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To all whom it may concerw:

Be it known that I, HErvMaANN LEMP, a citi-
zen of the United States, residing at Liynn, 1n
the county of Essex, State of Massachusetts,
have invented certain new and useful Im-
provements in Exciting Vacuum-Tubes, of
which the following is a specification.

The present case is a division of my pend-
ing application, Serial No. 660,431, filed De-
cember 1, 1897, which division is made under
the requirements of Rule 41 of the United
States Patent Office.

For exciting Roentgen-ray and similar
tubes it is considered highly desirable to em-
ploy a unidirectional current. For this cur-
rent & continuous-current source of supply
has been almost universally used. An alter-
nating-current source of supply has certain
advantages, notably because of the readiness
with which the necessary high potential may
be secured; but the difficulty of rectifying
alternating currents to secure a unidirectional

 current has heretofore been so great that al-
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sand volts.

ternating-current generators have not been

used with success.
I have discovered a method of operation

whereby a source of alternating current may
be rendered available for exciting Roentgen-
ray tubes or other apparatus requiring uni-
directional currents of high potential.
When employing an alternating - current
generator, I propose to utilize only fractions
of the waves, preferably the wave-crests, when
the potential is at a maximum. By selecting
the wave fractions so utilized from points ot
like sign in the electromotive-tforce waves
unidirectional discharges through the tube or
other apparatus are secured. In this way
the tube may be excited by a unidirectional

current, and I avoid the heating of the tube.
which would take place if current correspond-

ing to parts of correspondingly low voltage
in electromotive-force waves were allowed to

flow through the tube. Inthe ordinary types
of X-ray tubes practically no rays are pro-

duced until the voltage has risen to ten thou-
Above this the ray is increased
as the voltage rises. The most satistactory
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results are obtained when the potential is
very high—as, for example, one hundred
thousand to one hundred and fifty thousand
volts. - |

In the accompanying drawings, Figure 118

a perspective view, partially in diagram, of

one form of apparatus for carrying out my
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invention:; and Fig. 2 shows the portion of

the current-wave that is utilized to excite the
tube.

Apparatus capable of carrying out my in-
vention will now be described. ' |
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Mains A and B are connected to any sult-

able source of alternating current of moder-
ate voltage having a periodicity, for exam-
ple, of sixty or one hundred and twenty-five
cycles per second. Connected across the
mains is a step-up transformer having a pri-
mary C of comparatively few turns and a sec-
ondary D, composed of a large number of
turns of fine wire, which is employed to excite
tube E. The secondary voltage will depend
upon the voltage of mains A and B; but to
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obtain the best results the voltage across the

secondary mains should be between one hun-
dred thousand and one hundred and fifty thou-
sand volts. | ' )
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Mounted upon an insulating-base F isa sin-
ole-phase synchronous motor Gz, which 1s con-

nected across the primary mains by wires @
and . The motor shown in the drawings 1s
provided with eight polés, so that there are

four complete positive and negative potential

waves during each revolution of the armature.
1 have found this to be a satistactory arrange-
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ment: but by changing the number of arms

H and I a motor having a different number of
poles may be employed, provided the number
of arms so corresponds with the speed of the
synchronous motor that current is allowed to
flow at the proper intervals. - o
Forming an extension of shaft J 1s an 1nsu-
lating-shaft K, revolving in bearing L. and
provided with metal arms H and 1.
Mounted upon the base ¥ are two vertically-
extending posts M and N, of insulating mate-
rial and provided at their upper ends with
adjustable contacts O and P. Contacts O and
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2.

P are respectively connected to wires o and »
and so adjusted that arms H and I when ro-
tated will pass close to them without making
actual contact. Arms H and I are similar in
construction, each being made of wire and
provided with L -shaped extensions on the
ends. These wires may or may not be elec-
trically connected.
ondary is so great that it is not necessary to
have actual contact between the arms and sta-
tionary contacts. The instantan arm assumes
the position shown by I in the drawings cur-
rent will jump the air-spaces between the arm
I and contacts O and P, and the resistance of
the circuit will be so far reduced that current
will f _
away from the position shown the resistance
1s Increased, so that the circuit is, in effect, in-
terrupted and remains so until arm H has
moved to the position now occupied by arm
I. With an eight-pole motor there will be
tour complete positive and negative potential
waves for each revolution of the armature.
and with the arms arranged as shown current
1s allowed to flow through tube E for an in-
stant when the electromotive - force waves
reach the maximum and are of like sign. 1In
other words, the relation of the arms and fixed
terminals is such that when a positive elec-
tromotive-force wave is at or near its maxi-
mum an arm will be opposite the terminals,
and as the wave rises to its positive maximum
agaln an arm will again be in a position to
permit current-flow, the potential being oreat
enough to jump the air-gaps, thus avoiding
actual contact. This is more clearly illus-
trated in Fig. 2, where four complete positive
and negative electromotive-force waves are
shown, the negative waves being shown in
dotted lines and the positive waves in broken
and dotted lines. The crests of the positive
waves, which are the only portions utilized,
are shown in full lines and indicate approxi-
mately the length of time current flows across

45 the arms H and 1.
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I have described my invention as utilizing
only the crests of the positive waves; but the
same effect 1s obtained if the crests of the
negative waves are utilized. Certain features
of novelty in my invention, however, are not
limited to sifting out and utilizing the crests
of the waves, for by a proper arrangement ot
the selector I may derive a current or cur-
rents corresponding to any desired point or
points in the electromotive-force waves while
preventing the flow of current at other points
1n the wave.

The tube E is what is commonly called a
“single-focus” tube and may be of any de-
sired construction, the one shown comprising
a cup-shaped cathode E and a flat anode E2

h

For regulating the vacuum of the tube a shunt
E’, having an air-gap or other resistance, is
placed around the tube.

Toreduce the secondary current,a resistance

The potential of the sec-

ow through tube E. As arm I moves |

774,138

' Ris placed in series with one of the secondary

leads, consisting of a rubber tube filled with
water and having plugs at the ends in which
the terminals are mounted. The resistance
can be varied by changing the length and di-
ameter of the tube.

It will be seen that the current passing
through the tube If is always in the same di-

rection and flows at instants when the poten-

tial in the circuit is at a maximum, also that
the discharge takes place across the air-gaps
between the arms and the terminals, all of
which are favorable to the production of X-
rays in large quantities. |

It will be understood that the resistance R
1s for the purpose of preventing the secondary
current rising to too high a value. It is not
at all necessary if the secondary winding D
has of itself a sufficiently high resistance. It
may also be dispensed with if the transform-
1ng apparatus has the property which tends

to make the secondary current of constant

amount, as when considerable magnetic lealk-
age occurs between the primary and secondary
winding. The resistance R when used might
be made of any very high resisting material
which would tend to diminish the current.
What I claim as new, and desire to secure
by Letters Patent of the United States, is—

1. The method of passing current to a suit-

able receiving apparatus, which consists in
subjecting it to an intermittent current de-
rived from a selected fraction of a series of
alternating-current waves of similar sign, and
cdiscarding the waves of opposite sign.

2. The method of passing current to a suit-
able receiving apparatus, which consists in
selecting from points of like sign in a series
of alternating-current waves a certain fraction
of the wave, discarding the waves of the op-
posite sign, and passing the currents thus se-
lected to the apparatus.

3. The method of passing current to a suit-
able receiving apparatus, which consists in
generating In a circuit periodic alternating
waves of current and electromotive force, se-
lecting in a second circuit a series of intermit-
tent unidirectional currents from the peak of
the waves of corresponding sign at instants
when the potential is a maximum and discard-
ing the waves of opposite sign, and passing to
the apparatus said intermittent currents.

4. The method of deriving unidirectional
current from a source of alternating-current
supply, which consists in periodically and suc-
cessively including in the circuit of said al-
ternating-current source, at certain predeter-
mined intervals, an air-gap too great for the
potential to overcome, and decreasing the air-
gap to a point where the current will pass.

5. The method of deriving unidirectional
currents from an alternating-current source
of supply, which consists in developing alter-
nating electromotive-force waves in an elec-
tric circuit, maintaining a resistance in the
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circult at all times, and varying the amount
of said resistance in circuit synchronously
with the electromotive-force waves so that at
a certain point in each wave current will flow,
and at other points current will not flow.

6. The method of deriving unidirectional
currents from an alternating-current source,
which consists in inducing periodic alternat-

ing waves of electromotive force in an elec-

tric eircuit, and varying the length and re-

sistance of anair-gap in the circuit synchro-
nously with the rise and fall of the electro-
motive-force waves, in such manner that the
air - gap permits a flow of current only at
points of the same sign in the electromotive-
force waves.

7. The method of deriving unidirectional
current from an alternating-current source of
supply, which consists in constantly main-
taining a resistance in the circuit of said
source of supply, and periodically and suc-
cessively varying the amount of sald resist-
ance whereby a succession of current impulses
are permitted to pass to a translating device
only during the intervals when the resistance
is reduced by a proper amount.

8. The method of converting alternating
currentinto unidirectional current, which con-
sists in selecting waves of one sign utilizing
parts only of said waves, and discarding those
of another sign.

9. The method of deriving unidirectional !

current from a source of alternating-current |

supply, which consists in selecting a fraction
of the waves of one sign and discarding the
entire waves of a different sign.

10. The method of exciting vacuum-tubes
from a source of alternating-current supply,

which consists in selecting a fraction of the.

waves of one sion, discarding the waves of a
different sion, and passing said wave Irac-
tions through the tube. | |

11. The method which consists in 1mpress-
ing on a circuit a high alternating voltage,

and periodically varying the opposition to

flow of current so that the minimum opposi-
tion occurs synchronously with the peaks of
waves of one sign only.

12. The method which consists 1n impress-
ing in a circuit a high alternating voltage, and
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opposing the flow of current in said circuit

except when waves of one polarity only are
at or near their maximum value.

18. The method which consists in impress-

ino on a circuit a high alternating voltage,
and causing current to pass across an alr-gap
in said circuit when the waves are at or near
their maximum value. |
In witness whereof I have hereunto set my
hand this 26th day of March, 1902.
B HERMANN LEMP.

- - Witnesses:

Ducarp McK. McKinLor,

JOHN J. WALKER.
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