H. E. WARREN.

ELECTRICALLY DRIVEN CLOCK.
APPLICATION FILED MAR. 3, 1916.

1,334,422. Patented Mar. 23, 1920.

3 SHEETS—SHEET 1.

M
. 0
_ZT://Q.Z.
10
1713-151/272]’ 2!'?’,26 210 18 16 7,

-

Z?a eveselari.
Do) Heoloee A2l

JLZzJ’g}_



- H.o E. WARBEN.

ELECTRICALLY DRIVEN CLOCK.
. APPLICATION FILED MAR. 3, 1916.

1 ,8034,422. Pateﬁted Mar. 23, 1920,

3 SHEETS—SHEET 2.

Nod.

26

R,
M’”"""c"‘- (,,,,lttlcrlllll.:rzllf" S
At T »
'I"“"l"l'&o"’\\\\\\\ \ %,’ S AL 222 oL
24 >
No.3, = ;
’ NaZ.

theaz{ba”
M E. Warvlw
O e, e bl hil
» Fo 73 3o Jo o mﬁ/’




H. E. WARREN.

ELECTRICALLY DRIVEN CLOCK,
APPLICATION FILED MAR. 3, 1916,

1,334,422, | Patented Mar. 23, 1920.

3 SHEETS—SHEET 3.

‘17 B S S |
R R R R R D 2P TR

N

77,

Ao A P AT AL AT P A
N
tH e
52

LAl L L AL L PSS TS,

Z7evesetor:

e otaca L



10

15

20

25

30

35

45

50

55

UNITED STATES PATENT OFFICE.

HENRY E. WARREN, OF ASHLAND, MASSACHUSETTS, ASSIGNOR TO WARREN CLOCK
COMPANY, OF ASHLAND, MASSACHUSETTS, A CORPORATION OF MAINE,
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Specification of Letters Patent. Patented Mar. 23, 1920.

Application filed March 3, 1918. Serial No. 81,782,

To all whow it may concern:

Be it known that I, Hexry If. WarreN,
a citizen of the United States, and a resi-
dent of Ashland, in the county of Middle-
sex and State of Massachusetts, have in-
vented an Improvement in. Electrically-
Driven Clocks, of which the following de-
scription, in connection with the accom-
panying drawings, is a specification, like
characters on  the drawings representing
like parts. ' .

This invention relates to an electrically
driven clock and is an improvement upon
that shown and described 1n U. S. Patent
No. 1,144,973 granted to e June 29, 1915,

The present invention has for its object to
provide clocks of the character described,
with means for maintaining the amplitude
of swing of the pendulum substantially con-
stant, irrespective of the strength of the

battery or other source of current emg}loyed'

to oscillate the pendulum, whereby the ac-
curacy of the clock is practically unaffected
by the condition of the battery, and the
clock may be run equally well by a new
or fresh battery or one which is nearly ex-
hausted. ‘

To this end I employ a circuit controller
or contact-making device, which is movable
with the pendulum and bhas provision for

‘governing the duration of closure of the

circuit by the amplitude of the pendulum,
so that while the pendulum swings in a sub-
stantially small arc a relatively long clo-
sure of the. circuit is obtained, and when
the pendulum swings in a materially longer
arc, a plurality of relatively shorter clo-
sures of the circuit are obtained, with the
result, that’in the latter case the amplitude
of the pendulum is quicklv shortened and
restored to the length desired.

The contact-making device for effecting
the above result, may and preferably will
be provided as in the contact-making device
of the patent referred to, with a globule of
liquid, preferably mercury, which is ar-
ranged to move freely on a roughened or
non-adhesive pathway, and which codper-
ates in accordance with the present inven-
tion with electrodes, which extend toward
each other from opposite ends of said paths
way and are separated at their inner ends
by a distance slightly less than the length
of the mercury globule, so that during each
oscillation of the pendulum, the. circuit may

be closed between the electrodes by the mer-
cury globule which forms the movable mem-
ber of the circuit controller.

‘The pathway is provided at its ends with .

devices forming complete reflecting surfaces,

and preferably also with one or more par- .
tial or auxiliary reflecting surfaces, one of:

which latter may be one of the electrodes,
as will be described.

The mercury globule is movable in a
metal casing, which forms the pathway and
may be provided on its inner surface with

a substantially fine screw-thread, and the

end walls or heads of the casing may be
provided with concentric circles to form
roughened surfaces. The casing referred to,
is preferably substantially freed from air
and is inclosed in a sealed vacuum chamber
or outside casing, preferably of glass,
through the ends of which the electrodes
are extended. : :

These and other features of this invention
will be pointed out in the claims at the end
of this specification,

Figure 1 represents a sufficient portion
of the pendulum of an electrically driven
clock provided with a circuit controller or
contact-making device embodying this in-
vention, : :

Fig. 2, a diagrammatic representation
illustrating the operation of the circuit con-
troller when the pendulum is swung through
a relatively small are. )

Fig. 8 is a curve representing the small
amplitudes of the pendulum and the long
closures of the circuit. ’ )

Fig. 4, a diagrammatic representation
illustrating the operation of the circuit con-

~troller when the amplitude of the pendulum

is relatively large, and

Fig. 5, is a curve representing the long
amplitudes of the pendulum and the short
closures of the circuit, R

Referring to Fig. 1, 10 represents the
pendulum of an electrically driven clock,
which may be substantially such as is shown
and described in the patent above re-

_ferred to.

The pendulum 10 has fastened to it to
move therewith a clamping device 12, with-
in which is firmly held a sealed glass ves-
sel 13 containing a steel tube or casing 14,
which is roughened on its inside, preferably
by cutting therein a fine screw-thread 15.

The casing 14 is provided with remov-
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able heads or end walls 16, 17, which are

- roughened on their inner faces, preferably

10

by concentric circles 18, and said heads are
fitted air-tight into said casing. Passing
through the heads 16, 17, are electrodes 20,

.21, which are insulated therefrom by sleeves

22, 23, of insulating material,
In the present i.nstance the electrode 20 is
wmade of larger diameter than the electrode

‘21 to impart to the former the function of

- a partial or auxiliary reflecting surface as-
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sociated with the head 16, and projecting
from the head 17 is a short pin 25, which
forms a partial or auxiliary reflectirig sur-
face associated with. the head 17. - The
heads 16, 17, serve as main or total reflect-
ing surfaces. ‘
preferably very fine so as to enable it to
penetrate the surface of the mercury glob-

ule 26. The partial reflector 25 may and-

preferably will be about .050 inch long and

The electrode 21 is made-

‘represented in position No. 7 in Fig.
0

1,334,422

as represented in positions Nos. 6, 7 and 8
in Fig. 2, but passing slightly beyond as
4, will.
soon result in a_double contact for each

swing of the pendulum, one contact taking 70

'glace when the pendulum reaches position

v

about -.025 inch in diameter, and the elec- .

trode 20 may aad preferably will be about
.015 inch in diameter, | . '
The tube 14 is provided with a very fine
vent opening 27 to permit air to be ex-
hausted from the said tube when the glass
casing 13 is exhausted and sealed. :
The operation of the apparatus may be
briefly described as follows: When the
pendulum is swinging through a substan-
tially small arc as-represented in Fig. 2,
the mercury globule 26, which constitutes
the movable member of ‘the circuit con-
troller, will travel or oscillate between the
end of the auxiliary reflector 25 and the end
of the auxiliary reflector and electrode 20.
In so doing the electrodes 20, 21, will be
connected by the globule 26 and the circuit
completed once during each complete swing

of the pendulum while the latter is mov-

ing from the position No. 6 in Fig. 2 to
position No. 1, and the current impulse so
created may be utilized to. drive the pendu-
lum by any suitable means, such as de-
scribed in-the patent rveferred to.”

These impulses are timed so as to have a
strong driving effect and tend to increase

the swing of the pendulum. - As the swing

increases, the globule 26 in its movement
toward the partial reflector 25 will pass be-
yond the end thereof and strike against the
face of the head 17, which is a total re-

Aflector.

As the swing of the pendulum increases
further, the globule 26 in its movement in
the opposite direction, will strike with
greater violence against the end of the elec-
trode 20 and eventually the surface of the
globule 26 will be penetrated by the elec-
trode 20, as represented in position No. 7,
Fig. 4, and partial reflection will take place,

The right hand travel of the globule 26,
represented in Fig. 2, by positions Nos, 6, 7,
8 and 1, no longer terminates at electrode 20

o. 6, Fig. 4, before the pendulum reaches
its extreme outward position represented by
No. 7, and the other taking place on the
beginning of the swing of the pendulum in
the opposite direction as represented in posi-
tion EIO. 8, Fig. 4. It will thus be seen that
on the swing of the pendulum from its ex-
treme right hand position, represented in
Position 0. 8 in Fig. 4, to its extreme left
hand position, represented in position No.
7 in Fig. 4, the circuit is completed by the
globule 26 contacting with both electrodes
20, 21, as represented in position No. 6, Fig.
4; is broken at the extreme position No.
and again completed in position No. 8.

The duration of the period of open circuit
between the two closures will depend upon
the amplitude of the globule 26 and conse-
quently upon the amplitude of the pen-
dulum. Tt is a fact that when the ampli-
tude of the globule 26 is sufficient to cause
the double closure of the circuit at each com-
plete swing of the pendulum, any further
Increase in amplitude will very greatly re-
duce the effectiveness of the driving im-
pulses. - The reason for this becomes appar-
ent by a comparison of Figs. 2 and 3 with
TFigs. 4 and 5.

y reference to Figs. 2 and 3, it will be
observed that the duration of contact of
the glohule 26 with the electrodes 20, 21, is
longer and the phase angle with respect to
the pendulum more effective in Figs. 2 and
3, where the amplitude is small, than in 105
Figs. 4 and 5, where the amplitude is large
and double. contacts are occurring. In Fig.
3, the long closures are represented by the
lines 30, whereas in Fig. 5, the short clo-
sures are represented by the lines 31.

The long closure represented by the lines
30 in Fig. 3, occurs on each complete swing
of the pendulum in a short arc, while the
latter is passing from position No. 6 through
Nos. 7 and 8 to Nc. 1, whereas the short 115
closures with the break in the circuit be-
tween them, represented by the short lines
31 and the space between them in Fig. 5,
occur on each complete swing of the pen-
dulum in a materially longer are, while the 120
pendulum is passing from position No. 6
through No. 7 and to No. 8 in Fig. 4.

In practice it has been found that the
proper distance apart of the reflecting sur-
faces varies somewhat with the period of the 125
swing of the pendulum, with the vertical
height of the contact-maker on the pen-
dulum rod, with the size of the globule, and
with the character of the reflecting sur-
faces.
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The longer the pendulum in general, the
longer may be the free path of travel for
the globule. With a pendulum eight inches
long, having a contact-maker mounted
about five inches below the point of sus-
pension, good results have been obtained
with a mercury globule three-eighths of an

inch long, which has a free path of five--

sixteenths of an inch between the main or
principal reflecting surfaces. ,

The auxiliary or partial reflecting sur-
faces at the ends of the free path of the
globule serve the purposer as above de-
scribed, of accurately controlling the ampli-
ture or swing of the pendulum, and they
are of such nature that they will not pene-
trate the surface of the globule 26 if the
Iatter has a low velocity, but will penetrate
the surface and consequently not reflect the
globule abruptly, if the velocity is higher.
In practice, it has been found -that the
proper degree of partial rveflection is ob-
tained by the end of a steel wire between
010 and .040 of an inch in diameter under
the condition above mentioned, but it is not
desired to limit the invention to the par-
ticular dimensions herein specified.

I have herein shown one of the partial
reflectors as an electrode, but it is not desired
to limit the invention in this respect.

Furthermore, it has been found that with
the circuit controller ov contact-making de-
vice above described, the swing of a free
pendulum may be maintained at almost ex-
actly the same amplitude, although the
strength of the driving current may be

varied one thousand per cent. and there--

fore such a pendulum is practically inde-
pendent of the stvength of the battery em-

‘ployed to run the clock, and the latter may

be run equally well by a new battery or one
which is nearly exhausted. One construc-
tion of apparatus which embodies the in-
vention and may be preferred is herein
shown, but it is not desired to limit the in-
vention to the - particular construction
shown., ] ‘

From the above description, it will be ob-
served that with the apparatus herein shown,
the circuit is closed one or more times on each
swing of the pendulum.

Claims: :

1. A contact maker adapted te be mount-
ed on the pendulum of an electrically driven
clock, comprising a container having a path-
way therein, a mass of conducting material
freelv movable thereover and arranged to
close an electric circuit when in a predeter-
mined position thereon, and partially re-
flecting surfaces disposed along said path-
way and proporéioned to reflect said mags
until the oscillations of said pendulum ex-
ceed a predetermined amplitude.

2. An electrically driven pendulum, a

contact-maler therefor movable therewith .

8

and provided with electrodes spaced apart
and an intermediate movable member which
makes single contacts with said electrodes
for each complete oscillation of the pendu-
lum when the amplitude of swing of the
pendulum is small, and double contacts sep-

arated by a time-interval for each complete

vibration of the pendulum when the ampli-
tude of swing of the pendulum is greater.

3. A contact-maker for an electrically
driven pendulum consisting of an internally
roughened - tube, a mass of mercury con-
tained therein, ends for the tube to prevent
the escape of mercury, electrodes projecting
toward each other fromn both ends of the
tube but insulated therefrom, separated by
a space less than the length of the mass of
nereury, both of said electrodes being so
small as to penetrate through the surface of
the mercury when the pendulum is swing-
ing through a wide amplitude, but one of
which electrodes is so large as to fail to
penetrate the surface of the mercury when
the amplitude of swing of the pendulum is
small. \

4, A contact-maker for an electrically
driven pendulum consisting of a mass of
mercury mounted upon a pathway, means
to prevent adhesion between the mercury
and the pathway, obstacles to limit the path
of travel of the mercury on the pathway to
a certain extent when the swing of the pen-
dulun is small, but to permit an increasing
travel of the mercury when the swing is
greater, and electrodes projecting into the
path of travel of the mercury which ave
bridged by the mercury once during each
complete oscillation of the pendulum under
the former condition, and twice during each
complete oscillation of the pendulum under
the latter condition.

5. The - combination with an electrically
duiven clock provided with an oscillating
pendulum, of a circuib controller movable
with said pendulum, means energized by the
current from said controller for influencing
the amplitude of -the pendulum oscillations,
and current governing mechanism in said
controller responsive to the amplitude of said
oscillations for proportioning the

of the current supplied to said means so as

to keep said amplitude substantially con-

stant. )
6. A circuit controller of the character

described, comprising a casing provided with 1

heads, electrodes supported by said heads

“and extended toward each other, a contact

member movable in said casing and codp-
erating with said electrodes to electrically

conneet them, and a substantially short re- |

fecting surface extended from one of said
heads and cobperating with said movable
contact member,

7. A circuit controller of the character
described, comprising a casing provided with

strength. -
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‘heads, electrodes of different diameters sup-
ported by said heads and extended toward

- each other, a contact member movable in

said casing and codperating with said elec-
trodes to electrically connect them, and a
substantially short reflecting surface extend-

* ed from the head carrymg the electrode of

smaller diameter and codperating with said

movable contact member.

10

8. A circuit controller of ‘the character

* described, comprising a casing having heads,
) electrodes extended from said heads toward

15

each other within said casing, and a contact
member -movable in said and codp-
erating with said electrodes to electrically
connect them and to electrically disconnect
said electrodes by movement of the contact

member away from and out of contact with

. one electrode under one condition and away

20

from and out of contact with the other elec-
trode under another condition.

‘9., A circuit controller of the character
described, comprising a casing having heads,
eled,rodes of different thickness extended
from said heads toward each other within
said casing, and a contact member of a ma-

1,334,423

terial capable of being: penetrated by said

electrodes and movable in said casing and .

coOperating with said electrodes to electri-
cally connect them and to be more readily
penetrated by the electrode of less thickness.

10. The combination with an electrically
driven clock provided with an oscillating
pendulum, of a circuit controller movable
with said pendulum and provided with elec-
trodes spaced apart and with a movable

‘member located between said electrodes and

codperating therewith to electrically connect
them. and bodily movable in opposite direc-
tions to electrically disconnect said elec-
trodes by movement of the said movable
member away from and out of contact with
one electrode under one condition and away
from and out of contact with the other
electrode under another condition, to give
one or more closures of the circuit in which
the controller is included by the ampli-
tude of the pendulum.

In testimony whereof, I have signed my
name to tlns speclﬁca,txon

HENRY E. WARREN.
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