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This invention relates to signaling systems,
and particularly to arrangements in such sys-
tems for eliminating or suppressing currents
of definite frequencies. B

"5 In signaling systems of thecarrier sup-
pression type, it is common practice to use
modulators or translating devices of the push-
pull type in order to balance out the carrier
supply.. In.such devices the balance between

" ;3 the circuits is usually not perfect, so that gen-

“erally some residual energy of the carrier fre-
quency is transmitted along with side bands
of the carrier frequency, these side bands cor-
responding to signaling currents. It hasbeen

“23 the practice heretofore to connect balancing

" condensers or resistances, or both, to the

“translating circuits in order to produce a bet-

ter balance, yet there was ordinarily a certain:

amount of: leakage of carrier current which
23 was obviously undesirable. -This leakage of
carrier current produced, inter alia, crosstalk

and tones in the channels of adjoining carrier |

- systems having somewhat different frequency
allocations. It, therefore, becomes apparent

25 that it is esesntial to provide the most efficient
means to suppress this carrier current leak-.

oage. ,
“to provide a piezo-electric structure in con-
%0 nection with carrier signaling systems so that
" the piezc-electric structure may act as a means
for suppressing energy of a definite frequency
such, for example, as the. carrier frequency.
Tt is another object of this invention to pro-
vide a piezo-electric structure to supplement,
or even to supplant, the circuit elements here-
tofore employed to produce balance between
duplex translating circuits, the piezo-electric
structure acting as a resonator to suppress
energy of the carrier frequency. :
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provide a piezo-electric structure for definite-
ly fixing the location of the carrier frequency
“so that, as energy of the carrier frequency is

<& -impressed upon the piezo-electric structure,
there will be a high degree of absorption of
the carrier frequency energy..

1
5

‘While this invention will be pointed out

““with particularity in the -appended claims,
" the invention, both as to its further objects

‘electrical propertiss of these piezo-electric

Tt is therefore an obje.ct of this inveﬁti(r_)‘.r‘lt,

It 1s another object of this invention to

and features will be better understood from
the detailed description’ hereinafter follow-
ing, when read in connection with the accom-
panying drawings, in which Figure 1 repre-
sents a simple modulating system including a‘ 53
piezo-electric device for suppressing carrier
frequency energy; Fig. 2 shows a duplex
translating system to which a piezo-electric
element is connected to supplement the bal-
ancing properties of the duplex arrangement” go
for the suppression of carrier energy; Fig. 8 -
shows a duplex arrangement similar to Fig.

2, in “which two substantially similar piezo-

electric structurés are employed,.one being

connected to. each. translating :circuit;.and’g;

‘Fig. 4 shows another duplex translating sys-

tem to which piezo-electric elements are con-
nected, including means for modifying the
devices. e R
Referring to- Fig. 1 of the drawings, a
source of signals S, is shown, arranged in a

_geries circuif with the primary winding of a

transformer Ty.. The transformer T; con-

“nects the source of signals to a'modulating” 75
system having a three-element thermionie
- tube 'V, including a filament, a grid-and a

plate, the filament being heated to an elec-

tron-emitting temperature by a local battery..

The input circuit of the thermionic tube Viigp -

includes the grid and the filament of the tube

V, a battery B,, the secondary winding of a

transformer T, and the secondary winding-of

the transformer T, the battery B, providing

a suitable bias for the grid of the tube V. . g5
The primary winding of the transformer

T, is connected to an oscillator O which may

be of any well-known type, preferably of

- the vacuum tube type, this oscillator supply-

ing to the input circuit of the vacuum’tube® 0
V current of a definite frequency, as, for ex-
ample, the carrier frequency. The output

“circuit of the thermionic tube V. comprises:

the plate and filament of the tube V, a bat-
tery B, and the primary winding: of-the’ 95
transformer T, the battery B, providing the
necessary potential for the plate of this out-

put circuit.

~ The transformer Tg c'onnect.s‘ the -oﬁtput
“circuit of the thermionic tube V' with a:filter 100

S (R



* Fi which may be of any well-known type,
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preferably of the type disclosed in the pat-
ent to G. A. Campbell, No. 1,227,113, dated
May 22, 1917. The filter T, is cormected to
an amphﬁer A which may ‘also.be of any
well-known  type, preferably of the vacuuin
tube type. The amplifier is connected to an
output circuit S;.  Bridged across the outnut
terminals of the filter Fy _and a across the input
terminals of the amplﬁer A'is another filter

F, which is connected to a modulating sys-
tem similar to the one shown ‘llld degcsibed«

herein ‘above. :
A piezo-electric device is .connected be—
tween the plate and filament of the thermi-

senic tube V., in shunt with the output circnit
of the tube,
-ecarrier frequency. transmitéed: by the oscii-
Jater Qs impressed wpon the inpnt ciccuit
of the vacuum .tube 'V a,long with signals
- originating in the source S;.

.tube YV ‘lCtS as:a modulator and transmits to

- its eutput circuit oa*rem of ‘the carrier fre-

In this system energy of the

The thermionic

quency as-well as side: bands of the carrier

frequency. corresponding to the simmﬁng

«currents originating inthe sonrce Ul
TInasmuch. as the ‘piezo-electric device s

~«connected across ‘the output ecircuit of the

thermienic:tube. V and inasmuch as thig de-
viceis arranged to-have a resenant fregitoncy

-approximating that of the carrier frequency,
-ithe piezo-electric: device will present & path
. of low impedance for current of the carr
- frequency, :as compared ‘with the impedance

in. the output :circuit of the tube V. for cui-
rent of this frequency, while af all other fre-
‘quencies, the impedance of the piezo- elﬂc bric
sdevice will be very high in comparison with
the impedance. of .the output cncmt‘of the
tube.  Accordingly, the piezo-cles

~<the carrier frequency which would otherwise

45
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-‘be presentin the eutput circuit. ‘md remain

unstppresseds

The very low decrement 0"=c a plC’?O electuice
‘device is particularly desirable £ tor the sup-

pression of current of a definite frequency,
becatse . electrically «tuned - circuits which

~might be employed for this purpose are in-
50

~siderable range of frequencies on either side

herently of :such high decrement that a con-

of the undesirable frequency are also sub-

‘stantially suppressed. . Inasmuch as the side
~bands-of the carrier frequency are very close
er wave.in their position in the.

to the car
frequency spectrum, ordinary electrical cu-

cuits woulld suppress some -of the energy of -
.the side band or side bands of the ¢
~wave as well as the energy of the carrier wave

CaATTIer

itself, -and would likewise have an undesir-

~able effect on the output circuit impedance

at the side band frequencies.
Tf it is desired to employ the piezo- elec’crLc

“device as-a means for definitely fixing the po-

sition of the carrier wave, then it may be

for

e devics,
~will absorb substantially all of. the energy of-
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necessary to incorporate in the oscillator O
means for varying the frequency of oscilla-
tions sustained, so that the fr equency of these
oscillations- may approximate within ex-
tremiely narrow. limits the natural: vibratory
period of ‘the piezo-electric device. On the

other hand, if the frequency of oscillations

sustained by the oscillator O is substantially
COHSt‘lnb normally, means may be provided
for varying the vibratory period of the piezo-
electvlo device so that ’cbe vibratory period of
this device may.closely approximate the fre-
quency of the sustained oscillations. Well

_known means for varying the frequency of

vibration of a piezo-electric device may in-
volve an adjustment of the distance between
one or both of the electrodes of the piezo-
electric device with respect to-the active faces
of the device. In other words, a variation-of
one or both of the air gaps -of the piezo-elec-

tric device may be employed to correspond-

ingly vary the freqaency of v1brat10n of the
devme. :
Fig. 2 shows A& source of smn%ls S, con-

“nected to the primary, Wmdma of the trans-

former T,... The secondary Wmmng of the
transformer 'T; is connected to a duplex mod-

-ulating system having two three-element

thermionic tubes Vyand Vs, ithe filaments of
swhich™ are heated to electron-emitting. tem-

‘peratures. by ~a common - battery. These
-tubes ‘are. preferably similar and -equal in
-structure and characteristics -and. may - ob-

vieusly be replaced by a single duplex tube

‘having a single filament, two grids.and two =0

plates. - The 1nput circuits of these tubes are
arranged in parallel with respect to the sec-
ondary winding. of transformer Ts; :which

swinding is in series with battery B; in the
cominon: condiictor. ¢f the input circtits of

these -tubes: " The output - circuits of these

tubes are connected through the primary of’

the transformer T in’ Damllel with respect to
the common plate battery B,. 'The secondary
winding of the tr'msformer T, is-connected
to a filter ¥,.  The filter #, is.connected to-an
‘mmphﬁer A and the amphﬁer A is con-
rected to tLe output civeuit :S,.
The oscillator O which is connected to the

primary winding of the transforn‘er T, gen- -

erates the carrier frequency to be em‘ploved
in the system.

in phase with respect to the carrier frequency
transmitted Dby the oscillator O. Oscilla-
ions of: the carrier frequency are therefore
impressed in the same direction on the input
circuits of thése tubes.: The grids of these

tubes -are equally b: ased neg‘mvely by the i
“battery B,. Under ideal -conditions, equal

currents of the carrier frequency will also

“flow in the output circuits of the tubes Vyand

Vo, which W111 be-eppositely -directed by the

primary windings -of the transformer Ty, so

By virtue of the. connection
between the oscillator-O.and the transformer
Ty, the gridsof the devices V, dand V, are bath
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“that these:.currents effectlvely balance and
neutrahze edch other. ;

In practice, however, it is very dlﬁicult to

Oet two tubes which are substantially alike in

B then structure. ~ Nor can the two windings

" .of the.output-transformer which are .con-

‘nected to the tubes be made identical in all

respects. Balancing condensers of resist-

-ances,-or_both,are, accordingly in practice,

. 10 connected to these tubes to aid in producing'a

uinore perfectly balanced - condition between

-the tubes. - When, for instance, the filament

supply or the ‘plate battery supply varies,

however, the balance between the tubes is up-

.15 set and, consequently, the carrier frequency
-is not completely suppressed. ~ Accordingly,

-a piezo-electric device PE having a natuml

~vibratory period substantially equal to the
period of sustained oscillations, is connected
.20 betweén the: plates.of:the vacuum tubes V,
-and Vs. Ashas been explained hereinabove,
“this: piezo-electric device will present a path
-of low impedance for energy of the carrier

frequency, and will, accordingly, efficiently

25 suppress any of the carrier frequency which
“would othenvlse be transmltted to.the out-
put circunit:

Fig. 8 shows an. arrangement similar to
the arrangement of Fig. 2in which two piezo-

%0 electric devices PE, and PE,; are employed,
~one connected between the plate and fila-
~ment of one of the thermionic tubes V; and
“the:other iconnected between the ‘plate and
filament - of - the ‘other thermlonlc tube: V..

%5 Tach piezo-electric device is vibrated ‘at a
{requency -substantially: equal to the fre-

“quency of oscillations sustained by the oscil-
-lator O: At the frequency of these sustained

“oscillations, each piezo-electric “device will
- 0 present a path of extremely low impedance
“and will accordingly- prevent the transmis-

-sion.of current of this frequency. It will be-

-apparent that these piezo-electric devices are

vibrated at the same or at substantially the

% sanie: flequenmes Tt will: be’also apparent

“fhat these piezo-eléctric deyices sipplerient
-the hitherto well-known balancing property

-of. oppositely directed: output clrcalts of a

- push-pull'system, these piezo-electric devices
- 99 suppressing current’ of ‘the frequency of: the
- sustained -oscillations’ of carrier frequeéncy,
~which wotld ordinarily be ‘transmitted be-
“cause of any uhbalanceés in the circuit or cir-
‘cuits of ths pash-pull arrangement. °

96 TFig. 4 shows an- arrangement 51m11ar to

“the ‘arrangement shown in Fig.8 in which
smtable 1eactance element% _are assocmted -

mod]fv the electmcal propermes of each such
.69 device. In the arrangement shown, inductive

“or"capacitative reactance may-be added in .

series with each piezo-electric device. Piezo-
electric devices' PE, ‘and PE; are connected
“between the plates and filaments of the vac-
285 gum tubes-V; and V_, through the reactances

- changed to. any desired - value.

Ly or/and C; and through the 1eactances L

or/and C., by means of switches W, and W,
respectively. -Byrotatingone of the switches,
W,, for instance, any two of the contacts

dy, e1, f1 and ¢, may be closed. By closing -
any pair of these contacts, the inductance

8

L, the capacity G, or a parallel arranoement '
of inductance I; and capacity C; may be."

device PE,.

the magnitude of the capacity may: be -ad-

.justed to any desired value. When the blades
of switch W, close: contacts ¢, and .f,, the’
inductanee L; and the capacity C; -are Con-.
-nected in a parallel circuit which is in se-

‘connected in series with the piezo-electric.
When the blades of switch W,*
“close contacts f1 and g1, the condenser C. is
connected in series with the device PE, and

Y
1

80

ries with -the piezo-electric device PI,. -
When the’ contacts dy and e zue ‘closed at -

the switch S,, the inductance L; is connected” &
in serles with the piezo-electric device PE, -

and the magnitude of the inductance may be -

Similarly,
the macrnltude of the reactance in series 'with

“the piezo-electric device PE, may be modified
‘by the manipulation of the switch W..~

- By rendering the reactance in the cireuit
of the plezo- _electric device slightly capaci-

-tative or slightly inductive at the frequency
of the oscillations sustained by the oscilla- “ 2

90
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&

tor Oy it will be clear that the 1mpedance‘in
the series path may be cons1derab1y Towered, -

so that this path may conveniently. short.

¢ircuit current of the frequency of these sus- .
Accorounrrly, a; clrreit -
“of the frequency of the sustained oscilla-

tained -oscillations.

tions will be substantially suppressed snd,
due to the sharpness of the transmission cha v

acteristic of the piezo-electric device, the

effect of current of this flequency upon’ the =
~side band or side bands will be negligible. "

It is well to note that the insertion of re-

actance in series with a piezo-electric device
modifies the region of positive reactance ex-

hibited by the device, the region increaging’

with the insertion of 1nductzmce and decre‘ls-

‘ing with the insertion of capamty With the
“insertion of inductance in series with the,

piezo-electric device, not on1y is the region ¢f.
“positive reactance increased in width, but the
“maximum attainable inductive re‘wtunce is

also increased and the maximum attainable
capacmatlve reactance is decreased. By the

insertion of capacity in series with the’ piezo-:
“electric device, not only is the region of posi-
“tive reactance exhibited by the piezo eledtric

100

c110

“126

device decreased in width, but the nn\unum B

attainable inductive re‘wt‘mce 18- als6 de

“creased and the maximum attainahle capaci-

w125
tative reactance is increased. Gbviously, the::
impedance in the respective paths of these .
piezo-electric devices may be made very low
at a desired frequency by the addl‘clon of these
“series reactance elements and. moreover, the*

150



.1mpedances of these paths muy be rendered
‘ substantlally equal.
. While this invention has been shown and

described in certain particular arrangements
merely for the purpose of illn stratlon 1t will

“be obvious that the general pr1nc1p1es of this
~invention may-be apphed to other and widely
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-varied organizations without departing from
the spirit of the invention and tbe scope of the

appended claims.
What is claimed is: \
1. In a signaling system, the combmutlon

of a.source of swnals a sotirce of carrier fre-

quency, means for moduhtmv said- carrier
frequency with said signals so as to produce

signals, and a plurality of piezo- -electric de-
vices shunting said modulating means vi-
brated at a common frequency substantmﬂy
equal to the frequency of the carrier wave in
order to cause its suppression.

2. Ina carrier suppression system, the co'm~
bination of a pair of three-element vacuum
tubes each having an inp at ¢ireuit connected
to its grid and cathode and an output civeuit
'connected to its:anode and cathode, a source
of oscillations of carrier frequency, a source
of signals, means for impressing said signals
and said oscillations of carrier frequenc v up-
on the input circuits of said vacuum tubes so
that oscillations of the carrier frequency and
energy of equally high frequency correspond-
ing to said signals may appear in the output
circuits of s‘ud vacuum tubes, and a mechani-
cally vibrating body connected between the
plate electrodes of said vacuum tubes for sub-
stantially suppressing . the oecﬂlatlons of
carrier frequency:

3. In a signaling system havmg a carrier
waveand superposed signalg; the combination

of a.pair of piezo-electric devices connected in-
series relationship, and means for rendering

their reactive values substantially equal at the
frequency of the carrier wave.

4. A modulating system comprising a pair
of transhtlnﬂ deV1ces, a seurce. of hlgh fre-
quency energy symmetrically connected to
said devices, a source of moduladnd;enerb}
0pp051telv corinected to said devices, an out-

_put circuit differentially connected to said de-
" vices, and a pair of piezo-electric devices con-

nected tosaid output circuit vibrating at sub-
tantlally the same frequencies.
5. A signaling system comprising a gener-

_ator of a high frequency wave, a source of low
frequency sw"nals, means for modulatmc the

h'gh frequency wave by the low frequency
signals, and a plurality of piezo-electric de-
vices each having a frequency of resonance

| .substantially the same .as the frequency of

oy G

_said generator, said piezo-electric” devices

being connected in series relationship and
shuntmO' said modulating means and present-

11,827,843

‘ing & path' which. is. absorbent to energy of

the high frequency wawve."
-6. The combination of a palr of Vacuum
tubes in push-pull relationship, and a pair

_of substantially similar piezo-electric devices
-connected respectively to said: vacuum tubes,
‘said piezo-electric:

dev1ces operating in
synchronism. .

7. The conibination of & pair of space dis-
charge devices: in push-pull relationship, a
pair of | substantially -similar - piezo-electric
dewces one connected to each space discharge
device, and means for rendering the resonant

+requen01es of said piezo-electric devmes sub-

~stantially equal.
an unmodulated carrier wave and side bands .
~of said carrier wave corresponding to said.

8. Inasignaling system, a pair of mechanl—

“cally Vlbmtwn(r bodles, and a pair of react-

ances one in ‘series-with each mechanically

‘vibrating body, and means for rendering the

1mpndance ot - one ‘mechanically v1brat1n<r
body and the corresponding reactance sub-

_stantially equal to the impedance of the other

mechanically vibrating body and its corre-

‘sponding reactance so that both of said bodies

may simultaneously act to suppress current of
a-particular frequency.
9. A pair of space d1scharcre tubes in push-
pull relationship. each havmg an input cir-

_cuit: and an output circuit, a pair of piezo-

electric devices one connected to each -output
circuit, said piezo-electric devices resonating
at the same frequency, said piezo-electric de-
vices presenting paths of low impedance in
the vicinity ofthe common resonant fre-

quency.

10.7A pair of space dlscharge tubes in
push pull relationship each having an input

“circuit and.an output circuit, a pau' of piezo-
“electric devices one connected in shunt’ with

each, output. circuit,: the impedance of ‘each
piezo-€lectric devme at-a particular frequency
of vibration being low as ccompared to the im-
pedance of ‘the output circuit to which it is
connected. .-

11. The combination of a piezo- _electric de-

‘v1ce of a vibratory period constant within-

very narrow limits, a.duplex vacuum tube sys-
tem, and an oscillator coupled to the piezo-

electric device through said vacuum tube sys-

tem, - the current. of. said oscillator being
varied in frequency so as to equal the vibra-
tory frequency of the piezo-electric device,
whereupon the piezo-electric device -may be
rendered. ‘absorbent to the energy of :said
oscﬂlator

19. In -a carrier suppressmn system, " a

source of signals, an oscillator the frequency

of which may be varied as desired, a pair of
three-element vacuum tubes each hawng an
1nput circuit and an output circuit, and a pair-

_of piezo-electric devices. each having .a

natural vibratory, period constant within
exceedingly narrow Jimits, both of said piezo-
electric.devices having substwntmlly the same

‘natural vibratory perlod the frequency of
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said oscillator being varied to be substantial-
ly equal to the natural frequency:of said
‘piezo-electric devices, said source of signals
and said oscillator being connected to the
5 input circuits of said vacuum tubes, each of
said piezo-electric devices being connected in
shunt across the output circuit of one of
said vacuum tubes. i R
13. The combination of a pair of sources
10 of currents of equally high frequency coupled
to each other and a pair of piezo-electric de-
vices respectively shunting said sources and
naturally and independently resonant at
periods corresponding to the frequency of the
15 currents transmitted by said sources.

14. The combination of a pair of coupled
circuits, each circuit transmitting a plurality
of frequencies, and a pair of independently
operated piezo-electric devices both resonant

20 gt substantially the same period, said devices
respectively shunting said circuits and sup-
pressing currents of resonant frequencies.

15. The combination of a modulating cir-
cuit including a pair of vacuum tubes in push-

25 pull relationship, and a piezo-electric device
shunting the output circuit of said vacuum
tubes, said piezo-electric device having a
vibratory frequency equal to the frequency of
the carrier current and substantially. sup--

30 pressing transmitted carrier current.

In testimony whereof, I have signed my
name to this specification this 17th day of

March, 1927. ‘
; ESTILIL: I. GREEN.
g ‘ .
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