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The present invention relates in general to electronics 
and has more particular reference to‘ the production of 
X-rays, the invention pertaining especially to an im 
proved X~ray generating tube. ' 

X-ray generating tubes commonly comprise an elec 
tron emitting cathode, a cooperating anode forming an 
electron target, evacuated envelope means hermetically 
enclosing the anode and cathode, and supporting the 
same in spaced facing relationship. The envelop of an 
X-ray tube usually embodies portions of electrical in 
sulating material, such as glass, disposed in position to 
mount the cathode in the envelope and to relatively in 
sulate the anode and cathode, in order that electrical 
pressure, at substantial voltage, may be applied there 
between to drive cathode emitted electrons toward and 
cause the same to impinge upon the electron targetpro 
vided at the anode for the generation of X-rays. Rays 
thus produced at the target may be emitted thence out 
wardly of the envelope, for any useful purpose, through 
a suitable ray transmitting window formed in the enve 
lope adjacent the ray generating target. 
An important object of the present invention is to pro 

vide for enclosing the cathode mounting end portions of 
an X-ray tube in a suitable, preferably grounded casing 
adapted to be ?lled with oil or other suitable insulating 
material, and to dispose a high voltage cable receptacle 
in such casing in position with an end of the receptacle 
extending within a re-entrant portion of the cathode 
carrying and insulating end portions of the tube envelope, 
whereby thus to reduce the overall dimension of the tube 
and receptacle; a further object being to provide a dia 
phragm member comprising a length of ?exible rubber 
tubing within the casing, whereby to compensate for 
changes in volume of the insulating material with tem 
perature, said length of rubber tubing having one end 
closed and the other end vented to atmosphere outwardly 
of the casing. 

Briefly stated, the objects of the present invention may 
be realized through the provision of an X-ray generating 
tube having an anode forming a target surface facing an 
electron emitting cathode element. The anode may form 
one end of an hermetic envelope enclosing the cathode, 
and formed at the anode remote end of the envelope 
with a re-entrant envelope portion comprising insulating 
material, such as glass, and disposed in position to sup 
port the cathode structure in the envelope in coaxial aline 
ment with respect to the anode. A casing may be secured 
on the envelope in position enclosing the glass cathode 
carrying portions thereof, the casing being adapted to 
contain a ?uid insulating medium in position to submerge 
the cathode carrying envelope portion together with ‘a. 
high voltage cable receptacle carried in the casing in 
position extending within a re-entrant portion of the 
cathode mounting portion of thetube envelope, a length 
of ?exible tubin'g'clo'sed' at one end and in open com 
munication' with circumambient atmosphere outwardly 
of the casing, being enclosed within the casing “and sub 
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merged in the ?uid insulating medium to compensate for 
expansion and contraction thereof. 
The foregoing and numerous other important objects, 

advantages and inherent functions of the invention will 
become apparent as the same is more fully understood 
from the following description, which, ‘taken in connec 
tion with the accompanying drawings, disclosed a pre 
ferred embodiment of the invention. 

Referring to the drawings: 
Fig. 1 is a sectional view taken longitudinally through 

an X-ray generating tube embodying ‘the present inven 
tion; and 

Fig. 2 is a sectional view taken substantially along the 
line 2—2 in Fig. l. ' 
To illustrate the invention, the drawings show an X-ray 

generator _11 comprising an anode 13, forming anelec 
tron target surface, a cathode structure 15 embodying 
an elongated electron emission element and envelope 
means 17 enclosing the anode and cathode. In accord 
ance with the present invention, the anode 13 may com 
prise a sleeve-like, preferably cylindrical element, the 
cathode being supported concentrically within the anode 
and adapted [for electron emission in all directions ra 
dially of the longitudinal axis thereof toward the in 
wardly facing surfaces of the surrounding sleeve-like 
anode element. The arrangement results in the genera 
tion of X-rays in all portions of the cathode encircling 
target surface of the anode, thereby producing large 
amounts of radiation at relatively low electrical current 
density at the target surface, thereby minimizing vheat 
generation at the anode. The resulting radiation may 
be emitted at an end of the anode as a high intensity 
X-ray beam. 
The envelope means 17 preferably comprises a plate 

or disc of steel 19, forming a frame having a central 
opening 21. A preferably cylindrical sleeve 23 of metal, 
such as, steel, is sealingly secured, at one end, to the plate 
19, in position extending outwardly of the plate, on one 
side thereof, in coaxially alined communication with 
the opening 21, the anode being sealingly secured, at one 
end thereof, on and to the plate remote end of the sleeve 
23, as ‘by welding or brazing the parts together, the other 
end of the anode elementbeing closed by and carrying 
an X-ray transmitting window pane 27 forming a ray 
emitting Window in the envelope at the sleeve remote end 
of the anode element. 
The side of the plate 19, remote from the sleeve 23, 

maybe formed with a shoulder 29 providing a circular 
seat, concentric with respect to the opening 21, for re 
ceiving one end of a mounting sleeve 31, which end may 
be welded or otherwise sealingly secured to the plate 19 
at the shoulder 29. The sleeve preferably comprises 
steel containingappreciable quantities of nickel and pro 
viding a rim, remote from the seat 29 and adapted to 
form a seal 33 with a preferably glass cathode carrying 
envelope portion 35. The end of the said envelope por 
tion 35, remote from the seal 33, preferably forms a re 
entrant sleeve portion 37 having an edge forming a glass 
to-metal seal 39 with the rim of a metallic end seal struc 
ture comprising a plate 41 and a mounting sleeve 43 seal 
ingly secured, as by welding at one end, to the plate 41, 
said sleeve, at its other end, forming the glass-to-metal 
seal 39 with the terminal edge of the re-entrant sleeve 
portion 37. ' 

The cathode structure 15 may comprise a body of 
metal, such as copper, forming a head 45 secured in and 
electrically connected with an end of a preferably copper 
sleeve _47. The other end of the sleeve may be secured 
on and electrically connected with a preferably copper 
collar 49 having a central opening, said collar 49 in turn 
being‘ mechanically and electrically connected with‘ one 
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end of a tubular support 51. The other end of the sup 
port may be mechanically and electrically secured upon 
the plate 41 in coaxial alinement with a central opening 
53 formed therethrough, said cathode structure being thus 
carried in positionrpresenting the head 45 at the sleeve 
mounted end of the anode element. 
An electron emitting element, preferably comprising a 

helical ?lament 57, is supported upon the head 45 in po 
sition extending coaxially within the cylindrical anode 
element. One end of the helical ?lament may be elec 
trically connected with a conductor rod 59 supported on 
and electrically insulated from the head 45. The con 
ductor rod may be electrically connected, as by means 
of a ?exible conductor element 61, with a conducting stem 
63 which extends coaxially within the collar 49, the tubular 
support 51 and the opening 53 of the mounting plate 41, 
and outwardly of said plate through a suitable envelope 
seal 65 into the space within the re-entrant sleeve por 
tion 37 of the envelope. The other end of, the helical 
electron emission ?lament 57 may be electrically con 
nected with one end of an electrical conducting rod 67 
which extends concentrically within the ?lament, the other 
end of said rod being mechanically and electrically se 
cured upon the head 45. The stem 67 may also carry 
a metallic button 69 thereon at and outwardly of the stem 
connected end of the ?lament 57, said button extending 
between the ?lament and the overlying ray transmitting 
window pane 27, to thereby screen said pane from ?la 
ment emitted electrons. 

It will be seen from the foregoing that one end of the 
?lament 57 is electrically connected, through the cath 
ode structure, with the mounting plate 41, one side of 
which is exposed in the space within the re-entrant sleeve 
portion 37 of the envelope, the other end of the ?lament 
being connected with the stem 63 which has an end ex 
tending within said space. The ?lament 57, accordingly, 
may be excited for electron emission by a source of ?la 
ment energizing power disposed outwardly of the en 
velope, by connecting said source with the mounting plate 
41 and the stem 63. This may be conveniently accom 
plished by means of a suitable source connected cable 
and a cable connection receptacle 79 having cable'en 
gaging contacts adapted to be electrically connected with 
the plate 41 and stem 63 within the re-entrant sleeve por 
tion 37 of the envelope. To these ends, the glass en 
velope portions 35 and the mounting sleeve 31 may be 
enclosed within a preferably cylindrical metal casing 71 
having a ?anged end 73 adapted to be bolted, or other 
wise detachably secured, upon the plate 19 outwardly of 
the mounting sleeve 31, suitable gasket means 75 being 
provided for sealing the ?anged end of the casing 71 to 
the plate 19. The opposite end of the casing 71 may be 
?tted with a collar or gland 77 sealingly secured in any 
suitable or preferred fashion in the end of the casing. 
The gland 77 may form a seat de?ning a central opening 
through which the cable receptacle 79 may extend into 
the casing, means being provided for detachably secur 
ing the receptacle in the casing as by clamping a shoul 
dered portion 81 of the receptacle upon the seat formed 
on said gland, a suitable sealing gasket 83 being pro 
vided to seal the receptacle in said gland. 
The receptacle may be of any suitable, preferred or 

conventional construction providing terminal studs 84 at 
its inner or gland remote end, in position to be electri 
cally connected, the one with the plate 41, as by means 
of a connecting terminal 85 on said plate, and the other 
with the exposed end of the conducting stem 63, said 
studs being electrically connected with contacts disposed 
in position within the receptacle for electrical connection 
with the corresponding terminals of the end structure of a 
conventional power supply cable. ’ 
The casing 71 is adapted to contain oil or other insu 

lating substance in which the receptacle 79, as well as 
the envelope portions 31 ‘and 35, and the electrical con 
nections between the receptacle studs and conductors, 63 
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4 
and 85 are immersed. In order to compensate for vari 
ations in volume of the insulating medium in the casing 
71, in response to changes in the temperature thereof, a 
diaphragm device 87 may be provided immediately ad 
jacent the gland 77. The diaphragm device may com~ 
prise a length of ?exible tubing of rubber-like material 
that is resistant to deterioration when in contact with the 
insulating medium in the casing 71. The length of ?ex» 
ible tubing may be disposed in position encircling the re= 
ceptacle 79 adjacent the gland 77, said tubing being seal 
ingly closed at one end by any suitable sealing means, 
the other end of the diaphragm tube being connected to 
atmosphere outwardly of the casing, as through an elbow 
?tting 89 and an opening 91 formed on and in the gland 
77 . " 

The anode element 13 preferably comprises a sleeve 
like, preferably cylindrical body of heat conducting metal, 
such as copper, having a layer 90 of suitable electron tar» 
get material coated or otherwise applied upon the in 
wardly facing surfaces of the cylindrical body, in order 
to provide an inwardly facing electron target surface. At 
its outer or Window carrying end, the anode element 13 
may be formed with a peripheral window carrying rib 
92 concentric with and of greater diameter than the inner 
face of the target layer 90. The window structure may 
comprise the outwardly bowed pane element 27, prefer 
ably of beryllium or other material highly translucent to 
X-rays, and a pane mounting frame 94 of Monel metal, 
cold rolled steel or other metal capable of being readily 
sealed to the edges of the pane element 27, as by braz 
ing with a' copper-silver alloy. ., The frame 94 may be 
formed with an integral ?ange adapted to be sealingly 
secured on the rib 92, as by brazing. It will be seen that 
the rib 92, the frame element 94 and the peripheral frame 
sealed edges of the pane 27 may all be disposed outwardly 
of the ray generating anode target layer 90 and hence 
will not be in the path of the useful X-ray beam emitted 
through the window. 
The anode element may also be provided with prefer~ 

ably integral, radially outwardly extending heat dissipat~ 
ing ?ns 93 at the outwardly facing surfaces of the sleeve 
like body; and means may be provided for continuously 
circulating a ?uid cooling medium, such as water, in heat 
exchange relation with respect'to the ?ns 93 during the 
operation of the X-ray generator. To this end, a jacket 
sleeve 95 may be sealed, at one end, to the plate 19, as 
by welding or brazing the end of the jacket sleeve to the 
plate, in position concentrically enclosing the sleeve por 
tion 23 of the envelope. The end of the jacket sleeve 95, 
remote from the plate 19, may be disposed opposite the 
medial portions of the target member 13 and may be sized 
to snugly enclose and engage the outer edges of the heat 
dissipating ?ns 93. 
The outer end portions of the anode member 13 may 

be enclosed by a hollow ring-like shell 97 of metal form 
ing a circumferential chamber in communication with all 
of the spaces de?ned between the ?ns 93. One end of the 
shell 97 may be peripherally sealed to the anode embrac 
ing end of the jacket sleeve 95. The other end of the seal 
97 may be peripherally sealed upon the anode element 13, 
as at the window frame element 94, in position enclosing 
the spaces de?ned between the ?ns 93 outwardly of the 
anode enclosing end of the jacket sleeve 95. A cooling 
fluid from any suitable source may be delivered, as 
through a conduit pipe 99, into the circumferential space 
de?ned by the shell 97, and may ?ow thence in the spaces 
de?ned between the radial ?ns 93, in heat exchange rela 
tionship with respect to said ?ns, and then through the 
cylindrical space de?ned within the jacket sleeve 95 and 
outwardly of the sleeve portion 23 of the envelope. The 
cooling ?uid may thus absorb heat from the anode mem 
ber 13 and the sleeve portion 23 of the envelope, and may 
be discharged from within the jacket sleeve 95 through 
an oil outlet conduit 101 connected with the jacket sleeve 

I adjacent the‘, plate 19. 
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It will be seen from the foregoing that the outwardly 

dished or bowed window pane 27 improves window 
strength and reduces window pane thickness required to 
resist atmospheric pressure. The shape of the window 
pane also provides adequate clearance for the cathode 
structure, permitting the ?lament to be supported in posi~ 
tion adjacent the Windowed end of the anode. 

The electron target area of the sleeve-like anode is 
large as compared with the target area of conventional 
tubes, thereby permitting relatively large ray generating 
current ?ow in the anode at relatively low current density. 
The electron target surface is disposed closely adjacent 
the Window pane 27, thereby allowing an X-ray exposure 
object to be disposed closely adjacent the ray source. It 
will be noted that the diameter of the cylindrical target 
area is substantially less than the diameter of the Window 
pane 27, to aid in obtaining short target-irradiation object 
distance, and also to assure against radition cuto? by the 
window edge seal or by the window frame member at the 
marginal edge of the pane. 
The disc 69, at the end of the ?lament, not only assists 

in focusing electrons upon the desired target area, but 
also serves to protect the window pane from stray electron 
impact. The shape of the cathode structure, particularly 
the enlargement afforded by the head, sleeve and collar 
45, 47 and 49, in conjunction with the restricted opening 
21 comprising the waist portion of the envelope between 
the anode and the cathode supporting and insulating por 
tions 35 of the envelope, serves to screen said glass en 
velope portions from deleterious bombardment by elec 
trons during the operation of the device as an X-ray 
generator. 
The tube is designed for operation with the anode con 

nected to ground and cooled by a ?uid medium, such as 
water. The arrangements for circulating the cooling ?uid 
are preferably such that, when the device is in operation 
with the ray emitting window facing downwardly, the 
cooling ?uid is required to travel upwardly along and in 
close contact with the ?nned portions of the anode. 
The cathode supporting end of the envelope is enclosed 

in a grounded metal casing ?lled with a suitable insulating 
medium, the casing containing and supporting a cable plug 
receptacle having an end partially extending within the 
re-entrant portion of the tube envelope, whereby to reduce 
the overall length of the device. 

It is thought that the invention and its numerous at 
tendant advantages will be fully understood from the 
foregoing description, and it is obvious that numerous 
changes may be made in the form, construction and ar 
rangement of the several parts without departing from 
the spirit and scope of the invention, or sacri?cing any of 
its atendant advantages, the forms herein disclosed being 
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a preferred embodiment for the 
the invention. 
The invention is hereby claimed as follows: 
1. An X-ray generator comprising an anode of sleeve 

like con?guration providing a circumferentially disposed 
inwardly facing target surface, an electron emission ele 
ment disposed within said anode in position to emit elec 
trons for ray generating impingement upon said circum 
ferentially disposed target surface, and a sealed envelope 
enclosing said emission element and target surface, said 
envelope comprising a sleeve structure embodying said 
anode, at one end thereof, and a re-entrant envelope por 
tion at the anode remote end of said structure, cathode 
means mounted on said re-entrant envelope portion and 
extending thence in said sleeve structure to support the 
emission element within said anode, a casing secured on 
said envelope in position enclosing said re-entrant portion, 
said casing being adapted to contain a ?uid insulating 
medium in position to submerge the anode remote end 
portons of said envelope, including said re-entrant por 
tions, in said insulating ?uid, and a length of ?exible tub 
ing enclosed in said casing to compensate for expansion 
and contraction of the insulating medium, said length of 
tubing being sealingly closed at one end and in open 
communication with circumambient atmosphere outward 
ly of said casing. 

2. An X-ray generator comprising an anode, a cooper 
ating cathode, and a sealed envelope enclosing said anode 
and cathode, said envelope comprising a glass cathode 
carrying portion at an end thereof, a casing secured on 
said envelope in position enclosing said glass cathode 
carrying portion and adapted to contain a ?uid insulating 
medium in position to submerge said cathode carrying en 
velope portion in said ?uid, and a length of ?exible tubing 
enclosed in said casing to compensate for expansion and 
contraction of the insulating medium, said length of tub 
ing being sealingly closed at one end and being in open 
communication with circumambient atmosphere outward 
ly of said casing. 

3. An X-ray generator as set forth in claim 2, wherein 
the cathode carrying portion is formed with a re-entrant 
end forming a chamber, and a cable receptacle is mounted 
on the casing in position extending within said chamber 
and submerged in said ?uid insulating medium. 

purpose of illustrating 
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