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UNITED STATES PATENT OFFICE. 
CHARLEs E. CAMPBELL, OFLYNN, MASS.ACHUSETTS, ASSIGNOR. To CAMPBELL ELEC 
TRIC coMPANY., oF LYNN, MASSACHUSETTS, A CORPORATION OF MASSACHUSETTS. 

ELECTRIC TRANSFORMER. 
1,059,435. . . specification of Letters Patent. Patented Apr. 22, 1913. 
Original application filed November 10, 1909, Serial Np. 527,153. Divided and this application filed May 7, 

. . . . . 1910, Serial No. 580,095. 

To all whom it may concern: 
Beit known that I, CHARLEs E. CAMPBELL, 

a citizen of the United States, residing at: 
Lynn, in the county of Essex and State of 
Massachusetts, have invented certain new 
and useful Improvements in Electric Trans- a 

of the apparatus with the controllin formers; and I do hereby declare the fol 
lowing to be a full, clear, and exact descrip 
tion of the invention, such as will enable 
others skilled in the art to which it apper 
tains to make and use the same. 
The present invention relates to electric 

transformers and more particularly to elec 
tric transformers for use in electro thera pettic apparatus. This application is a di 
vision of an application for electro-thera 
peutic apparatus filed November 10, 1909, 
Serial No. 527,153, which eventuated in the 
issue of Letters Patent, No. 1,012,326 to 
Charles E. Campbell on December 19, 1911. 
The object of the present invention is to 

produce transformers for use in electro 
therapeutic apparatus having their wind 
ings so arranged that they are more efficient 
in operation and regulation and are more 
safe to use than transformers heretofore con- i. 
structed. With the above object in view, 
one feature of the present invention relates 
to a transformer in which certain of the 
primary windings are thrown in and out 
of circuit to regulate the primary current of 
the transformer. - 
Another feature of the invention relates 

to a transformer having low-tension and high-tension secondary windings so ar 
ranged that the transformer operates effi 
ciently as a transformer and at the same 
time is protected against destructive dis 
charges from the high-tension secondary. 

Still another feature of the present inven 
tion relates to a transformer having a con 
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nection between the primary and secondary 
and having the primary and secondary 
wound in such relative directions that in a 
circuit through the common connection and 
the primary and secondary Series the pri 
mary and secondary windings will oppose 
each other as a protection against accidental 
contact with the primary and secondary windings. 

Still other features of the present inven 
tion relate to certain constructions, arrange 
ments and combinations of parts hereinafter 
described, the advantages of which will be 

apparent to one skilled in the art from the 
following description. . . 
In the accompanying drawings, Figure 1 

is a diagram of the electric circuits in an 
apparatus constructed in accordance with 
the present invention; Fig. 2 is a plan view 

han dles, the cover-plate and other external parts 
removed. . 
The present invention is illustrated as 

embodied in the transformers employed in 
the electro-therapeutic apparatus which is 
illustrated and described in the patent to : Charles E. Campbell, No. 1,012,326. 
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The apparatus comprises as is common in 
apparatus of this type, a high-tension trans 
former adapted to be energized by alternat 
ing electric currents such as may be obtained 
This transformer generates in its principal secondary winding an alternating current of 
high tension, which is converted into a suc 
cession of oscillatory discharges by means 

70 

from ordinary electric lighting systems. 
75 

of a condenser and a spark gap. In combi 
nation with the light transformer I 
use a second transformer or high-frequency 
induction coil of the type known as the 
Tesla. coil, this second transformer or coil 
EEng to transform the oscillatory dis 
charges set up by the condenser and 'spark 
gap into an alternating or oscillatory cur 
rent of high frequency and of such high ten 
sign as to evince many of the characteristics 
of static electricity. v 

In the diagram the first or high-tension 
transformer is designated generally by the 
reference number i and the second trans 
former or Tesla coil by the reference number 
2. The transformer 1, for reasons which 
will be stated hereinafter, is of what is com 
monly known as the “core type,” having a 
core comprising two parallel legs 3 and 4 
connected at their ends by end pieces or 
yokes So as to constitute a closed magnetic 
circuit. The primary windings of the trans 
former are placed upon the leg 4 and con 
stitute a number of separately wound coils. 

80 

85 

90 

95 

00 

At the ends of the leg 4 are main primary 
coils 5 and 6 which are always operative 
when the transformer is in use. The coils 5 
are connected with one of the terminals 7 
through which the transformer is supplied. 
with the alternating current by which it is 
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energized. After traversing the coils 5 the 
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current passes, through a wire 8, to the coils 
6 which are wound in the same sense as the 
coils 5. From the coils 6 the current passes 
through a wire 9 to a series of primary coils 
10 arranged between the coils 5 and 6. Each 
of the coils 10 has an independent connec 
tion with one of the contact points of the 
primary regulator 11, and the movable con 
tact member of the primary regulator is con 
nected, by a wire 12, with the other supply 
terminal 13. The above-described arrange 
ment of primary coils constitutes means for 
varying the amount of current passing 
through the primary windings and energiz 
ing the transformer. When fewer turns are 
used in the primary winding the ratio of 
transformation between the secondary and 
primary voltages will be increased, the sec 
ondary winding being more strongly ener 
gized and forcing more current through the 
different external circuits connected thereto, 
and the primary will in consequence admit a 
greater primary current from the supply 
mains. When less, energy is desired, more turns are used in the primary winding and 
the ratio between the secondary and the pri 
mary voltages is diminished, the result be 
ing that the secondary voltage is lessened, 
and less current forced through the various 
secondary circuits, with consequent diminu 
tion of the amount of current drawn by the The lim 
pedance of any turn of the primary wind 
ing will be due to its own ohmic resistance 
and to the magnetic flux which links said 
turn. The magnetic lines which link both 
the primary and the secondary and consti 
tute the effective flux make up one compo 
nent of the total flux linking said turn of the 
primary, and the impedance due to this com 
ponent of the flux will vary with the imped 
ance of the secondary circuit. Another com 
ponent of the total flux is the leakacre flux, or 
the magnetic lines linking said turn which 
do not cut the secondary windings, and the 
impedance due to the leakage flux is not de 
pendent upon the impedance of the second- '' - a oscillatory discharges so as to modify the ary circuit. The effective flux does useful 
work in exciting the secondary, while the 
leakage flux acts only to cut down the pri 
mary current. Any primary turn is Öf 
greater efficiency the larger the ratio is be 
tween the effective and the leakage flux link 
ing the turn. This greater efficiency of some 
turns of the primary over others will depend 
upon their position upon the magnetic core 
with respect to the secondary coil. 
accordingly placed the coils 5 and 6, which 
are always in circuit, at the ends of the pri 
mary leg 4 of the core, and in a position 
upon the magnetic circuit closest to the high 
potential secondary 14, giving the coils 5 and 
6 the position of highest efficiency. The 
regulating coils 10, which are not always in 
use, are placed on the magnetic circuit at a 

- possible break-down between the 
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greater distance from the secondary wind 
ings than the windings 5 and 6, and conse 
quently in a position of less efficiency. The 
effect of throwing the coils 10 into the cir 
cuit will not only lessen the ratio of voltage 
transformation between the secondary and 
the primary, but the greater leakage flux of 
the windings 10 will cause them to act in the 
nature of a choke coil in the primary circuit 
and very efficiently act to control the amount 
of energy drawn from the Supply mains. 
By moving the primary regulator so as to 
include more or less of the primary coil 10 
the turns of the primary winding, and thus 
its impedance, may be increased or dimin 
ished. So as to vary the amount of current 
flowing through the primary winding. 
The main secondary winding 14 of the 

transformer is mounted upon the leg 3 of the 
core and is connected, by wires 15 and 16, 
with the spark gap 17. 
The primary winding consists of a com 

paratively few turns of wire and the second 
alry winding of a greater number of turns, 
So that the transformer acts as a “step-up” 
transformer to step up the primary voltage 
to a high Secondary tension. By placing the primary and secondary windings upon dif 
ferent legs of the transformer core, they are 
more completely separated and better in 
sulated from each other to guard against primary 
and secondary. .. 
A condenser 18 is connected with the 

wire 16 by a wire 22, at one terminal, and 
the other terminal of the condenser is con 
nected, by a wire 19, with the primary wind 
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ing 20 of the Tesla coil. The winding 20 
is connected at its other terminal, by a wire 
21, with the other side of the spark gap 17. 
By this arrangement the condenser is alter 
nately charged and discharged through the 
winding 20 of the Tesla coil, and the dis 
charges have the oscillatory character du: 
to the use of the condenser and the spark 
gap. 

In order to vary the frequency of the 
character of the currents produced by the 
Tesla coil, the condenser is arranged to have 
a variable capacity which is regulated by 
means of a frequency-regulator 23, as de 
scribed and illustrated in the above men 
tioned Campbell patent. The terminals of 
the secondary winding 24 of the Tesla coil 
are connected, by conductors 25 and 26, with 
the members of a spark gap 27, which is ad 
justable, in the ordinary manner, by means 
of a sliding rod 28. In place of connecting the prim: y and 
secondary windings of the Tesla coil with 
the earth in the usual manner, the lower 
most plate 29 of the condenser 18 is con 
nected, by a wire 30, with the wire 12 con 
nected with the primary winding of the 
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transformer and with the supply system by 
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which the apparatus is energized to form a 
Safety connection, as described in the above 
mentioned Campbell patent. 
Currents of the characters usually em 

ployed in therapeutics and derived from a 
high-frequency coil are derived from the 
Tesla coil 2 in the present invention, either 
from the terminals of the spark gap 27 or by 
other connections illustrated in Fig. 1. 
current of the character usually designated 
as a D'Arsonval current is obtained through 
terminals connected, by wires 32, 33 and 26, 
with a portion of the secondary winding 24. 
This portion is made of heavier wire than 
the rest of the secondary winding, and the 
arrangement is such that the D'Arsonval 
current supplied in this manner is of lower 
tension but greater volume than the current 
generated in the Tesla secondary as a whole. 
A current of high frequency but of lower 
tension than that produced in the secondary 
winding 24 is obtained through terminals 
connected by wires 34 and 35 with the ter 
minals of the primary winding 20 of the 
Tesla coil. This current may be designated 
as a thermo-faradic current. 

In addition to the high-tension and high 
frequency currents above referred to, the apparatus is arranged to supply alternating 
currents of comparatively low tension and 
of the frequency of the alternating current 
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by which the apparatus is energized. One 
of these currents, which may be designated 
as a sinusoidal current, and which is de signed for direct personal application, is 
induced in an auxiliary secondary winding 
36 in the transformer 1, and this secondary 
winding, for reasons which will be herein 
after pointed out, is located upon the same 
leg of the core as the primary winding of 
the transformer and is interposed between 
the coils of the primary winding. The sinu 
soidal current is obtained from terminals. 
connected, by wires 37 and 38, with the ter 
minals of the winding 36. 
In addition to the currents above de 

scribed for direct application, the apparatus 
is designed to furnish currents for indirect 
use, such currents being adapted for the 
operation of cauterizing apparatus. and di 
agnostic lamps. The current for the di 
agnostic lamp. is obtained from terminals 
which are connected, through wires.38, 39. 
and 40, and through a variable resistance 
device 41, with the secondary winding. 36. 
The connections are arranged as shown in 
Fig. 1 so that in the production of this cur 
rent only a portion of the winding. 36 is 
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employed, so that the lamp current is of 
lower tension than the sinusoidal current. 
The variable resistance device. 41 consti 
tutes a regulator for the diagnostic lamp. 
The cautery current is obtained from an 
other auxiliary secondary winding, 42, ar 

ranged adjacent to the winding 36. This 
winding 42 is so proportioned as to produce 
a current of very low tension, which may be 
safely used for the purpose designated. The 
cautery current is obtained from terminals 
connected with the winding 42 by means of 
wires 43 and 44. 
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To furnish at all times an indication when -- 
the transformer is in operation, a small elec 
tric lamp. 45, designated as a pilot light, is 
connected across the wires 42 and 43 and 
this lamp. glows whenever there is any flow 
of current in the primary winding of the 
transformer. - 

The mechanical construction of the appa 
ratus particularly of the transformers may 
now be considered. This is most fully dis 
closed in Fig. 2 of the drawings, which 
shows a plan view of the interior arrange 
ments of the apparatus. As shown in Fig. 
2, the primary windings 5 and 6 each con 
stitute two separately-wound coils. Owing 
to this arrangement and to the further di 
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vision of the primary winding into the sepa 
rately-wound coils 10, the entire primary 
winding of the transformer is divided into 
a large number of small sections. The util 
ity of this arrangement results from the pro 
duction in high-frequency apparatus of 
static currents and waves of very high tension 
and of incidental character which have a 
serious tendency to escape from the circuits 
of the apparatus and to leap considerable 
air spaces in preference to following con 
ductors of high impedance. Such waves or 
currents occur in primary winding of the 
transformer and it has been found that in 
the absence of special precaution there is 
danger of the disruptive discharge of such 
currents through the primary and the con 
Sequent breaking down of the insulation 
therein, leading to the production of de 
structive arcs. I have found, however, that 
by Winding the primary in separate coils or 
Sections as above described, the insulation 
of the primary winding is so improved as 
to protect it against the effects which I have 
described. 
The arrangement of the primary, wind 

ing of the transformer is such that the in 
termediate coils 10, when they are not in 
cluded in the primary circuit tend to act as 
Secondary coils with relation to the main 
coils 5 and 6 precisely after the manner of 
an auto-transformer, that is to say, a po 
tential in the coils 10 is induced by the mag 
netic flux in the core due to the action of the 
coils 5 and 6. This potential is opposite to 
that of the alternating current by which the 
primary winding is energized, and when 
the coils 10 are not connected in series with 
the main coils the difference in potential be-, 
tween the left-hand coil 10 and the adjacent 
right-hand coil 5 is much higher than any 
difference in potential due to the energiz 
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ing current alone. To guard against evil 
effects from this circumstance, a plate 46 of 
insulating material is interposed between 
the coils 5 and the coils 10. 
The control of the transtormer by vary 

ing the amount of primary Winding in op 
eration is an economical method, since the 
flow of current is controlled not by waste of 
current in external heat-producing resist 
ance devices such as are commonly used, 
but by the impedance in the primary wind 
ing itself. The control of the transformer 
is thus accomplished in an economical and 
effective manner without the use of any ad 
ditional parts except the controlling switch, 
and the bulk of the apparatus is thus mini 
mized. . . . 
The general form of the transformer is in 

itself a protection against the action of the 
high-tension CScillatory currents generated, 
since it permits a sufficient separation of the 
primary and secondary windings to pre 
vent occurrences of disruptive discharges 
from the secondary winding through the 
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primary winding. This form of trans 
former has thus peculiar advantages when 
used in connection with a condenser and a 
Spark gap to produce oscillatory currents 
of high tension, and such an arrangement is 
novel so far as I am informed. 

. A further advantage resulting from the 
arrangement of the main primary coils 5 
and 6 at the extremities of the leg 4 of the 
transformer core resides in the fact that the 
principal portions of the primary winding 
are thus brought as close as possible to the 
Secondary winding, so that the magnetic 
paths connecting the primary and second 
ary windings are thus of the shortest pos 
sible length and thus efficiency and economy 
in the operation of the transformer are se 
cured. This, arrangement also permits the 
location of the primary-regulating coils 10 
at a point where their inductive effect is 
slight, so that the impedance of these coils 
may act more effectively to regulate the 
production of current in the secondary wind 
ing. 
The arrangement of the transformer with 

a plurality of independent secondary wind 
ings adapted to generate currents of dif 
ferent volumes and tensions permits the use 
of a single transformer for a variety of pur 
poses and thus greatly increases the useful 
iness of the apparatus without correspond 
ingly increasing its bulk or expense. In 
this connection it will be noted that by suit 
ably proportioning the several secondary 
windings. currents of any volumes and ten 
sions within the extreme limitations of the 
apparatus may be secured. In the preferred 
embodiment of the invention I have found 
that for the production of the cautery cur 
rent a winding of very few turns of heavy 
wire adapted to give a heavy current under 
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an E. M. F. of about three volts gives Sat 
isfactory results while restricting the volt 
age to such low tension as to render it per 
fectly safe and convenient for use in cauter 
izing apparatus. In the diagnostic lamp, 
find an E. M. F. of ten volts to be sufficient, 
while in the sinusoidal circuit I employ an 
E. M. F. of twenty-four volts and the wind 
ing 36 is, therefore, suitably proportioned to 
produce such voltages. 
The position of the secondary windings 

36 and 42 upon the same leg of the trans 
former as the primary windings is a novel 
feature of importance, since it Secures 
economy in space by placing these Second 
ary windings at a point where primary 
windings would have a comparatively low 
efficiency in exciting the secondary winding 
14. Moreover, by placing the secondary 
windings 36 and 42 upon the same leg and 
between the two primary coils, a good mag 
netic linkage is obtained between these wind ings and the primary, with a correspond 
ingly good efficiency of current transforma 
tion. The arrangement has a further ad 
vantage in that it removes the comparatively 
low-tension secondary windings from the neighborhood of the high-tension secondary 
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winding 14 and thereby reduces the liability 
of disruptive discharges in the transformer. 
Another danger to be guarded against in 

95 

the operation of the apparatus resides in the possibility of connecting applicators to one 
of the DArsonval terminals and one of the 
thermo-faradic terminals, so as to put the patient or the operator into circuit with the secondary windings of both the transformer 
and the Tesla coil. Such a result may occur, 
for example, by using the right-hand 
D'Arsonval terminal and the upper thermo 
faradic terminal in Fig. 1. To prevent dan 
ger from such a cause, the windings of the 
Tesla coil are so arranged and connected 
that in a circuit formed as above described they oppose each other, so that the resulting 
E. M.F. is equal to the difference and not 
to the sum of the E.M. F.'s which may be de 
rived from either pair of terminals when 
properly connected. This arrangement also 
avoids a high difference in potential between 
the adjacent terminals of the primary and 
secondary windings of the Tesla coil. 
While the improvement which consists in 

the winding of the primary and secondary 
windings in such directions that in a circuit 
formed through the electric connection be 
tween them and the two windings in Series 
the windings oppose each other, is illustrated 
in connection with a transformer of the type 
commonly known as the Tesla coil, it is evi 
dent that this manner of winding is equally 
applicable to other types of transformers. 
As a further protection to the apparatus, 

the parts are so proportioned and arranged 
that a short-circuit, either in the spark gap 
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17 or in the sinusoidal diagnostic lamp or 
cautery terminals, cannot result in burning 
out the transformer. This is due partly to 
the form of the transformer in which the 
magnetic flux through the core is limited by 
suitably proportioning the end-pieces or end 
yokes of the core, and also to the rise of stifli 
cient resistance in the secondally coils 36 and 
42 and of a sufficiently small number of 
turns in these coils to prevent the overload 
ing of the primary coils of the transformer. 
While the various features of my inven 

tion are particularly susceptible to conjoint 
use in an apparatus of the kind hereinbefore 
referred to, since they all contribute to the 
production of a safe and reliable apparatus, 
it will be obvious that the invention in some 
of its aspects may be embodied in an appa 
ritus from which some of the noted features 
are omitted. The invention hereinbefore 
described is not limited to the embodiment 
specifically illustrated and described, but 
may be embodied in various other forms 
within the Spirit of the invention and the 
Scope of the following claims. 
I claim 
1. An electric transformer having, in con 

bination, a core having two substantially 
parallel legs connected by end yokes, a pri 
mary winding on one leg divided into sec 
tions located principally near the ends of 
the leg, a low-tension secondary winding on 
the same leg as the primary winding and 
interposed between the sections of the pri 
mary winding, and a high-tension secondary 
winding on the Second leg of the core. 

2. An electric transformer having, in com 
bination, a core having a plurality of legs, 
a primary winding on one leg divided into 
sections located principally near the ends of 
leg, a low-tension secondary on the same leg 
as the primary and interposed between the 
Sections of the primary winding, and a high 
tension secondary winding on another leg of 
the core. 

3. An electric transformer having, in com 
bination, a secondary winding, and a pri 
mary winding consisting of a plurality of 

sections of which certain sections possess 
comparatively good magnetic linkage with 
the secondary and are adapted to always be 
in circuit when the transformer is used and 
of which certain other sections possess a comparatively poorer magnetic linkage with 
the secondary, and means for throwing more 
or less of the latter named sections of the 
primary winding in series with the first 
named sections of the primary winding to 
regulate the primary current. 

4. An electric transformer having, in con 
bination, a magnetic core having a plurality 
of legs, a primary winding, and a secol) clary 
winding on the same leg as the prinary 
winding in proximity to the primary wind 
ing having a few turns of wire of sufficient 
resistance so that the overloading of the 
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transformer is prevented in case the second 
ary is short-circuited. 

5. An electric transformer having, in conn 
bination, a magnetic core of comparatively 
high reluctance having a plurality of legs, 
a primary windling, and a secondary wild 
in proximity to the primary winding having 
a few turns of wire of sufficient resistance 
so that the overloading of the transformer is 
prevented in case the secondary is short 
circuited. 

6. An electric transformer having, in com 
bination, a primary winding, a secondary 
winding, and an electrical connection be 
tween one end of the primary winding and 
one end of the secondary winding, the pri 
mary and secondary windings being wound 
relatively to each other in such directions 
that in a circuit formed through said electric 
connection and the two windings in series 
the windings oppose each other so that the 
resultant E. M. F. in said circuit is equal to 
the difference of the E. M. F.'s of the in 
dividual windings. 

CHARLES E. CAMPBELL. 
Witnesses: . 

HoRACE WAN EVEREN, 
FRED R. CAMPBELL. 
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