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This invention relates to X-ray tube construc-
tions and pertains more particularly to-X-ray
tube constructions in which continuous relative
movement is obtained between the target surface
or anode and the focal spot of the electron beam
from the cathode.

An object of the invention is-to provide an X-
ray tube adapted for operation under very high
average power input conditions over indefinitely
extended periods of time without detriment.

Another object of the invention is to provide
an X-ray tube adapted to operation under very
high momentary power input per unit area of the
focal spot where the electron bheam impinging
upon the target surface excites the X-radiation.
For many applications in radiography (X-ray
photography) of the human body it -is desirable
to have a short exposure time coupled with a large
total quantity of X-rays emitted in that time

coming from a focal spot of the smallest possible *

dimensions. Apparatus made in accordance with
the present invention accomplishes this result.

The invention is adapted to provide an X-ray
tube structure in which the emission of X-rays
from the target is obtainable in a direction so re-
lated to the direction of the cathode rays exciting
the X-rays as to yield a maximum quantity of X-
rays utilizable for radiography.

The invention provides a movable anode X-ray
tube which may ke completely shielded internally
against the escape of unwanted X-rays.

Another object of the invention is to provide an
X-ray tube permitting of relative motion between
anode (or target) and cathode structure the cath-
ode preferably being maintained stationary in
space to the highest degree by positive mechanical
means rather than by magnetic fields or gravi-
tational forces. This may insure that the focal
spot or source of X-rays shall be perfectly sta-
ticnary during the exposure in radiography. The
arrangement may tend to prevent the tube from
becoming inoperable due to any tendency for
bearings, especially those in the evacuated region
of the X-ray tube, to stick or exhibit increased
friction.

The invention provides an X-ray tube permit-
ing of the highest degree of thermal conductivity
from the focal spot where heat is generated to
efficient external cocling media such as fluids ca-
pable of being continuously cooled. This aids in
permitting a high average power input over in-
definitely long periods of time.

The rotatable anode X-ray tube construction is
capable of shock-proof design.

The invention contemplates a rotatable anode
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X-ray tube construction mounted within an en-
closed housing on bearing means disposed outside
the evacuated structure such enclosed housing be-

ing adapted to contain a hody of fluid of high di-

electric strength which may serve as an insulat-
ing medium, as a cooling medium and as a lubri-
cating agent for the bearing means.

" Another object -of the invention is to provide a
rotatable X-ray tube construction permitting
relative motion-between anode and cathode mem-
bers in which all parts revolve upon their axes of
symmetry so as to-achieve complete freedom from
vibration due to the inertial forces from the mo-
tion of unbglanced masses. .

Another object of the invention is to provide a
rotatable X-ray: tube -construction permitting
relative motion between anode and cathode mem-
bers and permitting the use as a source of ‘elec-
trons of an elongated of “line focus” cathode and
cathode focusing cup adapted to generate an in-
tense electron beam impinging on the target sur-
face in a substantially rectangular elongated focal
spot of small size in its narrow dimension, the di-
rection of motion of the target-surface being along
the narrow dimension of the focal:spot so that
portions of ‘the target surface are subjected to
heating for the shortest possible time.

Anothier object of the invention is to provide a
rotatable X-ray tube construction in which the
X-rays can emerge through a window situated
about the axis of rotation and at one end of the
tube so that the window can be made thin and
hence transparent to the emerging X-rays with-
out seriously weakening the mechanical strength
of the rotating envelope.

Another object of ‘the invention is to provide a
rotatable. anode X-ray-tube construction with a
stationary internal cathode structure capable of
providing in one tube a plurality of electronic
emitters and focusing cups which may if desired
furnish focal spots of different sizes and shapes
adapted to-different applications or uses.

Another object of the invention is to provide
in such a tube means whereby without displacing
the tube as a whole the position in space of the

- focal spot-on the rotating target surface:can be
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changed as ‘is desirable for-instance in stereo-
scopic radiography.

The tube which forms-the subject of the present
invention  avoids difficulties heretofore experi-
enced by providing immobility -of the internal
cathode structure  through “positive mechanical
means and by-so disposing target and X-ray win-
dow that the latter need not be an important ele-
ment in the structural strength of the tube,
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A new technique recently developed in radi-
ography consists in projecting the X-ray image
on a fluorescent screen, the fluorescent light from
this screen being then photographed by a camera
provided with a very luminous large-aperture lens
on a small negative, The advantages of this new
technique result from the possbility of utilizing
an inexpensive small sized negative easy to file
compactly in large numbers. This method recom-
mends itself especially for military or navel ap-
plications in which large numbers of radiographs
must be made in rapid succession and in civilian
applications under war conditions. This new
technique reguires four or more times as much
power input in an exposure of given duration as
is required in radicgraphy made directly on a full
sized negative. The objects of the present in-
vention are especially directed to the require-
ments of this new technique and more especially
under the severe conditions of long continued use
of the tube for many hours during which ex-
posures are made in rapid succession without in-
terruption, as in photographing soldiers. The
present invention may also find usefulness in
other adaptations of X-rays where high intensity
may be desirable such as in examining metals,
castings, etc.

An object of the present invention is therefore
to provide an X-ray tube having all the advan-
tages of rotary tubes heretofore designed and in
addition permitting the use of an internal sta-
tionary elongated cathode emitter and focusing
cup facilitating intense emission directed toward
a small spot on the target capable of giving
sharply defined focal spots as needed for fluores-
cent screen technique. Two other advantages
are obtained from this new design namely: (1)
the stationary cathode structure permits of the
provision of a multiplicity of emitters and focus-
ing cups capable of giving in one tube structure
focal spots of different sizes and shapes adapted
to different applications and (2) two cathodes
diametrically opposed on the cathode member
may be arranged to give two focal spots in dif-

ferent locations in space on the rotating target -

surface so that without displacing or adjusting
the tube as a whole the requisite motion of the
focal spot required in stereoradiography may
readily be obtained in closely sequential expo-
sures.

Advantageous features needed in radiography
and more especially desirable with the fluores-
cent screen technique present in the present in-
vention include:

(a) Provision of a narrow elongated focal spot
on the target with the utilizeq X-rays emitted
obliquely to ils long dimension to insure sharp
definition of the radiographs coupled with larger
spot area.

(b) Provision of a stationary elongated cath-
ode emitter and elongated focusing cup to gen-
erate the line focal spot and permit intense emis-
sion.

(e) Provision of a moving anode or target
structure with motion in the direction of the
short dimension of the focal spot which will al-
low the target to move its surface over a distance
many times the short dimension of the focal spot
during the time of one exposure.

(d) Positive mechanical means for holding
the cathode and hence the focal spot stationary
in space or relative to objects being radiographed
especially as regards motions that would blur
the radiographic image.

(e) Provision of high thermally conducting
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paths from the point of heat generation at the
focal spot on the target to external fluid cooling
means outside the vacuum envelope whereby
sustained high input power may be permitted in
all day uninterrupted service without damage to
the tube.

(/) Disposition of target and X-ray window so
that the direction of the X-rays utilized will be
that in which emission is most intense.

(¢) Disposition of target and X-ray window
so that the window is not an essential element of
the structural strength of the tube thus permit-
ting the use of a thin window very transparent
to X-rays.

(h) Provision of an X-ray tube capable of be-
ing completely shielded internally against the
escape of unwanted X-rays.

(i) Provision of an X-ray tube capable of
adaptation to shock-proof design.

(j) Provision of an X-ray tube design per-
mitting oil or other fluid immersion, including
gas immersion, which may provide cooling, lu-
brication of external bearings in the case of oil
immersion, and improved insulation of the high
voltage with consequent increased compactness
of design.

(k) Provision of a desigh in which all moving
parts execute only circular motion of rotation
about axes of symmetry to give maximum free-
dom from vibration.

() Provision in one tube of a plurality of fo-
cal spot sizes and shapes adapted to different
techniques.

(m) Provision in one tube of focal spots gen-
erated at two different positions in space to
adapt the tube to stereoradiography without dis.
placement of the tube as a whole.

These desiderata may be obtained according
to the present invention by provision of a rotat-
ing anode structure carrying a target face of ex-
tended area preferably forming a part of the in-
ner surface of the vacuum envelope and formed
as a surface of revolution removed from the axis
of rotation of said anode and adapted to be
moved in an annular path, together with a cath-
ode structure which may be of cylindrical or
conical form whose axis of symmetry is con-
centric with the axis of rotation of the anode
and at one or more positions around the circum-
ference of which may be provided one or more
axially elongated thermally emitting cathodes
embedded in elongated focusing cups in the cath-
ode structure each capable of directing cathode
ray beams at the surface of the anode. The
cathode structure is supported inside the rotat-
ing X-ray tube on bearing means such as ball~
bearings coaxial with the axis of rotaticn of the
tube and anode permitting the cathode struc-
ture to be held stationary in space or with re-
spect to objects to be radiographed while the
tube and anode rotate. The cathode structure
may be held stationary by means of a shaft ro-
tating on its own axis of symmetry which axis is
obliquely directed to the axis of rotation of the
tube and this shaft may be connected to the tube
structure by a flexible metal bellows whose flex-
ure permits the angle of obliquity between the
two axes of rotation. The plane of thig angle of
obliquity determines the azimuth of orientation
of the cathode. The shaft engages the cathode
structure in a smal] bearing removed from the
axis of the cathode. The tube may be provided
with an X-ray window at one end of the hollow
cylindrical or conical anode disposed near the
axis of rotation thereof so as not to form an im-
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portant part of the structural strength -of the
rotating - tube body which window can. there-
fore be made thin and transparent to X-rays.
The tube as a whole, whose walls may be partly
of glass and partly of metal, is submersible in an
oil or -other Auid bath contained in a jacket
partly of -moulded electrically insulating plastic
material and partly of metal and rotates on
bearing means outside the vacuum envelope
which may be in a lubricating bath. The outer
jacket is provided with a thin wall transparent
tc X-rays where they must emerge.

Other features and objects of the invention
will be brought out in the ensuing description of
certain preferred embodiments, or will be appar-
ent therefrom.

‘Referring to the accompanying-drawings Fig-
ure I is a longitudinal vertical section of one
form of embodiment of the invention. Fig, II is
a transverse section of -the circular cylindrical
cathode structure only taken along the line A—A
in Fig. I and viewed in the direction of the ar-
rows to show the thermally emitting filament,
filament support and focusing cup.: Fig. -III
is a side elevational view broken away in part of
the universal joint surrounding the bellows -in
Pig, I. Fig. IV is a longitudinal cross-section
showing another form of universal joint which
may be substituted for that shown in Fig, ITL.
Fig. V is a side elevation, parts being broken
away, of another embodiment of the invention.
Fig. VI is an enlarged fragmentary detail cf a
portion of Fig. I.

The dotted lines | and 2 indicate the extreme

right and left hand limits of a cone of X-rays

emerging from the tube of Fig. I through the
walls § and 1 which may be referred to as the
window. The radiation is generated on the
metal surface or lining 19 of the rotatable anode

by the bombardment of that -surface with elec=-

trons emitted from the stationary thermal cath-
ode & by thermionic emission and accelerated
from that cathode to the anode by the agency

of a high potential " gradient maintained b°-‘

tween these two elements.

There-is a housing §2 preferably of some suit-
able moulded electrically insulating plastic com-
pound provided at one end with a thin walled

X-ray window portion 5 -ftransparent to the
The opposite end of the housing 2 is™

X-rays.
closed with metal housings of die cast or other-
wise fabricated pieces 58 and T2 preferably of
metal. To insure fuid tightness suitable gaskets
56 and 78 are provided. These parts are se-

cured togsther in any suitable way, screws B8

and 75 being shown. A rotatable shaft-44 en-
ters the housing through a fluid-tight packing
gland which may be provided with packing T4
compressed by a flanged sleeve 76. Within-this

fluid-tight housing assembly an X-ray gener-:

ating tube indicated generally by 168 is ro-
tatably supported on bearing means such as the
ball bearings 25 and 85 the latter held in place
by means of a ring 6! which may be held in place
by any suitable means such as the serews shown.
The X-ray tube rotates inside the housing with
but a small clearance space {4 which may be
filled with a fluid such as oil which seeps through
the bearings 25 and 65 affording communication
or circulation from end to end of the clearance
space.

The X-ray tube 180 consists of an evacuated
enclosure 52 bounded by the following parts: A
thin window 1, the anode structure 8 which is
enclosed in the sleeve 6 the latter being sealed’
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to the window 1, the glass envelope 42 sealed to
the sleeve 6 at 27, the end piece 5T sealed to the
glass envelope ‘42 at- 31/, the ‘flexible metal bel-
lows or “sylphon” 69 attached as by welding
to the metal end piece- 57, the metal plug 79 at-
tached as by welding to the “sylphon” bellows 89
through which - passes the oblique shaft £4 which
may ‘be hermetically welded or made integral
with the metal piece 79. The thin window T may
be of some such material as glass and should be
transparent to the desired X-radiations and im-
pervious to the entry of gases which could spoil
the vacuum. It may be formed of metals or
other materials transparent to the X-radiation
utilized. If of glass it may be coated internally
with a wvaporized metal coating transparent to

X-rays capable of conducting away electrical

charges built up by secondary electron or ion
bombardment or a shield of metal transparent
to the utilized X-rays-may be placed just inside
the window. The thin window T may be joined
or sealed to the sleeve 6 which should be of a
suitable -material for this purpose such as alloy

- Kovar or-other material having the proper tem-
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-perature and expansion coefficient. The sleeve §

may form a part of the true vacuum-tight en-
closing envelope and the anode structure 8 may
then be, for example, of copper cast in a hydro-
gen atmosphere a material difficult to render
vacuum tight. A sleeve 10 of some suitable re-
fractory metal such as tungsten or tantalum to
form the target surface upon which the cathode
rays impinge to excite the X-rays may be cast
into or otherwise suitably inserted in the anode
structure 8 as shown. The other end of the sleeve
% may be provided with a flanged enlargement
306’ so as to seal at 27 on to 42 the glass en-

velope of the tube. The sleeve 6 may be turned

or otherwise made thin to insure good heat con-
ductivity as metal alloys suitable for sealing to
glass frequently are rather poor conductors of
heat. Either the glass envelope 42 or the glass
window T may be provided at some point with a
teat(not shown)through which the vacuum space
52 of the tube can be pumped out with suitable
pumps during:manufacture. This teat may then
be sealed off leaving only a small projecting but-
ton of glass not shown in Fig. I. It will be noted
that the vacuum space 52 extends from the win-
dow T to the plug 79. Or the tube may be evac-
uated through the hollow shaft 44 in which case
a‘hole in said shaft may communicate freely
with the space 952 to be evacuated and a glass
or other seal-off at the outer end of the shaft 4
may be provided and subsequently covered with
a metal protecting cap. In the latter case the
cathode connecting wire 83 to be described be-

-low may be brought out through this seal-off.

The cathode structure consists of a thick walled
metal cylindrical ‘portion (3. which may have
relatively thick metal walls in- the external cy-
lindrical surface of which is provided one or
more (two being:shown in Fig. V) elongated oval
bathtub shaped cavities 16 with a somewhat
smaller and deeper cavity 18’ at the bhotitom of
each. These act as fccusing cups for the cath-
odes. In each of these lower cavities ‘{6’ stands
a thermally emitting filament 4 shown as heli-
cal, which can be heated by the passage through
it of an electrical current of sufficient intensity
to raise and maintain its temperature at a suf-
ficient velue to cause it to emit electrons at a
sufficient rate to furnish the requisite cathode
ray emission currents.® This helical filament is
terminated in straight ends directed radially to
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the axis of the helix and passing with adequate
clearance for insulation through holes 4’ in the
cylinder 13. One straight end of the filament 4
is welded to a metal support 23 which' in its turn
is welded to the cylinder 13. The other straight
end of the filament is connected to the wire 31
through an insulated connecting member (5§
mounted in the cylinder 3. Current may be sup-
plied to the thermally emitting filament in a
variety of ways to be described hereinafter.

The arrangement produces a line focus or
elcngated focal spot with the short dimension
along the direction of motion of the target. This
causes an enlarged focal spot area without loss
of sharp definition since the emergent beam of
X-rays is in the general direction of the longer
dimension of the focal spot. Since the focusing
cup and cathode emitier are elongated the beam
of electrons can have a cross section of the same
elongated shape as the focal spot on the target.
There is thus produced an intense emission from
the elongated spot bombarded. Since the elon-
gation is at right angles to the direction of
movement of the rotary target the bombardment
area need have but a very narrow dimension in
the circumferential direction of the target, be-
ing that direction in which the target moves
when rotated. Thus the actual area of the tar-
get on which bombardment takes place changes
rapidly with the rotation of the target and the
tendency for overheating is materially dimin-
ished since the heating incident to continuous
production of the X-rays is distributed over suc-
cessive areas of the target.

The cathode structure 13 further includes a
metal cap 3 and a hollow thick-walled cylindri-
cal portion 29 welded or otherwise attached to a
thinner walled tube 37’. Parts 3, 13 and 29 are
suitably held together as by one or more long
iongitudinal screws 9. Centering of the parts
8, 13 and 29 may be insured by shoulders shown
ut the joints between them. The entire struc-
ture 3, 13, 29 and 37’ is rotatably supported on
ball bearings 35 and 53 between it and the anode
structure so that it is free to rotate on its axis
of symmetry and independently of the anode
structure 8. 'The ball bearings 35 and 53 are
themselves supported in a cylindrical sleeve 45
which may be provided at the end toward the
window with preferably a smooth polished rolled
lip or bead 45’ as shown to afford a surface of
sufficient radius of curvature to avoid cold field
emission in vacuum. The sleeve 45 fits over an
annular shoulder 51’ provided for this purpose
centrally on the end piece 51, screws such as 55
being used to secure it in place. The ball bear-
ings 35 and 53 and the sleeve 31’ are insured
against displacement by the cooperation of the
above mentioned rolled bead 45, an internal
sleeve 4] spacing the bearings apart, and the
above mentioned annular shoulder 57’.

In operation the anode and outer envelope of
the tube including the parts 6, 1, 8, 10, 42, 45, 51,
69, 19, 44, etc., rotate, while the cathode structure
including the parts 3, i3, 29, 37’ etc., are held
stationary, so as to assure a stationary focal spot,
although it be supported through ball -bearings
35 and 53 on the rotating sleeve 45. The anode
structure and the shaft 44 each may be rotated
in any suitable way by separate means or by the
same means as by the motor 18 shown for rotat-
ing the shaft 44 which as shown transmits ro-
tary motion to the shell 12, The immobility of
the cathode structure 13 may be obtained by di-
rect mechanical means as follows: The oblique
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shaft 44 is connected to the rotating envelope of
the X-ray tube through the flexible metal bellows
69 so as to form a complete vacuum tight en-
closure. The oblique shaft 44 is aligned in ball
bearings 70 and 86 which so determine the axis
of rotation of 44 that the axis intersects the axis
of rotation of the tube envelope 42, etc., at a point
at or near the center, preferably both longi-
tudinally and radially, of the flexible bellows 69.
Since bellows 69 can support no appreciable tor-
sion, but only bending, both the tube envelope
42, ete., and the oblique shaft 44 rotate in unison
though they do not rotate on exactly the same
axis but on axes slightly inclined relatively to
each other. Since ball bearings 35 and 53 es-
tablish a fixed axis of rotation in space on the
tube housing 31’ etc., and ball bearings 10 and
86 establish another fixed axis in space for the
oblique shaft 44 the plane of the angle formed
by these two axes in space is fixed and invariable.

* The upper end of the oblique shaft 44 is engaged
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in the inner race of a small ball bearing 39 whose
outer race is seen only in full view, not in cross
section, in Fig. I. The outer race of the bearing
30 is located in a recess or cavity of ap-
propriate size and orientation located in the
wall of the cylinder 29 at a position radially
removed from the axis of the entire cathode
assembly, 3, 13, 29 ete., as shown in Fig. I.
Because of the invariable position in space
of the plane of the angle formed by the
two above mentioned axes of rotation it is evident
that this arrangement holds the cathode struc-
ture stationary while the anode structure rotates
so that the cathode rays are projected from cath-
ode to anode in an invariable direction, or at an
invariable angle to the face of the anode plate
or target 10.

The members 53 and 12 are not of uniform
length throughout their circumferences both be-
ing illustrated as longer on the sides shown at the
right of Fig. I thus the bearings 70, 85 for the
shaft 44 are not parallel with but at an angle to
the bearings 25, 65 and 35, 53 of the anode struc-
ture and cathode structure respectively.

Provision may be made for supplying the cath-
ode filament with heating current in a number
of ways which would occur to anyone skilled in
the art. One of these illustrated in Fig. I is as
follows: Two ordinary insulated spring pressed
brushes 85 and 87 bear respectively on the
grounded slip ring 84 and the insulated slip ring
88 electrically connected respectively to the ob-
lique shaft 44 and to an insulated wire 89 passing
through an axial hole in the obligue shaft 44
which hole extends up to a point where a radial
hole 50 leads from the axial hole to the outside
of the shaft. The axial hole may be terminated
shortly beyond this point. Wire 89 should be in-
sulated from touching the walls of the axial hole
with any suitable insulating substance 80, (see
Fig. VI), such as glass beads threaded over the
wire, capable of withstanding the temperature to
which it and the rest of the tube structure may
be subjected during the outgassing process which
should accompany evacuation. The wire 89 is
brought out through the radial hole 50 and a glass
seal filling the annular space between the walls
of hole 50 and wire 89 may be provided so as to
seal the hole 58 hermetically and prevent a vac-
uum leak in which case it would be desirable to
construct the shaft 44 of some suitable material
such as Kovar adapfed for sealing to glass. An
alternative solution is to place the glass seal at
the lower end of the shaft 44 just inside the cap
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88 which thus may serve as a slip ring and also -

as a protecting cap for the seal: It is, of course,
unnecessary to make the entire shaft 44 of Kovar
since - Kovar is readily welded and otherwise
joined to other metals and a small sleeve of Kovar
or the like may appropriately be introduced lo-
cally at the point where the seal.is required. A
small grounded slip ring 49, 51 and a small in-
sulated slip ring 45, 48 insulated from the oblique
shaft 44 with a mica sleeve 43 may be provided
as shown. A convenient method of assembly of
such- slip rings consists in making the adjacent
surfaces of 46 and 48 (and similarly 49 and 5i)
conically tapered, the inner ring being split lon-
gitudinally so that when the outer ring is pressed
over it the inner ring or sleeve hugs down tightly
around the oblique-shaft 44 or-around the mica
insulation 43 on that shaft as the case may be
and the assembly is -thereby- tightly -secured- to
the shaft 44 by friction.. The wire 8% may be

connected as by solder or welding to the insulated -

slip ring 46, 43. Brushes -39 -and 47 are held in
good electrical sliding -contact with slip-rings 48
and 43 respectively by means of metallic-leaf
springs-:38 -and 48. Spring 40 is.welded to a
metal block:-37 which: is secured to the tube 37".
A contact block - 33 mounted on- tube 37 has a
clamping bar 28 provided with mica insulation
34 .on both. sides-of ‘the spring--38-to insulate it
from the block - 33 and ‘the cathode -assembly.
Blocks 33 .and 31 may be secured to the sleeve 87’
in any suitable -way such as by the screw shoewn.
A wire -3t welded to the-upper end of the-leaf
spring 88 leads to the connecting member 15 to
which.one end of the filament 4 is attached. The
wire 3f may be suitably attached to 15 as by
welding.. The electrical current.for heating fila-
ment. 4 -may thus:enter from.any suitable -ex-

ternal = supply source - at. brush: 85 . through-
grounded-slip ring 84 thence-through-the oblique-
shaft 84 snd through the. slip.ring: assembly 51 -

and 48 to.brush.47 thence.to the leaf spring &8
and through the bleck 37 and through 81/,.29 and
{2 to the support 23 and-through the-filament it-
self, thence into part-15,. through wire. 31, leaf

spring - 28,. brush - 29, slip -ring assembly - 46, 48,

wire 89 to slip.ring: 88 and brush. 87 from which
latter point the current returns to the.cther pole
of the supply -source.
the cathode. and connections. of. the latter with
one of the poles of the high voltage supply source
are -afforded. by the -circuits just described con-

nected. to brushes §5.and 87 each of which may.
be suitably connected. to -one pole of the high.

voltage source. .

It is -clear. that heating -current may be sup~
plied to the filament in many other ways that will
bs.obvicus.-to those skilléd.in the.art. For ex-
ample. the slip rings may be placed-on- the -out-
side or at. the.lower end of the sleeve 377 and a
brush or .brushes may- then lead the current to
wires passing .through insulating hermetical seals
in the wall of the rotating X-ray tube and thence

to other slip rings and.brushes. situated outside.

the vacuum. envelope. Or..the heating energy
may be given to.a cecil inside the vacuum. by the
inductive action.of an alteérnating. magnetic field
of moderately high frequency which may be sup-
plied externally operating through the insulating
walls of the -tube without the necessity-of any
sliding contacts at all.

Connection of the anode or farget member 18,
8, 6 to the other pole of the high voltage scurce
is afforded through the brush I8 bearing on.the
smooth, true, rotating surface of sleeve 6 with

Both. heating current for -
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pressure- supplied by a helical spring 28. The

brush- 18 and spring 28 work in the metal sleeve

20 solidly embedded in a boss.in the wall of the

insulating housing 12 which may be of moulded

plastic material. A removable threaded fitting

with hexagonal enlargement 26 plugs the hole in

20. Gaskets.may be used to insure that the fluid

in space 14 may not leak out. This removable -
threaded fitting permits removal and renewal

of the brush i8. The hexagonal enlargement 26-
is provided with a threaded- stem extension- 24

integral with 26 to- which a knurled thumb nut

22 can be screwed so as to secure a connecting

wire leading to one pole of the high voltage

source.

It is evident that the entire assembly may be
made shock proof by enclosing. it in a metallic -
housing- (not- shown). This housing may be at
anode potential and arranged to enclose the en-
tire sheath 12 and parts 58, 72 and 78 with safe
voltage clearance. An insulating fluid such-as-
oil inside this metal sheath may be used and if
desired this fluid may communicate with and be
part of the same fluid in the cavity 14 inside the
sheath 12. Provision may then preferably be-
made such as by appropriate covers and packing -
glands to keep this insulating fluid from the
brushes and rings 85, 87, 84, 88 and from the mo-~
tor 18 to be -described hereinafter. High tension
-leads coming into the outer metfal sheath through
shielded high tension cable and fluid-tight in-
sulating ‘bushings may then be used to conduct
the high -tension current, the filament heating
current, and the current for running the driving -
motor 18, info ‘the interior of the outer metal
sheath. This outer metal sheath could be pro-
vided- with a thin window portion such as thin
aluminum transparent to the utilized X-radiation
in the region of emergence of the X-ray beam
and in this case the thin window portion 5-of
the insulating case 12 would be unnecessary and
could be omitted allowing the metal window just:
mentioned to stand in close proximity to the win-
dow T of the tube proper. In such a construction
the role-of the case 12 becomes merely that of a
mechanical support and is not a fluid container.

It will further be evident to those skilled in
the art:that expansion chambers consisting of
metal bellows or otherwise designed devices may
be provided to maintain the fuid in space {4 un-
der pressure and provide for its thermal expan-
sion and it will further be similarly evident that
this fluid may be circulated:in that space either
by external pumping means or by appropriately
designed fins or contours of the surfaces of the
rotating and stationary elements in ccntact with
that fluid.”

The rotation of the tube envelope and anode
structure may be accomplished as shown in Fig.
I through the agency of a motor 78 driving the
oblique shaft 48. It will be cbvious to those
skilled in' the art that this rotation may also
be accomplished by a motor whose rotor is either
directly connected or geared to the anode struc-
ture.- But in the construction illustrated in Fig.
I where the driving torque of the motor is ap-
plied to the oblique shaft 44 it is desirable to pro-
tect the flexible metal bellows €89 from the ne-
cessity of transmitting this terque to the rotating
‘X-ray tube proper. It is further desirable- to
prevent this flexible metal bellows from collaps-
ing longitudinally under the exiernal pressure

either of the atmosphere or of the fluid in the:
space 1T within the ‘housings 58 and ‘12.. For
«these purposes surrounding the bellows a univer-
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sal joint may be provided consisting of parts 60,
62, 63, etc., as shown in Fig. I and more complete-
ly in the partial section of Fig. III. The func-
tion of this joint in preventing longitudinal col-
lapse of the bellows 6% under atmospheric pres-
sure is especially desirable during the manufac-
ture of the X-ray tube while it is being outgassed
in an oven and pumped out with vacuum pumps.
During these stages of the manufacturing process
the tube need not be held in its eventual sup-
porting framework (2, 58, 12 etc., but may be
supported in g manufacturing jig in the oven ar-
ranged so that the tube is held stationary to per-
mit it to be hermetically sealed to the vacuum
pumping means and so arranged that by gyrating
the oblique shaft 44 the cathode can be rotated
inside the stationary tube so as to permit bom-
barding preferably with cathode rays under high
voltage and thereby outgassing all parts of the
target surface at temperatures somewhat higher
than they will ever subsequently be subject to in
the most severe service. After the evacuation and
sealing off processes the tube asembly must be
removed frem the jig in the oven and placed in
its final suporting framework 12, 58, 712, etc.
During this transfer it is desirable to provide sup-
port for the metal bellows 69 which is furnished
by the universal joint construction 60, 62, 63, etc.

It is further desirable that this universal joint
shall transmit rotation uniformly from element
68 to element 60 so that a uniform angular ve-
locity impressed upon 68 in its rotation about its
axis by rotation of the shaft 44 on which 68 is
mounted shall result in the same uniform angu-
lar velocity of element 69 about its axis and in
order to avoid subjecting the intervening bellows
69 to undue strain. It is well known and easy to
prove by geometrical reasoning concerning g
single universal joint of the well known fork and
cross type, which consists of two shafts each ter-
minated in a fork hinged to a single cross piece
in such a way that the axes of the two hinges
are at right angles to their corresponding shafts
and also at right angles to each other that such
a joint will not transmit the uniform, angular
velocity of one shaft to result as a uniform angu-
lar velocity of the other shaft if the axes of rota-
tion of these shafts are not parallel. It is how-
ever further well known and easy to prove by geo-
metrical reasoning that two such universal joints
one connecting a drive shaft to an intermediate
shaft, the other connecting the intermediate shaft
to a driven shaft will transmit uniform rotation
of the drive shaft to result in uniform rotation of
the driven shaft even though they are not par-
allel to each other provided (a) that the axis of
rotation of the intermediate shaft makes equal
angles with the axis of rotation of the drive shaft
and the axis of rotation of the driven shaft, and
(b) that the axes of the hinges of the two forks
on the intermediate shaft are parallel.

The universal joint depicted in Pigs. I and III
is such a double universal joint, designed in tu-
bular form so as to enclose the flexible metal bel-
lows within it. Sleeves 60 and 68 fit accurately
over cylindrical surfaces or parts 51 and 179
shown in Fig. I and parts 60 and 68 are prefer-
ably to be secured to 51 and 19 with both screws
and dowel pins to insure a perfectly firm rela-
tionship free of all looseness. Parts 60, 64 and
68 are provided with projections having a par-
tially cylindrical profile. In Fig. III these pro-
jections are seen in full profile view on the part
64 at B, B. They are seen in section on edge on
the parts 60 and 68 at C, C on one side and at
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D, D they are indicated on the other side with
dotted lines. Parts 69 and €8 each have two
such projections C, D on diametrically opposite
sides while part 64 has four such projections B
consisting of two pairs the members of each pair
being diametrically opposite one another and the
axes of all four cylindrical surfaces lying in one
and the same plane, a plane which passes through
the axis of the ring 64. Parts 60, 64 and 68
are coupled together by means of rings 62 and 68.

Cylindrical holes pierce radially through the
walls of these rings at four equally spaced posi-
tions around their circumferences and the ma-
terial of the ring is cut away on one side of
each of these holes as shown to admit the stems
of the cylindrical projections B, C or D on parts
60, 64 and 68, with sufficient clearance to allow
for a little hinge action by the turning of the
cylindrical projection in the cylindrical hole in
which it fits. The parts are assembled by slid~
ing the cylinders B, C or D successively laterally
into the holes. 'To prevent them from sliding out
of these positions rings 63 and 7! are slid on
over the parts 62 and 66 and secured to these
parts with screws as 63’ and Ti’. This universal
joint may be assembled and secured to parts 57
and 19 after the bellows 69 have been welded
to 57 and 79 to insure locating the sleeves 60 and
68 of the joint in such a relationship to the parts
57 and 79 as to subject the bellows to no torque
or strain. The use of a double rather than a
single universal joint at this place has the fur-
ther advantage that it permits both the cathode
structure 3, 13, 29, 37’ etc., and the oblique shaft
44 to be aligned independently each with its pair
of ball bearings. A minute error in such align-
ment or a minute failure of the axis of cathode
structure and oblique shaft to intersect will then
be taken up without strain by the freedom af-
forded by the double universal joint. Such er-
rors can readily be made small enough to intro-
duce entirely negligible departures from uniform
kinematic transmission of angular velocity by
the double universal joint.

An alternative type of double universal joint
is shown in Fig. IV. Parfs of this fizure analo-
gous to parts in Fig. III are indicated with the
same numerals to which a prime has been added.
In this form the cylindrical projections B, C, D,
in Fig. III are replaced by spheres mounted on
cylindrical stems 91, 97, as shown the stems be-
ing firmly secured in parts 60’, 64’ and 68’. The
part 60’ is adapted to be attached to 57 and 68’
to 719. The parts 60’, 64’ and 68’ are mechani-
cally coupled by means of the split rings 62’ and
66’ which are split along the planes indicated
at Q into two separate parts joined with screws
as 63"’ and T1’’. The spheres as B’, B’, C’, C’,
and D', D’, fit in sockets which may be in the
shape of spherical zones or conical frustra in the
split rings 62’ and 66’ and these socket cavities
open out on at least one side through the walls of
the rings 62’ and 66’ in holes of sufficient size to
provide clearance for the stems supporting the
spheres so as to permit adequate hinge action for
the functioning of the universal joint.

While the rotation of the envelope is effected
by the shaft 44 in the structure shown they
might be separately driven in any suitable man-
ner without departing from the invention in
some of its aspects.

The fluid in the space 14 may serve several
purposes including (1) to conduct heat from the
anode structure 8 of the X-ray tube to cooling

means such as the water cooling pipes I em-



2,290,226

bedded close at hand in the insulating housing-.
2. (2) To conduct heat from other portions of
the outer surface of the X-ray tube such for ex-
ample as the window 5 or the glass walls 42.. (3)
To lubricate the bearing means 25 and 65 and &
the working surfaces of the elements of the uni-
versal joint 6@, 62, 63, 64, 66 and 68. (4)- To
insulate the high potential difference which must
exist between the anode structure 8 and the
parts connected to the cathode such as 57 which 10
might otherwise cause electrical creepage over
the glass surface 42 with resulting destructive
electrical breakdown.

The driving motor shown diagrammatically at
78 may be of any conventional type such as an 15
inducticn motor or a repulsion induction motor.

No attempt has been made to depict this motor

in detail as its construction is well known. Open-
ings have been provided as shown in the frame

of this motor and in its rotor to permit of ready 20
access with a serew driver to the screws 81 by
which the packing gland T4, 716 can be tightened

or adiusted. To facilitate assembly and disas-
sembly of the entire mechanism- the rotor 83 of
this motor is designed so that by loosening a 925
screw 88 it can be slid off the shaft 44 the slip
rings 84 and 88 keing small or set in enough to
permit this. .

It is clear that my invention is not limited to
the . exact forms depicted. For example the; 30-:
shape of the target surface may be modified from
that of an internal cylinder shown at 10 to that.
of a right circular cone flaring either outward
toward the window or in the opposite direction
(see Pig. V). Furthermore, the shape of the 35-
outer surface of the cathode structure in which
the cathode focussing -cup is located need not be
cylindrical. but may also-be conical. It is clear
that these surfaces may be so modified, shaped

-

removable from the casing 12, The coils 4 may
be separately energized :at. suitable- times and
the cups 16 may be each suitably shaped or
positioned for whatever result may. be. desired.
Thus successive pictures of the same object may
be taken of the image cast by the differently
produced X-rays to produce a pair of pictures
which may give an impression of three dimen-
sions.

Tt is further clear that my invention -is not
solely restricted to a design in which the X-rays
eimerge through a window in the end of the tube
as shown though for many purposes this is a
convenient and desirable design. The target and
cathode may be so shaped, positioned and de-
signed that the rays to be utfilized emerge
through the side walls in the more conventional
way. The target structure can then completely
close the end of the tube and fluid cooling can
then be directly carried to the target structure
proper, or to cavities in that structure, by means
of rotating joints and fluid tight packing glands
of reasonably small diameter located on the axis
of rotation of the X-ray tube outside the target
end.

It will be further clear that the invention
admits of internal shielding of the tube from
the escape of X-rays in undesired directions.
This may be accomplished for instance in the -
‘design shown in Fig. I by making parts 8, 19,
45, 57, 19, etc., and also parts of-the universal
joint out of materials appropriately absorbent
to X-rays or by providing shields or coatings of
such materials to cover the parts named.
‘Shielding may of course also be Introduced in
the various housing struectures as {2, 58, 12 ete.,
or the shock proof shield akove menticned but
not shown in the figures.

The invention is not confined fto the specific

and positioned as to permit of utilizing the X- 4¢ “apparatus shown.

radiation. which is emitted from the target in
the general direction of most intense emission, a
direction which is known to vary somewhat with
the voltage for which the tube is designed to be

I claim as my invention:

1. In an X-ray producing device, a- rotating
anode supporting membker having on ils inner
surface an annular target, a stationary cathode

cperated, inclining more and more in the direc- 45 supporting member, and a plurality of electron

tion of the exciting cathode rays as the voltage
increases. It is further clear that the words coni-;
cal surface as here applied to the surfaces of the
anode and cathode structures may include such

emitting filaments carried hy the cathede mem-

ber -and adapted to bombard the target at dif-

ferent points producing distinet fecal spots. |
2. In an X-ray producing device, a rofating

special cases of the right.circular cone when the 60:%anode supporting member having on its inmer

half angle at the vertex of the cone is 90° and the
surface becomes a plane.

It will be further clear that my invention ad-
mits of the provision-of a multiplicity of ther- -

mal cathodes like that shown at.4 and of focus- 654

ing cups like that. shown-at 16 positioned at
various places about the circumference. of the
eathode structure which may be provided with
sepavate connections-to separate external circuits
and designed to give, at the choice of the oper- 601
ator, focal spots of various sizes. and shapes -
adapted to various technical applications in one
and the same tube. It will be further clear that

my invention: admits of the provision of focal
spots ot two positions in space on - the rotating 652
target surface to adapt the tube to the making

of stereoradiographs without displacing the tube
structure as a whole as specifically illustrated in
Fig. V.

Tn Fig. V is shown a target {8 inclined out~ 707
wardly toward the window. The cathode struc-
ture 13 contains two filaments 4 each having an
energizing wire 31 which may be connected
through the rod 44 with a separate brush 85 at
the end of the rod. The outer window 5 may be 78

surface an annular target, a stationary cathode
supporting member, and two electron emitting
filaments carried at diametrically opposite points
on. the cathode member and adapted tc bombard
the target at different points producing distinzct
focal spots..

3. In an X-ray preducing device, a rotating
anode supporting member having cn ifs inner
surface an annular target, a stationary cathode
supporting member, and two electron emitting
filaments carried by the czthode member and
adapted to. bombard the torget. at diametricaily
oprosite .points producing distinct focal spots.

4. In an X-ray preducing device, a rotating
ancde supporting member having on itg inner
surface an annular target, a stationary cathoda.
supporting member, and a plurality of electron
emitting filaments carried by the cathode mem-
ber each adapted to bombard the farget in o
different region producing. distinct focal snots
said regions being elongated and having their
narrow dimensions in the directicn of rotation
of the target.

5. In an X-ray generating device an evacuat-
ed rotating envelope carrying an anode; a rod
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entering the envelope and rotating on an axis
at an angle with the axis of rotation of the en-
velope; a cathode member within the envelope;
means for holding the cathode stationary; =z
bellows connecting the envelope and the rod
at about the point where their axes cross; and
a universal joint connecting the rod and envelope
and surrounding the bellows and relieving the
stresses therein.

6. In an X-ray generating device an evacuated
rotating envelope carrying an anode; a rod for
rotating the envelope but itself rotating on an
axis at an angle with the axis of rotation of the
envelope; a cathode member within the envelope
held from rotation by the rod; a plurality of
electron emitting devices on the cathode mem-
ber; a bellows connecting the envelope and the
rod at about the point where their axes cross;
and a universal joint connecting the rod and
envelope and surrounding the bellows and re-
lieving the stresses therein.

7. In an X-ray generating device an evacuated
rotating envelope carrying an anode; a rod for
rotating the envelope but itself rotating on an
axis at an angle with the axis of rotation of the
envelope; a cathode member within the envelope
held from rotation by mechanical means; a bel-
lows connecting the envelope and the rod at
about the point where their axes cross; and a
universal joint connecting the rod and envelope
and surrounding the bellows and relieving the
stresses therein.

8. In an X-ray generating device an evacuated
rotating envelope carrying an anode; a rod rotat-
ing on an axis at an angle with the axis of rota-
tion of the envelope; a cathode member within
the envelope held from rotation by the rod; a
bellows connecting the envelope and the rod at
about the point where their axes cross; and a
universal joint connecting the rod and envelope
and surrounding the bellows and relieving the
stresses therein.

9. In an X-ray generating device comprising
an evacuated rotating envelope anode member; a
rod rotating on an axis at an angle with the axis
of rotation of the envelope; a cathode member
within the envelope held from rotation by the
rod; a bhellows connecting the envelope and the
rod at about the point where their axes cross;
and a universal joint connecting the rod and
envelope and surrounding the bellows and reliev-
ing the stresses therein.

10. In an X-ray generating device comprising
an evacuated rotating envelope anode member; a
rod rotating on an axis at an angle with the axis
of rotation of the envelope; a cathode member
within the envelope held from rotation by the
rod; and a bellows connecting the envelope and
the rod at about the point where their axes

Cross.
11. In an X-ray generating device a housing
member; .an elongated evacuated envelope

mounted for rotation within the housing mem-
ber about a line extending along the length of the
envelope, and provided with an X-ray permeable
window extending transversely across one end
thereof and X-ray producing means disposed
interiorly thereof to cause generation of X-rays
directed through the window; electron emitting
means within the envelope; bearing means for the
envelope mounted within the housing exteriorly
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of the envelope; bearing means within the enve-
lope connecting the envelope and the electron
emitting means; and a rod extending through the
envelope and rotating on an axis at an angle to
and crossing the axis of rotation of the envelope
and engaging the electron emitiing means ec-
centrically of its axis and holding it from rota-
tion.

12. In an X-ray generating device a housing
member; an elongated evacuated envelope
mounted for rotation within the housing mem-
ber about a line extending along the length of
the envelope, and provided with an X-ray
permeable window extending transversely across
one end thereof and X-ray producing means
disposed interiorly therecf to cause generation of
X-rays directed through the window; a plurality
of electron emitting means within the envelope;
means for holding the electron emitting means
stationary; bearing means for the envelope
mounted within the housing exteriorly of the
envelope; bearing means within the envelope
rotatably supporting the electron emitting means
from the envelope; and a rod extending through
the envelope and rotating on an axis at an angle
to and crossing the axis of rotation of the enve-
lope and the electron emitting means.

13. An X-ray generating device which com-
prises a housing member; an elongated evacuated
envelope mounted for rotation within the hous-
ing member about a line extending along the
length of the envelope, and provided with an
X-ray permeable window extending transversely
across one end thereof and X-ray producing
means dispesed interiorly thereof to cause gener-
ation of X-rays directed through the window;

electron emitting means within the envelope;

bearing means for the envelope mounted within
the housing exteriorly of the envelope; bearing
means within the envelope connecting the enve-
lope and the electron emitting means; a rod ex-
tending through the envelope and rotating on an
axis at an angle to and crossing the axis of
rotation of the envelope; and mechanical means
for holding the electron emitting means from

‘rotation.

14, In an X-ray generating device, a rod,
means for rotating the rod about its central longi-
tudinal axis, an evacuated envelope carried by the
rod and rotated by the rod but on an axis at an
angle to the axis of rotation of the rod, the axes
crossing within the envelope, an anode carried
by the envelope, a cathode structure within the
envelope and engaged by the rod so as to hold
it stationary in space, a bellows connecting the
rod and envelope, and a hollow universal joint
connecting the rod and envelope and surrounding
the bellows,

15. In an X-ray generating device, a rod,
means for rotating the rod about its central
lengitudinal axis, an evacuated envelope carried
by the rod and rotated on an axis at an angle to

the axis of rotation of the rod, the axes crossing

within the envelope, an anode carried by the
envelope, a cathode structure within the enve-
lope, mechanical means to hold the cathode
stationary in space, a bellows connecting the rod
and envelope, and a hollow universal joint con-
necting the rod and envelope and surrounding
the bellows.
JESSE W. M. DU MOND.



