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UNITED STATES PATENT OFFICE. 

THOMAS B. KINRAIDE, OF BOSTON, MASSACHUSETTS, 

INDUCTION APPARATUS. 

SPECIFICATION forming part of Letters Patent No. 623,316, dated April 18, 1899. 
Application filed May 5, 1898, Serial No. 679,799. (No model.) 

To ?tilt, 7th O7), it notif conce77. 
Be it known that I, THOMAS B. KINRAIDE, 

of Boston, county of Suffolk, State of Massa 
chusetts, have invented an Improvement in 
Induction Apparatus, of which the following 
description, in connection with the accompa 
nying drawings, is a specification, like letters 
on the drawings representing like parts. 
My invention is an improved induction ap 

paratus Whereby discharges are made possi 
ble of greater efficiency, as will more fully ap 
pear in the course of the following description. 

I will describe the details of my invention 
with reference to the accompanying drawings, 
which illustrate a preferred form of the appa 
ratus. 

In the drawings, Figure 1 is a view, partly 
diagrammatic and partly in section and plan, 
illustrating the arrangement of the system 
according to my invention. Fig. 2 is a top 
plan view of the break. Fig. 3 is a front ele 
vation thereof, parts being broken away to 
show the detailed construction. Fig. 4 is a 
view similar to Fig. 2, showing a modified 
form thereof. Fig. 5 is a top plan view of my 
improved spark-gap. Fig. 6 shows the spark 
gap in elevation. 

IIeretofore there has always been a consid 
erable amount of Waste energy in systems for 
developing high potential, and also there has 
been an ever-present danger of breaking down 
and destroying the apparatus by its own out 
put, and accordingly it has been my present 
aim to provide a system in which all the in 
crease of potential which may be developed 
shall be delivered for use for the translating 
devices and in which the apparatus is self 
containing and practically indestructible. 

Let A designate a dynamo, battery, or any 
other suitable source of electrical energy. 
From the dynamo the current passes by con 
ductors C. C. to an inductance device B, each 
conductor Ct. a' having its own coil b b', said 
coils being preferably insulated from each 
other, as indicated at 0°, and surrounded by a 
laminated coreb. Each coilbis wound trans 
versely back and forth until the opposite ter 
minals l to reach the center and are thence 
carried to the opposite ends of a condenser C, 
a break D being interposed and connected to 
the main conductors to latly') and the dis 
charge from the condenser being received by 

a translating device (herein shown 

out impedance. 
broken the lines of force fall back toward the 

as a spe 
cial induction-coil E) by means of an auto 
matic spark-gap G. 
Each one of the details of apparatus above 

enumerated as constituting my system is of 
special construction and peculiar effect in 
the system, whereby it becomes possible to 
discharge currents of considerable strength 
with great velocity through the primary of 
the coil E, the discharge across the spark-gap 
being of very great amperage and exceed 
ingly short and sharp Oscillations. 

Referring now to the inductance device B, 
I will explain that the object of this device 
is to raise the potential of the current and 
cause all this increase of potential to pass to 
the condenser, preventing any of it from dis 
charging through the dynamo. 
By my device the total potential is deliv 

ered only from the forward end of the wire or 
the one toward the condenser, and also there 
is only one end of the coil which has high po 
tential. This is because the lines of mag 
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75 
netic force occasioned by the flow of the elec 
tric current, which during said flow are radi 
ated from the core or field b, fall from the 
center across all the turns of Wile into the 
periphery as the circuit is interrupted, and 
hence maintain a region of constant magnetic 
intensity at the periphery, effectually check 
ing all rise of potential at that end, but leav 
ing the opposite or outgoing end free from 
the presence of the lines of magnetic force as 
soon as the break occurs, and therefore with 

As soon as the current is 

iron core and leave the central portion of the 
coil free from the restraining influence of 
these lines of force, said lines cutting across 
the successive turns of wire, the coil being 
left free to permit the induced current of in 
creased potential to flow toward the center of 
the coils or toward that point which has no 
magnetic field whatever to choke back the 
current, thereby permitting the latter to rush 
out unconfined and unrestrained toward its 
natural outlet; but as the lines of the mag 
netic field are constantly maintained with 
maximum impedance at the periphery of the 
coil and remain surrounding the peripheral 
turns until the very last moment of the fall 
due to the break in the circuit their presence 
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there prohibits any possibility of manifesta 
tion of the rise of the potential in the current 
at that end of the coil, so that all the increase 
of potential in the whole coil is obliged to find 
all outlet from the center, and the ease of out 
flow from this outlet increases as the lines of 
force fall away from the center, thereby re 
moving their restraining and impeding influ 
ence therefrom. This will be clear by bear 
ing in lmind the action which takes place in 
what is commonly called a “choke-coil 
i. e., a winding about an iron core, said wind 
ing being in a spiral from one end of the iron 
to the other. In such a coil it is obvious that 
when a current passes the lines of force rise 
equally along the extent of the entire coil 
and that when the current is broken the lines 
of force fall directly in, perpendicular to the 
core, thereby, cutting each turn of the spiral 
equally and at the same time, thereby pro 
ducing high pressure at both ends of the 
choke-coil, the potential being necessarily the 
same at both ends of the wire, because both 
ends are affected by the same conditions of 
falling lines of force. 

In my coil the lines of force do not fall 
equally on all the turns; but there is a mini 
mulm intensity at the center and a maximum 
intensity at the periphery, the latter being 
the point of entrance of the current, so that 
the current due to self-induction is always 
free to be drawn off, as it were, into the con 
denser at one end as fast as it is developed 
and is prevented from departing at the op 
posite end, or, Stated in other words, while 
the current from the dynamo is always free 
to ?low into the coil for having its potential 
raised the said potential must all seek its out 
let at the opposite end of the coil, so that all 
the current of the coil flows therefrom into 
the condensel', whereas in a choke-coil the in 
duced current may be said to ooze out at both 
ends, so that the benefit is not received of all 
that is developed. 

IBy my coil all the lines of force are col 
lected for cutting from the center across the 
(entire coil, whereas in the usual choke-coil 
the lines of force that fall at the center cult 
only the central turns, so that in my coil I 
develop all the potential that is possible to 
be developed. 

I regard it as a new principle to withdraw 
the lines of magnetic force away from that 
portion of the coil from which the current is 
leing drawn and maintain a magnetic field 
at that portion of the coil which receives the 
current. 
Other features of construction to be noted 

in the coil shown in Fig. 1 are that the high 
potential end of the coil is that portion of 
least resistance, because the central turns are 
of course shorter than the peripheral turns. 
The resistance in the coil diminishes as the 
potential increases; also, it will be observed 
that I have given the magnetic core substan 
tially the form of a semicircle in cross-sec 
tion, my reason for this form being that 

thereby the lines of magnetic force are given 
their best radiation or are distributed to the 
best effect on the coil, it being understood 
that these lines leave the iron perpendicular 
to its surface and are gradually bent around 
toward the coil. 

Referring now to the break D, (best shown 
in Figs. 2 and 3,) I journal in a central post 
or bearing d the spindle cl of an iron plate or 
armature d°, having two or more eccentric 
edges d, as clearly shown in Fig. 2, or other 
provision of regions of increasing magnetic 
attraction. Mounted on or otherwise con 
nected to rotate there with are one or more 
small antifriction-rolls d, two being herein 
shown mounted at the opposite ends of a bar 
d, clamped adjustably on the plate d'. These 
rolls or circuit-interrupters are preferably of 
indurated fiber. Mounted to extend into the 
path of the rolls d' is an arm (shown as a wire 
d") carrying a hammer clf to contact with an 
anvil dis on a post d" and limited in its move 
ment by a fiber stop d" on the end of an ad 
justing-screw di. The wire d is carried by 
a hub (l, loose on a pin d and held under 
tension by a spring-coil d', Fig. 3, fastened 
at One end to said hub and at its other end to 
a nut cl, carrying an adjusting or set Screw 
d', so that by loosening the set-screw and 
swinging its handle one way or the other the 
resistance of the al'm d may be varied. Op 
posite the surfaces d I place solenoids or 
electromagnets (li d', operated by taps d' 
from the main circuit entering the Solenoids 
at their inner terminals, so that as the mag 
nets d' d' are energized they attract the 
plate (l, and by the increasing pull exerted 
thereon on account of the eccentric Surfaces 
d they cause the plate to rotate With a speed 
only checked by the striking of the inter 
rupters (li against the end of the aim (l", 
said rolls being placed relatively to the high 
est points of the surfaces (l, So that they 
cut off the current just before said highest 
points get opposite the propelling-magnets, 
thereby permitting the momentum of the 
plate or armature d to carry said highest 
points beyond the magnets sufficiently to pre 
vent the latter exerting any retarding influ 
ence on the rotation of the break. Prefer 
ably I mount the anvil and hammer on a swing 
ing ledge or carrier d, journaled on the post 
d, so that I am enabled to regulate the speed 
of the break simply by swinging the carrier 
clone way or the other. The same effect 
may be obtained by shifting the roll or rolls 
d" on the plate (l, provided they are carried, 
as preferred, on a bar (l, so that they call be 
shifted; but this adjustment cannot of course 
take place while the apparatus is in operation, 
and therefore for instantaneous l'egulation of 
the apparatus and of the system I provide the 
swinging carrier cl. A movement of the car 
rier from right to left in the diagram causes 
the current to be broken before the al'mature 
has reached its point of greatest attraction, 
and as it is moved farther toward the left the 
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pull on the armature exerted by the magnets 
is diminished more and more and the speed 
of rotation of the armature is correspondingly 
reduced, thereby reducing the number of 
breaks and at the same time lengthening the 
time which the circuit of the inductance-coil 
is closed. This is of great importance, be 
cause thereby it results that the degree of 
magnetic saturation of the core or field to 
may be increased up to its highest limit. 
I place the arm or wired slightly tangen 

tial to the armature, as will be seen viewing 
Fig. 2, in order that the rolls d may strike 
the extreme end thereof with least friction, 
Striking out Ward instead of square against 
the end. 
The mains blo, Fig. 1, are connected, as 

stated, to the break by the conductors blo, 
and in order that the condenser may not dis 
charge back through the break I interpose in 
these conductors a resistance, herein shown 
as consisting of a few small turns b. The 
discharge from the condenser will seek the 
path of least resistance, and therefore I inter 
pose just sufficient resistance at b to prevent 
said discharge acting through the break, but 
not enough to render the condenser inoper 
ative. One object of this special break is to 
make it possible to get all the efficiency out 
of the inductance apparatus B that there is. 
This would be impossibe with any usual 
break, for the reason that if a usual break 
Were used, so as to give an equivalent period 
in which the circuit was closed, the brush 
would remain upon the surface of the break, 
tending through the heat or friction engen 
dered to arc upon it, so that the condenser 
could not receive the full charge from the in 
ductance-coil, but a portion would be lost upon 
the break-surface. My break, however, gives 
an absolutely instantaneous break, this break, 
moreover, being of extremely short duration, 
So that in practice I am enabled to leave the 
circuit closed during thirty-five thirty-sixths 
of the period of rotation of the break-arma 
ture, thereby leaving the inductance-coil B 
all of this period in which to raise its poten 
tial. It will be understood that as the point 
of highest saturation of the core is approached 
the discharge into the condenser is much 
greater in volume than if the magnetic flux 
were not complete. 

In my break there is not only no chance for 
it to arc, as there is no surface for it to arc 
over, but the break itself is so exceedingly 
(uick that there is not even a spark at the 
time of break, but there is merely occasion 
ally a residual spark upon the closing of the 
break. Thus I am enabled to avoid entirely 
the considerable loss of energy heretofore con 
sumed by the break, and I am enabled by the 
use of this break, in connection with the spe 
cial inductance-coil B, to clarge the condenser 
With an amperage which has not been possi 
ble in any system heretofore. Also by rea 
Son of the spark-gap G, which I will now de 

3 

scribe, I am enabled to maintain the con 
denser action at the maximum charge and 
without any danger of breaking it down. 

I provide electrodes in the form of opposite 
parallel disks g g', the air-gap between whose 
plane surfaces constitutes the spark-gap, the 
extended area of these electrodes preventing 
the tendency of the condenser to discharge 
until it has reached its maximum charge, and 
also causing the discharge to be exceedingly 
sudden when it does take place and the disks 
not being liable to become unduly heated. 
The spark-gap G constitutes virtually a self 
recuperative or indestructible condenser, as it 
were, the parallel and preferably plane metal 
lic surfaces g g being the discharge-surfaces 
which discharge through or across the inter 
vening air-dielectric. The air-gap is broken 
through when the voltage has exerted a suffi 
cient strain upon the air to rupture it. The 
larger the disks are the farther apart they will 
spark. At each discharge of the condenser a 
small portion of these plates is oxidized, the 
successive discharges producing very thin 
oxidation here and there until the entire Sur 
faces of the two disks are completely oxi 
dized. Referring to Figs. 5 and 6 for the de 

75 

90 

tails of this spark-gap, it will be seen that I 
provide a plurality of posts g, threaded at 
their upper ends and carrying shouldered 
nuts g, on the shoulders of which is placed 
the top disk g', being held accurately on said 
shoulders by a spring g' under a tension-nut 
g", said nut and spring being mounted on the 
reduced end of a central postg', over which 
the plates g g are placed. The opposite plate 
g rests on a support or table g", provided on 
its under side with a plurality of recesses or 
sockets g, herein shown as three in number, 
which receive props or struts g', projecting 
upwardly from the baseg' of the instrument. 
These props g are of precisely equal length, 
so that they support the plate g in absolute 
parallelism to its opposite plate g'. The sup 
port g has depending from its lower side a 

end g of a lever g, pivoted at g to a post 
g on the base. By this provision the most 
delicate adjustment is possible simply by 
swinging the lever g one way or the other, 
so as to incline the struts g” more or less, and 
thereby increase or decrease the distance be 
tween the plates g g', the nuts g being de 
pended upon for the coarser adjustments of 
the plates. - 

I have shown the plates g g as hollow and 
provided with water-circulation pipes g in 
order that they may be absolutely prevented 
from all heating under extraordinary condi 
tions. - 

The induction-coil E comprises a primary 
e of large cross-sectional area, capable of re 
ceiving a considerable amperage, the second 
alry e' being wound on the principle explained 
in connection with the coils b l', so that its 
inner terminal alone has the high-potential 
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discharge, the other terminal having compara 
tively no discharge. I do not herein claim 
this induction-coil, inasmuch as it forms the 
subject of another application and is therein 
claimed; nor will herein further describe the 
details thereof, merely showing this particu 
lar coil for the reason that this is the only coil 
known to me which can be used for ol)taining 
the best results from my system; nor do I 
herein claim the special break device, nor the 
Special spark-gap, inasmuch as these form the 
subjects-matter of other applications, Serial 

and 691,75S, filed September 24, Nos. 691,757 
1S9S, and are therein claimed, and it will ac 
cordingly be understood that while these par 
ticular instruments are preferably employed 
in my system I do not intend to restrict the 
latter thereto, nor otherwise than as expressed 
in the following claims. The conditions that 
are obtained in this system make it possible 
to discharge currents of enormous strength 
With great velocity through the primary, the 
velocity obtained making it possible to raise 
the potential in the Secondary enormously, 
and the said potential being confined to one 
terminal only a resulting discharge is ob 
tained representing the total of the potential 
that otherwise would be manifest at both tel'- 
milials of an ordinary coil. 
The spark-gap G is adjusted to the point of 

discharge of the condenser which it is de 
sired the latter should maintain, and accord 
ingly said condenser is automatically dis 
charged as often as it rises to said point of 
lmaNimum charge, and it can never be ovel'- 
charged, for the reason that the Spark-gap re 
mains unvarying. 
The use of the plates (1 () makes possible 

the sudden discharge of the condenser after 
it has reached the certain predetermined point 
lmentioned, and said discharge is of great vol 
unle Ol' large amperage and of a very sudden 
and abrupt nature, as the current Will not 
break across the Spark-gap until it cannot 
help doing so, and when it does do so the dis 
charge takes place with a minimum heating 
effect, not interfering with the efficiency, with 
very rapid and with very short and sharp os 
cillations, incapable of being obtained be 
tween a ball or point discharge-gap and pro 
ductive of Very great results in the secondary. 
The plates of f' of the gap G are adjusted to 

the potential at which it is desired the con 
denser C shall discharge, and then the break 
D is regulated to give the volume or annper 
age of current which it is desired shall charge 
the condenser, the latter being automatically 
discharged as frequently as its charge reaches 
the predetermined limit to which the spark 
gap has been adjusted. For example, Sup 
posing that the break D is adjusted so as to 
require the inductance device B to operate at 
its saturated point, as before explained. Then 
the number of discharges of the condenser 
across the spark-gap during each fluctuation 
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the break D were operating more l'apidly, and 
hence the rapidity of the discharge from the 
induction-coil E is increased in its efficiency, 
giving more volume of discharge. 

It must be understood that the potential 
that is developed in the induction-coil E is 
not as great when the plates if f' are brought 
near together as it is When they ale fal' apart, 
because in the latter case the condensel 
charge becomes greater necessarily before it 
is discharged. By increasing the length of 
the spark-gap, the speed of the break remain 
ing the same, I get all increase of potential in 
the oscillator G' induction-coil E, and also I 
may obtain the same effect without varying 
the length of Spark-gap by decreasing the 
speed of the break. 
The maximum potential obtainable from 

the induction-coil is When the break is ad 
justed to rotate at a Spoed sufficient to permit 
the saturation of the core land the spark 
gap at G is lengthened so that the condenser 
is allowed to charge to its full capacity. 
The sudden opening of the break-gap wide 

enough so that no discharge may take place 
thereat, but all the charge Seeks a much bet 
ter channel of discharge in the condenser, 
taking place as it does in an exceedingly small 
interval of the period of rotation of the break, 
gives the inductance-coil B volume of dis 
charge such that it may charge the condenser 
a considerable numbel' of times before another 
break takes place; or, to put this in another 
Way, my apparatus enables me to produce a 
charge from the device B of such enormous 
volume that the spark-gap G will be called 
upon to automatically discharge the con 
denser a number of times during the interval 
of one falling of the lines of force in the in 
ductance device B. 

I regard myself as the first to provide an 
induction system capable of automatically 
regulating itself so as to maintain a given 
discharge, and I also believe myself to be the 
first to provide an apparatus capable of main 
taining said condenser-discharge at a given 
ann pelage. 
The frequency by my system is practically 

unlimited, inasmuch as a plurality of induc 
tance devices B may be connected independ 
ently to the break D and condensel C, merely 
being arranged to operate out of step with 
each other, and there will be no danger to the 
condenser, for the 'eason that the Spark-gap 
G will take care of all the charge which may 
be delivered to the condelnser. 

\ly system enables me to use a small con 
denser and yet with enormous efficiency there 
from. 
While I have herein described preferred 

embodiments of my invention, I do not re 
strict myself thereto. For example, the elec 
tromagnets did need not be used; but in 
stead thereof the inductance device 3 may 
be oppositely wound, as indicated in Fig. 1, 

in the coil IB will be many more times than if so that the corel" will be properly located for 
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running the armatured of the break. In this 
case I make the ends of the core b' hemispher 
ical, thereby obtaining the same advantage 
before explained in connection with the simi 
larly-shaped surfaces of the core l', and the 
coils Oil) will be wound back and forth trans 
versely in the same manner as the coils b l', 
the difference being that in this case the in 
ner terminal becomes the low-potential end 
of the coils for connection to the dynamo and 
the outer terminals are the high-potential ends 
of the coils for connection to the condenser, 
this form of apparatus, however, not being 
So efficient as the form previously described, 
for the reason that the outer or longer turns 
present an increased resistance to the higher 
potential, whereas the best effects can be ob 
tained, as before explained, by presenting a 
decreasing resistance to an increasing poten 
tial. 

IIaving described my invention, what I 
claim, and desire to secure by Letters Patent, 
IS 

1. In a system of the kind described, an elec 
tric circuit, means including a condenser to 
impress thereon a current of high frequency, 
combined with means for automatically dis 
charging the condenser at any predetermined 
degree of charge, and means for varying the 
amperage charge of the condenser, substan 
tially as described. 

2. In a system of the kind described, a 
source of electrical energy, and a condenser, 
combined with a device for raising the poten 
tial of the current, means for discharging said 
raised potential solely in one direction from 
said device, and means for controlling the po 
tential of said device, substantially as de 
scribed. . 

3. In a system of the kind described, a 
Source of electrical energy, a break, con 
denser, and a translating device to receive 
the discharge from the condenser, combined 
With means for preventing the discharge of 
the condenser back through the break, sub 
stantially as described. 

4. In a system of the kind described, the 
combination with a source of electrical energy, 
a break, and condenser, of an inductance de 
vice between said source of energy and the 
break, said device having a magnetic core, and 
coils in the influence of said core and wound 
to present high potential at one end and low 
potential at the other end, said coils having 
their low-potential terminals connected to the 
source of energy, and their high-potential ter 
minals connected to the condelser, and in 
terrupted by the break, substantially as de 
scribed. 

5. In a system of the kind described, the 
combination with a source of electrical energy, 
a break, and condenser, of an inductance de 
vice between said source of energy and the 
break, said device having a core producing a 
magnetic field, and coils in the influence of 
said field and wound to present high potential 
at one end and low potential at the other end, 

said coils having their low-potential terminals 
connected to the source of energy, and their 
high-potential terminals connected to the con 
denser, and interrupted by the break, and 
means to vary the degree of magnetic satura 
tion of said field in the operation of the sys 
tem, substantially as described. 

6. In a system of the kind described, a 
source of electrical energy, a break, and a con 
denser, combined with means independent of 
the break for automatically regulating the 
frequency of discharge from said condenser, 
substantially as described. 

7. In a system of the kind described, a 
source of electrical energy, an inductance de 
vice for raising the potential of the current 
therefrom, said device delivering said poten 
tial in one direction only and away from the 
source of energy, a break provided with 
means for maintaining long intervals of closed 
circuit, and sudden short intervals of break, 
a condenser, and an automatic discharge de 
vice for said condenser, substantially as de 
scribed. 

S. In a system of the kind described, a 
source of electrical energy, an inductance de 
vice for raising the potential of the current 
therefrom, said device delivering said poten 
tial in one direction only and away from the 
source of energy, a break provided with means 
for maintaining long intervals of closed cir 
cuit, and sudden short intervals of break, a 
condenser, means preventing back discharge 
from the condenser and sparking at the break, 
and an automatic discharge device for said 
condenser, substantially as described. 

9. The combination in an electrical circuit, 
of an inductance-coil having a core produc 
ing a magnetic field and wound to present a 
high-potential region at one end and low-po 
tential region at the other end, the terminal 
thereof connected with the source of current 
supply being at said low-potential region, and 
the opposite terminal being at said high-po 
tential region, said coil having the potential 
thereof decreasing in a constant ratio from 
the one to the other terminal, and mechanism 
for interrupting the said circuit, said mech 
anism comprising means for maintaining the 
circuit, closed in periods sufficient to fully 
charge said magnetic field, substantially as 
described. 

10. An inductance-coil comprising a core, 
and a winding of current-conductor centrally 
of said core, said winding being in two coils, 
each having one terminal adjacent said core 
and the other terminal removed from said 
core, with all the windings of the coil located 
between said two terminals, and said coil 
having its potential varying per turn pro 
gressively in a constant ratio throughout its 
length from one terminal to the other ter 
minal, substantially as described. 

11. In an inductance-coil, a peripheral core 
or magnetic body, and a winding of current 
conductor within the field of said magnetic 
body, said conductor being wound to present 
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its successive layers of windings successively faces are widely distributed about the coil, 
shorter from the periphery to the center of substantially as described. 
the coil throughout the entire length of the In testimony whereof I have signed my 
conductor, substantially as described. name to this specification in the presence of 

5 12. In an inductance device, a magnetic two subscribing witnesses. 
core, and a coil adjacent thereto, Said core r 
presenting curved Sites adjacent, the coil THOMAS 13. RNRAIDE. 
curving there from in a direction away from Witnesses: 
the coil, whereby the lines of magnetic force GEO. II. MAXWELL, 

Io leaving the core perpendicular to said Sull- FREDERICK L. ENIERY. 

  


