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Patented Dec. 28,7 1937

UNITED STATES

2,103,335

PATENT OFFICE

2,103,335
X-RAY TUBE

Harry F. Mesick, Jr. and Malverh J. Gross, Chi-
cago, Xl1., assignors to General Electric X-Ray.
Corporation, Chicago, Ill, a corporation of New

York

Application May 28, 1932, Serial No. 614;124

24 Claims.
This invention has to do- with an X-ray tube

and relates particularly to improvements with--

in such a tube and a casing therefor.
Up to the present time it has been the practice
of the manufacturers of X-ray tubes to fabricate

~ external casings for ftubes in a manner that

et
<

such casings are substantially permanently at-
tached thereto as an integral part of the tubes.
Such form of casing has made it necessary for
the user of the tube, when the tube was out of
order, to send the casing as well as the tube to the
manufacturer. Because of indentations or the
like accumulated in the casing during use, during

_ shipment, or by damage during its removal from

3t
e

[
<
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7 the tube, usually it has been necessary to replace
the casing as well as repair or replace the tube,

Naturally this type of repair program is both
costly and inconvenient, and undesirable from
the standpoint of both the user and the manu-
facturer.

It is an object of the present invention to pro-
vide a casing for an X-ray tube easily removed
from the tube proper thus making it possible for
the tube to be sent to the manufacturer for repair
-without the casing.

Another ohject of the present mvention is to

provide an easily demountable casing for an X-

ray tube which casing has means for measurably .

placing . a window- therein in- fixed relationship

with the focal spot or spots upon the ancde of -

the tube. _
Another cbject of the present invention is to
provide for an X-ray tube, a casing having a

_ window with a lead jacket adjacent thereto to

absorb all but the useful cone of X-rays, there
being insulating slesves impregnated with a salt

of a metal of high molecular weight extending’

from the lead jacket as an additional protec-
tion from other than the useful X-rays.

till another object of the present invention is
to provide a ¢asing for an X-ray tube and having
means for an adjustable mounting of the tube.

Another object of the present invention is to
provide a casing for an X-ray tube and to which
may be attached either a water reservoir or a
cooler of the radiator type for the purpose of
cocling the tube anode.

Another cbject of the present invention is to
provide a casing for an X-ray tube and from
which' the tube is capable of delivering X-rays
of a relatively low penetrating power.

Another object of the present invention is to
provide a cathode in an X-ray tube having a
multiplicity of filaments suitable for independent

(Cl. 250—34)

energization Whereby different 1nten51t1es and‘

fields of usefulness may be obtained, .

Another object of the present mventlon isithe
provision within the structure .of a:casing for an
X-ray tube, of means for insulating from exposed
metallic parts of the tube and casing the-elec-
trical charges which accumula,te ‘upon the tube
walls.

- Still another object of the present invention. is
to provide within the structure of a detachable
X-ray tube casing a sleeve of high dielectric

10

strength and of low X-ray absorption qualities -

whereby  to -insulate any metallic supporting.

means from the tube and to permit- of the
"ready passage of the useful field of X-rays there-
through without an aperture being formed in’ the
casing.

Other objects of the. present mventlon are the
provision of:

A metallic supporting member W1th1n a casing

for an X-ray tube and having flahges for the
radiation of heat as a means for prolonging the
useful period of an msulatmg sleeve in heat
conductive relation thereto.

An anode of novel:coniform structure’ especially
adapted. for use in X-ray tubes of the truly
cylindrical type.-

20

25

Means . interposed- within the ﬁlament circuits

of an X-ray tube for standardizing filament ex-
citation characteristics.

An electrical conductive sleeve w1th1n the struc-
ture of a casing for an X-ray tube for distributing
electrical charges inherently accumulated by
such g tube and for lmprovmg the operatmn of
the tube. -~

These, and other desirable objects Which are
obtained by the novel construction, unique ar-

rangement, and improved combination of the.

parts comprising the invention, will be made.ap-
parent in the following description:when read in
conjunction with the accompanying drawings,
hereby made a part of this specification, dis-
closing one embodiment of the invention, and
wherein like reference characters indicate similar
parts and in which:—

PFigure 1 is a longltudmal sectlon of an X-ray'

tube and casing incorporating the invention, the
tube having water cooling means;

Figure 2 is an elevation, partly in longitudinal
section, of a tube similar to that shown 1n Figure
1 but with air cooling;

Figure 3 is a perspective view of the glass por-

tion of a tube to be enclosed by the casmgs illus~

trated in Figures 1 and 2;
Pigure 4 is an enlarged sectional view of the
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cathode end of an X-ray tube showing in detail
pvarts of the structure;

Figure 5 is a sectional view of an X-ray tube
incorporating the invention and taken on the
line 5—5 of Figure 4;

Figure 6 is a perspective view of the unassem-
bled parts comprising the cathode end of the
tube; ‘ )

Figure 7 is a diametric section of a tube taken
on the broken line 7—T of Figure 1; and

Figure 8 is an enlarged fragmentary sectional
view of the tube casing shown in Figures 1 and 2.

Attention is first directed to Figures 1 and 2
and particularly to an anode {08 having a head
{1 at the inner end of a hollow shank i2. Upon
the diagonal face of the head Il is a tungsten
target 13, -

A sleeve 15, preferably made of nickel steel,
is copper brazed or otherwise suitably secured
to an auxiliary ring i5s which is soldered or
otherwise -attached to the anode as indicated at
16.. The left end of the sieeve 15, Figure 1, is
turned down and a glass cylinder (7 is attached
at 18,'in accordance with modern practice. The
anode and cylinder T are then sealed into a
cylindrical outer tube (9, shown in perspective
in Figure 3, the seal being indicated at 29.

Ring {5a is preferably made of steel, but any
metal which can be brazed and soldered may be
substituted therefor. The sleeve 15 is an alloy
of steel and nickel, with approximately forty-two
per cent nickel. If this sleeve |5 be secured di-
rect'y to the copper anode by silver-copper solder,
the sleeve is attacked by the solder when heated
to high temperatures, - Small cracks are thereby
effected in the sleeve where this solder of high
melting point comes in contact therewith. Con-
sequently, a tube so constructed is defective due
to these cracks and soon becomes useless.

When solder of a lower melting temperature
is used, the zinc or similar metal which forms a
part of the solder distills at the operating tem-
perature of the anode and collects upon the glass
walls of the tube in the form of a thin metal
coating to-.affect the operating  characteristics
of-the tube.
by the silver-copper solder and thus provides a
serviceable coupling between the. sleeve I5 and
the solder of high melting point, the latter not
having the tendency to vaporize, due to the ab-
sence of zinc-or similar material, as does a solder
of lower melting point. There is no action, there-
fore, to form a deposit upon the tube walls. The
structure thus described permits the use of a
solder of high melting point which permits the
anode to be run at higher temperature thus in-
creasing the normal energy capacity of the tube.
Consequently, since the solder does not.come into
contact with the nickel-steel sleeve 15, the cb-
jectionable formation of cracks in the sleeve is
precluded. o

One of the requirements within the structure
of an X-ray tube for prolonging its life and sta-
bilizing ‘its operating characteristics is the pro-
vision of a greater distance between the walls
of the tube adjacent to the bombarded end of
the anode than at a position near the supported
end thereof. This structure is to prevent stray
and reflected electrons from the anode from get-
ting back onto the glass in the anode arm thereby
unbalancing the voltage distribution along the
glass and causing excessive bombardment there-
of, with the resultant heat and fluorescence of
the glass. The conventional glass shell for an

X-ray tube has an enlarged portion about the

The steel ring 18a is not attacked -

2,108,385

bombarded end of the anode to meet this desired
requirement. .

In the case of the present tube which has a
truly cylindrical wall, the shape of the anode
i8 is altered to provide the desired space rela-
tionship between the-anode and the wall. It
will be observed in Figure 1 that the anode 10
increases in diameter as the point of seal with
the ring 18a is approached from the extended
end of the head (I.

This tapering configuration of the anode makes
the present form of tube with the cylindrical wall
equivalent in operation and life to that of the
more complicated form of wall with an enlarged
central portion. . Even if a cylindrical tube, which
is made as effective as the ordinary shaped tube
by the tapering of the anode, was not especially
desirable because adaptable to g removable sleeve
casing to be described Iater in this specification,
the cylindrical tube has still ancther advantage
of being less unwieldy than the ordinary tube.

A cathode 2{, shown in detail in Figures 4 and
5, consists of a focusing cup 22 having two aper-
tures 23 and 24, Two leads 27, preferably of
molybdenum, are screwed into tapped holes 28
in the base of cup 22. The filaments 2% and 26
are attached to center leads 28 and 38, respec-
tively, in any desired fashion as by binding with
wire &1 and arc welding. The outer ends of the
filaments extend as leads 33 and 24 and are car-
ried through holes in the focusing cup and at-
tached to the outer edge.of the focusing cup as
indicated. at 35. Nickel brazing has proven.to
be a satisfactory method of making the connec-

tion at 35. The two center leads 29 and 38 are 3

suspended by the support leads 27 and are held
in insulated spaced relationship by means of in-
sulator blocks 36.

The blocks 36 are held together by means of
the clamps 37 and lock screws 28 (see Figure 5).
A sleeve 39 for supporting the cathode is attached
at one end to the cathode cup 22 by means of
screw threads 48. The other end 44 .of the sleeve
is provided with slits 42 and is reduced in thick-
ness so that it may yieldingly engage the glass
cylinder 43 for support. i i

Attached to the glass cylinder 43 and sealed
thereto, as at 44, so as to extend therewithin is
a pinch seal 45, sealing three wires 45, 4T and 43

in & manner well known in the ‘art.” One end of

the wire &6 is attached to the free end of the
wire 30, preferably by spot welding, as shown at
£9. In the same fashion the free ends of the
wires 27 and 29 are attached to wires 48 and 47.

Interposed between sections of the wircs 48
and 48" are two standardizing resistances 48a
and 47¢ which may be made in any desired fash-

‘ion as by using coils of resistance wires suitably

insulated. In the particular construction ilius-
trated, the resistances 46a and 47a are opsen coils
of relatively stiff resistance wire such. as an alloy
of nickel and chromium and are ccvered by a
glass tube. These coils 48c¢ and 4% are used to
compensate for inherent differences in different
types of cathode filaments to permit their ex-
citation from a source of power of standard char-
acteristics,

A definite order of operation is followed in the
assembly of the cathode. The two filaments after
keing rocughly positioned are accurately adjusted
by means of a depth gauge and the screws 38
locked up tightly to keep them in a selecfed posi-
tion. After this, joints 49 are made and the
sleeve 41 is screwed into place on the focusing cup
22, the focusing cup being held staticnary and
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the sleeve 39.revolved until the desired position
is cbtained. The cathode structure is then sealed
into the cylinder (8 at circular joinder 56. At
this end, a protruding section 51 is formed pursu-
ant to the process of evacuating the tube.

After having been given certain tests, the thbe
as assembled to this stage, is supplied with a cap

53 on its cathode end. The cap 53 is attached -

to the glass in any desired manner, as by means
of litharge -and glycerin, by plaster of Paris, or
by a “Bakelite” compound.

Attached to the cap 53 is a selector switch 54
shown more in defail in Figure 6. The three
leads 48, €7 and 48 are carried back to this selec-
tor switch to make contact respectively with con-
tact 54a, contact 58 and center stud 58, the lat-
ter named parts being carried by an insulating
disc 5T.

The disc 57 is secured to the sleeve §3 by a plu-
rality of screws 58. Center stud 56 is electrically
connected to the sleeve 52 by means of a contact
strip 52 shown in dotted outline. 'The contact 89
is for the purpose only of preventing static dis-
charges from the stud 56 and. across the edge of
the insulating disc 57 to the sleeve 53. A cup-
shaped contact memper 68 serves as a medium
for connecting either spring 54a or spring &§ to
one side ¢f the circuit for energizing the ﬁlamenb
in the manner hereinafter described.

The circuit for energizing the filament is con-
nected to the X-ray tube by means of a plug 68.
One side of the circuit is carried on a shell 61
and the other side is carried By a center contact
62, The shell 6! is mechanically and electrically
connected to a metal disc 63 (an electrical con-
ductor), by means of screws 84. This metal disc
63 carries an indexing stud 65 which engages a
hole -68 in the dielectric disc 57 for the purpose

. of holding discs €3 and 87 in a seler'ted fixed

relationship.
Stud 65 passes through an aperture 67 in a
contact member §8. A second stud 69 projects

into a slot 78 to limit the rotative movement of -

the contact cup 68 to the curvilinear dimensions
of the slot 78.
the disc 63 and the contact cup €8 by engagement
of their two opposing surfaces Tl and 12 when
the two members are in assembled position.
The contact member 68 is then at the same
potential as the .side of the electric circuit con-
nected to the shell §1, and when it is in a posi-
tion so that stud 69 is at one end of the slot 18,
it electrically connects the shell €1 to the con-
tact B5. When in the other pesition, it con-

nects the shell to the contact 58a and hence to

the inner end of filaments 25 or 26 by means of
the wires 46 and 47.

The outer ends of the filaments are grounded
to the cup 22 and thus are electrically connected
to the support wires 27 and the lead 48 which is
connected to center stud 58 as previously de-
scribed. The stud 58 passes through a hole 74
in the contact plate 68 and through a center hole
15 in the disc 83 from which it is insulated by
means of an insulating bushing 7. A nut 37
coacts with threads upon the stud 56 and the end
of the bushing 7% to hold the disc 63 in assembly
with the cap 33. Nut 77 is provided with a boss
78 onto which contact spring 1§ seats. The
other end of spring 79 is attached about a boss
89, which forms. a part of the center contact 62.
In this manner, the electric circuit is completed
from stud 56 to contact 62 to form the return
circuit from the outer ends of both filaments,

After the sleeve 53 has been attached to the
end of the cyiindrieal tube, the wires 46, 47 and

Contact is then made between,

48 are drawn through ‘suitable apertures’in the
insulating disc 57 and secured respectively to the
contacts 94a and 55 and to the center stud 56.

. When the plug 68 is screwed into a proper socket

for supplying eleetrical energy to the tube, the
metal cup 68 will be at one potential and the

- center stud 56, the focusing cup 22, the filaments

25 and 26, and the contacts 54¢ and. 55 will be
at a potential different than that of the cup 88.

In the flange of the member 68 is an oblong 1

aperture 68¢ through’ which. indicating figures
upon. the periphery of the disc 63.may-be viewed.

By turning the cup 68 in a clockwise direction

with reference from the cathode end of the tube,

and as limited by the pin 88 abutting an end of 1

the aperture T8, the piece 68b within the cup

68 will be carried into contact with the electrode

[

84a. to close the electric. circuit: through the: =

filament 26, . Concurrently the aperture 68¢ .is

carried over the indicia upon the periphery of s

the disc 63: corresponding to the energized fila-
ment.  To energize the filament 2B, the cup 68
is rotated in the oppesite direction to place the
piece 88c against the contact 58. The aperture

68¢ is at this time over a different 1nd101a denot- ¢

ing the energized filament.

To the outer end of the anode m is “securely
anchored a collar {50.

collar. 159. A second and complemental ‘collar
151 screws upon the threaded shoulder 5%a.
collar 151 is drilled and tapped for receiving a
set screw 152,
from the collar {51 provided w1th a radsal slo’o
#54. and apertures 158.

The description up to this pomt covers the
vacuum tube proper-and the parts permanently
attached theretoc. Where tube replacements-are

The.

'
=

The threaded shoulder -
150a projects longitudinally of the tube from the

30

There is a fiange 153 projecting” -

necessary, the outer casing now to be described is

retained by the user.and only the above described
parts-are sent to:the manufacturer for repair.:

If a tubeis beyond the state of practical repair,.

an entirely new tube may be obtained by the
owner.of the worn out tube to fit into the outer
sleeve. or casing which he still possesses.
this way, i. e., by the use of interchangeable and
replaceable vacuum tubes in: a single outer casing,

In |

the cost of replacements is substantially reduced, -

retained by the user.
The casing proper consists of an msula.tinrr

“as only one portion of the assembly need be re-
placed, the other portion of the assembly bemg B

sleeve 90, which is immediately about the center -

of the glass cylinder 8. Sleeve 90 can be made

of any desired insulating material having low z< k

X-ray ‘absorption.” ‘It has been found that a
phenol -condensation product is a suitable insu-
lating material. This sleeve is a very important
part of the casing as will be made apparent from
a subsequent disclosure of its functions.  About
the sleeve is secured: a lead protective cylinder 81
sititably -apertured to permit of the passage of a
useful beam of X-rays, as mdlcated by the di-
verging lines in Figure 1.

The lead sleeve 81 can be. secured to the insu-
lating sleeve 90 in any desired fashion as by
means of an insulating varnish. A metallic

60 .

member 92a surrounds the sleeve 9f and is se-

cured to it by insulating varnish or.other suitable

material. The member 82¢ includes a sleeve 93,
the center portion of which is ribbed as shown
at 94 for heat dissipation in a manner to be later
described. Said central member 93 has
flanges §5.

. A passage for the useful beam of X-rays is pro- 75 '

uwo'
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“integral to the ring 157.

4

vided by a window aperture 97 bounded by an
internally threaded cylinder 98 into which vari-
ous devices, such as diaphragms, and the like,
may be secured by a nut 99.
there is no window in the sleeve 9.

Two tapered insulating sleeves-or sections, {80

and 101, are suitably chamfered and notched to
fit snugly over the sleeves 98 and 91 and beneath
the respective flanges 98. . Pins 98¢ anchored
within the flanges 85 project into notches 180¢
and 191a within the ends of the sections 188 and
101 so that the sections will be definitely ar-
ranged axially with reference to the window 97.
An insulating varnish or shellac may be used for
attaching the sleeves 100 and 101 to the sleeves 80
and 9{ to assist the tight fit used to hold the
parts in place.

The sections §80 and 18 are made of an insu-
lating material, such as a phenol condensation
product, glass, hard rubber, or a similar product
which has been impregnated with a salt of high
molecular weight for the purpose of rendering
the combination impervious to the passage of
indirect X-rays from within the tube.

Projecting from the end of the piece {8f is a
pin 155 which is to be seated within the notch
{54 of the flange {53. A threaded band 186
encircles the end of the sleeve 181 to be securely
fixed thereto. A ring 57 is threaded to screw
upon the band (56 to draw the casing toward the
anode end of the tube. There is a flange {5Ta
The flange (5Ta reacts
against the flange {53 so that the casing will be
displaced along the tube instead of the ring (57
being so displaced while it is being screwed upon
the band or threaded ring 156.

Mounted on the end of sleeve {80 is & ring 168
provided with threads for the advancement of 2
flanged collar §6{ thereon. The flange upon the
collar 161 is free to slide upon the cap 83 but is
arranged to fit closely enough to said cap to pre-~
vent lateral movement between the two members.

In the manufacture of the tube:proper which
ineludes the anode, cathode, the glass cylinder {9,
the cap 53 and switch assembly attached thereto,
the collar 150 and the index ring {51, it is not
always possible to make the cylinder 19 of exact
standard length. Variation occurs where the end
of the tube is sealed off at 5i. Therefore, it
becomes necessary to make' the means for at-
taching the casing and tube one to another of an
adjustable nature for the casing is of a standard
size and length. ‘

The anode and cathode are set within the tube
with the cathode filament and the target {3 of
the anode in a definite standard spaced relation-
ship with reference to each other. Later, the
cap 53, collar 159 and ring 151 are set upon the
ends of the tube. - The ring {51 is advanced upon
the collar 150 until its inner face is a selected
distance from the anode target.

The ring 151, in addition to being spaced at a
definite predetermined distance from the anode
target, is also selectively alined with the anode
axially. Tightening the set screw 152 insures the
maintenance  of the desired position of the ring
I5i. The ring as held by the set screw 182 is in
such a position that the pin 155 when inserted
into the slot {54 will position the window 87 of
the casing in radial alinement with the useful
field of X-rays as deflected from the anode target.

The sleeves 93, 100 and {81 are of a standard
length, and the notches i08a and 10la are of a
depth to receive the pins 98¢ in a manner allow-
ing the ends of the outer sleeves to abut solidly

It will be noted that .

2,108,385

against the ends of the intermediate sleeve 93.
It follows that the overall longitudinal dimension
of the casing is definitely fixed. There is no tele-

-scopic motion relative any of the parts forming

the casing. Instead, the casing is a rigid accu-
rately fabricated member.
There is a standard known distance between the

" left end of the sleeve (81, Figure 1, and the center

of the window 97. The collar [5{ is advanced
upon the collar (50 until the distance between
the inner face of the flange 153 and the center
of the anode target is equal to the distance be-
tween the left end of the sleeve {8{ and the center
of the window 971. By screwing the fianged ring
{57 to draw the said end of the sleeve (0l against
the inner face of the flange 153 with the pin 155
seated in the notch 154, the window 97 will be
squarely alined with the conical X-ray field to
emanate from the target 3. )

Adjustment to accommodate the slight dis-
crepancy in tube lengths is had at the cathode
end of the tube after the casing has been thus
accurately fitted to the tube from the anode end.
It will be recalled that the flanged ring 151 slid-
ingly engages the cap 53. The ring, therefore,
can with equal efficacy engage the cap at any sec-
tion along the part of greater diameter. Never is
there such a disparity of dimensions in the tube
that the ring 181 will fail to register some place
upon the enlarged section of the cap 583.

An examination of the flange 153 will reveal
that said flange has a thinned section. ‘The ma-
terial of the flange 153 is resilient so that there
may be a slight axial movement of the tube rela-

tive to the casing, the cap 53 being free to slide 3

within the flanged ring €61 to accommodate such
a movement, This flexible mounting for the tube
is added protection thersfor, and cushions the
effect of any accidental blows which might with-
out such cushioning be detrimental to the tube.

In the above described manner, a certain and
simple-method is provided for the assembly of a
vacuum tube in the casing and for the alinement
of the focal spot, both axially and radially of
the casing for the passage of useful X-rays
through an opening in the outer' casing, in com-
bination with cushioning means for absorbing
shocks due to rough handling. Apertures 158
provide for ventilation within the casing and
assist to-cool the tube. The cooling of the tube is
further assisted by the sleeve 83, which has a
ribbed section 94 as previously described, to pro-
mote the dissipation of heat into the surround-
ing air.

‘The simplicity of the casing makes it practical
for g user to retain an outer casing in the event
of damage to the vacuum tube and for the manu-
facturer of the tube to ship to the user for re-
placement only a vacuum tube. Hence, a highly
economical and practical method of tube repair
is possible.

To further provide a greater possible flexibility
of the present X-ray tube the anode has been de-
signed so that it can be cooled either by water or
air at the option of the user. As noted, the anode
of the tube is hollow and projects beyond the end
of the casing. The collar (58 is threaded near
its outer end to render.it applicabkle for the cou-
pling thereto of a cooling unit.

When the anode is to be cooled by means of
water, the connections are made as shown in Fig-
ures 1 and 8, in which the member {{{ is a baffle
the operation of which is more fully described in
a patent to Jesse L. Worden, No. 1,972,414, issued
September 4, 1934. The baffle is held in position
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by means of a multi- apertured plate uz Whlch
commonly abuts the end of the anode and the
collar 158. The water reservoir {§3 is attached by
means of g frée running hut 145 which engages
the flange {16 thereon and the threads on the
member {52.

The cperation of the coolér is based on the
natural circulation of heated water in-a system
of this type:

A radiator device for use vrhen the tube isto
be air cooled is illustrated in Figtire 2. The radi-
ator consists of a stud 12{ which is slidably en-
gaged within the hollow eylindrical tubé 2 and a

plurality of fins 122 held apart by washers i23..

The washers 128 and fins 122 are held in assefibly
by means of a ring 128 which may be pressed ot
screwed onto the stud {21. A free running nut
126 is also provided for securing the-radiator, juss
described, in position, or for acting as a thrust
device for removing the radiator from the anode
recess.’

Surrounding the metal cylinder 93 1s a clamp-
ing device illustrated more pai ucularly in Pig-

ure 7. This device con51sts of pairs of spaced-

fingers {48 and i4§.

The fingers rest in the circumferential grooves
in the casing so that a tube may be rotated axially
as desired. A lock screw (42 provided with a
spriig washer 143 locks the clainping fingets to
the casing. The fingers 141 extend from a com-
mon shank (48 by means of which the tuke-ap-
purtenances are adapted to be supported on any
standard frame apparatus. A lock nut {45 may
be -employed for locking the tube ih any desired
position of support. :

Hereinabove, the physical propérties of the in-
sulating sleeve 88 have been set forth. The fol-
lowing part of this description relates to the
application of those properties.

Dus to the electron discharge from the cathode
filaments in an X-ray tube, there is & negative
electric charge gradually accumulated upon the
inner wall of the glass tube {8. Most of the elec-
trons are attracted to thie positively charged an-
ode. A portion of the electrons, however, ‘is
deflected in the same manner as the X-rays and
strikes the tube wall adjacent to the window 87.
Such deflected electrons and other electrons,
emitted directly from thée cathode ﬁlaments col-
lect upon the inner tube wall at the central sec-
tion to there build up & negative charge. This
charge approaches the potential of the cathoda
and is slowly dissipated along the walls of the

- glass tube to the anode. While the innér surface
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of the wall of the tube is so charged, if the ad-
jacent outer wall surface be accidentally -con-
tacted or apwnroached by an object not charged,
or one positively charged, there is danger of punc-
turing the tube wall 19 by an electric dlscharge
to such object.

The insulating material 98 extends entirely over
the area of the tube wall which is likely to be
reached by an appreciable negative potent1al.
Since the sleeve 80 covers the tubé at the window
87 there can be no contact with the tube with a
foreign object by way of the window. The type
of insulation used at present in the sleeve 90
is but one-eighth as averse to the passage of X-

rays as is the same thickness of glass cormprising .

the tube wall. The dielectric strength of the
material of the sleeve 99 is gréater than that of
glass so that said sleeve may be of such a thin
structure as not to appréciably aTect the inten-
sity of the X-ray field and-at thé same time pro=
vide ample insulating piotéction for the tube.

. and visible.

wall the 1nsulat1ng sleeve 90 reduces the Iil
hood .of an operator of a tube recelving ain
tric shock. The negatwe ¢harge accumulated :
upon the inner side of the tube wall gradually 5
penetrates the tube Wall to rehich the cuter sur-
face. Should anyone conie in contact Wlth ther
charged outer wall he Would suffer an unpleasant :
sensation, to say the least and might be caused
to do an unintentional Tnjurious act because of 10

. a sudden nervous reaction due t0 the shoek, .

The sleeve 81 is three-fold functmnal ThIS
sleeve absorbs the X-ray beam in dlrect1ons other .
than that in which _the Useful X-rays- flow, An-
other 1mportant paru played by sleeve 9! has 15

shock ”he sleeve § 1s used in conJunctlon with -

the msulatmnr s;eeve 99 the latter belng for in-
: t 3

will be- no accumulation of an “glectrie charge '
thereon,

The th1rd functlon of the sleeve 9l 1s to

- cathode. In effect there ‘are two cori

condenser being formed between thé at ]

trode and the glass wall' ‘opposite to tne anod"
¢ondenser plates and.the othet [
effected by the cathode elec'

above-me‘moned portlons of the glass wall serv- -
ing as parts of the two. dlfferent condensers so
that the said wall portions’ may acqmre qmte d1f- T
ferent potentials. Especially is there an: appre- 40.
ciable voltage built up between the two condenser
portions of the glass wall when the tube is oper-
ated by au unreciified alf lernating voltage

As a Fesult of the fwo potentlals bemg bu1lt
up upon the tube wall at wall sections opposite 45
to the. anode and cathode, respectwely, there is
an electr1cal surface leakage across that sectlonf
of the tube wall 1ntermed1ate -the two charged
portions. Such surface leakage is both audible - -
Qperatmn of the tube is. effected 50
more pronouncedly if there is a slight deposit: 6f
tungsten, copper, or some other material on the
glass wall. With such a.deposit on the tube wall,
the -likeliness of audlble flashing and resultmg
surgmg of the tube is augmented.

Introduction of the sleéve 81 gives an’ appre01-
able capacity coupling between  the -dbove .
tioned condenser portions of the glass wall, and
therefore reduces the voltage differérice. betweer 60
them and has a téndency.to evenly spread-the
charges over the wall. The audlble and vis
sparking ‘along the glass wall is substant 5
eliminated by the use of the lead sleeve §1 within .
the tube csging’ and the magimum voltage at g5
which the tube can be operated 1s substantlally
1ncreased i

Groundmg of the sleeve 9I 1s

said sleeve and the sleeve 93. The clamnmg and 7o
supportmg device cornpnsmg metalhc ﬁngers 46
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cause of the electric charges inherent to-such a
tube.

What is claimed as new and is desired to be
secured by Letters Patent of the United States is:

1. The combination with an X-ray tube, of
a demountable casing comprising an inner con-
tinuous, imperforate sleeve of insulating mate-
rial transparent to X-light, a centrally disposed
housing member of X-ray absorbing material
about said transparent insulaing sleeve, and end
housing sleeves of insulating X-ray absorbing
material engaging said centrally disposed mem-
ber, there being a window for a beam .of X-light
in said centrally disposed housing member.

2., An X-ray tube having an envelope and
provided with anh anode and cathode, there be~
ing a fitting at one end of said tube, in com-
bination with a casing for said. tube held in de-
mountable assembly with respect to said fitting
and having a window providing an outlet for
X-light in juxtaposition to the bombarded area
of the anode, said casing comprising an inner
sleeve of insulating material transparent to X-
light and surrounding .the envelope of said tube,

an outer sleeve of X-ray absorbing material about .

the central section of the inner sleeve, and end
jackets of X-ray absorbing and insulating ma-
terial about and extending beyond the ends of
said inner and outer sleeves.

3. An X-ray tube having an anhode, a cathode,
and an enclosing envelope and provided with a
fitting at each end of the envelope, in combi-
nation with a casing held in demountable as-

" sembly with respect to one of said fittings and
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said envelope, said casing comprising a jacket
of insulating material surrounding the tube ap-
proximate the anode and cathode thereof to add
dielectric strength to the envelope, a second jack-
et of metallic X-ray absorbing material of less
longitudinal extent than and disposed about said
insulating sleeve, there being a window in said
metallic sleeve for the escape of a beam of use-
ful X-light, and end members intermediate said
metallic sleeve and said end fittings and of an
insulating material impregnated with a salt of
high molecular weight,

4, The X-ray tube and housing described in
claim 3, and in which said metallic sleeve is sur-
rounded by a second metallic sleeve to which the
end members are attached, there being a win-
dow in said second metallic sleeve registering with
the window in said first referred to metallic
sleeve.

5. An X-ray tube comprising a generally cy-
lindrical envelope having an ancde and a cathode
disposed therein away from its ends, in combi-
nation with a sleeve of insulating material trans-
parent to X-light completely encircling said en-
velope and extending from the median line to-
ward the ends a distance greater than the space
between the anode and cathode, a metailic sleeve
surrounding said insulating sleeve and having a
window in juxtaposition to sald anode for the
passage of a beam of useful X-light, said metallic
sleeve being of less longitudinal extent in respect
to said envelope than said insulating sleeve, a
second metallic sleeve about said first named
metallic sleeve and having a window registering
with the window in said first mentioned metailic
sleeve, and insulating end members opaque fo
X-light extending from said second mentioned
metallic sleeve to the ends of said envelope.

6. In an X-ray tube, an anode having a flange
selectively positioned longitudinally thereof, there
being 2 guide means on said. flange and said
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flange being rotatably adjustable on said anode
to position said guide means radially of said
tube, a cathode in said tube, a casing including a
window and having guide means at one end
thereof cooperating with the guide means on said
flange, said casing being adapted to fit around
said tube with the -end thereof in abutment with
said flange for selectively disposing said window
longitudinally with respect to a useful beam of
X-light from said tube, and with said guide
means in alignment to fix the position of said
window radially of such useful X-ray beam:. -

7. Por use with an X-ray tube having an en-
velope and an anode and a cathode therein, a
casing adapted to telescope longitudinally there-
of and comprising a portion of electrically con-

_ ducting material opaque to X-light for equalizing

electrostatic charges induced on the envelope by
the potentials of the anode and cathode, said
casing having a window therethrough for the
passage of a beam of useful X-light, and a sleeve
of electrical insulating material of great dielec-
tric strength and transparent to: X-light, said
sleeve being within said opaque portion and in
axial alignment therewith, and being wider than
the diameter of said window and across said win-
dow.

8. The combination with an X-ray fube hav-
ing an anode extending outwardly of the tube,
of a demountable casing comprising an inner
continuous sleeve of insulating material trans-
parent to X-light, a centrally disposed housing
member of X-ray absorbing material about the
insulating sleeve, said housing member having a
window through which a beam of X-light may
be projected outwardly of said casing, and end
closures for said casing comprising sleeves of
insulating and X-ray absorbing material secured
to the centrally disposed member, one of said
sleeves having a closure at its end through which
said anode may extend out of the casing.

9. The combination with an X-ray tube hav-
ing an anode extending outwardly of the tube,
of a demoumtable casing comprising an inner
continuous sleeve of insulating material trans-
parent to X-light, a centrally disposed housing
member of X-ray absorbing material about the
insulating sleeve, said housing member having
a window through which a beam of X-light may
be projected outwardly of said housing, end clo-
sures for said housing comprising sleeves of in-
sulating and X-ray absorbing material secured
to the centrally disposed member, one of said
sleeves having a closure at its end through which
said anode may extend out of the casing, said
anode having a cavity opening outwardly of said
casing and means connected on the projecting
end of the anode for circulating a cooling medi-
um within said cavity.

10. An X-ray tube comprising a cylindrical
envelope of material relatively transparent to
X-light and of substantially uniform diameter
and wall thickness throughout ifs extenf, an
anode having a portion forming a substantially
point source of X-light for projection through
the walls of said envelope, a. demountable casing
around said envelope comprising an inner con-
tinuous, imperforate sleeve of insulating material
transparent to X-light, a centrally disposed hous-
ing member of X-ray absorbing material about
the insulating sleeve, said housing member hav-
ing a window, end housing sleeves of insulating,
X-ray absorbing material secured to said housing
member in position enclosing the opposed ends
of the envelope, the walls of said envelope being
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ground to produce a thin spot opposite said hous-
ing member, the remaining walls of the envelope
being relatively thick in order to impede the pas-
sage of X-light therethrough except at said thin
spot at which minimum impedance to the passage
of X-light is afforded.

11. The combination with an X-ray tube, of a
demountable casing comprising an inner contin-
uous, imperforate sleeve of insulating material
transparent to X-light and g housing comprising
a centrally disposed housing member of X-ray
absorbing material about said insulating sleeve,
said housing member having a window through
which X-light may be projected from the X-ray
tube and fin-like heat dissipating means on the
outer surface of said housing member, and said
casing comprising end housing slecves of insu-
lating X-ray absorbing material secured to said
centrally disposed member.

12. The combination with an  X-ray tube
adapted when energized to provide a substan-
tially point source of X-light, of a demountable
casing for said tube comprising an inner contin-
uous, imperforate sleeve of insulating material
transparent to X-light and a sectional housing
comprising a centrally disposed housing mem-
ber of X-ray gbsorbent material disposed about
the transparent insulating sleeve, and having a
window through which X-light from said point
source may be projected, and end housing sleeves
of insulating X-ray absorbent material secured
to said centrally disposed housing member and
extending oppositely to enclose the opposed ends
of said X-ray tube, said X-ray tube and casing
being formed with co-operating means affording
an index for registering said point source with
said window as and when the X-ray tube is as-
sembled in the casing.

13. The combination as set forth in claim 1
wherein the sleeve of insulating material extends
at its opposite ends outwardly of said centrally
disposed housing member and within the end
housing sleeves.

14. The combination of an X-ray tube having
an anode and a cathode in a suitable envelope
from which a beam of useful X-rays is projected
from said anode in a direction normal to the
axis of the envelope, an inner sleeve of insulat-
ing material transparent to said X-rays encircling
the tube between said anode and cathode and
extending longitudinally thereof toward the ends
of the tube, an outer sleeve of X-ray absorbing
material extending over said inner sleeve and
to the ends of the fube, said outer sleeve com-
prising a section of X-ray absorbent metal at
the median portion of the envelope having an
opening therein, a metallic sleeve enclosing this
median section and being provided with an X-ray
transmitting window in registiry with the open-
ing in said section, and X-ray absorbing end
members extending from the outer sleeve toward
the ends of the tube and cap members cooperat-
ing with said end members t0 enclose the ends
of the tube.

15, In an X-ray apparatus the combination of
an X-ray tube having an envelope with an anode
and cathode therein, adjustable guide means on
the anode, a casing for said tube, said casing
having a window therein adapted to be disposed
adjacent said anode for transmiiting a beam of
X-rays, index means on said casing for cooper-
ating with the guide means on the anode to aline
the window in said casing with said anode when
said casing and tube are assembled.

16. In an X-ray apparatus, the combination of

7

an X-ray tube having an envelope with an anode
and cathode therein, and a unitary casing adapt-
ed to telescope thereover, said casing comprising
a metallic sleeve for equalizing electrostatic
charges induced on the -envelope by the poten-
tials of the anode and cathode, an electrical in~
sulating sleeve intermediate the metallic sleeve
and the envelope for fortifying the dielectric

strength ‘of said tube; said metallic sleeve being

of an X-ray absorptive material and. having a
window for the passage of useful X-rays and
said insulating sleeve being of X-ray transparent
material and extending entirely across said win-
dow.

17, An X-ray apparatus compnsmg in combi~
nation an X-ray tube having an envelope with an
ancde and a cathode therein, a casing of material
opaque to X-rays and having a window therein
enclosing said tube, an adjustable guide means on
said envelope abutting an end of said casing, said
guide means being adapted to be adjusted axially
of the tube to a distance from the face of the
anode equal to the distance between said abutting
end of the casing and said window, .an indexing
means on the abutting end of said casing and
cooperating with said guide means to selectively
position the window of said casing in respect to
the anode of said tube whereby tubes having en-

velopes of slightly different dimensions may be T
30

interchanged within the casing.

18. An X-ray tube comprising a cylindrical en-
velo‘pe of material relatively transparent to X-
light and of substantially uniferm diameter and
wall thickness throughout its extent, ‘an anode
having a portion forming a substantially point
source of X-light for prejection through the wall

10

20

25

of said envelope, a demountable casing arcund -

said envelope comprising an inner continucus
sleeve of insulating material transparent to X-
light, a centrally disposed housing member of X-
ray absorb‘ng material about “the insulating
sleeve, said housing member having a window and
end housing sleeves of insulating, X-ray absorb~
ing material secured to said housing member in
position’ enclosing the opposed ends of the en-
velope, the wall of said envelope having a thin
spot opposite sajid housing member, said thin spot
being formed by removing a curved portion of the
cylindrical envelope from the outer surface there-
of, said removed portion having a crescent-like
cross sectional configuration in a plane normal

to the axis of the cylindrical envelope and the:

remaining portion of the wall of the envelope

being relatively thick in order to impede the

passage of X-rays therethrough except at said
thin spot at which minimum impedance to the
passage of said rays is afforded.

19. An X-ray tube comprising & cylindrical en-
velope of material relatively transparent to: X-
light and of substantially uniform diameter and
wall thickness throughout its extent, an anode
having a portion forming a substantially point
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source of X-light for projection through the wall
of said envelope, a demountable casing around '

said envelope comprising an inner continuous
sleeve of insulating material transparent to X-
light, a centrally disposed housing member of X-
ray absorbing material about the insulating sleeve,
said housing member having a window and end
housing sleeves of insulating X-ray absorbing
material secured to said housing member in posi-
tion enclosing the opposed ends of the envelope,
the wall of said envelope being ground to produce
2 thin spot -opposite said -housing member, the

70

remaining portion of the wall of the envelope be- 75
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ing relatively thick in order to impede the passage
of X-light therethrough except at said thin spot
at which minimum impedance to the passage of
X-light is afforded, and said envelope and the
casing being formed with cooperating means pro-
viding an index for registering a thin spot of the
envelope with the window of said housing mem-
ber as and when the parts are assembled.

20. An X-ray tube having a cylindrical envelope
and a casing enclosing said envelope, said casing
comprising laminations of electrically insulatory
and non-insulatory material, certain of said lam-
inations of the casing being opaque to X-light and
having 5 window for the emission of a beam of
useful X-light and another lamination being
closely circumiacent said envelope and of a di-
electric material transparent to X-light, said di-
electric lamination having a continuous extension
across the window formed in the opaque lamina-
ticns through which extension the beam of useful
X-light is projected. .

21. X-ray apparatus comprising the combina-
tion of an X-ray tube having an envelope with
an anode and a cathode therein, guiding and
fastening means on said anode selectively adjust-
able radially and longitudinally of said tube, a
casing telescoping the whole length of said tube
and having parts complemental to said guiding
and fastening means, said casing having a win-
dow transparent to X-light, said guiding and
fastening means and the complemental parts of
said casing being adapted to close one end of said
tube and to be operatively connected one to the
other only when said window is proximate the
X-light emitting face of said anode and is dis-
posed radially of said envelope to pass the most
intense beam of X-light projected from  said
ancde, and a cap member cooperating with the
end of said casing opposite said guiding and
fastening means to enclose the other end of said
tube.

22. X-ray apparatus comprising in combina-
tion an X-ray tube having an envelope generally
cylindrical in configuration with an anode and a
cathode axially disposed therein, guiding and
fastening means on said ancde adjacent one end
of said tube a predetermined distance from the
focal spot of said anode and positioned in prede-
termined radial relationship to the emitting face
of said anode, a cylindrical casing extending lon-
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gitudinally of said tube, a ¢ap cooperating with
said casing to enclose the end of said tube opposite
said guiding and fastening means, said casing
having an X-ray transmitting window, and means
on said casing adapted to cooperate with said
guiding and fastening means to enclose the first
mentioned end of said tube, said last mentioned
means being adapied to engage said guiding and
fastening means only when said X~ray transmit-

ting window is proximate the emitting face of said

anode and is disposed radially thereof to permit
the -passage of the most intense X-ray beams
radiating from said anode face.

23. An X-ray tube having an envelope, a casing
closely circumjacent said envelope, said casing
comprising laminations of insulatory and non-in-
sulatory material, certain of said laminations of
the casing being opaque to X-light and having a
window for emission of a beam of useful X-light
and another lamination being of a dielectric ma-
terial transparent to X-light and through which
the beam of useful X-light is projected, clamping
means having a pair of split collars encircling
said- casing proximate said window, means for

controlling the frictional contact of said pair of ¢

split collars with said casing, and a support for
said clamping means, - :

24. In X-ray apparatus, the combination of an
X-ray tube having an ancde and a cathode and
a glass envelope in the form of a cylinder sur-
rounding said anode and cathode and to which
fzid anode and said cathode are -sealed, and a
casing adapted to surround said envelope, said
casing comprising an insulating cylinder in close
proximity to the glass envelope proximate the
anode and the cathode of the tube for fortifying
the dielectric strength of the envelope, a metallic
sleeve surrounding a portion of the insulating
cylinder for equalizing the electrostatic charges
induced on the envelope by the potentials of the
anode and the cathode, and a heat dissipating
sleeve surrounding said metallic sleeve, said heat
dissipating sleeve and said metallic sleeve having
openings therethrough for the passage of a useful
beam of X-rays, and said heat dissipating sleeve
being of metal and comprising outwardly pro-
jecting spaced apart fins.

HARRY F. MESICK, JR.
MALVERN J. GROSS.
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