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Application filed May 1,

It is an objéct of my invention to provide
a method and suitable apparatus for estab-
lishing and maintaining proper synchronism
and phase relations in a multiplex carrier
current signaling system. In a system in
which, at the receiving end, there are lo-
cally generated currents each of the same fre-
quency as respective received carrier current
components, it is an object of my invention
to establish and maintain synchronism and
proper phase relation between each received
carrier current component and the respec-
tive locally generated current of the same
frequency. These objects of my invention,
and othér objects will become apparent. on
consideration of an example of procedure in
accordance with the invention which I have

chosen to disclose in this specification taken

with the accompanying drawings. It will
be understood that this specification relates
largely to this particular example of the in-
vention, and that the invention will be de-
fined in the appended claims. .
Referring to the drawings, Figure 1 is'a
diagram of transmitting apparatus that may
be employed in practicing my invention.
Fig. 2 1s a diagram of corresponding receiv-
ing apparatus; and Fig. 8 is'a diagram:illus-
trating certain phase relations that will be
referred to in explaining the principle. in-
volved in the operation of the system of
TFigs. 1and 2. '
At the sending end shown.in Fig. 1, the
generator 21 delivers an’ alternating current
of a certain fundamental frequency to the
harmonic generator 22 which may be ar-
ranged so that its output.will comprise the
said fundamental and odd harmonics there-
of. TFor example, the fundamental frequency
may be 85 cycles per second, and the odd
harmonics would accordingly have frequen-
cles of 85+170; 85+340, é¢te. - :

The superposed” harmonic currents from

the harmonic generator-22 go to the bus-bars
23 and thence, respectively, through the
multiple band filters 24, each adapted to pass
one and' only one of the said harmonic cur-
rents.  The current through one such band
filter 24" goes unmodified to the bus-bars 29
and thence to the-line -T. This current is
for synchronizing at the receiving end, .as
will be explained presently. In connection
with' the numerical frequency values that
have been suggested, this synchronizing cur-
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rent may conveniently be taken at the fre-
quency of 1275 cycles per second. ,
The current through each of the other
band filters 24 goes to a phase splitter PSp
which delivers two currents of the input
drequency 90° apart in phase over the respec-
tive conduetor pairs 25 and 26." These two
currents go over these conductor pairs to the
sending network SN where each current com-
ponent is controlled by a.corresponding: key
K, or K,. Each key operates when it is shift-
ed to reverse the phase of the correspond-
ing currént component, ~These current com-
ponents as controlled by the said keys are

80

65

superposed .in the conductors 27 leading to

the band filter 28 through which they pass
to the bus-bars 29 andthe line L. -

At the receiving station shown in Fig. 2,
- these superposed current components of va-

rious frequencies, each comprising two com-:
ponents 90° apart,-each such component hav- -

ing its phase' reversed “from time- to time
- by signaling changes, all come in on the line
L and go thence to the bus-bars 30. The
respective frequency bands -are separated
and pass through the respective band filters
-31 to the corresponding. receiving networks
By .means presently to be described, the
oscillation generator ‘33 -generates a funda-
mental eurrent of the same frequency as for
the generator-21 at.the sending end. This
current goes from-the- generator 33 to the
harmonic generator 34 which may be made
so that its output comprises the odd har-
monies; all of which are put on the bus-bars
35. - These harmonics are separated out. and
passed by the rvespective band filter 36, and
from each such band filter 36 the correspond-
ing current of a single frequency goes through
“the adjustable phase shifter 87 to the phase
splitter 38 whose output consists of two cur-
rents of the same frequency; 90° apart in
phase; which go to the receiving network RN
or 82. , : e L

Fach receiving snetwork 32 controls two
receiving relays-such as 39 and 40., One.re-
lay 89'is affected by one component from the

70
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line, and changes between marking and spac- -

ing according as the current received .from
the line changes between being in phase with
the current componént from the phase split-
ter and being 1n' phase opposition. Simi-
- Tarly, the other relay 40 is affected by the




~other: component of culrent from ‘the hne,
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20

‘ local harmonic

and it operates only on changes between the

phase agreement and phase opposition for

the coxresponchno" component  of received

current on the line and the locally gener ated;.‘

current comporient.

These relays 39 and 40 control respective -

circuits 42 to signal receiving polalued re-
lays - 43. Nommlly the. multlple double
throw switch S is thrown to the right so

that one armature position for such a relay -

as 39 or 40 puts positive battery 41 on the

line 42, and the other armature position puts

nevatlve battery: 44 on the line:42.:
The ‘particular - frequency. . appropriated

“for - synchronizing that' goes through ‘the

band filter 24" at ‘the sending end.is 1ecelved

‘through:the band filter-51 at the receiving

end and goes to affect alike the grids of the
two detectoxs 49 and 50. ‘

Current of ‘the same' frequency fmm the
“generator. 34 - is  passed

~through “the band filter 47 and - applied
‘ tlnoufrh the transformer 48 to- affect oppo-

40
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“generator- 21 atthe sending station::
coxdlnoly, when' the contacts controlled by .

s1tely the “grids . oi‘. the two detectms 49
and 50,

‘When the two 111put electlomotlve tmces
from the respective filters 51 and 47 are 90°

“apart, the effect in the plate circuit relay 52

will be neutral, but any departure from the
90° relation: w1ll give an-unbalanced effect in
the plate circuit of the detectors 49 and 50
and shift the armature 52 one way or the

-other, accordingly.

The oscillation ‘generator 33 has-its usual
tuned circuit - comprising: inductance 'and

~capacity, the nérmal capacity being. repre-

sented by the condenser 53. = This capmmty i
slightly “less  than the proper magnitude to
put the oscillator 83 in synchronism: with the

Ac-

the relay 52 are open, the oscillator 33 tends

“to-speed up-a little and causes a departure
46

from the 90° relation between the input elec-
tromotive forces forthe'detectors 49 and. 50.

“Whenthe ‘departure from the. 90° relation

becomes ‘great enough; it causes the contacts
of the rehv 52 to close, thus putting the:con-

~denser 54 in parallel with the condenser 53
*and :slightly increasing the: capacity. of .the

tuned cncult of the oscﬂhtox 33. " This'in-

“crease of capacity is enough to make the os-

cillator slightly too slow. Accordingly, the
oscillator = slows “down a little until. the
90° reaction ig restored for: the input elec-
tromotive forces on:the: detectors-49 and

50, Wheréupon the contacts .of relay 52 open -

again:. Thus it will‘be seen. that the oscilla-

tor 83 is held- closely at the same fzequency‘
‘with the sending generator 21. and in, deﬁnlte :
: plnse relation therew1th

- It has already been stated that the normml

condition of the'switch:S is:thrown to the:

right. . It W111 be seen that from certain of

1,889,450

the receiving. network relays such as 5A and

5B, the conductors 45 to the signal relays

46 lead through respectlve arms- of this
switch 8. -
When- the system is to be- started up, it is

necessary to have ‘proper phase relation be-
tween each,one of the received ‘current com-:

ponents through réspective filters such as 31,

and-each one of the locally generated current

components taken off through respective fil-
ters such a§ 36, .- It will bé seen that synchro-

nism and phase agreement. between the par- -
ticular current componentq through the band-

filters 47 and 51 does not insure phase agree-
ment for the other components nor for the
fundamental of -all the components; = It is
true that such: phace agreement. might bese-

cured: by ad'justment of the various phase-

shifters 37, but on - starting up :the system

aftera shut down;.it would be a tedious miat-

ter -to adjust all- these phase shifters.. By
my 1nvent10n, it- becomes possible, - when

75
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86

starting up the. systemafter a shut down, |

fqulckly to secure the desired synchronism’

and phase relation for all the current ¢om-
ponents for which adjustment of the phase
shifters.37 will have been: made in . ]Jl evious
cperation’ of ‘the systemn.

Certain relays such as 89 and 40 are! des—
ignated 5A, 5B, TA, 7B, étc., as shown in
1<1fr 9. The numeral p:ut as 5 or.7; means
the harmonic for the cotresponding Ield\ ag
the fifth or seventh; and the letters A and B
distinguish ‘the two phases 90° apart.

To. establish operation at proper. syn‘chlo-‘

95
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nism and -phase relation,  the switch S is ™

thrown over to the left, thus disconnecting
certain of the signal mdmatlnv relays 46 and
connecting - in multlple to the relay 70 all

the conductms 45 from the armature con-
‘tacts of relays 5A, 5B, TA, 7B, 9A and 9B.

106 -

By routine almlloement the sending keys

for- both phases of the. ﬁtth, seventh and

ninth harmonics are held closed “at marking
position. The switch S being thrown to the
left takes battery 44 off the marking contacts
of -the. 1L1‘Lys DA, 5B, etc. and connects
buzzer 7

110

3:toan (nmatme contact. controlled .-
by Ielay 70. As will be shown presently,
the ‘relays 5A, 5B, ete.; will .not: all mark .

1s.

even though: the couespondmfr keys. at.the .

“sending end are held at marking, unless the
phase Telations are correct for all the com-

ponents of the system; but when the phase

relations “are. correct, these relays will all
mark, ‘provided the couespondmcr keys are
“held, - at ~marking..

Assuming that ~ these
phase relations are not correct, then at least

‘one of the armatures of the relays 5A, 5B,
etc., will be on - its" upper:or spacing con-

120
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tact, thus putting battéry 41 on some such '

conductor as 45 and -thence ‘through the
“switch S to the. relay 70.The relay 70, being -

energized, will cut off the battery 7 71, from
the plate ClI‘CLllf of the detectoxs 49 and 50,
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and will close the switch 72 across the con-
tacts of condenser 547, thus putting the con-
denser 54 in parallel with condenser 53 and
malking the oscillator 33 operate a trifle slow.
Accordingly, there will be a slow drift, the
oscillator- 33 lagging more and move rela-

tively to the oscillator 21 at the sending end. .

The diagram of Fig. 3 represents one com-

plete cycle of phase shift between these two

oscillators. At the zero position, they are
supposed to be in the proper phase relation
WitI}l all their harmonics -in proper phase
relation. At this zero position of relative
phase shift between the generators of the
curtent of fundamental frequency, all the
receiving relayvs will be médrking for which
the corresponding sending keys are held
in marking position.: As the phase between
the two generators shifts, the. various relays
will merk. and space alternately. In one
cycle of phase shift between the two. gen-
erators, the relays on the fifth harmonic wiil
mark and space five times, as represented
by the horizontal line seguients in the upper
part of Fig. 3. That is, as the relative
phase shift between the fundamentals pro-
gresses irom zero,we read: the diagram of
Iig. 8 from left to right, and the fop row
of horizontal line segments shows by the
lines when the relay 5A is marking, and by
the intervening spaces when the said relay
is spacing.. For example, at four-fifteenths
of a cycle of relative phase shift the relay
54 is spacing, but just before five-fifteenths

of a cycle of relative phase shift, the relay-
It is assumed that each’

5A begins to mark.
relay marks half the time and spaces half
the time. It may be sufficient if this con-
dition is satisfied only approximately. It
is a condition that may be secured by adjust-
ment of the relays.

Similarly, for one cycle of relative phase
shift between the fundamentals the relays
TA and 7B each mark and space seven times,
and the relays 9A and 9B each mark and
space nine times.

An inspection of Fig. 3 shows that only
at zeve relative phase shift ave all the relays
marking at the same time.
at five-fifteenths of a complete cycle of rela-
tive phase shift, relays 5A, 7B, 9A and 9B
are marking, but 5B and TA are spacing.

Accordingly, for any position of relative
phase shift of the fundamentals except the
zero position, some one at least of the relays
5A, 5B, etc., will be spacing, and the corre-
sponding armature will be on its upper con-
tact, thus holding battery 41 on relay 70.
But when the velative phase shift has pro-
ceeded to the stage of a cycle corresponding
to the abscissa 15 in Fig. 3, and all the relays

5A, 5B, etc., are marking, this opens the

circuit from battery 41 to relay 70 which
accordingly drops its armatures, thus re-
moving the condenser 54’ from the tuning

For example,

T1 tothe plate civcuit -of the detectors 49
and 50, and to the circuit of buzzer 73. The
relative phase shift then ceases and. the ap-

circuit of oscillator 83 and applying battery

_paratus keeps in synchronism. The operz- .7
“tion of the buzzer notifies the attendant -

that the proper phase relation for the os-
¢illator 338 has been reached, and he throws
the switch % from left to right, thus con-

necting negative battery 44 to thé marking 7
contacts of the relays 89,:40, A, 5B, ete.,

and cutting off the buzzer 73 from: battery

71, 'This leaves the system subject to normal

control - through the detectors 49 and 50,
which serve to hold the oscillator 83 in .the

proper phase relation, as heretofore de-

seribed. ; : :
By throwing the switch S’ from the po-
sition shown in Fig. 2, the switch S can be

made to operate automatically. It will be .

seen that in this case instead of operating

.the buzzer 73, the magnet 74 is operated,

which withdraws the dog 75 holding the

_end of the switch arm 76, and this permits

lrird

the spring

to the right.
I claim:
1. The method of bringing a set of

harmonic currents respectively into synchro-

nism with another set of such currents,
which consists in causing a slowly increasing
relative lag between the two sets of currents
until a sufficient number- of components of
the two sets of currents are in phase and
then initiating ‘automatic regulation of one.

set of currents to hold them in phase with"

the currents of the other set by applying
one current of one set to regulate the cou-
responding current of the other set. :

2. The ‘method of establishing phase
agreement between each of a set of locally
generated harmonic currvents and each of
a corresponding set of received harmonic

currents, which consists in slowly shifting

the phase of the locally generated currents
relatively to the received currents until there
is phase agreement between enough of the
currents of the two sets vespectively to
necessitate phase agreement throughout, and
then applying one of the received currents
to regulate the corresponding locally gen-

~erated current.

(7 to throw the switch arm 76.
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3. The method of initiating automatic

synchronism of one set of harmonic currents
with another set by interaction of one. cur-
rent of one set with the corresponding cur-
rent of the other set, which consists in per-
mitting one set to drift relatively in phasge
until there is phase agreement between
enough of the currents of one set and the cor-
responding currents of the other set to estab-
lish proper phase relation throughout and

120

then starting the automatic synchronizing

apparatus in operation.

4. The method of bringing two stts of

130




“cating phase “agreement and -phase ‘oppesi-.
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4

harmonic alternating 'currents into respec-

tive phase agreement, which consists in indi-

tion “for each pair-of currents of -the two

setg-and permitting a drift in phase between.
the two  sets until ‘phaqe'amee‘ment‘ 18- 1n-
dicated by a:selected number-of the pairs

of: currents “sufficient to “determine: phase

‘agreement throughout, and then mltmtmo
s;ync‘lronous control of one set with the other

by auntomatic interaction between a particu-
Jar current of one set and the corresponchnv
current -of “the other set.

‘5. Th combination, in a multiplex. carrier

‘current receiving systemin which the re--

cerved -currents  are-harmonics Oi one: fun—

“damental, local means to generate harmonic

currents corresponchnfr &pproxmmtely in
frequency with the respective received cur-
rents, respective relays each operated ac-
coxdmo to" the phase agreément of a re-

ceived current and the- conuspondmo locally

55
tion of enough of the relays to: determine

generated ‘current, regulating’ means  and
nieans’ to-initiate: opera. fon of said regulat-
Ing means responsive to simultaneous.opera-

. phase aoreemcnt for all the currents.

30

6. In comblndtlon in a multiplex carrier
current. receiving system in-which ‘the- re-
céived ‘eurrents are -harmonics of one fun-

~damental, Tocal means to generate harmonic

currents correspondmm approxmntely in'n

frequency with the respective received cur-
rents,” respective relays each  operated by

‘conjoint ‘action of a recewed current and -

~1‘,669,‘450‘

svnchromnn(r means- and means to 1n1tmte
its - action ‘Tesponsive to the simultaneous

'opexatlon of enough of the relays'to deter-

mlno phase 101'eement for:all the currents.

7 In combmatlon, n-a multiplex’ carrvier-

C'nncnu récelving gystend in-which the: ve-
ceived ‘currents ‘are harmonics of ‘one fun-
damental; local means to generate harmomc
uurcnts corresponding appl‘ommate §o

frequency  with the respective received cur-
reénts, synchronizing. means, “and. means to

the correspondmg locally generated current o

40

initiate the operation thereof, said last men-
tioned means controlled by the conjoint ag-

tion of a ‘plurality ‘of the received currents
and the couesp(\n(hnw lor'aﬂv gene ated
currents. =

8. In (,ombnmtmn. ina mnlhplex carrier
current receiving system in’ which the re-
ceived currents: are harmonics of one fun-

-damental, local ‘means ' to generate a set of

harmonic ' currents - corresponding -approxi-
mately to said received currénts, a regulator

for maintaining synchronism- among i) the’

currents respectlvely when once it is estab-
lished, respective means responsive accord-

ing to the phage relation of the various cur-

rents-and: means operated thereby to indi-

cate when ' the ' synchronizing

should be ‘started in operation.
In testimony whereof; T have signed my

apparatus

60

name to this speCJﬁ('atlon thls 29th day of

Aprll 1926 oy
' SMART BRAND.



