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To all whon, it may concern. 
Be it known that I, JOHN F. KELLY, a citi 

Zen of the United States, residing at Pitts 
field, in the county of Berkshire and State of 
Massachusetts, have invented certain new and 
useful Improvements in Methods of and Ap 
paratus for Transforming Alternating into 
Continuous Currents, of which the following 
is a specification, reference being had to the 
drawings accompanying and forming a part of 
the same. 
The alternating electro-motive force pro 

duced by such generators as are commonly 
used, varies as the sine of the angle traversed, 
that is to say, it is proportionate at any given 
instant to the sine of the angle through 
which the induced coil has passed from the 
zero or starting point, the angle between two 
similar poles being considered as equal to 
four right angles, or 27t and corresponds in 
form to the curve expressed by the value E 
sin 27tni, in which E is the maximum electro 
motive force, in the number of complete cycles, 
or revolutions of the coil per second, t the 
time at any instant required by the coil to 
reach a given point, measured from the be 
ginning of a cycle and hence variable, and 7t 
the symbol for the ratio between diameter 
and circumference. Of two such electro-mo 
tive forces, therefore, in quadrature, or which 
have a fixed displacement of ninety degrees, 
one will vary as the sine and the other as the 
cosine of the angle 27tnt for all its values. Wa 
rious methods and appliances have been pro 
osed for commuting and adding together 

two such electro-motive forces to produce a 
unidirectional current, but the resulting cur 
rent will of necessity undergo a very consid 
erable variation in electro-motive force, since 
it may be readily shown that if the two added 
electro-motive forces vary respectively as the 
sine and cosine of the same angles, at times 
their sum exceeds the maximum value of 
either. If, however, they be compelled to 
vary respectively as the sine Squared and 
cosine squared of the angle traversed, their 
sum will always be constant, and the object 
of my invention is to effect this result in a 
novel and simple manner. 
As I may illustrate most readily the nature 

of my invention by a diagram, I now refer to 
the accompanying drawings. 

Figures 1 to 9 are diagrams illustrative of 
the principle of the invention. Fig. 10 is a 
diagrammatic illustration of a device forming 
a part of the mechanism for practically car 
rying out the invention. Fig. Il is a similar 
illustration of a complete combination of de 
vices of the invention. 
Let it be assumed that two points, A, B, 

Figs. 1 to 9, are connected by a uniform con 
ductor D and that an alternating electro-mo 
tive force is maintained between them which 
varies as the sine of the angle traversed, or is 
of the form Esin 27tni. Let XY represent two 
brushes in contact with such conductor and 
assume that at the instant when Esin 27Int=O, 
both brushes are at the point A, with brush 
Y just about to start toward Bata velocity= 
A B cos 27tml, or in other Words, so that the 
distance between the brushes at any instant 
of time will be proportionate to the sine of 
the angle 27tni. If now We assume that the 
electro-motive force between the brushes will 
be to the distance between them as this dis 
tance is to the distance AB, which would be the 
case if we assume that the current drawn off 
by the brushes is not sufficient to disturb the 
distribution of the electro-motive forces, it is 
obvious that the electro-motive force between 
the brushes will be equal at any instant-un 
till B is reached-to that at the terminals AB 
multiplied by the ratio of the distance be 
tween the brushes and the distance AB, that 
is, it will be equal to E sin27tni. 
Under the conditions assumed, the position 

of the brush Y at the end of the first eighth 
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of a period would be at a point about seven 
tenths of the total distance from A to B, as 
shown in Fig. 3, so that it would be receivin 
only a fractional part of the electro-motive 
force at that point, while at the end of the 
first quarter of a period it will have reached 
the point B. The curve of the current which 
the brushes have thus drawn off will rise as 
the sine squared of the angle traversed. 

If when brush Y reaches B it be caused to 
return over the same path at the same rate, 
we shall have the same law for the electro 
motive force in the second quadrant, the cur 
rent drawn off falling to Zero, when the two 
brushes are again at A, and the electro-mo 
tive force between A and B being zero and 
about to become negative. Let us now start 
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brush X over the path toward B at the same e and C, b, c, d, e', and a continuous plate 
rate as before. The electro-motive force be 
tween the brushes will evidently follow the 
Same law as to magnitude as before, and the 
position of the brushes with respect to A, B, 
having changed when the electro-motive force 
between A and B changed sign, it is evident 
that the electro-motive force between the 
brushes will be of the same sign as before. 
When X reaches IB it stops and then returns, 
following the same law as to velocity. If now 
we assume another similar conductor between 
the terminals of which is maintained an elec 
tro-motive force of the form EcoS 27tal, and 
along which the brushes are similarly moved 
with the velocity A B Sin 27that, or so that, as 
before, the distance between the brushes at 
any instant of time will be proportionate to 
the cosine of the angle 27tml, the brushes be 
ing at opposite ends of the conductor at start 
ing, it is obvious that we will have between 
this second pair of brushes an electro-motive 
force which will vary as the cosine Squared 
of the angle traversed. If therefore, we con 
nect the two sets of brushes together so as to 
superimpose the two electro-motive forces, we 
shall have a resultant electro-motive force of 
the form E (sin' 27tnt--cos' 27tni), which for 
all values of t is constant and equal to E, or 
unity. 

Since the rectilinear movement of the 
brushes in the illustrative case above is not 
uniform, it would be difficult in practice to 
secure it properly, but the Same result may 
be attained in a simple and practicable way by 
means of such a mechanislim as have illus 
trated in FigS. 10 and 11. 
The conductor D, Fig. 10, is in the form of 

a coil, such as the Secondary of a transformer, 
a self-induction coil, the induced coil of a 
dynamo or the like. If this conductor be 
divided up into a certain number of sections 
of proper lengths and a brush caused to travel 
at a uniform rate in contact with the termi 
mals of such sections, it is evident that the 
proportionate part of such conductor included 
between Such brush and a stationary brush 
connected with one end of the conductor will 
depend upon the relative lengths of the sec 
tions. I therefore proportion these sections 
in the following manner: Suppose that there 
are M sections in the conductor, and that the 
whole number of turns or length of the con 
ductor which we will represent by L be taken 
as corresponding to the sin 71 or ninety de 
gress. Then the number of turns included in 
the first Section beginning with the largest 
will be sin sir, the number included in the 

27t. . 
first two sections, Sin 2MI, in the first three 

37I 
sin SL, and so on up to M-1 sections, sin 
(M-1)7t 
2M L. 

I provide a series of insulated contact plates 
which are designated by the letters C, b, c, d, 

f so arranged that two brushes h, k may be 
caused to sweep over them, the disposition of 
the plates being such that during one half of 
the cycle of movement one brush, as h, will 
remain in contact with f, while brush ic passes 
Successively over plates a, b, c, d, e, and dur 
ing the remaining time the brush is remains 
in contact with f while brush I passes suc 
cessively over plates Cl', b, c', d', e’. 
Any Well known disposition or arrangement 

of parts may be followed in securing the re 
Sult, but for simplicity, I have shown the 
plates as Secured to a flat surface in two con 
centric circles, one half of each being com 
posed of the plates C, b, c, d, e and C', ', c', 
d', e' respectively and the other half by tie 
plate f, the two parts of which are electrically 
connected. 

F is an arm carrying the two brushes h, i. 
and motion is imparted to it so that the 
brushes make one complete revolution in the 
time occupied by a complete cycle of the cur 
rent to be transformed. 
One terminal of the conductor D is con 

nected with plate f and the terminals of the 
Several Sections are connected in order to 
plates C1, b, and c. If, therefore, the brush is 
be caused to traverse in succession the con 
tacts C, b, c in a quarter period, brush it 
meanwhile remaining on plate f, all of the 
conductor D will have been traversed in that 
time, the number of turns included in the cir 
cuit Varying as above described so that the 
electro-motive force between the brushes h. 
and k will be equal, at any instant, to E sin" 
27tni. If the brushes be then moved back the 
Sections of conductor D will be cut out in re 
verse Order, but this is more readily accom 
plished by causing the brushes to continue 
their motion so that brush lic passes over plates 
c, d, e While brush h remains on plate f, said 
plates d and e being connected with the sec 
tions of D but in the opposite order to C, and b, 
So that a forward motion of brush l; from a to 
e is equivalent to a backward motion from c. 
to C. The tWO brushes being carried around 
together One in contact with the continuous 
plate f, pass from the point A, when they in 
clude no section to B, where they include all 
the Sections of conductor D, and thence to A', 
Where they again include no section. 
At A', the continuous plate and the sec 

tions change places with reference to the 
brushes, so that the brushes in traveling on 
Ward reverse the connections of the conduc 
tor With respect to the external circuit. 
The Order of the plates Ci', t', c' is also re 

Versed again in the third quadrant so that 
the last Section of D cut out in the second 
quadrant is the first brought in in the third, 
and it will be understood that the plates in 
the third quadrant are connected in the same 
Order as those in the first, while those in the 
fourth quadrant are connected in the same 
Order as those in the second. 
As the pair of brushes are rotated synchro 
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nously with the impressed frequency, they 
Will include between them a number of turns 
substantially proportioned to the sine of the 

The sum of this series is independent of t 
whatever the value of n. 
When there are only two currents in quad- to angle of rotation, and as the electro-motive 

force at the terminals of the conductor D is 
also varying as the sine of the same angle, 
the electro-motive force between the brushes 
will be substantially proportional to the 
Square of the sine. 
A similar conductor D and a commutator 

such as described, but with the phase of the 
electro-motive force shifted ninety degrees, 
will give an electro-motive force substantially 
proportional to the square of the cosine, and 

rature, we have for the electro-motive forces 
Esin (27tni), and Esin (27Int--a) and a being 
now equal to ninety degrees or o, these ex 
pressions are equivalent to E sin 27tnt and E 
cos 27tni, the number of turns being similarly 
proportional to sin 27tnt and cos 27tni, and the 
rate of motion of the brushes to coS 27that and 
sin 27Int. Therefore for the particular case 
of two phase currents everything may be ex 
pressed as functions of either the sine or co 

75 

15 if we connect the two sets of brushes So as to sine of one variable angle; but in general the 
superimpose the two electro-motive forces electro-motive forces and number of turnsin 
their sum will be constant. This is illustrated circuit must be expressed as functions of the 
in Fig. 11, where V, W, indicate the leads sines of the several variable angles, and the 85 
from a source of two alternating currents in rate of motion of the brushes as functions of 

2o quadrature and R the common return. P the cosines of the same angles respectively. 
and P' are the primaries of transformers in- It will be observed that if a unidirectional 
cluded in the two circuits respectively and D, current be supplied to the rotating brushes 
D' the secondaries, connected with the com- that the converse of the operation takes place 9o 
mutators as above described. and that multi-phase currents would be pro 

25 I have shown a small synchronous motor S duced in the conductors. 
for rotating the brushes and have indicated Having now described my invention, what 
the external circuit into which the corrected I claim is 
currents are delivered by T. 1. The method of transforming a plurality 95 

It will be understood from the nature of of alternating currents of the same frequency 
3o the case that the conductor D should have a and uniform phase difference into a unidirec 

high self-induction in order to avoid loss of tional current of substantially constant elec 
energy. tro-motive force, which consists in collecting 
The mechanical construction and arrange- such fractional portions of the electro-motive roo 

ment of the mechanism for carrying out my forces as shall vary as the sines squared of 
35 invention may be greatly modified. In this, the current phases and superimposing the 

as in analogous classes of mechanism, it is same as herein set forth. 
immaterial to the character of the ultimate 2. The electrical transformer herein de 
result, for example, whether the commutator scribed comprising in combination a conduc- Ic5 
or the brushes revolve, or whether the com- tor adapted for connection with a source of 

4o mutator be arranged on a flat or on a cylin- alternating current Which varies as the sine 
drical surface. My invention is not, however, of the angle traversed by its inducing con 
limited to the specific devices herein de- ductor, collecting brushes movable along said 
scribed. It will also be understood that the conductor in alternately opposite directions IIo 
number of sections into which the conductor and means for moving said brushes in syn 

45 D is divided should in general be greater than chronism with the frequency of the current 
shown herein for purposes of illustration. and at a rate proportionate to the cosine of 
In illustration of the invention and the way the angle traversed by its inducing conductor, 

in which the same is or may be carried into as set forth. II5 
effect, I have confined the description to the 3, The combination with a conductor trav 

5o case of two alternating currents in quadra- ersed by or adapted to carry an alternating 
ture, but the same principles apply to the current which varies as the sine of the angle 
transformation of any number of currents be- traversed by its inducing conductor of the 
tween which there exists a uniform difference following devices, viz: a circular series of con- 2c 
in phase. For if we represent the difference tact plates, comprising four groups, the plates 

55 in phase by a, we may write for a multiphase of each group being connected in alternately 
system of electro-motive forces, Esin (27tni), reversed order to the conductor at such dis 
E sin (27Int--a), E sin (27tnt-2a) - E sin tances apart that the amount of said conduc 
(27Int--(n-1) a), and then the length of con- tor included in any number of sections taken 25 
ductor or number of turns included in each from the end next the largest is to the whole 

6o coil of the device described will vary as sin conductor as the sine of 3.1416 times the num 
(27tni), sin (27tnt--a), &c., respectively, or ber of sections considered divided by twice 
what is the same thing, the rate of motion of the total number of sections is to unity, a con 
the brushes will vary as the cosines of the tinuous contact connected with one terminal 13o 
said angles. The electromotive forces be- of the conductor, a pair of rotary brushes al 

65 tween the various pairs of brushes will then ternately bearing on the continuous and sec 
be respectively Esin 27Int; Esin (27tnt--a). 
Esin (27tnt--2a) - E sin” (27tnt--(n-1) a). tional contacts during each successive half 

revolution, and means for rotating said   
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brushes synchronously with the frequency of 
the current, as herein described. 

4. The electrical transformer herein de 
scribed comprising in combination two con 
ductors adapted for connection with sources 
of alternating currents which vary as the sine 
and cosine of the same angles, collecting 
brushes movable along Said conductors in al 
ternately opposite directions and means for 
moving said brushes in synchronism with the 
frequency of the currents and at a rate pro 
portionate respectively to the cosine and sine 
of the angles traversed by the inducing coils 
of the generator and connections between the 
brushes whereby the currents collected and 
commuted by them will be superimposed, as 
Set forth. 

5. The combination with each of two con 
ductors traversed by or adapted to carry two 
alternating currents which vary as the sine 
and cosine of the same angles, of the follow 
ing devices, viz., a circular series of contact 
plates, comprising four groups, the plates of 
each group being connected in alternately re 
versed order to the conductor at Such dis 
tances apart that the amount included in any 
number of sections counting from the end 
next the largest is to the Whole conductor as 
the sine of 3.1416 times the number of Sec 
tions considered divided by twice the whole 
number of sections is to unity, a continuous 
contact connected with One terminal of the 
conductor, a pair of rotating brushes alter 
mately bearing on the continuous and Sec 
tional contacts during each successive half 
revolution, means for rotating such brushes 
synchronously with the frequency of the cur 
rent and connections between the brushes 

whereby the currents collected and commuted 
by the same will be superimposed, as set forth, 

6. The combination. With an alternate cur 
rent coil D, divided into sections, the number 
of turns of each being Such that the amount 
included in any number of sections counting 

id 

from the end next the largest is to the Whole 45 
conductor as the sine of 3.1416 times the num 
ber of sections considered divided by twice 
the whole number of sections is to unity, of a 
series of contact plates forming the terminals 
of said sections, a continuous contact plate 
f, brushes h, k, means for moving said brushes 
over said plates So as to collect a uni-direc 
tional current varying as the sine squared of 
the angle traversed by the inducing coil of 
the generator, a second conductor, and Com 
mutator similar to the first but delivering an 
electro-motive force varying as the cosine 
Squared of the angle, traversed by the Said 
inducing coil and connections between the 
two sets of brushes whereby the two currents 
are Superimposed, as set forth. 

7. The combination with two Sources of al 
ternating currents which vary respectively as 
the sine and cosine of the same angles, of two 
conductors or coils connected to the Said 
Sources, means for collecting from Said coils 
alternating electro-motive forces varying as 
the sine squared and cosine Squared of the 
same angles, commutators for correcting or 
straightening such currents and electrical 
connections for combining them into a single 
current, as set forth. 

JOIN F. KELTY, 
Witnesses: 

WILLIAM STANLY, Jr., 
E. L. FRENCEI. 
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