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Thls mventlon re]ates to swna,hng sys-}

tems, and particularly to multiplex signal-

mng- systems employmﬂ‘ Ppiezo- electrlc oscll-_.-

latars

range of the frequency spectrum. -

- Another object of the mventlon is to em-
ploy a plurality .of piezo-electric oscillators
p to obtain a maximum number of

channels within a given frequency band.

A further object is to: provide a 10*112111110*-
system in which carrier waves are loc lly-
supplied to the transmitting and receiving
ends of such a Slﬂnalmcr system so that the_
carrier waves will be at the same frequency

or at the same frequency dlﬁerence as con-
. | -TLI., TL,, T, and TL,, and a plm ality of

viezo-electric oscﬂlatms represented by the.
reference characters HF,, HF,, HF, and

dltlons necess;lta,te

This invention is apphcabla to swna,hno*-;
systems generally, and. is illustr ated as a
racdio 510'11&11110’ system wherein a plurality

of messages may be transmitted from a single
antenna or over a wire line and received by a

plurahty of receiving stations connected to a
receiving antenna or a common wire line.

Tt will be understood, however, that separate

antennge may be apphed at either transmit-
ting or receiving stations without impairing
~__1n any way the eﬂ:'ectweness of the invention.
30
- tion are supplied to the various circuits of
‘the system by means of one or more oscilla-
Some of ‘the oscillation

The carrier waves employed 1n this inven-

oenemtors employed in this invention are of
the type known as piezo-electric oscillation

generators, and such oscillation generators

vibrate at frequencies which are substantial-
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ly constant within narrow limits.. By pro-
viding piezo- -electric oscillation generators

1t 1s possﬂ)le to reduce the allowance neces-
sarily made 1n'the frequency spacing be-.
tween carrier waves of different signaling
channels for variations in the frequency of:
Consequently, it is pos-
sible to materially increase the number of
oiven frequency

the carrier waves.

channels employed in any g
range -and still avoid inter ference between

channels

mlttmcr a given number of signaling chan-

An ob]ect of the lIlVE‘,IlthIl.IS to promde a;_
plura,ht‘y of signaling channels in the small,

drawing, showing a prefel red embodlment
signaling L B

'SR

_ Stated conversely, the band of
_the frequency spectrum required for trans-

nels may be cons1dembly reduced Wlth th(,
use of piezo-electric oscillators. -
The nature of the invention will be pomted

out with particularity in the appended. claim;,

and the invention itself, both as to its ob]ects

and features, will - be better understood from
- the descri ptmn heremafter following when.
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read in connection with the - accompanymﬂ* '

ot the 1nvent10n

sented a multlplex racdio 51gm.11110 system in
which "a transmitting -station is designated-

AR | R
Referring to the dmwmﬂ* there is reple~- -'

by the reference character A, and a Teceiving.

station.i 1S deswnated by the refel ence charac--

ter B. ‘At the tl"‘lIlSlIllttlIlO‘ station A there
are a -plurality of transmltmw channels,

HF,. For the pur pose of 1llustrat10n let it
be: assumed that the piezo-electric oscillators

_'emploved at the transmitting station A vi-
‘brate at frequencies of 10 OOO 10,001,-10,002

and 10,008 kilocycles, 1espectlve1v Tt will

tions which are constant in flequency with-
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‘be understoo..l that these oscillators-mayv be
any oscillators capable of setting up oscilla-

1N Very narrow. 11mlts so that a plurality of |

such - oscillators may be closely spaced and
all arranged in a small band of the frequency

*s*)ectrum

A plumhty of low flequency swnalmfr
channels, 1., 1., L, and L., are connected
to cmrespondmﬂ' Tow- fleque%y signaling
sources. The low freqnency smn%hnﬂ Chd]ﬁl-

80
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nels I, T., Ls and T, tmnsmlt currents o

which may have frequenems of 1,2, 8 and 4

signaling relay’ such as SR Shg,, SR, and
VVhen currents of 1, 2, 8 and 4 kilocy-
cles flow through the 1espectwe channels Ly,
Li,, Li; and L, the corresponding relays SRy,
SR., BR. and SR,, which are of any well
known type . 1ead117 responsive to alternat-
g current of definite frequency, become en-.
ermxed It will be understood, however, that
if the channels L, L., L and Ly ale ém-
ployed merely to. transmit dlrect current
pulses characteustlc of telenraph signals,

kilocycles, respectwew “and each oper tes a
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~ the _-re-lays' SRI; SR,, SRg and SR, ileed be

only of any simple direct current type, these

relays becoming energized 1in accordance

with the telegraphic pulses. When these re-

~ lays are energized the oscillations of the

10
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piezo-electric oscillators are respectively
‘modulated in accordance with the signals

represented by the currents producing their
energization. The modulated, carrier wayves
in the transmitting channels TL;, TL., Tl
and TI., are then impressed on & common
transmitting channel CL. = .

An amplifier A; is so arranged with re-

spect to the signaling channels that the cur-

rents of the signaling channels are amplified
thereby. This amplifier A, may be of any

type well known in the art, but 1s preferably

20

s

- ode of the amp].].

a vacuum tube amplifier. The input circuit
of amplifier A, consists of the grid and cath-
ier A,, the inductance ¢, re-

sistance 7, and the winding of the electro-
magnetic relay m. The anode ot the vacuum
tube A, is supplied with space current by

means of a source of potential p.  When the
_ input circuit of the amplifier A, is energized,
lows through the winding oif

direct currernt .

-~ the electromaonetic relay m, energizing said

- 30
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relay and attracting the armature a. By vir-
tue of a grounded connection-of the arma-

. ture a, the source of potential p is connected
to the anode of the amplifier A;. However,
when no current is impressed on the input
circuit of the vacuum tube A, the winding

of the electromagnetic relay m is deenergized

and the armature ¢ is released so that the

source of potential p is disconnected from

the output circuit of the amplifier A;. The
~ adjustable condensers ¢; and ¢, are respec-

tively connected in the input and output cir-"
 cuits of the amplifier A, to prevent any stray

or harmonic frequencies from being im-

pressed on the circuits. The modulated car-

rier currents, as amplified by amplifier A,

are impressed on the antenna at station A

50
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_ and are then transmitted to an antenna of

station B. R -
At station B there is another piezo-electric
oscillator O; which vibrates at a frequency,

~ for example, 10,049 kilocycles, which is-dii-
. ferent from the frequencies of the piezo elec-

‘trie oscillators HF,, HF,, HF, and H¥,.
- The moduldted carrier currents transmitted
by the apparatus at station A are impressec

on the input circuit of a detector D;. The os-

-~ cillations of the piezo-electric oscillator O,

aré impressed on the input circuit of the
modulator M. The anodes of the detector D,
and the modulator M are tied together so as
permit the oscillations of the piezo-elec-
tric ogeillator O, to beat with the oscillations

- of the modulated carrier currents transmit-

ted’ by the apparatus at station' A. A filter

~and: intermediate frequency amplifier A, is

conineeted to the output circuits of the cle-

tector D, and the modulator M, the filter

1,814,958

functioning to suppress all frequencles ex-
cept the band of frequencies represented by
the difference between the frequency of the
oscillator O, and the modulated carrier fre-
quencies transmitted by station A. ‘Thus a
band of intermediate frequencies of the order
of 46, 47, 48 and 49 kilocycles, which are
modulated in accordance with low frequency

signals, is amplified by the amplifier A, It
will be understood that the amplifier A, may
be of any type well known in the art, prei-
‘erably a vacuum tube amplifier.

Another oscillation generator O, is em-
ployed for beating with the band of interme-
diate frequencies. The frequency of this os-
cillation generator is different from the fre-
quencies of the intermediate band, for exam-
ple, 50 kilocycles.-
this oscillation generator may be of any well
known type, preferably a vacuum tube osell-
lator.. A detector D, 1s arranged so that the

oscillations of the oscillator O, and the band

of intermediate frequencies are beaten there-
in so as to reproduce the original signaling

currents. A plurality of filters, for example,

LI, LF,, LI, and LF,, are serially arranged
with respect to the output circuit of the de-
tector D,, each freely transmitting the cur-
rent of the corresponding low frequency

sional transmitted from station A. Thus the

lter LT, will transmit the signals impressed

“on-the channe!l L, of station A tothe channel
Glter LF. will transmit the

./ at station B; .
sionals impressed on the channel L, of sta-
tion A to the channel L,” at station B; the

1..” at station B ; and the filter LK, will trans-

mit the signals impressed on the channel L,

of station A to the channel 1.~ at station B.
It will be understood that the: filters em-

ploved herein are of any well known type,
preferably the type known as the Campbell
filters, described in Patent No. 1,227,113 to
@, A. Campbell, dated May 22, 1917.

- The arrangements of this invention oper-
ate in the following manner: '

- A plurality
currents, all conveniently separated. from
one another and in a small range of the fre-
quency spectrum, are generated by the oscil-

latOI'SI'IF1, }IF_:H HFg ELIld HF‘}, Eac]:l Of::
these high frequency oscillations 1s modu-

lated in accordance with a low irequency
signal, such as is found in channels Ls, L,
I; and L,. The high frequency carrier cur-

rents as thus modulated are 1mpressed upon:
the common transmitting channel CLi and

are then transmitted to the input circuit of
the amplifier A,. After amplification by the
amplifier A; the modulated high: frequency
carrier currents are impressed upon the an-
tenna and are then transmitted to the dis-
tant station B. S o

. Thus, the modulated carrier currents trans-

Tt will be understood that

filter LT, will transmit the signals impressed
on the channel L; of station A to the channel

of high frequency signaling
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- 40 . : | : . 4 |
" relationship producing currents of different

1,814,056

~ mitted by the appara;tﬁs at station A are im-

N

 transmitted by the apparatus at station A,

20

~ into the corresponding channels I;",
and L./, respectively.

pressed upon the antenna of station B and
‘thence upon the input circuit of the detector
D,. The oscillations of the piezo-electric
oscillator O, which has a frequency difierent

from the frequencies of the carrier currents

are impressed on the input circuit of the mod-
ulator M. - The oscillations of this oscillator

10- O, beat with the modulated carrier currents

of the detector D, and modulator M. Ot
~ the products of modulation a band of inter-

received from station A in the plate circuits

mediate frequencies is selected and amplified

by the amplifier A,. Another oscillator O,

sets up oscillations which beat with the band
of the intermediate frequencies in the detec-

tor D,. The frequency of the oscillator O,
is different from the frequencies amplified by
the amplifier A,. As a result of the beating
of these frequencies the original signaling -
~ frequencies are reproduced, these being then

selected by filters LF;, LK,, LF; and LK,

employed herein are merely illustrative and

~ others may be substituted therefor in practice

~ as conditions necessltate.
30)

- While the invention has

desirable, it is to be understood that it 1s

1 C been disclosed in
‘one particular embodiment which is deemed

row limits, a three-element vacuum tube sys-

tem to the output circuit of which said first

oscillator is connected, said vacuum tube sys-
tem beating the current of the frequency of
said first oscillator with the plurality of cur-
rents of high frequencies modulated 1n ac-

cordance with signals received by said re-
ceiving means and producing a plurality of

currents of intermediate frequencies inter-

rupted in accordance with the same signals, .

a. second oscillator, and means for beating
the various currents of said intermediate

frequencies interrupted in-accordance with
said signals and the current of said second os-
cillator in order to reproduce low frequency .:
currents interrupted in accordance with said

L]

“In testlmo_ﬂjf Whe-r_.eof,-ﬁIn have signed my
name to this specification this 24th day of

August, 1925.

" RUSSELL S. OHL

2", L:—:r,’

Tt will be understood that the 'fréql_iehcies o

capable of embodiment in other and widely .
varied organizations without departing from
the spirit and scope of the .invention as de-

fined in the appended claim.
What is claimed 1s:-

In a radio signaling system, in combina-

~tion, a transmitting station including a plu-
rality of oscillators connected in parallel

high frequencies which are closely spaced, a

 plurality of piezo-electric devices one coupled

~each relay controlling the output of the cor--
responding. oscillator, a plurality of lines

to each oscillator and maintaining the fre-

quency of its current constant within very

narrow limits, a plurality of relays one as-

sociated with each oscillator, the armature of

one extending to the winding of each relay,

currents of different low frequencies being

~ transmitter over said lines each interrupted

55
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in accordance with signals and means capaci-

tatively coupled to said high frequency oscil-
lators for transmitting the high irequency
currents modulated in accordance with said’
sionals, and a receiving station including

means for receiving said high frequency cur-

rents modulated in accordance with said sig-

nals, a first oscillator producing current of

2 frequency different from those frequencies

received by said receiving means, & piezo-
clectric device counled to said first oscillator -

for maintaining the frequency of the current
produced thereby constant within very nar-

ey
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