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UNITED STATES

PATENT OFFICE.

. WILLIAM M. DAVIS, OF CLEVELAND, OHIO.

IMPROVEMENT IN ELECTRO-MAGNETIC CLOCKS. -

Spec_i-ﬁca,ti*o_rt forming part of Letters Patent No. 176,740, dated M&y 9, 1876 ; application filed
| April 19, 1875, | '

To all whom it may concern:
Be it known that I, WILLIAM M. DAVIS, of

Cleveland, county of Cuyahoga and State ot
Ohio, have invented certain new and useful

Linprovements in Electro-Magnetic Clocks;

and declare the following to be a full, clear,
and exact description thereof, reference being
had to the drawings hereto annexed, which
form part. of this specification. |
My invention relates to improvements in
that class of electro-magnetic clocks wherein
a primary or regulating pendulum or clock 18
made to propel and regulate any required nuin-
ber of secondary clocks by means of one or
more secondary circuits. o | |
The failure of electro - magnetic clocks to
come into more general use is attributable, in
a great measure, to the heretofore unavoida-
ble deterioration of electrical contactin the im-
pinging surfaces of the rheotome or other cur-
rent-director necessarily used in connection
with sueh clocks. To obviate this difficulty
is the main object of my invention and dis-
covery. | | ~
In immersing the impaet-points in a liquid
medium or immergent any suitable liquid may:
be employed ; but I prefer kerosene, which I
have found, by continued experiment, will ei-
fectually preserve and maintain these surfaces
in that sensitive condition reguisite for "a
prompt and reliable elestric contact by the
slight touch which the pendulum or chronom-
eter-balance may be able to produce without
sensibly affecting its time-keeping qualities.
Without discussing theories upon this ques-
tion, whatever the difficulty may be which
~causes this deterioration of the coutact-sur-
~face, the liquid immergent above mentioned
“successfully prevents its iujurious counse-
quences, either by preventing the production

of the cause or by removing the cause as fast

~as produced. .
Whenever one or more extended series of

secondary clocks, governed and actuated by

one or more secondary e¢ircuits issning from

one or more secondary batteries, are to be
operated by a single primary pendulum, it 18
found necessary, in order to preserve the time-
keeping qualities of said primary pendulum,

to interpose between it and the said secondary |

of platinum)

| These secondary magnets 1 term auxiliary

magnets, and their function is to open and
close the secondary cireuits by means of cir-
cuit-breakers. Xor this purpose the primary
pendulum directs the electric flow from the

primary battery alternately through 1ts own

impelling magnet and. one of the auxiliary
magnets, while this latter magnet directs the
more inteunse secondary current or cuarrents
through one or more extended circuits of sec-
ondary clocks. By preference, the primary
device @nd its auxiliaries are placed near to-
gether in a dry, warm chamber, or other place
where the changes of temperature are slow and
small. ,
To attach a clock-movement to a primary
pendulum tends to impair 1ts time - keeping
qualities ; therefore the movementis attached
to a secondary pendulum, which ‘may be
driven by an auxiliary magnet,so as t0 enable
the attendant to keep the entire system of
clocks on true time simply by observing and
regulating the time of said auxiliary clock.,
In the drawings, Figure 1 represents a pri-
mary pendalum with a detached ogravity-im-
pellent and an oscillating mercurial carrent
switeh furnished with the necessary iminer-
oent-cups.  Fig. 2 is a vertical longitudinal
section of said switeh, and Fig. 3 a plan view
of same. TIig. 4 represents an auxiliary mag-
net as driving a pendulum and an auxiliary
rheotomeof hard metal (preferably constructed
with a suitable 1mmergent-cup,
together with a pin scape-wheel and long pal-
lets for driving any preferred clock-movement.

The object of this auxiliary magnet and rheo-

tome, or other current-director operated by 1t,
is to relieve the primary pendulom or other
regulator from the extra work otherwise re-
quired when a number ot secondary clocks are
to be operated and regulated by a single pri-
mary or regulating clock. Iig. o represents
a secondary pendulum with its impelling-mag-
net and movable ¢ cock,” by the to-and-fro mo-
tioh of which the pendulum is kept swinging
together wisth its combined feed-hand and de-
tent, operating the spur time-wheel of a sec-
ondary clock. Fig. 6 is a view of the curved
detent and the attached feed-hand separated
from the rod.

"Tn Fig. 1, A is any suitable base for the at-
tachment of the operative parts of the primary
pendulum. B is the pendulum-bracket; and

circuits one or more intermediate or secondary
magnets, which may or may not be provided
with pendulums, -




C is a gimbal-bar which rests upon it and | are secured the are S, impulse-horns Y Y!, and

clamps the upper ends of one, two, or Inore
suspension-springs, d d’. D isa divided clamp-

bar for clasping the lower ends of springs d @
E .

and the upper end of the pendulum-rod e.
1s-the penduluam-bob. F is an electro-magnet;
and G its armature attached to the lifting-le-
ver H, which lever is secured, by a spring, to
the adjustable bracket I. ¢4 are adjustable
stop-posts to limit the movement of lever H.

This feature of my invention I regard as an
improvement over the impellent as shown in
a former patent of the United States granted
‘to me October 24, 1871, No. 120,185. In con-
nection with this feature of my invention, I am
also aware of a certain invention of V. Him-
mer, patented June 4, 1872, No. 127,483, I
regard the function of my adjustable stop-post

as an 1Improvement over the inventions just
alluded to, inasmuch as by limiting the move-

ment of the lever H a uniform result is ob-
tained by the action of the magnet, whereas,
by the stronger or weaker action of said mag-
net, the movement of lever H heretofore has
been correspondingly affected, thereby mate-
rially injuring the time-keeping qualities of
the mechanism. .

By the adjustable character of my stop-posts
¢ ¢ 1 am enabled to govern the throw of the
lever H exactly to its proper Iimits, and to
control 1t within the same.

J 1s a horizontal impulse-arm to give mov-
ing impulse to the pendulum, and is secured
to the bar D in the plane of the pendulum’s
swing, but inclined a little upward, as herein-
atter shown. K is an impelling-weight at-
tached. to the slender wire &, which wire has
two loops near its upper end, as shown in the
drawings. K ktogether constitute a detached
gravity-impulse.  Anattached gravity-impulse
may be used in its stead upon this same hori-
zontal arm, provided its spring or pivot attach-
ment coincides very closely with the center of
motion of the pendulum. When the pendulum
18 at rest that portion of the arm J where the
Impulse-weight impinges should be on a level
with the center of motion of the pendulum.
J 18 a tappet-pin in the lower end of rods e for
~operating the current-switch L.

The current-switeh L is shown in detail
~In Figs. 2 and 3. M may represent any
suitable battery to act as a primary battery,

and N a conductor from one of its poles to

“the central cup of the switch L. O and P are
two other conductors, which lead from oppo-
site extiemities of switeh L to the primary
and auxiliary maguets, respectively, and from
thence to the other pole of the battery M.
In Figs. 2 and 3, « is the base to which the
~case of current-switch L is attached. This

case L 1s to hold the operative parts of the cur-
rent-switch, including a suitable cement, c,
as a support tor containing-tubes, as will here-
Inaiter more fully appear. The middle portion
of this case is lower than the two end por-
tions thereof, and is represented by the dot
ted lines b, I'ig. 2. R is a rock-shaft, to which

the platinum plate W, the shaft being held in
position by the double-kneed brackets T .
N, O, and P are continuations of the same
conductors shown in Fig. 1 by the same let-
ters. () is the central glass tube, held in po-
sition by cement ¢, and is filled with niercu-
ry, to secure a constant and reliable eleetrical
connection between the conductor N and the
rock-shatt R, by means of a submerged pla-
tinum plate, X, (which is attached to wire N,)
and the oscillating plate W, upon the rock-
shatt R. yy' y* »° are four stop-posts, to limit
the movement of the rock-shaft R. m m! are
siphon - shaped tubes, to hold the mercury
which 1s to form electrical contacts with arc S.
4 2 are two immergent-cups, which surround,
respectively, the longer ends of the tubes m
m!, which are designed to hold the liquid im-
mergent, so as to cover the surfaces of the
mercury contained in those tubes. It is this
contained liquid which preserves these metal-
e surfaces in that sensitive and desired con-
dition to electric contacts which is so essen-
tial to that prompt and certain electrical eon-

nection required for successful operation of

electric clocks. This liquid (preferably kero-

sene) should be a so-called non-conducting me-

diam, but one which will, at the same time,

preserve unimpaired the active and conduct-

1ng power of the contact-surfaces of the Cur-
rent-director to whicl: it is applied, and which
1t surrounds. The upper surface of this liquid
1s shown at lines ¢ ¢/, Fig. 2. n #/ are waste-
pipes, to draw off the liquid immergent from
cups 4 7' whenever it may be necessary. The
liquid known as kerosene or coal-oil, also oth-
er hydrocarbons, have been used for the pur-
pose just mentioned with satisfactory results.
Moreover, many other liquids have been used,
but none of them, so far as I am aware, have
as yet been subjected to that long and cra-
cial test these liquids (hydrocarbon) have
Deen. |

The mercury may be placed in the bottom
of immergent-cup Z, and the kerosene or other
suitable liquid poured over it with good effect;
but the form of vessel hercin described, or
some equivalent thereof, is preferred, because
the liquid immergent with the deflaorated
mercary can then be drawn off and new liquid
supplied without disturbing the surface of the
mercury in the least. |

U U’ are two reservoirs for mercury, which
are bedded in cement ¢, and which communi-
cate with tubes m ml, to furnish them with
a coustant supply of merecury, inasmuen as a
minute portion of mercury is deflagrated by
the electric spark at every break of either cir-
cuit. The mercury in the reservoir U U’ and
tubes m m! also serves to secure electrical con-.
nection between the reservoir U U’ and the
mercury in the tubes m m', respectively. 7 &/

are platinum plates at or near the bottom of

sald reservoir, to secure constant electrical
connection between the contained mercury and
the conductors O P. The arc S is made suf-
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ficiently long, so that its point s, by the rock-
ing shaft R, is immersed In merecury m before
the point s is withdrawn from the mercury
in ml, and vice versa. By this means the de-
flagrating effect of the electric spark 1s mate-
rially dimrinished. -

In Fig. 4, which represents the auxiliary
magnet and its adjuncts, the letters A’ to K/,
inclusive, refer to parts of the auxiliary mag-
net and its pendulum, corresponding to parts
of the primary pendulum 1n Fig. 1, which are
indicated by similar letters. This pendulum
is propelled by the-elastic force of the spring
K, attached by the lever H’ to the armature
of the auxiliary magnet F'. L' 1is the rheo-
tome with its immergent-cup Z?, which .is so0
arranged as to make and break a secondary
circuit, which includes the magnets of & num-

conductor P, as shown in Fig.. 1. 1isa pin

scape - wheel for driving any suitable clock-

movement, if desired. 2 and 3 are impelling:-
pallets attached to the rod ¢!, to give motion
to the wheel. | - '

" Rheotome L! is constituted as follows: R

is a rock-shaft, to which are attached the.

pendant vibrating contact - point S° and the
impulse-horns Y2 Y3  Therock-shatt R/ is pat
into electrical connection with conductor P
(which issues from -a secondary battery) by
any .of the ordinary methods. m® m®are two
stationary eontact - surfaces, formed of any

suitable metal, and so placed and insulated

from shaft R’ and from each other that eaci
may receive contacts from the lower end of

movable point 82 when that poiut is actnated

by rod ¢'. To the upper end of strip m® is at-

tached a conductor, N/, including the magnets |

of a numberof secondary clocks, and connected
with the other pole of the aforesaid battery.
Another like wire may be attached to the strip
m?, and so formning another circuit of secondas-
ry clocks from the same battery, may run an-
other like number of secondary clocks. Z*1s
an immergent-cup of suitable form, so placed
that its contained liquid immergent will com-
pletely surround the coutact-points m® ms 32,
so that no part of the cup will interfere with
their proper performances. |

I do not confine myself, however, to this
particular arrangement of parts, as the cup
may be placed at a distance from the contact-

points and the contained liquid be auntomati--
cally supplied to them at intervals of more or-

less frequency, especially if the contacts are
made by the friction of the points; or the
fixed point mnay be placed outside of the cup,
and the movable point so arranged as to dip

into the liquid in the act of breaking the elec- |
- wire K descends on the arm J, thus imparting

tric cirenit, In both cases the advantage of
the liquid is secured without making the con-

tacts beneath its surface. This rheotome may -

be operated direetly by the armature of the
magnet withont the intervention of a second-

ary pendulum, unless it be desired to operate
the clock-movement by said pendulum,- S0 |

I‘that the entire system of clocks may be kept
on time by observing and regulating the time
of this one.
inclusive and E' refer to parts of the secondary

pendulum correspouding to those of the pri-
| mary pendulam in Fig. 1, which are indicated
Dby similar letters. - G* is'the armature of the
‘magnet F2, and at the same time constitutes
the movable cock for driving the pendulum
. 7 1is a curved metallic plate secured to the
-rod ¢ at the required height, and is designed
to perform the functions of a detent. 8isa
“feed-hand in the form of a thin metallic spring
secured by one end to the upper side ot plate
7. The free end of said spring is bent down-.
ward throngh a suitable opening near the
center of the plate, as seen in Fig. 6. 91isa
spur time-wheel of not less than three teeth,
ber of secondary clocks to be operated by the | and i designed to give motion to the second--
primary pendulum. P P are continuations of

In Fig. 5 the letters A? to F*

ary clock, 10 and 11 are two teeth of said

wheel. 12 is a click, to prevent a backward
motion of the wheel 9. 13 is a bracket, to
support the outer end of the shatt. In a
working machine the spur-wheel and its ad-
juncts, in order to drive the clock, are placed

in front of the pendulam and in connection

with a clock, instead of bebind 1t, as shown n
the drawings.

Operation: The combined operation of the

primary pendulum and current switch L, Figs.
1, 2, and 3, and their effect on the auxiliary
magnet and its adjuncts, is as follows: The
batteries being charged aud all the necessary
connections made, the primary pendulum 1s
put in motion by band. As this pendulum
swings to and fro, it tilts the are S alternately
to right and left by the action of pin j in the

horns Y Y., - By this action of the arc S the

electric current which flows from the primary-

battery M, through wire N, to the arc S .18
directed alternately through the primary mag-
net F and auxiliary magnet F!; thence to the
other pole of the primary battery. -

The effect of these changes in the direction.of
the carrent on the primary peundulum may be
briefly stated as follows: As represented in
the drawing, the pendulum is at the right ex-

‘tremity of its swing, bhaving tilted the are iS

to the right, thus closing the circuit through -
cup Z! and breaking it in cup Z. DBy this

“action of are S the entire current is directed.-

through wire P-and auxiliary magnet I%, Itig. -
4, while magnet I remains uncharged. Just
before this movement of arc S took place,

however, arm J had reached the upper end of

its loop in wire k, and had lifted that wire

quietly from lever H, after which said lever

dropped to its lowest point upon the stop-post
i, because the magnet I was then discharged.
"As the pendulum E e swings to the left, the

motion to the vendulum until the upper loop
in the wire K. reaches the lever H, when the
arm J is relieved from its further pressure.
When this relief shall have fully occurred
arc S will be tilted to the left, and magunet I,
being thereby charged, lifts wire K to its high-




est point, until the lever H impinges against
the stop-post ¢, and holds it firmly there, un-
til the pendulum nears the right-hand limit
of 1ts swing again, when it will be taken gent-
ly up by the arm J just before the magnet I
1s discharged, to be ready to give the pendu-
Inm another impulse. '
ring at the proper intervals of time, and being
constant in amount, owing, as heretofore stat-
- ed, to my arrangement of adjustable posts v,

produce a uniform amplitude of swinging of

the pendulum. As rod E swings to the right
- the pin j strikes the horn Y, and thrusts the
end s’ of the are S into mercury m! before the
point s of the are S is withdrawn. from the
mercury in m, as before shown.

- By this arrangement of parts the electrie
current is at no time entirely arrested, but be-
gins to flow through the mercury in m! before
1t ceases to flow through the mercury in ms
hence the name “current-switch” has been
given to this portion of my device.

While the arec S remains in the position
shown in Fig. 1 the electric current flows
through the magnet I, Fig. 4, holding up the
lever H', thus giving an impulse to the pen-
daulum E' ¢l. During this interval the lever
H, Ifig. 1, is resting on its lower stop-post,
and will remain there until the wire K has
been deposited upon it by the downward swin o
of the arm J, after which, by the return swing
of rod ¢, magnet I will be recharged, lifting
the weight K to its highest point, preparatory
- to giving the pendulum another impulse.

- This current-switeh may be used in connee-
tion with a clock which is run by a weight or
spring. In this way it may be actuated by
the clock-movement instead of the pendulum,
as here shown., .

The operation of the auxiliary magnet and
its adjunetsis asfollows: In orderthat the pen-

dulum,whichisdriven by this auxiliary magnet,
may perform its functions properly, it must

first be so adjusted that its natural beat shall
coineide closely in time with those of its regu-
lator. When so adjusted, and the necessary
connections are made with the primary clock
and 1ts battery, the operation proceeds as
tollows: When the magnet is charged by the
action of the primary clock, the armature G
18 drawn to its poles and firmly held there un-
til the tension thus produced in the spiig K/
18 expended in giving motion to the pendulum.
When this pendulum has reached the normal
amplitude of its swing, and begins to move
again to the left, the point of pallet 3 strikes
the upper. side of pin 4 and presses it down-
ward just as point 2 recedes from the upper
side of pin 5. On the return swing of the
- penduluam the point of the pallet 2 strikes the
under side of pin 5, and presses it upward
Just as pallet 3 is withdrawn from the pins op-
posite, while click or pawl 6 prevents any
backward movement of the wheel. - By the
successive impulses thus given to it this wheel
Is caused to drive any desired clock-movement
to serve the purposes of a secondary clock,

These impulses recur- |

“will now: be described.

entirely beyond the teeth of the wheel.

196,740

In a working machine the pin-wheel and
pallets are placed before the pendulum, and
in connection with a clock-movement, instead
of behind it, as shown in the drawings., While
this pendulum is swinging to and fro the oper-
ation of the rheotome L! will obviously be as
follows: As rod ¢! swings to the left and
strikes the horn Y2, point S? impinges and
rests against the strip m?® thus closing the
secondary circuit through the wires P/ N/, and
secondary magnet F?, Fig. 5. Asrod ¢! swings
to the left again, and strikes the other horn
of the rock-shaft R/, this circuit will be broken.
The making and Dbreaking of the secondary

‘circuit by the operation of the magnet G!

keeps. up a corresponding motion in each of
the secondary clocks connected with this sec-
ondary circuit, thus insuring their perfect con-

cert of action.

It will be seen that these contacts are made
by percussion. By a slight change in the
form of slips m? m?, the contacts may be made
by frietion. - |

The operation of each of the secondary
clocks in Iig. 5 will be as follows: This sec-
ondary pendulum E? ¢, like others, must be
S0 adjusted that its natural beats will coin-
cide closely with those of its regulator. When

0 adjusted, and the necessary connections are

made between its magnet, the secondary bat-
tery, and the rheotome L!, the action of the
several parts will be as follows: The magnet
E” being charged, the armature G2 is drawn
to its poles, which gives an impulse to the
pendulum KE? ¢? to swing to the left. Just as
the pendulum reaches the limit of its leftward
swing, the armature G? is released from the
magnet, thus allowing both the pendulum and
armature to swing to the right again. As the
pendulum nears the right extremity of its
swing, the armature is attracted to the mag-
net again, thus giving a new and inereased
impulse to the pendulum to swing to the left.
These impulses being repeated at the proper

“intervals of time soon give to the pendnlum

1ts required amplitude of swing, with power
sufficient to drive the clock. This operation
As the pendulum
swings to the right, feed-hand 8 slips over
the end of tooth 10, and falls down behind it,
and as the pendulum swings to the left agaln,
the feed-hand catches tooth 10, and pushes it
up in front of it through the opening in plate
7, when, by the onward swing of the pendu-
lum, this tooth is immediately withdrawn
again from the said opening just as the next

tooth reaches the under side of plate 7, and

is there detained by it from furtber motion.
At this point of the operation tooth 11 falls in
front of pawl 12, which prevents any back-
ward motion of the wheel, and no forward mo-
tion can take place, as the detent never swin o8
By

this arrangement of the parts one tooth, and

one ouly,can be moved forward by each return

swing of the pendulum. |
What I claim is—
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1. The combination, in an electric clock, of
~ the magnet I, armatuore G, lever H, stop-post

i i, and gravity-impellent K K, with the hor- |

izontal arm J of a common clock-pendulum,
substantially as shown, and for the purpose
described. | _ |

2. In combination with the contact-points
of a rheotome or other director of an electric
clock, the immergent-cup Z, constructed sub-
stantially as and for the purpose described.

3. The horizontal lever H secured at stud 1,

thenee passing under and beyond the magnet,

its further extremity being provided with the

gravity-impellent K, and its vertical move- |

ment limited by the stop-bars ¢ ¢, substan-
tially as and for the purpose described. |
4, The combination of the primary magnet
F, primary pendulum K e, current-switeh L,
secondary or auxiliary magnet F!, with or

| without a pendulum, It €', auxiliary rhectome

L, secondary or auxiliary battery, and one,
two, or more clock-movements, constructed
and operated substantially as shown and de-

sceribed. |
| WILLIAM M. DAVIS.

Witnesses:
"J. H. HESSIN,

G. W. STOOKLY. .
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