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To all whom it may concerw:

Be it known that I, CHARLES LEIGH
CLARKE, of Manchester, in the county of
Launcaster, Great Britain, have invented cer-

5 tain Improvements in Rlectric Generators or
Spark-Producing Apparatus, (for which Let-
ters Patent of Great Britain were granted me
December 31, A. D. 1883, No. 5,992,)ot which
the following is a specification.

This invention relates to and constitutes an
improved electric generator or sounrce of elec-
tricity of that class sometimes denominated
¢ convection-induction machines,”’” wherein a
small initial charge of electricity is,by the en-
15 ergy consumed by the rotation of the machine

and the combined operations of induction and

conveetion, increased to an indefinite extent,

and manifested by disruptive discharges be-

tween two insulated electrodes or terminals in
20 the form of sparks.

On July 12,1884, I filed an application for
Letters Patent for an improved apparatus for
electrical gas-lighting, said application em-
bodying the subject-matter of my present spec-

25 ification, and deseribing and claiming it spe-
cifically, as well as combined for use as a gas-
lighting apparatus. Upon the requirement of
the Patent Office the said application has been
divided, and my present application. consti-

3o tutes the second division thereof, comprising
the details of the generator.

My object is to provide a generator or source
of electricity, which,with a minimum expend-
iture of power, and which, though of com-

35 paratively small size, shall be able to develop
electricity of high potential in considerable
quantities and to produce sparks by the trans-
mission of suech. electricity between -points at
any reasonable distance from the location of

40 said generator, so that such sparks may be
utilized for lighting inflammable gases or
vapors, and for various other purposes—such,
for instance, as the firing of explosive charges
in mining or blasting operations, for torpedo

45 or artillery work, or for cigar-lighting appa-
ratus. ]

In machines operating upon the principle
to which I have hereinbefore referred an elec-

10

RN

: trified body is made to act inductively upon

a movable system of conductorsin such a way 50
as to produce a practically continuous gener-
ation of electricity, which is discharged be-
tween the extremities or points of the con-
ducting-wires, which may be of any desired
length within, of course, reasonable iimits. 55
By utilizing such a sonree of high tension I
have experimentally demonstrated that I am
enabled to dispense, for the applications of
clectricity above enumerated and for others
affiliated thereto, with the usual costly and 6o
unenduring concomitants of electrical gas-
lighting—i. e., a voltaic battery, induction-
coil,and cireuit-breaker, which have hereto-
fore been indispensable.

In the annexed drawings, Figare lisa ver- 65
tical section of a portable gas-igniting appa-
ratus embodying and energized by the gener-
ator forming my inveution. TFig. 2 is across-
sectional plan view on the line « «, looking
down. Tig. 3 is a cross-sectionn on the line b 75
b, looking up; Fig. 4, a cross-section on the
line ¢ ¢, looking down. Fig. 5 is a cross-sec-
tion on the line d d, looking down. Fig. 6 is
a cross-section on the line ¢ ¢, looking up, all
of the said cross-sections referring to Fig. 1.
TFig. 7 is a diagrammatic view,on Mercator’s
projection,of the electrical connections of iy
improved generator. »

The gas-igniting apparatus shown in the
drawings comprises four separate compart- 8o
ments—namely, the induction-generative ap-
paratus and its actnating meechanism, each in
its own- chamber or compartment, the light-
ing-tube containing the condueting-wires and
operative points, and a cell charged with sonie 85
moisture-absorbing substance. :

In the present case it is only necessary to
consider the generator proper and its motor
mechanism, merely remarking with respect to
the lighting-tube that it contains two conduect- go
ing-wires insulated from one another, which
terminate at or near the end of the tube.

Should the generator be employed for other
purposes, or for gas-lighting where the point
of action is at a distance, the lighting-tube g5
shown would of course by superseded by wires
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of desired length suitably insnlated and
branched to the several required points in a
manner well understood.

The drying-chamber may or may not be
used, acecording to cirenmstances. Ordinaril Y,
it is not essential, although in loecalities of
humid climate it forms an important adjunet
to gas-lighting apparatus. When the genera-
tor is employed under other conditions, where
portability is not as esseutial, it can usually
be kept in a dry room.

The electrostatic or convective inductive
generating apparatus whieh constitutes the
invention is somewhat difficnlt to delineate
by ordinary drawings, and T have therefore
endeavored to indicate the electrical connec-
tions by the diagram Fig. 7, in which the eyl-
inders are supposed to be split open and rolled
out flat.

The machine is based partly upon Varley’s
electrostatic machine and partly upon the
mousemill of Sir William Thomson. It con-
sists of a hollow cylinder of non-condueting
material—such as vuleanite—mounted deli-
:ately upon pivots or journals within a similar
cylinder, and adapted by proper mechanism
to rotate rapidly therein.

In the drawings, A is the outside valeanite-
cylinder, which also constitutes the external

sasing, and which is inclosed at one end by a
partition, », of like material, through which
the terminal wires leading out extend, ter-
ninating, as shown in the drawings, in con-
tact-springs p"and p*. It is obvions, however,
that for many purposes these springs might
profitably be replaced by binding-serews or
other wire-attaching-devices. The wall of the
cylinder A extends upward a little above the
cover, and is in the illustration threaded for
the attachment of the onter cover, g, and the
lighting-tube K. Two armatures or inductors,
o and o', of thin metal foil, are fastened to the
internal surface of the cylinder opposite one
another, each equaling in width about one-
third of the internal circumference of the eyl-
inder.  Six contact-springs, each consisting of
a wire bent to a cireular form at its free cx-
tremity, are permanently attached at one end
to the closed end of the outer cylinder, A.
These are arranged in three pairs, {, ¥, and &
Thesprings I at their fixed ends are fastened to
the opposite ends of a light metal bar, m,
which 1s let into the cover p of the cylinder,
so that from the free end of one of the springs
! to the free end of the other there is a con-
tinuous conducting-path. The springs I’ at
their fixed ends are permanently united to the
electrode contact-springs »” and »* and pro-
vide the route for the escape or neutralization
of the electricity. The springs ¥ are each con-

nected to the projecting end or terminal of one
ol the indnetor-armatures o and ¢'.

The inner hollow cylinder, H, hasan axis, a,
extending through it from one end to the
other, terminating at both ends in an arbor
or journal by which the eylinder is rotatable
in suitable fixed bearings, the upper bearing

being the center of the metal barm, while the
lower isin the lower cover, b, of the metal mo-
tive-mechanism ease, which I shall hereinafter
deseribe. The cylinder I is provided with
six metal foil carriers or conduetors, m’ mt m* '
m® m®, each carrier being a strip of foil extend-
ing nearly the whole length of the eylinder,

and having a width of about three-cighths of

an ineh, (the drawing being of actual work-

. ing size.)

L may observe here that T do not limit my-
self to any specific size or dimension, as for
some purposes it may be necessary to con-
struet machines of ditferent sizes. Provided
the proportions indicated in the drawings
are maintained, size is immaterial.

If desired, the carriers may be supported on
disks at each end. They are, iowever, pre-
ferably cemented to the interior surface of the
cylinder, and terminate at the lower end in a
series of metal buttons or studs, 2, whieh pro-
ject for a short distance into the cylinder
through the tlange of the rubber base-plate.
The carriers have no electrical connection with
one another or with the electrodes or in-
ductors o o', except by means of the carved
ends » of the contact-springs /, which by the
rotation of the inuer eylinder are brought into
Suceessive coutuet with the carrier-buttons .
When the cylinder H is revolved, each carrier
isthusbroughtintosnecessive contact, throngh
the contact-springs I, with the armatures, the
electrode-wires, and the short-circuiting bar
n. The shaft or axis «, passing through the
inner cylinder, H, is insulated from contact
with any conducting-surface by the sleeye «,
whicl protects it from eontact, exeept at its
ends, one of which is centered in the metal
bar »/; while the other end is also ab its bene-
ing in contact with the metal work of the
acbnating mechanism.

The lighting-tube I and the wires and
electrodes contained therein and attached
thercto constitute, bractically, a continuation
of the inductive apparatus.” Since I have in
a separate application described the arrange-
ment of said lighting tube, wires, and e¢lee-
trodes, it is not necessary that I should do
more than refer to them here. The wires
when brought to the proper length terminate
in metal points between which sparks freely
pass when the machine is in operation. The
said lighting-tube or any suitable cquivalent
therefor serews into the metal cover 2, which
in turn serews onto the outer vuleanite cyl-
inder, A.

I will now describe theactuating mechanism
of the induction-generator, which, in the pres-
ent instanee, is separately inclosed in a metal
compartment, B, this being screwed to the
cylinder A, and also to the drying-chamber G,
forming a connecting-link befween them.

If the generator is desired for use as o port-
able gas-lighter, the small actuating mechan-
ism, whereby slight power is enabled to ro-
tate the working-cylinder, is a necessity, and
is inclosed in the handle of the instrument,
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Tt is in such circumstances so vital that it

must be regarded as an integral feature of my
invention. When, however, the machine is
made on a larger scale, power {rom any ex-
ternal source may of course profitably be em-
ployed, the only change requisite being the
absence of the small motor niechanism and
the substitution of a pulley of convenient size
for the pinion «’. In addition to the parts
shown in Fig. 1the mechanism of the portable
actuating device is also illustrated by IFigs. b
and 6. The spindle or axisa of the inner eyl-
inder, as hereinbefore stated, passes through
the chamber B, passing loosely through the
upper partition, I, and ecentering at its lower
end in the lower plate, b. A pinion, ¢, i8
fixed to the spindle «, as shown in Fig. 6.
This pinion i engaged by the spur-wheel ¢,
and a second pinion, ¢, on the arbor & of the
spur-wheel, gears with the rack g, carried on
the movable frame d, this frame being at-
tached to and actuated by the push-button e,
the shank of which, ¢, passes through a hole
in the casing B. The part ¢ at the interior
surface of the hole is or may be fitted with a
valve-seating, so that when the button is re-
tracted the wholeisair-tight. Thespur-wheel
works loose on the arbor £, and is maintained
in mechanical connection with the said arbor
and pinion ¢ when the button ¢ and movable

rack-frame d are being pushed inwardly by.

the ratchet and pawl?’. When, however, the
pressure is removed from the push-button e,
the said button and its spindle are retracted
by thespiral springs s, which are fastened to
a-fixed joint, j, on the interior peripheral sur-
tace of the metal casing B.  When soretracted
the pawl slides backward over the ratchet-
teeth, so that all backward movement of the
cylinder II is prevented. The inner cylinder
of the induction-machine is by this actnating
mechanism rapidly revolved at the requisite
speed by simple pressure of the thumb upon
the button ¢, which, as soon as the pressure is
removed, is automatically refracted by the
reaction of thesprings s. When the generator
is employed, as shown in the drawings, as a
portable gas-igniting apparatus, a drying-cel],
C, is an important adjunct, which in moist or
damp localities may be filled with some porous
fabrie impregnated with chloride of calcinm
or othersimilarabsorbing or drying substance;
and, whenever necessary, such a chamber may
be attached to the end of the generator as a
drying-compartment. An alternative meth-
od, well known in the use of scientific appa-
ratus, is to provide a vessel of strong sul-
phari¢ acid, which is placed within or near
the generating - cylinder or an extension
thereof:

Having now described the construaction of
the apparatus, Iwill now deseribe the method
in which it operates:

When the instrament is to be used, the but-
ton ¢ is to be pressed by the thumb or fingers,
while at the same time the eiectrodes of the
end of the lighting-tube are directed to the

point where the gas, vapor, or other inflam-
mable element or compound is to be ignited.
The actuating mechanism is thus caused to ro-
tate the cylinder I rapidly, and electricity is
developed in the following manper: The in-
ductors orarmatures o and o’ may be regarded
as having always a somewhat different poten-
tial, so that one practically has a slight posi-
tive and the other a small negative charge.
It is in fact found to be difficult, if not impos-
sible, to reduce them to the same potential,
and as the smallest conceivable charge on one
induetor of the machine is sufficient to excite
it, after a few revoclutions of the inner eylin-
der the inductors and carriers become highly
charged and discharge themselves by means
of theelectrodes. Althoughitis, asexplained,
very difficnlt and alinost impossible to dis-
charge the apparatus totally, it is conceivable
that such a condition may occur in conse-
quence of protracted exposure to a damp at-
mosphere or from other causes. If it is at
any time found that the instrument is dis-

.charged, it may readily be re-excited by sim-

ply rubbing the outside case orouter eylinder
(which, as hereinbefore indicated, is made of
vuleanite, ebonite, or some similar dielectric)
with a silk cloth or a similar fabrie. Refer-
ring now to the diagram Iig. 10, we may as-
sume, therefore, the armature or inductor o to
have a small initial charge of electricity-—say
positive. The eylinder H, carrying on its in-
terior surface the foil carriers m/, m? &e., is
supposed to be revolving in the direction of
the arrow. The inductor o will induce a nega-
tive charge through the substance of the re-
volving cylinder in the carrvier m* as the said
carrier rotates past the contact-spring I. The
carrier makes monmentary contact with the
round head rof the said spring, and the posi-
tive electricity flows, by way of the contact-
spring 7, metal bar m, and coinplementary
springlontheothersideofsaid bar,totheoppo-
site carrier, m’, charging it positively. Since
the metal bar m isalso in contact (through the
Jjournal and arbor of the eylinder, the actuat-
ing mechanism, and the fingers of the operator)
with the earth, it may also besaid that a por-
tion of the original positive charge of the
carrier m’ flows to earth. The negative charge
left on the carrier m* is by the continued ro-
tation of the cylinder H conveyed onward
until the next contact-spring,Z, is reached, and
the round end # of that spring, impinging on
the carrier, conducts the said charge away to
thesecond inductor,o’,augmenting the original
negative charge and leaving the carrvier m? al-
most neutral. As the said carrier continues
to rotate past the inductor o', a positive charge
is induced in it, due to the negative charge of
thesaid inductor, and what negative electricity
there is remaining flows off by the second con-
tact-spring I, which by this time is reached.
Still passing on, the positive charge in m’ is
broughtround to thefirstinductor, o,and as the
carrier makes contact with the round end r of
the spring #’ thesaid chargeistransferred to the
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inductor, augmenting the original positive
charge existing therein. When the same car-
rier, w', again passes the first spring of the ‘pair
I, it receives, by induction from the inductor 0,
through the substance of the cylinder H, a
greater negative charge than before, which
again is carried on o augment the negative
charge in the inductoro,this inducing a strong
positive charge in the carrier m® as it passes
that inductor, which charge is for the second
time added to that in the first inductor, o.
Bach turn thus augments the charge on both
inductors in o constantly - increasing ratio,
and the only limit to the charge which can
thus be accumulated on the inductors is that
determined by the third pair of contact-
springs, 7, leading to the wires which pass
through thelighting-tube and endin the spark-
ing-points %’ and &*; and when the difference
of potential between the inductor becomes
sufficiently great the electricity, instead of
continuing to accumulate upon the inductors,
augmenting their charges, is delivered by the
carrier to the contact-spring 7, and passing
up the wires & and ' recombines in the form
of sparks, which pass in a continuous supply
between the points Z° and L. |

A condenser, ¢, may, if preferred, be con-
nected between the wires leading from the
springs I, and under certain conditions may
aid in the effectiveness of the sparks.

I have merely described the operation of
cne of the carriers; but it isvery evident that
the same succession of electrical changes is
continnally occurring in all of them, the whole
working harmoniously together, first, to ex-
site the inductors to their maximum capac-
ity,and then to conducet the surplus clectricity
by way of the sparking-points, o

It is evident that the arrangement which T
have described may be reversed, the indue-
tors being placed on the inner revolving eyl-
inder and the earriers on the outer cyﬁndér,
without departing from my invention. It is
also evident that the details of the actnating
mechanism may be greatly varied without de.
parting from the spirvit of myinvention, since
that I have shown and described is particu-
larly adapted to apparatus of portable size.

By my invention I am enabled to construct
aspark-producing electrical generator of great
efficiency, cleanliness, and durability, which
is also characterized by extreme comparative
lightness and by absolute freedom from mnox-
ious or corrosive acids or chemicals.

I make no claim herein to the combination
of my electrostatic induction generator with
other instrumentalities in the form of a gas-
igniting apparatus, as I have claimed such a
combination in a separate application for Let-
ters Patent filed July 12, 1884, Serial No.
137,615; neither do I broadly claim the con-
struetion of a convection-induetion generator
of electricity,assuch machines, broadiy speak-

324,010

ing, are not new, the Holtz machinc being a
well-known type; but

What I do claim, and desire to secure by
Letters Patent, is—

1. A convection-induction machine or elee-
trostatic inductive generating device con-
straeted ina eylindrical form and comprising
an outer cylinder of ebonite or similar mute-

rial, supporting armatures or inductors of

metal foil, an inner ¢ylinder of like material
supported on pivots or journals, and adapted
to rotate within the onter eylinder, and sup-
borting carriers of .metal foil, contact-springs
mechanically attached to the outer cylinder
and extending within the inner cylinder, so as
to make contact successively with the carriers
when said inner cylinder is rotated, whereby
the electrieal charges induced on said carriers
are redistributed, and leading-out wires or
electrodes electrically connected with two of
the said contact-springs and serving as termi-
nals of the generator, substantially as herein-
before described.

2. An eclectrostatic inductive geuerating
apparatus constructed in eylindrical forn,
and eomprising an outer eylinder of hard rub-
ber, or similar material, supporting on its in-
terior surface armatures orinductors of metal
foil, an inner eylinder of like material sup-
porting carriers of metal foil and adapted
to rotate within the onter eylinder, countact-
springs whereby the charges induced upon
the said carriersare redistribnted, and means,
as indicated, whereby the said inner cylinder
1ay be rotated with reference to the ouier,
sabstantially as deseribed.

3. In anclectrostatic machine substantially
of the character described herein, the inclos-
ing-case of ebonite, vuleanite, or like diclec-
trie, supporting on its inner surface the in-
ductive armatures of said machine,and adapt-
ed when rubbed on its external surface to re-
excite the said machine should it become dis-
charged.

4. The combination, with the hereinbefore-
described electrostatic gencrator, comprising
two concentric cylinders, one of which is
adapted to be rotated within the other, of the
mechanism for revolving the internal cylin-
der, consisting of a rack actnated by a push-
button from the outside of the outer cylinder
and reacted upon by springs, together with ac-
celerating gear, and a ratehet and pawl, sub-
stantially as and for the purposes specified.

In testimony whereof I havesigned my name
to this specification, in the presence of two
subscribing witnesses, this 18th day of Novem-
ber, 1884,

CHARLES LEIGIH CLARKE.

Witnesses: )

ARTHUR . HALL,
ALBERT 1. HALL.
O Mount Manchester.
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