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My invention relates to X-ray apparatus and
particularly to a system employed in an appa-
ratus of the type shown and described in my
Patent 1,754,799 issued April 15, 1930.

More particularly stated my invention resides
in the construction and arrangement of the
transformers and vacuum valve tubses in a cir-
cuit for energizing an X-ray tube in such a
manner that the apparatus may be readily con-
verted as desired, for either radiographic or
therapeutic purposes.

In the prior art varicus machines of this type
have been constructed but, due to the fact that
relatively low voltages are utilized for radio-
graphic purpcses in comparison with the volt-
ages utilizes for therapeutic purposes, these ma-
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chines have been relatively large and subject to

numerous limitations. The transformer and
other electrical apparatus, such as condensers,
reactances and resistances have, heretofore, been
employed to accomplish the requisite increase in
voltage for the two-fold purpose of this type
of apparatus.

The utilization of these numerous trans-
formers, etc., renders the machine as a whole
rather cumbersome and increases the possibility
of a break-down occurring during the operation
of the apparatus, thus limiting the useful life
of the apparatus and the X-ray tube,

It is therefore an object of my invention to
provide, in an apparatus of this character, a sim-
plified circuit wherein the various electrical
parts are few and the apparatus as a whole con-
stitutes a compact unit.

Another object of my invention is to so ar-
range and connect the various parts in the cir-
cuit that the electrical stresses are equalized
throughout the entire circuit and the load on
the supply lines is thus reduced to a minimum.

Still further objects of my invention will be-
come apparent to those skilled in the art by
reference to the accompanying drawing wherein
the single figure is a diagrammatic view of the
circuit utilized in my X-ray apparatus.

Referring now to the drawing in detail I have
shown two high tension transformers T1 and T2
each of which is provided with the usual mag-
netic cores. The primary windings P1 and P2
of these traunsformers are arranged to receive
electrical energy, from supply conductors L1l
and L2 connected to any source of alternating
commercial potential.

The secondary winding S1, of the high tension
transformer T1, is connected at one end Yo the
filament of a vacuum valve tube VI, by means
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of a conductor i. The anode of this valve tube - -
is connected by means of a conductor 2 to one
end of the secondary winding S2 of high ten-
sion transformer T2. A heating transformer T3
has its secondary winding connected to the fila- ‘gp
ment of the valve tube VI for the purpose of
heating the latter and the primary winding of
this heating transforimer likewise receives energy
from the supply conductors Lil and L2. -

The other end of the secondary winding Si (i3
is connected, by means of a conductor 3, to the -~
filament of a second vacuum valve tube V2 and
s conductor ¢ connects the anode of this latter
tube to the other end of the secondary winding
S2. A second heating transformer T4 is also
provided for heating the filament oi this latter -
tube and its primary winding is connected to
the supply conductors Ll and L2. = - ‘

An X-ray tube L is arranged to be energized
by the high voltage transformers T1 and T2 and
‘a high tension switch 5 is provided for the pur- -~
pose of connecting the X-ray tube to these trans-

. formers. This high tension switch is adapted to
assume two positions each of which causes the
transformers to supply two distinet potentials in gg
8 manner to be hereinafter described. This -
switeh is provided with a series of contact termi-
nals 6, 7, 8, 9, 10 and 12 and three contact mem-
bers or switch arms 13, 14 and 15.

A conductor 16 is arranged to connect one end gg
of the secondary winding S1 to the .contact -
terminal 6 while a similar conductor 17 connects
the contact terminal 7 to an intermediate point
of the secondary winding S1. 'A conductor 18
connects the contact terminal 8 with one end of gg
the secondary winding of a heating transformer
T5 while a conductor 19 connecis an interme-
diate point of the secondary winding S2 and
the other end of the secondary winding of the
heating transformer T5 to contact terminal 9. g5

A similar heating transformer T8 has one end
of its secondary winding connected, by means of
a conductor 20, to contact terminal 10. A con-
ductor 22 connects one end of the secondary
winding 82 and the other end of the secondary 100
winding of heating transformer T6 to the con- -
tact terminal 12. 'The switch arm 13 is con-
nected, by means of a conductor 23, to the anode
of the X-ray tube L while conductors 24 and 25
connect the switch arms 14 and 15 of the high j05
tension switeh 5 to the filament of the X-ray tube **
L. The primary windings of the heating trans-
formers TH and T6 are also energized from the
supply conductors L1 and L2. ,

The operation of my system may be described 310
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as follows: Assume it is desired to operate the
apparatus for radiographic purposes. The high
tension switch is moved to the position shown
in the drawing and the primaries of the various
transformers are then energized from the sup-
ply conductors L1 and L2 by the closing of a suit-
able switeh. Transformer T3 will heat the fila-
ment of valve tube V1, transformer T4 the fila~
ment of valve tube V2, and transformer T5 the
filament of the X-ray tube L, The primary wind-
ings P1 and P2 of the high tension iransformers
will thereupon energize the secondary windings
S1 and S2. The transformers T1 and T2 are
equal in every respect and it will be assumed
that they each produce 90 KV peak, although they
may be constructed to generate higher or lower
potential as desired.

The X-ray tube L is thereupon energized by the
transformer secondaries S1 and S2 through a
circuit which extends, during one half the wave,
from a portion of the secondary winding Si,
through conductor 3, valve tube V2, conductor 4,
a portion of secondary winding S2 to the interme-
diate tap, then by means of conductor 19, contact
terminal 9, switch arm 15, conductor 25 X-ray
tube L, thence by means of conductor 23, switch
arm 13, contact terminal 7 and conductor 17 to
the intermediate point of secondary winding S1.
During the remaining half of the wave the cir-
cuit may be traced from a portion of secondary
winding S1, through conductor 1, valve tube V1,
conductor 2, a portion of secondary winding S2
to the intermediate point, then by means of con-

. ductor 19 and switch arm 15 to the X-ray tube

L and back to the intermediate point of sec-
ondary winding S1 in the same manner as pre-
viously traced.

The switch arm 14 heing in engagement with
the contact terminal 8, at the same time that arm
15 is in engagement with contact terminal 9,
permits the transformer T5 to supply the en-~
ergy for heating the filament of the X-ray tube
L. The heating transformer T6 remains idle
during the operation of the apparatus for radio-
graphic work. The X-ray tube L, in the radio-
graphic position of high tension switch 5, is sup-
plied with a potential of 90 XV due to the series
connection of a portion of each of the secondary
windings and rectification is full wave through
the valve tubes V1 and V2.

Assuming now it is desired to utilize the ap-
paratus for therapeutic purposes the operator
will move the high tension switch to the position
shown in dotted lines. The X-ray tube L will now
be energized by the secondary windings S1 and
82 through a circuit which, during one half the
wave, may be traced as iollows: from one end
of the secondary winding 81, conductor 3, valve
tube V2 conductor 4, secondary winding 82, con-
ductor 22, contact terminal 12, switch arm 15,
conductor 25, X-ray tube L, thence by means of
conductor 23, swifch arm 13, contact terminal 6
and then by means of conductor 16 to the other
end of secondary winding S1.

The X-ray tube L is supplied with a potential
of 180 KV, with the high tension switch 5 in this
position, due to the series connection of the en-
tire secondary windings S1 and S2 while the rec-
tification is half wave, through the valve tube V2.
The switch arm 14 being in engagement with con-
tact terminal 10 causes the filament of the X-ray
tube to be energized by the heating transformer
T6 through conductors 20 and 24 while the trans-
former T5 is idle.

It thus becomes readily apparent to those
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skilled in the art that I have provided a com-
plete system for X-ray apparatus that is adapt~
able for both radiographic and therapeutic pur-
poses, readily convertible from one type of ap-
paratus to the other, and which constitutes a
very compact and efficient unit.

Although I have shown and described one spe-
cific embodiment of my invention I do not desire
to be limited thereto as various other modifica-
tions of the same may be made without depart-
ing from the spirit and scope of the appended
claims.

What is claimed is:

1. In an X-ray device the combination with
an X-ray tube of a ‘pair of high tension trans-
formers and a source of electrical energy there-
for, said transformers being provided with sec-
ondary windings, one of said secondary windings
having each of its ends connecied to the fila-
ment of separate thermionic valve tubes, the
other secondary winding having each of its ends
connected to the anode of each of said thermionic
valve tubes, a high tension switeh provided with
8 plurality of terminals and adapted to assume
two positions, means for connecting an interme-
diate point of each of said secondary windings
to said switch, said switeh in one position ar-
ranged to connect one end of each secondary
winding to the anode and cathode respectively
of said X-ray tube, said switch in its other posi-
tion arranged to connect the intermediate point
of each of said secondary windings with the
anode and cathode respectively of said X-ray
tube, and means for heating the filaments of said
thermionic valve tubes and said X-ray tube.

2. In an X-ray machine the combination with
an X-ray tube of a pair of high tension trans-
formers and a source of energy therefor, a pair
of thermionic valve tubes, a high tension switch
provided with a plurality of terminals and adapted
to assume two positions, one of the secondary
wirndings of said high tension transformer having
one of its ends connected to one terminal of said
switch and to the filament of one of said ther-

mionic valve tubes, the other end of said sec-

ondary winding being connected to the filament
of the other of said thermionic valve tubes, an
intermediate point of said secondary winding con-
nected to a terminal of said switch, the second-
ary winding of the other of said high tension
transformers having one of its ends connected to
the anode of one of said thermionic valve tubes
and to a terminal of said high tension switch
and the other end connected to the anode of the
other of said valve tubes, an intermediate point
of said last mentioned secondary winding con-
nected to a terminal of said switch, said switch
in one of its positions causing the energy gen-
erated by the entire windings of both of said
secondary windings to flow through said
X-ray tube and in its other position causing
the energy generated by a portion of both of
said secondary windings to flow through said
X-ray tube, and mesans for heating the filaments
of said thermionic valve tubes and said X-ray
tube.

3. In an X-ray machine the combination with
an X-ray tube, of a pair of high tension sec-
ondary windings and a source of electrical en-
ergy therefor, a high tension switch adapted to
assume two positions, a vacuum valve tube con~-
nected to one end of each of said secondary wind-
ings, and a second valve tube connected to the
remaining end of each of said secondary wind-
Ings and to said high tension switch, said switch
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in one position being adapted to connect both
of said secondary windings and one of said valve
tubes to said X-ray tube for the purpose of rec-
tifying the energy generated by all of the wind-
ings of each of said secondary windings and en-
ergizing said X-ray tube therewith, and said
switeh in its other position being adapted to con-
neet a portion of both of said secondary wind-
ings and both of said valve tubes to said X-ray
tube for the purpose of rectifying the energy gen-~
erated by a portion of each secondary winding
and energizing said X-ray tube therewith,

4, In an X-ray machine the combination with
an X-ray tube, of a pair of high tension trans-
formers and a source of electrical energy there-
for, secondary windings for said transformers, a
high tension switch adapted to assume two po-
gitions, a vacuum valve tube connected to one
end of esch of said secondary windings, and a
second valve tube connected to the remaining
end of each of said secondary windings and to
said high tension switch, said high tension switch
in one of ifs positions being adapted tc connect
the entire secondary windings of both of said
transformers and one of said valve tubes in
series with each other and said X-ray tube, and
said switch in its other position being adapted
to connect a portion of both of said secondary
windings and one of said valve tubes in series
with each other and said X-ray tube.

5. In an X-ray machine the combination with
an X-ray tube of a pair of high tension trans-
formers and a source of electrical energy there-
for, secondary windings for said transformers, a

. high tension switch adapted to assume two po-

sitions, a vacuum valve tube connected to one
end of each of said secondary windings, and a
second valve tube connected to the remaining
end of each of said secondary windings and to
said high tension switch, said high tension switch
in one of its positions being adapted to connect
the entire secondary windings of both of said
transformers and one of said valve tubes in
series with each other and said X-ray tube, and
said switch in its other position being adepted
to connect a portion of each of said secondary
windings and one of said valve tubes in series
with each other and said X-ray tube during a
fraction of a predetermined period, and the re-
maining portion of each of said secondary wind-
ings and the other of said valve tubes in series
with each other and with said X-ray tube during
the remainder of said predetermined period.

6. In an X-ray machine the combination with
an X-ray tube of a pair of high tension second-
ary windings and a source of electrical energy
for energizing said windings, a pair of valve
tubes connected to said secondary windings for
rectifying the current generated thereby, a par-
tially completed inputb circuit for said X-ray tube
including each of the entire secondary windings
and one of said valve tubes, a partially completed
input circuit for said X-ray tube including a
portion only of each of said secondary windings

3
and one of said valve tubes, and & two position
high tension switch, said switch in one position
connecting said X-ray tube to said first men-
tioned circuit to complete the same and in its
other position connecting said X-ray tube to
said second mentioned circuit to complete the
same.

7. In an X-ray machine the combination with
an X-ray tube of a pair of high tension second-
ary windings and a source of ciectrical energy
for energizing said windings, a pair of vacuum
valve tubes connected to said secondary wind-
ings for rectifying the energy generated thereby,
g, partially completed input circuit for said X-ray
tube including each of the entire secondary wind-
ings and one of said valve tubes, a partially com-
pleted input circuit for said X-ray tube includ-
ing a portion only of each of said secondary
windings and one oi said valve tubes, and a
two position high tension switch, said switch in
one position connecting said X-ray tube to said
first mentioned circuit to cause said X-ray tube
to be energized by current from both of the en-
tire secondary windings and rectified by one of
said valve tubes, and in its other position con-
necting said X-ray tube to said second men-
tioned circuit to cause said X-ray tube to he
energized by the current generated by a portion
of each of said secondary windings and rectified
by one of said valve tubes.

8. In an X-ray machine the combination with
an X-ray tube, of g pair of high tension second-
ary windings and a scurce of alternating elec-
trical energy for energizing said windings, a pair
of valve tubes connected to said secondary wind-
ings for rectifying the energy generated thereby,
a partially completed input circuit for said X-ray
tube inciuding each of the entire secondary wind-
ings and one of said valve tubes, a partially com-
pleted input circuit for said X-ray tube including
a portion only of each of said secondary wind-
ings and one of said valve tubes, a third par-
tially completed input circuit for said X-ray tube
including the remaining portions of each of said
secondary windings and the other of said valve
tubes, and a ftwo position high tension switch,
said switch in one position connecting said X-ray
tube to said first mentioned cireuit to cause said
X-ray tube to be energized by current from both
of the entire secondary windings and rectified
by one of ssid vaive tubes, and in its other posi-
tion connecting said X-ray tube to the remain-
ing. partially completed ecircuits to cause said
X-ray tube to be energized during one half wave
of the alternating current cycle by current gen-
erated by a portion of each of said secondary
windings and rectified by one of said valve tubes,
and during the remaining half wave of the alter-
nating current cycle to be energized by current
generated by the remaining portions of both of
said secondary windings and rectified by the
other of said valve tubes.

ARTHUR MUTSCHELLER.
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