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H The present invention comprises a new com 
bination of X-ray generator, or X-ray tube, and 
an electrical supply system therefor, whereby the 
focusing of the electrons on the anode is auto 

5 matically controlled during operation to give the 
most favorable results. This application is a 
continuation-in-part of my application Serial 
No. 393,819, ?led September 19, 1929 and en 
titled “X-ray equipment”. 

Heretofore, it has been common practice to 
so construct X-ray tubes that the impingement 
of the electrons, or cathode rays, on the anode or 
target, takes place on a spot of ?xed area,r—the 
focal spot. Only a certain amount of energy 
input can be safely used for agiven size of focal 
spot as otherwise the metal of the anode be 
comes fused or even vaporized, thereby injuring 
or even destroying the X-ray tube. To secure 
sharp de?nition in radiographs the size of the 
focal spot must be small. When large X-ray out 
put is desired some sacri?ce in de?nition is re 
.quired as a larger focalspot necessarily must be 
used to avoid overheating. I 
As the requirements of the radiographer in 

de?nition of radiographs and intensity of X-ray 
production, are variable, a well-equipped ra 
diographer heretofore kept in stock ready for use 
several di?erent kinds of X-ray tubes, some con 
structed to operate with a small focal spotyand 
others with a larger focal spot. 
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- ' As-a consequence of my invention 1 have pro 

vided ail improved X-ray equipment whereby the 
size of the focal spot is automatically determined 
so that with an increaserin energy the size of the 
focal spot is increased in corresponding degree 
and vice versa, thereby always securing for the 
use of the radiographer the most favorabl'efocus 
ing conditions. ' 
' In accordance with a preferred .embodiment 
of my invention an electrostatic focusing device 
in a thermionic X-ray tube is connected to a 
circuit containing a source of potential which is 
varied automatically with the energy passing 
through the X-ray tube so as to control the 
focusing in the desired manner. 
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-' My invention will be described in detail in the 

following speci?cation taken together with the 
accompanying drawing and its novel features 
pointed out in the‘appended claims. . 

Fig. 1 of the drawing is a diagram of a pre 
ferred embodiment of my invention which in 
cludes. a thermionic vacuum tube connected in 
such manner to an X-‘ray tube that a variable 
potential across the vacuum tube is impressed 
upon the focusing member of theX-ray'tube; 

Fig.‘ 2 illustrates a modification and Fig. 3 isfa 
detailed view showing in section a cathode por 
tion'of-a vacuum tube'constructedto operate in 
accordance with‘ my invention." ‘ ’ 
In the system shown in Fig. 1 there is included 60 

an‘X-ray-tube or generator comprising a bulb'l 
having oppositely extending electrode arms and 
containing an anode 2 ‘and a cathode 3 (here 
shown diagrammatically)’ which do not ' differ 
essentially ‘in construction from~ the‘ electrodes 65 
ordinarily employed‘ in ‘a well-known form of 
thermionic Xera'y tubes. The anode comprises ‘a 
mass of highly refractory metal, preferably tung 
sten; The’ anode stem 4 is sealed into a support 
5 of the usual construction. ' The cathode, as best 70 
shown in Fig. 3, comprises ‘a spiralv ?lament 6, » 
also preferably ‘consisting of tungsten.vv This ?la 
mentv is connected at one 'end'to va conductor ‘7 
and‘ at its opposite'end to‘fa ring 8, carried by a 
conductor 9.‘ The cathode‘ conductors are ‘sealed 75 
into a stem 10 and lead to external contact'de 
vices (not shown). Surrounding the- cathode 
?lament _6 is a focusing device consisting “of-a 
dished tubular member 11 which is supported by 
the' conductors '12, 12,‘ in turn mounted‘upon a 80 
split metal tube 13 carried by the glass tube 14 1' 
which forms with the stem 10 a reentrant mem 
ber in the cathode arm of the envelope.- Acon 
‘ductor 15 contacting with the- tube 13 is'seialed 
through the envelope of the‘X-ray tube-to an 85 
external circuit described hereinafter.’ 
The cathode conductors‘ '7, -9 are connected by I 

the‘wiresl?, 1'! (Fig.1) to the secondary'wind 
ing 18 of a transformer 19, whereby heatingcur 
rent is'supplied to maintain the cathode ‘at an 90 

j electron-emitting temperature. Current for geri 
erating ‘X-rays'is supplied ‘by the high potential 
secondary winding of a main transformer '20 
‘through a recti?er or mechanical‘translator' 21 
‘of‘any' suitable and ‘well-known type. Both the 95 
transformers 19 and 20 derive energy for their ‘ 
primary windings from the ‘alternating current 
mains 22.‘ The supply circuit'23 of the trans 
"former 19 contains an adjustable resistor 24. 
The supply circuit '25 of the transformer 20 con- 100 
tains a switch conventionally indicated at 26. ~ A 
vacuum tube 27‘ is included in circuit between 
the transformer 20 and the'cathode ?lament 6, 
by‘, conductors 31, 15, 34pm the one-hand and 
conductors 28, 1'7, 9 on the other hand. The 105 
cathode 30 of the tube'2'7 is connected by the - 
conductors 31, 31' to the secondary winding 32 
whichv may be wound on the core‘of thetrans 
"former 19' in common with 'the‘winding‘ 18,0r 
Iconne'cted'in any‘ suitable‘manner'ito be respo'ri- 1N 
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sive to the same voltage changes as the winding 
18. The conductor 31 contains an adjustable 
resistance 33. 

It will be observed that the vacuum tube 27 is 
in series with the X-ray tube in the high poten 
tial circuit conductors 34, 15,. 31, 28 and 34' 
which,carry the current for producing X-rays. 
The impedance, and hence voltage drop, in a 
thermionic vacuum tube varies inversely with the 
temperature of the cathode up to the saturation 
value of the cathode electron emission. The 
negative bias which is given to the focusing mem 
ber 11 by the connection of the circuit 15, 28, 
containing the vacuum tube 27, to this member is 
made high‘ enough to cause a convergence or 

> focusing of the cathode rays upon the focal spot 
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of the most favorable area for anX-ray generaté 
ing current at the lower limit of the operating 
range of the X-ray tube. When a higher operat 
ing current is desired for the X-ray tube, the tem 
perature of the cathode 6 must be increased. 
This is accomplished by decreasing the resistance 
24 in the primary circuit of the transformer 19 
thereby simultaneously‘ increasing the tempera 
ture of the ?lament 30 of the vacuum tube 27 and 
lowering the voltage drop in the vacuum tube. 
The negative bias of the focusing member is de 
creased by the lowering of the voltage drop in 
the vacuum tube, and, therefore, with the greater 
energy input in the X-ray tube the focal spot is 
automaticallyrenlarged. By proper proportion 
,ing of the resistor 33 in the cathode circuit of the 
tube 27 and by adapting the geometry of the X 
ray tube and the vacuum tube with respect _to 
the electron emissivity of their cathode ?laments, 
,the increase in area of the focal spot may be 
caused to keep step with an increase in current 
through the X-ray tube so as to always secure 
the most favorable focal ‘spot with any given en 
ergy input. In order further to adapt the'con 
stants of the vacuum tube 27 ‘to those of the‘X-ray 
gtulbe so as'to obtain an accurate change of size 
,of the focal spot corresponding to the change in 
currentpassing through the X-ray tube, it may 
be desirable to insert a permanent resistance 29 
in the line 28. 

. The system shown in Fig. 2 is similar to the sys— 
tem shown in Fig. 1 but in addition to-current 
responsive means there is provided means for con 
trolling the size of the focal spot to respond to 
changes of voltage of the energy supply of the 
X-ray tube. Referring to this ?gure, a trans 
former .60 is provided which cooperates with the 
transformer 32 in heating the ?lament 30. The 
winding 18 which supplies current to heat the " 
?lament of the X-ray tube must not receive 
changes in voltage due to fluctuations of line 
voltage as in such case the current through the 
X-ray tube would vary irregularly with line 
lvoltagel A stabilizer, as represented by the re 
sistor' hence is provided. 
The X-ray tube, however, responds to variations‘ 

of line voltage in the intensity or hardness of the 
X-ray produced therein accompanied by varia 
tions in heat evolution at the focal spot. The area 
“of the focal spot is varied accordingly by the fol 
lowing arrangement. The primary winding of the 
transformer 60 is connected to receive current 
from the energy source 22. In’the particular ar 
rangement illustrated, the primary winding of 60 
is connected by the conductors 61, 62 in series 
withprimary of the transformer 20. The sec 
ondary winding of the transformer 60 is connected 
by the conductors 31, 31’ in series with the sec 
ondary winding 32, the windings being connected ' 

.bination of a source of energy, 

1,946,295’ 
When a rise or fall of po 

tential occurs in the mains 22, a corresponding 
rise or fall of current occurs in the circuit 31, 31’, 
causing the electron emissivity of the ?lament 30 
to correspondingly vary. For example, an in 
crease of voltage increases the electron emission 
of the ?lament 30. This decreases the potential 
drop across the tube 27. The fall of potential be 
tween the focusing member 11 and the cathode 6 
broadens the focal spot, thus privides a greater 
surface for the increased energy of bombardment 
of the anode. Upon a fall of voltage the converse 
action takes place, the focal spot being sharpened. 
Thevsize of the focal spot thus is controlled in 
response to changes of energy. 
What I claim as‘new and desire to secure by 

Letters Patent of the United States, is, 
1. The combination of an X-ray tube having 

main electrodes including'a thermionic cathode, a 
main transformer connected to operate said tube, 
means‘ for focusing the X-ray producing discharge 
in said tube, an auxiliary thermionic tube con 
nected in series with said X-ray tube, a conductive 
connection between said focusing means and said 
auxiliary tube, a second transformer having sec 
ondary windings connected respectively 'to the 
cathode of said X-ray tube and the cathode of 
said auxiliary tube, a common primary winding for 
said second transformer and a third transformer 

to assist one another. 

having a primary winding connected in circuit 
with said main transformer and a secondary wind 
ing connected in circuit with the cathode of said 
auxiliary tube. - > 

2. An electrical'discharge apparatus comprising 
thecombination of ya main discharge tube, the ' ' 
parts of which include a cathode, an anode, and a 
device whereby the focusing of a discharge upon 
the anode may be varied, a main electrical supply 
circuit connected to the cathode and anode of 
said main tube, an auxiliary discharge tube con 
nected in series with said main tube in said sup 
ply circuit, and a conductor connecting the focus 
ing device of said main tube to said auxiliary tube 
whereby the ?eld of the focusing device and hence 
the focus of the discharge is varied in accordance 
‘with the drop of potential in said auxiliary tube. 

3. An X-ray apparatus comprising the combina 
tion of an X-ray tube, having main electrodes and 
a focusing device, a main electrical “supply circuit 
connected to said'main‘electrodes, a thermionic 
vacuum tube connected in series with the X-ray 
tube in said main-circuit‘ and a conductor con 
necting the‘ focusing device’ of said X-ray tube to 
{one of the electrodes of said vacuum tube. ~ . r 

4. An X-ray apparatus comprising the combina 
tion of a source of energy, an X-ray tube having 
an anode, a thermionic cathode, and a'focusing 
member surrounding said cathode, a main circuit 

' connecting ‘said-source and the anode and cathode 
of said X-ray tube, a regulating vacuum tube in 
said main circuit connected between said source 
and the cathode of-said X-ray tube, and an elec 
trical conductor connecting the cathode of said 
regulating tube and the focusing member of said 
-ray tube. , '_ j 

5. An X-ray apparatus comprising the com 
an Xr-vray tube 

having an anode, a thermionic cathode and a fo 
cusing member surrounding said cathode, a main 
circuit connecting said source and the anode 
and cathode of said X-ray tube, a regulating 
vacuum tube in said main circuit connected be 
tween said source and the cathode ofv said X-ray 
.tube, .an electrical conductor connecting one of 
the electrodes of ‘said ‘regulating tube‘ and the‘ 
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1,946,287 
focusing member of said X-ray tube, and means 
for simultaneously varying the electron emission 
of the respective cathodes of said X-ray tube 
and said regulating tube. , 

6. An electrical apparatus comprising the com 
bination of a main source of energy, a main dis 
charge tube having an anode, a thermionic cath 
ode and a focusing member surrounding said 
cathode, a supply circuit connecting said source 
to the anode and cathode of said main discharge 
tube, a regulating discharge tube in said circuit 
connected between said source and the cathode 
of said main tube, an electrical circuit connecting 
said. focusing member and the cathode of said 
auxiliary device, and a transformer having sec 
ondary windings, one of which is connected to 
supply the cathode of said main tube, and another 
of which is being connected to supply the cathode 
of said auxiliary tube. 

7. An electrical discharge apparatus compris 
ing the combination of a main discharge tube, 
the parts of which include a cathode, an anode, 
and a device whereby the focus of a discharge 
upon the anode may be varied, a main electrical 
supply circuit connected to the cathode and anode 
of said main tube, an auxiliary discharge tube 
connected in series with said main tube, a con 
ductor connecting the focusing device of said main 
tube to said auxiliary tube whereby the focus of 
the main discharge is varied in accordance with 
the drop of potential in said auxiliary tube, a 
heating circuit for the cathode of said auxiliary 
tube, means for varying the current in said heat 
ing circuit in response to variations of potential 
of, said main supply circuit, and common means 
for varying the electron emission of the cathode 
of said main tube and the cathode of said auxiliary 
tube. 

3 
8. An X-ray apparatus comprising the com 

bination of an X-ray tube having main electrodes, 
including a thermionic cathode and a focusing 
device, a thermionic regulating tube connected 
in series with one of said electrodes, a conductor 
connecting the focusing device of said X-ray tube 
to one of the electrodes of said regulating tube, 
a transformer having a primary winding and a 
plurality of secondary windings connected respec 
tively to supply the cathodes of said X-ray tube 
and said regulating tube, a main transformer 
having a secondary winding connected to 
supply energy to said X-ray tube, and a trans 
former having a primary winding connected in 
series with the primary winding of said main 
transformer and a secondary winding connected 
in circuit with the transformer winding which 
supplies the cathode of said regulating tube. 

9. The combination of a main thermionic de 
vice, means for focusing electrons emanating 
from the cathode of said device, a supply circuit 
for said device, an auxiliary thermionic device 
connected in series with said main device in said 
circuit, a conductor connecting said focusing 
means to an electrode of said auxiliary device, 
common means for maintaining at an operating 
temperature the cathodes of both the main and 
the auxiliary thermionic devices, and means for 
varying the temperature of the cathode of said 
auxiliary device in response to variations of 
voltage in the supply circuit of said main device 
thereby varying the potential of said focusing 
means and sharpening or broadening the focus 
of a discharge in said main device in response to 
variations of space current therein. 

WILLIAM K. KEARSLEY. 
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