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L0 all wivom tt may concermn :

Be 1t known that I, HENRY L. BAILEY, a
citizen of the United Smtes and a resident of
Brooklyn, in the county of Kmﬁs and State of
New York have invented cer tttm new and
useful Iulp;,ovemeuts 1 Devices for Synchro-
nizing Kleectric Clocks by Electricity, of which
the 1011011 ing is a specification. ~

Hy Inv entlon relates to the class of appa-
ravus employed for maintaining the vibrating
pendulnms of a series of clocks in unison with

each other. |

The objeet of the invention is to provide
means for deriving from prolonged clectric
impulses—such, for instance, as are obtained
by the movements of the pendualum of an elec-
trically-actuated regulator—momentary elec-
tric impulses, and to employ these impulses
for vitalizing oue or more electro-magnets
which are desm ned to act upon one or more
vibrating pendulum& in the proper manner
and ab Lje proper intervals to maintain them
1n unison with the primary pendulun.

The invention consists in applying to an
electric circuit the connections of which are
completed and interrupted with the proper
frequency an electro-magnet the armature of
which causes a second ox local circuit to be
momentarily closed at each completion and
each interruption of the primary circuit.

In carrying out the invention I prefer to
provide the armature with two flexible con-
tact-springs and two resting - stops, against
which they are normally pressed by their re-
silience. The two contact- -Springs constitute
the terminals of the secondary cireuit. Two
contact-stops in electrical connection with

each other are respectively applied to the two
springs, and against these they are alternately
caused to impinge by the movements of the
When, however, the arma-
ture 1s in either of its positions of rest—that
18 to say, eitherin proziimity to or remote from
the electro-magnet—one or the other of the
springs is foreed away from its contact-stop
by neans of the corresponding resting-stop.
At the central point of its vibration, howevet
both the contact-springs rest ammsb their re-
spective contact-stops and complete the con-
nections of an electric circultb in which are in-
cluded one or more electro-magnets for synch-
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ronizing the pendulmms., These electro-mag-
nets are so located with reference to the re-
spective pendalums to which they are applied
that they are vitalized by the currents trav- 355
ersing the same at the precise moment an
armature carried upon the pendulum 18 pass-
ing its vibration across the field of forceof one

of the magnets. lf, however, any pendulum
has been thrown 0115 of mnison and swings 6o
slightly in advance or behind the 131"111’1::11'}?
penduluni, the vitalization of the electro-mag-
net will occur either immediately after or 1m-
mediately before the pendulum has passed the
electro-magnet. The foree thus exerted upon 63
the armature of the pendulum by the electro-
magnet will then act either to retard or to ac-
celerate the movement of the pendulum as
required, and a unison of the same with the
movements of the primary pendulum mll 70
eventually be secured.

in the accompanying drawing, which illus-
trates myv invention, I have 1"61)1 esented 1n
diagram the owmnmamon of circuits and ap-
par ﬂaus which 1 prefer to employ.

Referring to this drawing, A represents the
primary pendulum of an electric clock, and
A’ represents the pendulum of the secondary
electric clock which it is designed to synch-
ronize. The pendulum Aissupported 1nany 30
suitable manner, preferably by a flexible
strip of metal, B, secured to the frame or sup-
port C. Upon the pendulum A is fixed &
bracket, D, having two arms, d and ¢, re-
Spectwely pmyaobmn from opposite c;u:le&, of 85
the same. The contact-points & and d* are
respectively carried at the extremities of the
arms d’ and d-.

Above the arms d and ¢* extend two resili-
ent arms or springs, ¢ and ¢, secured to, but 9o
isulated from, the support €. The contact-
points ¢ and ¢' are respectively carried at the
extremities of these arms, and they are de-
signed to make contact with the correspond-
ing points, @’ and d*, near therespectivelimits 95
of the vibration of the pendulum A,

sSecured to the frame of the mechanism 18 &
bracket, i, upon which is pivoted a table or
rocking support, H, having its center of oscil-
lation in the same vertical plane with the sup- 100
port of the pendulum A, but preferably in a
lower horizontal plane.
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Near the respective extremities of the table | and d', bracket D, and conductor 1. The clec-

H are carried two upwardly-projecting arms,
B oand B2 respectively designed to raise the
corresponding spring, ¢ or ¢, whenever the
corresponding end of the table is raised.

In the drawing the table is represented as
in a horizontal position, both springs being
slichtly raised by the arms 7 and /7. I,
however, the left-hand end of the table, for
instance, be depressed, the spring ¢* will be
still further raised, while the spring ¢ will be
allowed to fall, which it will do by virtue ot
its resilience. The table H is designed to be
so operated that the springs or resilient arms
¢ and ¢ will in this manner be alternately
raised by means of the corresponding arms, I/,
and 7%, when the pendulum is near one limit or
the other of its vibration. The remaining
spring will abt the same time be released, and
it will impart an impulse to the pendulum by
virtue of the pressure exerted through the
contact-points. Two electro-magnets, M and
M2, are provided for tilting the table H alter-
nately in one direction or the cther by acting
upon two armatures, m’ and m’ respectively
attached to the opposite extremities of the ta-
ble. One pole of a battery, O, is connected
through a conductor, 1, with the support C,
and thus with the bracket D and contact-
points ¢ and d*. The opposite pole of the
battery O is connected through conduectors 2,
3, and 4 with the outer terminals of the coilg
of the electro-magnets M and M?, respectively,
while the inner terminals of these coils are
connected through conductors 5 and 6 with
the resilient arms ¢ and ¢, and thus with
the contact-points ¢’ and ¢, respectively. 1t
will be understood, therefore, that when the
contact-point @’, for instance, is carried by
the movement of the pendulum foward the
left hand against the contact-point ¢’ the ecir-
cuit of the battery O will be completed through
conductors 2 and 3, the coils of the. electro-
magnet B, conduetor 5, resilient arm ¢/, con-
tact-points ¢’ and ’, bracket 1), supporting-
spring B, support €, and conductor 1. The
electro-magnet M will thus be vitalized and
the left-hand end of the table I will be drawn
downward, thereby releasing the resilient arm
¢'; hence the arm ¢ will exert a pressure up-
on the arm ¢ through the contacts ¢’ and o',
and the pendulum will be caused to swing to-
ward the right hand, not only by the action
of gravity, but also under theinfluence of the
additional force exerted Dby the spring .
The resilient arm or spring ¢ will continue to
exert the pressure until itis arrested by strik-
ing against the arm /4. The further move-
ment of the pendulum by virtue of its ac-
quired momentum will cause the separation
of the contact-points ¢’ and d’, thus interrupt-
ing the circuit of the battery O through the
clectro-magnet M. The point d* will, how-
ever, be carried into contact with the pointe’,
thereby completing the circuit of the battery
O throueh the conductors 2 and 4, the elec-
tro-magnet M? conductor 6, ‘contact-points ¢

tro-magnet M’ will thereby be vitalized, and
) the right-hand end of the table IL will be
drawn downward, releasing the spring ¢,
which will add an impulse to the pendulum
A, tending to again vibrateit toward the left
hand. This operation will be repeated for
each semi-vibration of the pendulum. It 18
evident that the circuit through one electro-
magnet will be completed cither immediately
before that through the other 1s iInterrupted
or immediately thereafter, or the completion
of one may be simultancous with the inter-
ruption of the other circuit. In practice,
however, it is preferable, for use in this or-
canizabion, that the latter arrangement be em-
ployed. Anysuitablemeansmay beemployed
in connection with the contact-points for pre-
venting the ocenrrence of sparks thereat.

By considering the operation of the istru-
ment thus described it will be seen that the
cirenit of the battery O is completed one-half
the time-—say for periods of one sccond ab a
time—through the electro-magnet M', and for
equal periods through the elec.ro-magnet M7,
and that while the cirenit 1s complete through
one electro-magnet the civeuit through the
other isinterrupted. Anelectric current will
therefore traverse the conductor 3 for one sec-

riod. It is the purpose of this 1nvention to
emiploy the currents thus obtained for occa-
sioning impulses of short duration, which are
caused to traverse the coils of electro-magnets
I and 27, which are applied to the pendulum
A’. TFor this purpose an electro-magnet, P,
is included in the cirenit of the battery O by
being interposed in one of the conduetors lead-
ing through the electro-magnet K. In the
drawings I have shown this electro-magnet as
included in the conductor 4, and an artificial
resistance, ¥, is preferably placed 1n the con-
ductor 3, for the purpose of rendering the re-
sistance of the two circuits approximately
equal. If desired, however, a duplicate of
the clectro-maenet I’ may be substituted for
the resistance R’.  This electro-magnet 1s pro-
vided with an armature, &, whiclh, so long as
the clectro-magnet is not vitalized, 1s with-
drawn from its poles by means of a retractile
spring, N. When, however, the circuit of
the battery O is completed through the con-
ductor 4, this armature 1s attracted into 1ts
forward position.

Upon the armature & are carried two 1nsu-
lated contact-springs, p" and p* which respect-

and p*, carried apon opposite sides of the ar-
mature. Thecontact-springs p’ and p* are re-
spectively provided with adjustable contact-
stops 7 and #°. The contact-springs are re-
spectively connected with two terminals of an
electric conductor, {, in which is 1included 2
battery, o’. The positions of the stops?” and
1* are so adjusted that at a single point in the
vibration of the armature G the two Springs
p"and p* will rest against the respective con-

ond, and then the conductor 4 for a like pe-
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tact-stops ' and 9%, thereby complehno the
connections of me battery o’ through {he
springs and the contact-stops and their con-
ducting-support R. When, however, the ar-

mature passes beyond this 111‘fel‘medm’c(, pom t,

either in its movement toward or away from
the electro-magnet P, one of the SPrings w ill
be carried by the Couespondlnﬂ stop, 1) or ﬁ

out of contact with its contact- stop " or 7,

thereby interruptingthe circuit-connectionsof
the battery o'
during the movement of the armature the cir-
cuit-connections will be completed only for
an instant, whether the movement be toward
or away from the magnet P. The impulses
thus obtained are employed {for vitalizing one
or more of the electro-magnets &' I, which
are applied to the pendunlum to be synchio-
nized. In the drawing I have represented
two electro-magnets, L,,, as applied to a single
pendulam, A, “and t}u:-Se are placed near the
1espeet1ve Iimits of its vibration.

Upon the pendulum A’ is carried an arma-
ture, 4%, which is designed to be acted upon
by the electro- nmfrﬂcls when In proximity
thereto. It Wﬂl be seen that the conneetions

of the battery o will be completed twice dur- :

g each cowmplete vibration of the pendnluom
A. The pendulum A’ is therefore, for ex-
ample, adjusted to vibrate sothat it will pass
the electro-magnet £ in its outward swing at
the 1instant the cireunit of the battery o' is com-
pleted by the movement of the armature &G
away Ifrom the electro-magnet P. Likewises
the pendulum A" will pass the pole of the
magnet £ on 1ts outward. movement the in-
stant of the completion ol the cireuit of the
battery ¢ by the movement of the armature
G toward the electro-magnet . Ho long,
therefore, as the pendulums swing in unison
the resultant effect of the magnets upon the
armature, and thus upon the pendulum A/, will
he of no value,and the pendulum will continue
to vibrate without being affected thereby. If,
however, the pendulum A’ be in advanece of
the pendulum A, the armatare 7’ will have
passed the center of the field of foree of the
magnet £, for instance, during the ontward
movement iimmediately before the correlative
completion of the circuit of the battery o oe-
curs. The action of the magnet I will there-
fore be to retard the pendulum upon its ont-
ward movement. Theaction of the magnet 4”
will be the same,and eventually the pendulam

A’ will be brought into unison with the pend-
ulum A.  The action of the electro-maenets

upon the pendulum, when the latter hasfallen
behind the primary pendulum A, is the re-
verse ol that deseribed—that is, they will act
to 1mpel the same with greater rapidity, add-
ing an accelerating impulse each time the cir-
cuit of the battery o iscompleted. When the
secondary or synchronized pendulums have

once been brought into unison with the pend-
ulum A, they will remain so, provided they
are adjusted so that they will naturally swing
1n approximately the same periods.

it will beseen, therefore, that

C1nge to moment tarily complete

| 1nbefore set forih,

and interrupted by Ll

- named battery

721 | 3

It 1s evident that one eleetro-magnet, £ or /17,
might be employved alone in connection with
cach penduluny; or the latter might be con-

strueted to 1)*%:&‘[ with twice the 1{Ll)1dlb} of the

pendulum A—that 1s to say, their periods

might be ope hall the length of the period of

the pendulum A, Itisevident, moreover, that
varions other forms of in*nal v clreuib-clos-
1ng devices may be employed for co: npleting
the primary circuit.

The limiting-stops w’ and m' are preferably
applied to the arvmature G, and these are ren-
dered adjustable., By adjustingthe positions
of these stops with refevence to the contact-
stops »7 and %, the position occupied by the
armature (v atb {he moment the cireuit of the
battery ¢ is completed may be readily ad-
justed. I'nis feature i1s of value when 1t 1s de-
sived to modity the position of the armature in

which 1t shall aet to complete the secondary
cireuit.

It 1s evident that there are various other
methods of deriving the momentary impulses
fromtheperiodicimpulses; butitisnot deemed
necessary to further iliastrate theanvention.

I clalm as my invention

1. The combination, substantially as here-
inbefore set forth, with a clock-pendulum and
an electrie battm_y the cirecuit-conneetions of
which are completed and interrapted through
tine action of said pendulum, of one or more

secondary pendalums, one or more synchro-

nizing eleeto- muaguets applied to sald second-
ary peuduiums, and an electro- magnet in-
cluded in the cirenib of satd battery and act-
he connections
of an electrie cireuit through the coils of said
synehrenizing-magnets cach time the connec-
tions of the first-named cnemt are completed
or Interrupted.

2. The combination, substantially as here-
inbefore set forth, with a regulating-pendu-
lam, a cireult-closer actuated theleb 7, and an
electric cirenit the connections of which are
periodically commpleted and interrupted by the
action of said eirenit- closer, of a secondary
ctectrie civeuit the connections of which arve
momentarily completed at each completion
and 1nterruption of the first-named elrenit,
and one or more clectro-magnets included in
said secondary cireunit.

3. The combination, substantially as here-
vithh a regulating-pendu-
lam, a civeult-cioser actuated thereby, a bat-
‘L,el».., ail o c1vreuit lm_ sard battery, the con-
nections of waieh ¢ pellodlmlh cmnpleted
action of said clrenit-
closer, of o second battery, one or more elec-
tro-magnets inc¢lunded 11 the civeult of the
same, an electro-magnet vitalized by the first-
, an wumtuw applied to the
last - named elmtm magnet, contact-springs
applied to said armature md constituting ter-
minals of the circuit of sald second Dbattery,
contact-polints for sard springs, which pomtb
are In electrical eonnection with each other,
with which points said springs are respect-
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ively in momentary contaet during the move-
ment of said armature toward or away irom
its electro-magcnet, wherehy the ¢ drenib-con-
nections of the gecoud battery are caused to
be both completed through the first-named

electro-magnets and interrupted during cach
movement of the last-named armature.

4. The combination, substantially as here-
inbefore set forth, of a pendulum, & circeuit-
closer actuated thu-ab;,, a battery, a clreuit
for the same, & second battery tie connec-
tions of which are completed h‘gf sald ¢lrenit-
closer, an electro-magnet included in s 'ﬁd ¢11-
cuit, an ar mature and armature-lever a Hplied
thereto, and contacts, substantially mmh Ak
described, servine to momentarily compiete
the connections of said second battery dunr-
ing each movement of said armatare citiier {o-

vard or aw ray from its electro-magnet at an
intermediate point in 1ts excursioin.

5. The combination, snubstantially as here-
ibetore set forth, with an electro-magnet and
means, substantially such as deseribed, ifon
periodically vitalizing the same, of :{"i.hﬂﬂ"”"y'
the circuit, of which 18 COIl_lplﬂLid eunch tie
said mwnot is magnetized or demagnetized,
one or more elock- 1;911& inms, and oneor more
clectro-magnets 111-’*m ded tht cirenit of s
battery applleu to said pendulmms, 1511;3*;,}1{3,“-
tially as described.

6. The combination, substantially ag here-
inbefore set forth, with an electro-magunet and
1ts armature, and means, uul}mmullmf sueh
as described, for periodically vitalizing the

L:.I.'L.f

same, of two contact-stops in elecirie connec-
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tion with cach other,applied to said armatnre,
two contack-springs carried upon said fum-

ture, and caunsed by the movements ot the
aum to alternately impinge against their re-
apective contact-stons, an electrie circult the
rerminals of which are respectively connected
with sald contact-springs,. and means, sub-
stantially such as deseribed, for ¢ausing one
of sald contact-springs to impinge agmnsi the
contact-stop belors the other spring has been
carried away frem s stop.

7. The eombination, substantialiy as here-
mvefore setb iuuhj of o pendulum, a circuit-
closer actuated thereby, a battery, a clreuit
for the same, a second battery the connec-
tions of which are completed by said cireuit-
closer, an eleebro - magnet ineluded m gaid
cm.mt,, an arinature and armature-leyer Q-
plied thereto, contaets, substantially such as
described, serving to momentarily complete
(he conneetions of said secend battery dur-
ine cach movement ¢f sald armature cither
toward or away {from 1fs electro-magnet at an
intermedial Gpomi initsexcursion, and me 1S,
hll Ustantially sueh as deseribed, for moditying
the length of time during which said second
civenit shall he Lllﬂh con 11}]”‘1. (1,

3

in testimony wirereoi I have hierecunto sub-

seribed my name this st day of January, A.
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