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My invention relates to X-ray apparatus and 
particularly to a System employed in an appa 
ratus of the type ShoWin and described in my 
Patent 1754,799 issued April 15, 1930. 
More particularly stated my invention resides 

in the Construction and arrangement of the 
transformers and vacuum valve tubes 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 various inachines of this type 

have been constructed but, due to the fact that 
relatively low voltages are utilized for radio 
graphic purposes in comparison. With the volt 
ages utilizes for therapeutic purposes, these na 
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 cunnberSome 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 sin 
plified circuit wherein the various electrical 
parts are few and the apparatus as a whole con 
stitutes a compact unit. 
Another object of ray invention is to so air 

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 ny 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 transformers are arranged to receive 
electrical energy, from Supply conductors Tul 
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 to the 
filament of a vacuum Valve tube W1, by means 

93. Seria No. 509,554 
(C, 250-34) 
of a conductor 1. 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 3 
has its secondary Winding connected to the fila 
nent of the valve tube VI for the purpose of 
heating the latter and the primary Winding of 
this heating transforiner likewise receives energy 
from the Supply conductors Il and L2. 
The other end of the Secondary Winding S1 

filament of a Second vacuun Valve tube W2 and 
a conductor 4 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 of this latter 
tube and its primary Winding is connected to 
the Supply conductor's Li and L2. 
An X-ray tube L is arranged to be energized 

by the high voltage transformersli and T2 and 

es is connected, by means of a conductor 3, to the 

o 

5 
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 
transforiners to Supply two distinct potentials in 
a mannel to be hereinafter described his 
Switch is provided with a Series of contact terrini 
nails 6, 7, 8, 9, 10 and 12 and three contact men 
bers Or SWitch armS 13, 14 and 15. 
A conductor 16 is arranged to connect one end 

80 

SS 
of the Secondary Winding S1 to the contact 
terminal 6 while a similar conductor 17 connects 
the contact terminal to an intermediate point 
of the secondary winding S1. A conductor 18 
connects the contact terminal 8 with one end of 
the Secondary Winding of a heating transformer 
T5 While a conductor 19 connects an interme 
diate point of the Secondary Winding S2 and 
the other end of the Secondary winding of the 
eating transformer 15 to contact terminal 9. 

90 

95 
A similar heating transformer T6 has one end 

of its Secondary Wiiading Connected, by means of 
a conductor 20, to contact terminal 10. A con 
ductor 22 connects one end of the secondary 
winding S2 and the other end of the secondary 00 
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 T, while conductors 24 and 25 
connect the switch arms 14 and 15 of the high 
tension switch 5 to the filament of the X-ray tube 
L. The primary Windings of the heating trans 
formerST5 and T6 are also energized from the 
supply conductors L1 and L2. 
The operation of my system may be described 
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2 
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 I2 by the closing of a Suit 
able SWitch. Transformer T3 Will heat the fila 
ment of valve tube W1, transformer T4 the fila 
ment of valve tube W2, and transformer T5 the 
flament of the X-ray tube L. The primary wind 
ingS P1 and P2 of the high tension transformers 
Will thereupon energize the Secondary Windings 
S1 and S2. The transformers T. and T2 are 
equal in every respect and it will be assumed 
that they each produce 90 KW 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 S1, 
through conductor 3, Valve tube W2, 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 I, 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 Wii, 
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 
I, and back to the intermediate point of Sec 
Ondary Winding S1 in the Sane manner as pre 
viously traced. 
The Switch arm 14 being in engagement with 

the contact terminal 8, at the same time that arm 
15 is in engagement With contact terminal 9, 
permits the transformer 5 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 KV due to the series 
connection of a portion of each of the secondary 
windings and rectification is full wave through 
the valve tubes W1 and W2. 
ASSuming now it is desired to utilize the ap 

paratus for therapeutic purposes the operator 
will move the high tension Switch to the position 
ShOWin in dotted lines. The X-ray tube, Will now 
be energized by the Secondary Windings S1 and 
S2 through a circuit which, during one half the 
Wave, may be traced as follows: from one end 
of the secondary winding S1, conductor 3, valve 
tube W2 conductor. 4, Secondary Winding S2, co 
ductor 22, contact terminal 12, Switch arm, 15, 
conductor 25, X-ray tube I, thence by means of 
conductor 23, SWitch airn 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 KW, 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 W2. 
The Switch arm i4 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 

i,946,176 
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 COInvertible fron 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 Sane 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 connected to the fila 
ment of Separate therinionic 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 switch provided with 
a plurality of terminalis and adapted to assume 
tWO positions, means for connecting an interme 
diate point of each of said secondary windings 
to Said Switch, Said Switch 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 machiae the corabination with 
an X-ray tube of a pair of high tension trans 
formerS and a Source of energy therefor, a pair 
of thernionic valve tubes, a high tension switch 
proVided With a plurality of terminals and adapted 
to aSSuine two positions, one of the secondary 
Windings 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 means 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 
aSSurne 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 
switch in its other position being adapted to con 
nect 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 
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 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 a SSune tWO po 
sitions, a vacuum valve tube connected to One 
end of each of said secondairy 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 
transformer's 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 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 input 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 waive tubes, and a 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 
Sae. 

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 electrical energy 
for energizing Said Windings, a pair of vacuum 
valve tubes connected to said secondary Wind 
ings for rectifying the energy generated thereby, 
a 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 of 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 be 
energized by the current generated by a portion 
Of each of Said Secondary Windings and rectified 
by One of Said wave tubes. 

8. In an X-ray achine the connoiation with 
an X-ray tube, of a pair of high tension Second 
a'y WindingS and a SOLice of alternating elec 
trical energy for energizing said windings, a pair 
of Valve tubes connected to said Secondary wind 
ings for 'ectifying the energy generated thereby, 
a 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 con 
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 renaining portions of each of said 
secondary windings and the other of said valve 120 
tubes, and a tWO position high teasion 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 entire secondary windings and rectified 125 
by One of Said waive tubes, and in its other posi 
tion Connecting said X-ray tube to the remain 
ing partially competed circuits to cause said 
X-ray tube to be energized during one half Wave 
of the alternating current cycle by current gen-130 
erated by a portion of each of said secondary 
windings and rectified by one of said waive 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 35 
Said Secondary windings and rectified by the 
other of Said Walve tubes. 
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