the
station corresponding to said characteristic signal
and responsive thereto for causing the receiving
means thereat to scan ‘the plurality of com-
munication channels, said last means being re-
sponsive to the marking signal transmitted over
said one channel by said further station for
stopping the scanning of the communication
channels by the associated receiving means when
said one channel is reached. '

14. In a carrier wave communicating system,
means for generating and radiating a main uitra
high-frequency carrier, a plurality of channel
converters and a plurality of channel separators
connected in pairs, each channel converter pro-
ducing a different sub channel carrier frequency
and having means for modulating the main car-
rier therewith, a wide band receiver adapted to
receive a second ultra high-frequency carrier
modulated by still different sub channel carrier
frequencies, said channel separators coupled to
said receiver and means for connecting each pair
of converters and separators in  connections
whereby simultaneous two way transmission may
be had over the main carrier modulated by any
plurality of its sub channel carrier frequencies,
and over the second ultra high-frequency carrier
modulated by its different sub channel carrier
frequencies.

15. In a radio communication system, a main
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station and a plurality of substations, a plu-
rality of transmitting and receiving channels at
the main station, each transmitting channel pro-
ducing a different carrier fregquency from the
others and each receiving channel tuned to a
different carrier frequency from the transmitting
channels, a pair of transmitting and receiving
channels at each substation, means at each sta-
tion responsive to a particular signal transmitted
from the main station over one of the transmit-
ting channels to successively tune the transmit-
ting and receiving channels thereat in steps, each
step tuning said last channels to one of the trans-
mitting and one of the receiving carriers of the
main station, means in the substation responsive
to a particular signal over one of said carriers
for stopping said tuning means when tuned to
a pair of said carrier frequencies corresponding
to a transmitting and receiving channel of the
main station and for indicating in the main sta-
tion the pair of channels selected, and means in
the main station for thereafter completing a
communication channel between said main sta-
tion and the selected substation over the selected
pair of channels.

16. In g radio communication system, a central
office, a plurality of substations, a plurality of
communication channels in the central office,
each channel including a path over which a
carrier of a particular frequency is transmitted
and a receiving path tuned to 4 carrier of an-
other frequency, the frequencies of each channel
differing from each other channel, means at each
station for selecting any one of said channels and
signaling the central office thereover, means at
the central office for establishing a cennection
to another substation over any other of said
channels and for linking the two channels at
the central office to provide a two way conversa-
tion link from the first to the second substation
1nclud1ng both of said channels.

THOMAS I. RESS.
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