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3 Claims. 

The present invention relates to X.-ray appa 
ratus and more particularly to tubes which are 
designed to yield a large X-ray output Without 
overheating and Without melting the metal on 
the surface of the electrode subjected to the 
impact of discharge. 

In X-ray and other devices which employ rela 
tively high voltages, hence exceedingly fast mov 
ing electron streams in order to obtain a desired 
output, the impact with which the stream strikes 
the metal target or‘ anode gives rise to consider 
able heat which may melt and volatilize the metal 
of the target. Various expedients have been 
proposed to reduce this heating effect and many 
of them have for their object the successive pres 
entation of fresh portions of the anode surface 
to the ray stream thereby precluding the con 
centration of heat in a restricted region. 
While tubes in which the various features have 

been incorporated operate fairly satisfactorily, 
still there are certain objections attending their 
use. It has been proposed to change the posi 
tion of the focus on the target by means of a 
continuous relative movement between the cath 
ode and anode during operation, the movement 
being obtained speci?cally by rotating the anode 
which is mounted in bearings and maintaining 
the envelope and the cathode ?xed in space. It 
has been found in this case that the heat gen 
erated at the target can be dissipated only com 
paratively ine?iciently due to the relatively poor 
contact between the various parts communicat 
ing with the exterior. It has also been proposed 
to rotate about its axis an X-ray tube in which 
both electrodes are ?xed and correspondingly to 
change or de?ect the path of the cathode rays by 
electromagnetic action thereby to cause a cor 
responding movement of the spot about the 
target. This method of causing the spot to fall 
‘successively on different portions of the anode 
has many advantages but is open to the distinct 
objection that the electromagnetic ?eld may af 
fect adversely the direction of the electron stream 
and cause a variation or diminution of the quan 
tity of X-rays. 
An object of the present invention is to pro-‘ 

vide an electrical discharge device which‘ will 
effectively allow the successive presentation of 
fresh portions of the anode surface to the cath 
ode rays and at the same time will not be sub 
ject to the disadvantages set forth above. A 
more general object is to improve the efficiency 
and construction of X-ray apparatus. 
These objects are attained, in brief, by pro 

viding an arrangement in which the anode is se 
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cured to the envelope and the cathode is rotat 
ably mounted. In operation, the envelope and 
anode are rotated and the cathode structure is 
maintained ?xed by appropriate means. It will 
be evident that in having a ?xed relation between 
the .anode and the envelope, the metal mem 
ber which supports the anode or target may be 
integral with the shank which extends through 
the envelope to the exterior and hence there is 
offered an uninterrupted path over which the 
generated heat may pass freely to the exterior. 
The means for maintaining the cathode in a ?xed 
position is preferably magnetic but, as will be 
apparent from perusing the following description 
when referred to the accompanying drawing, the 
magnetic ?eld is removed from the region of the 
cathode rays and hence cannot de?ect or other 
wise affect adversely the production of X-rays. 
In the drawing, Fig. 1 represents an eleva 

tional View of the X-ray apparatus improved in 
accordance with my invention and including the 
tube, accessories, and associated circuits, while 
Fig. 2'is a plan view of the cathode structure 
per se. 

Referring to the drawing, numeral I designates 
an evacuated envelope or tube which terminates 
in reentrant stems 2 and 3, the latter being 
shown partly in cross section. Within the en 
velope, there is an anode 4 faced with a member 
5 of highly refractory metal and a cooperating 
cathode structure 6. The anode is secured to a 
shank ‘I which is sealed in the reentrant stem 
2 and extended to the exterior of the envelope 
to constitute a shaft 8. A pulley 9 is ?xedly 
mounted on the shaft and a power driven belt 
II] is passed over the pulley. The shaft is ro 
tatably mounted in a bearing H which may be 
supported from a base I2. At the other end of 
the envelope there is a drawn down‘portion 13 
which ?ts into a counter-bored metal member 
14 provided with a pair of rings E5, Iii insulat 
ingly mounted thereon. The member 14 is free 
to rotate within a bearing it which is also sup 
ported from the base l2. 
The cathode arrangement 6 comprises a source 

of electrons H which may take the form of a 
helical ?lament or a crimped ribbon presented 
edgewise to the anode, as shown more clearly in 
Fig. 2. About the electron source there is ar 
ranged a focusing cup 18 of a shape to accom 
modate the elongated cathode and provided with 
sloping sides. The cup I8 is arranged prefer 
ably to focus the cathode rays over a restricted 
area on the anode remote from the place where 
the axis of rotation of the tube intercepts the 
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anode. One end of the ?lament is connected to 
the focusing cup and the other end is connected 
to a rod l8’ which passes through an insulating 
member l9 and is formed into a slip ring 20. The 
ring 20 ?ts rotatably over a metallic rod 2| 
which is held in an upright position, as shown, 
by a collar 22 of insulation material within a 
metal sleeve 23. The latter ?ts snugly within a 
cylinder 24 also of metal which tightly embraces 
the reentrant stem 3. The end of the ?lament 
remote from the slip ring 20 is joined by a stiff 
wire 25 to a rod 26 while the rod I8’ at the 
other end of the ?lament is attached directly 
to a rod 26 similar to the other rod 26 by an ex 
tension member 21. These rods extend for a con 
siderable distance downwardly and terminate in 
a member 28 of magnetic material and of rela 
tively large metal content. There is a metallic 
slip ring 29 which is free to rotate about the 
sleeve 23 and is secured to one of the rods 26 by a 
horizontal wire 36 or in any other suitable man 
ner. Located exterior to the envelope and in a 
position directly opposite the metal members 28 
there is a plurality of electromagnets 3|, 3| 
which may be energized by coils 32, 32, con 
nected to a source 33 of direct current. The 
cathode I1 is energized preferably by alternat 
ing current which may be obtained from a trans 
former 34 connected to brushes 35, 35 which con 
tact with the rings I5, I5. As shown, one ring is 
electrically connected to the upright rod 2| 
thereby to one side of the ?lament, while the 
other ring is connected to the cylinder 24 thus 
to the other side of the ?lament through the 
sleeve 23, slip ring 29, horizontal wire 30 and the 
vertical wire 25 to the ?lament. 
The high potential voltage to be applied be 

tween the anode and cathode may be obtained 
from a voltage step-up transformer 36, one end 
of which may be connected to the secondary of 
the ?lament transformer and the other end to 
a brush 31 which contacts with a slip ring 38. 
The ring 38 preferably constitutes a part of a 
cap 39 which ?ts tightly over the upper end of 
the tube and contacts with the shaft 8. 
When power is applied to the belt ID, the tube, 

including the anode, rotates, and it is apparent 
that the electromagnets 3| may be arranged to 
exert a magnetic pull or attraction on the me 
tallic members 28 thereby to maintain the cath 
ode stationary. The movement between the ro 
tary and stationary parts takes place at the rings 
20 and 29. Inasmuch as the cathode | ‘I is focused 
on a portion of the anode off-set from the center 
of rotation, it is clear that the relative movement 
between the cathode and anode serves in eifect 
to move the focal spot over a wide area on the 
anode, thereby to present a fresh anode surface 
to the impinging cathode rays. In this manner 
the heating effects of the rays are distributed 
over an area greater than the focal spot on the 
electron receiving surface and the energy capac 
ity of the tube, and hence also the X-ray output, 
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is correspondingly increased. Moreover, it will 
be noted that inasmuch as the anode is mounted 
rigidly within the envelope, there is no necessity 
for providing a rotating surface between the 
anode and envelope as in the prior art tubes and 
consequently the heat generated at the surface of 
the anode is allowed a ready path through sub 
stantial portions of metal to the exterior. If de 
sired, a circular radiator 4|] may be employed to 
aid in dissipating the heat. 
While I have explained and illustrated my in 

vention in connection with an envelope and anode 
which rotate and with a cathode which is main 
tained stationary, it will be understood that if 
desired, the reverse operation may take place 
in order to obtain a relative movement between 
the electrodes, i. e., the magnets 3| may be ar 
ranged to rotate in any well known manner and 
to exercise a rotating force on the members 28 
while the tube, including the anode secured there 
to, may be held stationary. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. In X-ray apparatus, the combination of an 

X-ray tube containing a source of electrons and 
an electron receiving member, said source being 
rotatably mounted within the tube, said member 
being secured to the tube, means for rotating the 
tube and the said member, and magnetic means 
cooperating with said source of electrons for 
maintaining the source stationary whereby a rel 
ative movement is obtained between the source 
of electrons and the anode thereby to increase 
the X-ray output of the apparatus. 

2. In X-ray apparatus, the combination of an 
X-ray tube containing a source of electrons and 
an electron receiving member, said source being 
rotatably mounted within the tube, said member 
being secured to the tube, means for rotating the 
tube and the said member, and means cooperating 
with said source of electrons for maintaining 
the source stationary whereby a relative move 
ment is obtained between the source of electrons 
and the anode thereby to increase the X-ray out 
put of the apparatus, said means for maintaining 
the source of electrons stationary comprising a 
magnet positioned exterior to the tube. 

3. In combination, an X-ray tube comprising 
an envelope containing an anode ?xedly secured 
to said envelope, a cathode structure including an 
electron-emitting element, said envelope also 
containing a bearing member ?xedly secured 
thereto and extending along the axis thereof, 
said cathode structure being mounted to rotate 
on said bearing member, said electron-emitting 
element being positioned remote from said bear 
ing, means for rotating the envelope and the 
anode as a unit, and means cooperating with said 
cathode structure for holding ?xed in space the 
cathode beam thereby to focus the beam on the 
anode at a position removed from the center of 
rotation of said anode. 
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