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To all whom it may concern: |

Be it known that I, NIKoLA TESLA, a sub-
ject of the Emperor of Austria-Hun gary, from
Smiljan, Lika, border
Hungary, residing at New York, in the county
and State of New York, have invented certain
new and useful Improvements in Eleectrical
Transformers or Induction Devices, of which
the following is a specification, reference be-
ing had to the drawings accompanying and
forming a part of the same. | ;

T'his invention is an improvement in elec-

trical transformers or converters, and has for

1ts main objects the provision of means for se-
curing, first, a phase difference between the
primary and secondary currents adapted to
the operation of my alternating-current mo-
tors and other like purposes, and, second, a
constant current for all loads imposed upon
the secondary. | |

In transformers as constructed now and

heretofore it will be found that the electro- |

motive force of the secondary very nearly co-
incides with that of the primary, being, how-
ever, of opposite sign. At the same time the
currents, both primary and secondary, lag be-
hind their respective electro-motive forces;
the
same in the case of each it follows that the
maximum and minimum of the primary and
secondary currents will nearly coincide, but
differ in sign or direction, provided the sec-
ondary be not loaded or if it contain devices
having the property of self-induction. On
the other hand, the lag of the primary behind
the impressed electro-motive force may be di-
minished by loadingthe secondary with a non-
inductive or dead resistance—such as inean-
descent lJamps—whereby the time interval be-

tween the maximum or the minimum periods

of the primary and secondary currents is in-
creased. 'This time interval, however, is lim-
ited, and the results obtained by phase dif-
ference in the operation of such devices as
my alternating-current motors can only be
approximately realized bysuch means of pro-
ducing or securing this difference, as above
Indicated, for it is desirablein such casesthat
there should exist between the primary and

country of Austria-

[ TR,

produced, pass through the two circuits of the
motor, a difference of phase of ninety de-

grees; or, 1in other words, the current in one

circuit should be maximum when that in the
obher circuit is minimum. Tomore perfectly
attain to this condition I obtain or secure an

Increased retardation of the secondary cur-

rentin the following manner: Instead of bring-
ing the primary and secondary coils or cir-
cuits of a transformer into the closest possi-
ble relations, as has hitherto been done, I pro-
tect in a measure the secondary from the in-
ductive action or effect of the primary by sur-
rounding either the primary or the secondary
with a comparatively-thin magnetic shield or
screen. Under these conditions or circum-

stances, as long as the primary current hasa

small value, the shield protects the secondary;
but as soon asthe primary current has reached
a certain strength, which is arbitrarily deter-

mined, theprotectingmagneticshield becomes

saturated and the inductive action upon the
secondary begins. Itresults,therefore,thatthe
secondary current begins to flow at a certain
fraction of a period later than it would without
the interposed shield, and since this retarda-
tion may be obtained without necessarily. re-
tarding the primary current also, an addi-
tional lagis secured, and the time interval be-

the primary and secondary currents is in-
creased. I have further discovered thatsueh
a transtormer may, by properly proportion-
ing its several elements and determining in
amanner well understood the proper relations
between the primary and secondary win dings,
the thickness of the magneticshield, and other
conditions, be constructed to vield a constant
current at all loads. No precise rules can be
given for the specific construction and pro-
portions for securing the best results, as this
Is a matter determined by experiment and
calculation in particular cases; but the gen-
eral plan of construction which I have de-

seribed will be found under all condit-io’n‘s to

conduce to the attainment of this result.
In the accompanying drawings I have illus-

trated the construction above set forth.

Figure 1 is a cross-section of a transformer

secondary currents, or those which, however | embodying my improvement., Fig. 2 isa simi-

tween the maximum or minimum periods of
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lar view of a modified form of transformer,
showing diagrammatically the manner of
using the same. |

A A is the main core of the transformer,
composed of a ring of soft annealed and 1nsu-
lated or oxidized iron wire. Upon this core
is wound the secondary circuit or coil B B.
This latter is then covered with a layer or
layers of annealed and insulated iron wires
C ¢, wound in a direction at right angles to
said secondary coil. Over the whole is then

wound the primary coil or wire D D. Ifrom

the nature of this construction it will soon
be obvious that as long as the shield formed

by the wires C is below magnetic saturation

the secondary coil or circuit is effectually pro-
tected or shielded from the inductive infiu-
ence of the primary, although I would state
that on open circuit it may exhibit some elec-
tro-motive force. When the strength of the
primary reaches a certain value, the shield C,

becoming saturated, ceases to protect the sec-

ondary from inductive action, and current is

in consequence developed therein. IForsimi-

lar reasons, when the primary current weak-
ens, the weakening of the secondary is re-
tarded to the same or approximately the same
cxtent. | |

The specific construction of the transformer
is largely immaterial. In Fig. 2, for exam-
ple, the core A is built up of thin insulated
The primary ecircuit D
is wound next the core A. Over this is ap-
plied the shield C, which in this case is made
up of thin strips or plates of iron properly
insulated and surrounding the primary, form-
ing a closed magnetic circuit. The secon-
dary B is wound over the shield C. In FKig.
2, also, B is a source of alternating or rapidly
changing currents. The primary of the trans-
former is connected with the circuit of the
generator. |

T is a two-circuit alternating-current mo-

i
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tor, one of the circuits being connected with

the main cireuit from the source E, and the
other being supplied with currents from the
secondary of the transformer:. S

[Taving now described my invention, what
I claim 1s— | |

1. In an electrical transformer or induction
device, the combination, with the main mag-
netic core and the primary and secondary
coils or circuits, of a magnetic shield or sereen
interposed between said colls, as herein set
forth. | |

o In an electrical transformer or inductive
device, the combination, with the magnetic
core and the primary and secondary coils or
circuits, of a magnetic shield or screen sur-
rounding one of said coils only, as set forth.

3. In an electrical transformer or induction
device, the combination, with the magnetic
core and the primary and secondary coils
wound thereon, of a magnetic shield or screen
wound on or built up around one only of said
coils, as deseribed. -
4. Tn an electrical transformer or induction
device, the combination, with a main Jami-
nated magnetic core and primary and second-
ary coils thereon, of a subdivided or Jami-
nated magnetic shield or screen interposed
between the coils, as set forth.

5. In an electrical transformer, the combi-
nation, with a magnetic core and primary
and secondary coils wound thereon, of a mag-
netic shield or screen interposed between

E5

50

55

60

70

75

said coils and surrounding one of them and

adapted to be or capable of being magnetic-
ally saturated by a predetermined current

strength below the maximum in the primary, so

as set forth.
NIKOLA TESTA.

- Witnesses:
| RoBT. FF. GAYLORD,
PARKER V. PAGE.
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