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The present invention relates to X-ray tubes 
and particularly to what are known in the art 
as rotating anode X-ray tubes. It has long been 
recognized that continued bombardment of the 
refractory metal target by the electron stream 
to cause the generation of X-rays localizes con 
siderable heat on the surface of the target, which 
eventually melts the refractory metal surface, 
rendering the tube useless. 
To overcome this disadvantage rotary anode 

X-ray tubes are now employed wherein the anode 
rotates during operation of the tube so that the 
electron beam is no longer confined to a restricted 
area of the target surface, but on the contrary 
impinges upon a larger area due to the rotation 
of the anode. 
However, several disadvantages have been in 

herent in rotary anode X-ray tubes of the prior 
art, particularly the necessity for cooling the 
anode during operation of the tube by proper 
dissipation of the heat. 

It is accordingly the primary object of the pres 
ent invention to provide a rotating anode X-ray 
tube of compact construction and economical 
manufacture. 
Another object of the present invention is the 

provision of a rotating anode X-ray tube wherein 
the stationary portion of the bearing of the anode 
forms a part of the envelope of the tube so that 
the heat generated during operation is readily 
dissipated to the atmosphere. 
Another object of the present invention is the 

provision of a rotating anode X-ray tube wherein 
the discharge chamber is entirely metal enclosed, 
which renders the tube practically ray-proof 
without additional shielding. 
Another object of the present invention is the 

provision of a rotating anode X-ray tube wherein 
the anode forms a closure cap for one end of the 
tube so that the heat generated during operation 
is readily dissipated to the atmosphere and 
wherein homogeneous electric iields are obtained 
within the tube with inherent shielding of the 
glass walls of the envelope from X-rays and sec 
ondary electrons, which reduces the possibility of 
envelope puncture by prevention of the accumu 
lation of negative charges thereon. 
A further object of the present invention is the 

provislo? of a rotating anode X-ray tube wherein 
the anode is of a considerable mass of high heat 
conductivity metal which forms an end closure 
for the tube so that a substantial portion of the 
surface of the anode is exposed to the atmosphere 
to dissipate heat during operation of the tube and 
wherein the anode is provided with an opening ’ 

(Cl. Z50-148) 
into which the concentrically disposed cathode 
projects, with the anode being provided with an 
angular surface having secured thereto a target 
of annular form adjacent the electron emitting 
surface of the cathode, resulting in an enclosed 
discharge chamber from which the X-rays are 
projected in the direction of the longitudinal axis 
of the tube. 

Still further objects of the present invention 
wm become obvious to those skilled in the art 1° 
by reference to the accompanying drawing 
wherein: ' 

Fig. 1 is a sectional view of a rotating anode 
X-ray tube constructed in accordance with the 
present invention; 

Fig. 2 is a cross-sectional view taken on the line 
II--H of Fig. l, and 

Fig, 3 is a sectional view of a stationary anode 
X-ray tube incorporating some of the features 
of the present invention. 
Referring now to the drawing in detail, in Fig. 

l an evacuated vitreous envelope 5 is shown pro 
vided with a reentrant press 6 through which 
leading-in conductors 1 and 8 are sealed for sup 
plying heating current as well as a negative po 
tential to the cathode electrode. An inwardly 
projecting annular collar 9 is concentrically dis 
posed with respect to the longitudinal axis of the 
tube and is formed of the same material as that 
of the envelope 5. 
This annular collar 9 has sealed thereto an 
nnular metallic collar I0 having openings I 2 
herein to enable exhaustion of the envelope 
through the exhaust tip I3, and the upper ex 
tremity of the annular metallic collar I0 has se 
cured thereto a metallic member I4 of substan 
tially cone shape and having an opening I5 ex 
tending therethrough. To facilitate assembly the 
upper portion of the metallic member I4 is pro 
vided with a detachable end I6 threadably con 
nected thereto, which upper portion supports the 
thermionic emitting surface of the cathode I1 

A parallel to the longitudinal axis of the tube. 
One end of lthe thermionic cathode I1 is con 

nected to the end portion I6 of metallic member 
I4 by means of a set screw I 8 and the opposite 
end of the thermionic cathode I1 is connected 
to the leading-in conductor 8 which extends up 
wardly through the opening I5 provided in the 
metallic member I 4 with the conductor 8 being 
insulated from the metallic member I4 and the 
upper end thereof I 6 by means of insulating 
bushings I9. 
A shield 20 is provided to prevent scattered 

electrons from impinging upon the envelope in 
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the vicinity of the seal ofthe cathode with the 
envelope and also to prevent the accumulation 
of a negativecharge on the inner walls as well as 
the emission of X-rays except in the desired 
direction. The upper end 'of the envelope 5 may 
be bent inwardly and has secured thereto an an 
nular metallic collar 22 of a material, such as an 
alloy sold under the trade~mark “Kovar,” having 
a coeilicient of expansion approximating that oi' 

10 the vitreous material 5 of which the envelope is 

15 or the like. 

formed. 
Secured to this annular collar 22 is an anode, 

shown generally at 23, of considerable mass of 
high heat conductivity material, such as copper 

'I'he anode 23 is shown as being of 
two parts, the upper portion thereof 24 forming 
a sealed end closure for the envelope and having 
a large portion of its exterior surface exposed to 
the atmosphere. A rotatable portion 26 of sub 

20 stantially annular form is secured to the upper 
portion by bearings 25 with a very small spacing 
therebetween so as to facilitate heat transfer be 
tween adjacent surfaces. The rotatable portion 
26 is provided with an opening 21 into which the 

25 thermionlc cathode projects, which thus forms 
an enclosed discharge chamber. 

'I'he opening 21 is of substantially inverted 
frusto-conical configuration with the converging 
end flared outwardly to conform to the contour 

.oí of the shield 20 and the angular surface 28 of 
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the anode 23 is provided with an annular target 
29 of refractory metal, such as tungsten or the 
like, which is disposed adjacent the electron 
emitting surface of the cathode l1 so that the 
electron beam emanating from the cathode im 
pinges upon the annular target 29 and, due to 
the angle of the surface 28 carrying the target 
29, the generated X-rays are projected from the 

i‘tube in the form of a cone in the direction of 
its longitudinal axis. 

In order to confine the cone of X-rays emanat 
ing from the tube to a restricted area, the sealed 
end closure cap portion of the anode 24 may be 
provided with a vitreous window 30 pervious to 
X-rays which is sealed to an annular member 
32 having a coefficient of expansion approxirnat 
ing that of the vitreous window 30. 
For the purpose of rotating the anode 23 upon 

the bearings 25, a stator winding >33 surrounds 
the envelope 5 exteriorly thereof and the surface 
of the anode 23 adjacent the stator Winding 33 
is provided with laminations 34 of ferro-magnetic 
material. Also in order to shield the stator wind 
ing 33 the envelope may be provided with a suit 
able collar 35 of the same material as the en 
velope 5 sealed .thereto and substantially cover 
ing the stator winding. Likewise, in order to 
support the entire tube, a similar collar 36 may 
be provided. 
Inasmuch as the cathode is disposed concen 

trically with the longitudinal axis of the tube 
and is surrounded by the annular shaped anode 
23, an entirely metal enclosed discharge chamber, 
as before noted, is provided. Moreover, since the 
thermionic emitting surface of the cathode I1 
is disposed parallel to the longitudinal axis of 
the tube and adjacent the refractory metal tar 
get carried by the angular surface on the inner 
periphery of the anode 23, the bombardment of 
the target by the electrons causes the generation 
of X-rays which are projected exteriorly of the 
envelope in the direction of the longitudinal axis 
of the tube and scattered X-rays or secondary 

2,229,152 
emission are more or less precluded by the r'e 
sulting metal enclosed discharge chamber. 
By this arrangement very homogeneous electric 

fields are obtained within the tube which„to 
gether with .the metal enclosed discharge cham 
ber, substantially eliminates the possibility of 
puncture due to secondary electrons which kother 
wise would impinge upon the glass walls of the 
envelope, creating a negative charge on the sur 
face thereof. Due to the considerable mass of 
which the anode is constructed and which has a 
substantial portion of its exterior surface exposed 
to the atmosphere, the heat generated during op 
eration is readily dissipated to the surrounding 
atmosphere, thus increasing the emciency of op 
eration of the tube. 
In Fig. 3 an X-ray tube is shown which differs 

from that above described with reference to_Fig. 1 
in that it is of the stationary anode type. In this 
particular modification the envelope 5 has an an 
nular metallic collar 42 sealed thereto of a ma 
terial having substantially the same coeiilcient 
of expansion as that of the vitreous envelope 
material, which annular collar 42 supports an 
annular anode 43 of substantially the same con 
struction as that above described relative to the 
anode 23 of Fig. 1. 
However, in this modiñcation the angular sur 

face of the anode 43 is not of annular form, but 
is restricted to that portion immediately adjacent 
the electron emitting surface of the cathode I1. 
Like Fig. 1, the anode 43 in this modi?cation 
forms -a substantial part of the envelope 5 and 
has a substantial portion of its exterior surface 
exposed so as to readily dissipate the heat gen 
erated during operation. 
Again, as in Fig. 1, the anode 43 is provided 

with the window 30 sealed `to the annular mem 
ber 32 having the same coeñicient of expansion 
as that of the vitreous window. In al1 other re 
spects the modification of Fig. 3 is substantially 
identical to that above noted with respect to 
Fig. 1. In addition, the envelope 5 of Fig. 3 may 
be surrounded by an outer envelope 44 of the 
same vitreous material as that of the envelope 5, 
which thus forms a chamber about the tube and 
such chamber may be filled with a material such 
as a liquid or gas which readily dissipates the heat 
generated during operation of the tube. It 
should be understood, however, that if a liquid 
cooling medium is utilized, the outer envelope 
would naturally be provided with a suitable ex 
pansion chamber or the like (not shown). 

It thus becomes obvious to those skilled in the 
art that lan X-ray tube is herein provided in 
which the discharge chamber is entirely metal 
enclosed, and since the anode is of a considerable 
mass of high heat conductivity material having a 
substantial portion of its exterior surface ex 
posed to the atmosphere, the heat generated 
during operation is readily dissipated. 
Moreover, a compact X-ray tube is thus formed 

wherein the anode is of substantially annular 
form and by the provision of an annular target 
of refractory metal the anode may be rotated by 
generation of an electric ñeld, thus constantly re 
newing the target surface impinged by the elec 
tron beam and prolonging the useful life of the 
tube. 
Although I have shown and described several 

embodiments of my present invention, I do not 
desire to be limited thereto as various other modi 
ñcations thereof may be made Without departing 
from the spirit and scopeof the appended claims. 
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I claim: 
l. An X-ray tube comprising an evacuated en 

velope provided with a thermionic cathode and 
an anode surroundinig said cathode, said anode 
being of substantially annular form and provided 
with an annular target of 'refractory metal ad 
jacent said thermionic cathode, a focusing cup for 
said cathode for confining electron bombardment 
of said target to a linear area to cause the X-rays 
generated at the target to be projected exteriorly 
of said tube in the direction of the longitudinal 
axis thereof and to form a foreshortened linear 
focal spot, and means disposed exteriorly of said 
envelope for rotating said anode about said 
cathode. v 

2. An X-ray tube comprising an evacuated en 
velope provided with a thermionic cathode and 
an anode, said anode being ooncentrically dis 
posed relative to said cathode and oi’ substantially 
cylindrical form, an annular target of refractory 
metal carried by said anode on the inner periph 
ery thereof adjacent said cathode, a focusing cup 
for said cathode for confining electron bombard 
ment of said target .to a linear area to cause the 
X-rays generated at the target to be projected 
exteriorly of said tube in the direction of the 
longitudinal axis thereof and to form a fore 
shortened linear focal spot, and means disposed 
exteriorly of said envelope for rotating said anode 
about said cathode. 

3. An X-ray tube comprising an evacuated en 
velope provided with a thermionic cathode and 
an anode of substantially annular form and of 
considerable mass of high heat conductivity 
metal. means forming a closure member for one 
end o! said tube and having a large portion of its 
surface area exposed to the atmosphere for rotat 

ably supporting said anode and for dissipating 
heat from said anode during operation of said 
tube, said anode having an opening therein into 
which said cathode projects and provided with 
an angular surface on its inner periphery adja 
cent said thermionic cathode, a target of refrac 
tory metal carried by the angularly disposed sur 
face of said anode, and means disposed exteriorly 
of said envelope for rotating said anode about 
said cathode. 

4. An X-ray tube comprising an evacuated en 
vclope provided with a thermionic cathode and 
an anode of substantially annular form and of 
considerable mass of high heat conductivity 
metal, means forming an end closure for said 
tube and having a large portion of its surface 
area exposed to the atmosphere for rotatably sup 
porting said anode and for dissipating heat from 
said anode during operation of said tube, an X-ray 
pervious window in said means for the egress of 
X-rays from said tube, said anode having an 
opening therein into which said cathode projects 
and provided with an angular surface on its inner 
periphery adjacent said thermionic cathode, a 
target of refractory metal carried by the angu 
larly disposed surface of said anode, a focusing 
cup for said cathode for confining electron bom 
bardment of said target to a linear area to cause 
the X-rays generated at the target to be pro 
jected exteriorly of said tube in the direction of 
the longitudinal axis thereof through said X-ray 
pervious window and to form a foreshortened 
linear focal spot, and means disposed exteriorly 
of said envelope for rotating said anode about 
said cathode.  

, JOHANNES WALSWEER. 
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