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UNITED STATES

2,118,413

PATENT OFFICE

2,118,413
X-RAY TUBE

Harry F, Mesick, Jr., and Malvern J. Gross; Chi-
cago, Ill., assignors to General Eleciric X-Ray
Corporation, a corporation of New York

Original application May 28, 1932, Serial No.
614,124. Divided and this application July 26,

1934, Serial No. 737,098

15 Claims. (Cl 250—35)

This invention has to do with an X-ray tube
and relates particularly to improvements within
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 tubes in a manner that such
casings are substantially permanently attached
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 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
manufacturer.

Tt 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.

Ancther cbject of the present invention 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 anode of

the tube. _
Another object 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 2ll but the useful cone of X-rays, there

being insulating sleeves impregnated with a salt
of a metal of high molecular weight extending
from the lead jacket as an additional protection
from other than the useful X-rays.

" Still another object of the present invention
is to provide a casing for an X-ray tube and
having means for an adjustable mounting of the
tube.

Ancther 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 object 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 &
multiplicity of filaments suitable for independent

energization whereby different intensities- and
fields of usefulness may he obtained.

Another object of the present invention is the
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
electrical charges which accumulate 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
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 therethrough
without an aperture being formed in the casing.

Other objects of the present invention are the
provision of:

A metallic supporting member within a casing
for an X-ray tube and having flanges for the
radiation of heat as a means for prolonging the
useful period of an insulating sleeve in heat con-
ductive relation thereto.

An anode of novel coniform structure especially
adapted for use in X-ray tubes of the truly cylin-
drical type.

Means interposed within the filament circuits
of an X-ray tube for standardizing filament ex-
citation characteristics.

An electrical conductive sleeve within the struc-
ture of a casing for an X-ray tube for distributing
electrical charges inherently accumulated by
such a tube and for improving the operation 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 draw-
ings, hereby made a part of this specification,
disclosing one embodiment of the invention, and
wherein like reference characters indicate similar
parts and in which:—

Figure 1 is a longitudinal section 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 in 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 casings il-
Justrated in Figures 1 and 2;

Tigure 4 is an enlarged sectional view of the
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2

cathode end of an X-ray tube showing in detail
parts of the structure;

Figure 5 is a sectional view of an X-ray tube
incorporating the invention and taken on the
line 5—F5 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 T—7 of Figure 1; and

Figure 8 is an enlarged fragmentary sectional .

view of the fube casing shown in Figures 1 and 2.

This application is a division of an application
of Harry F. Mesick, Jr., and Malvern J. Gross,
filed on May 28, 1932 and designated as Serial No.
614,124.

Attention is first directed to Figures 1 and 2
and particularly to an anode {6 having a stem
provided with a head ! at the inner end.of a
hollow shank (2. Upon the diagonal face of the
head 11 is the usual tungsten target, shown in
dotted lines. -

A sleeve 15, preferably made of nickel steel, is
copper brazed or otherwise suitably secured to an
auxiliary ring 15¢ which is soldered or otherwise
attached to the anode as indicated at {6. 'The
left.end of the sleeve {5, Figure 1, is turned down
and a glass cylinder 17 is attached at 18, in ac-
cordance with modern practice. - The anode and
cylinder T are then sealed into a cylindrical
outer tube 19, shown in perspective in Figure 3,
the seal being indicated at 280.

Ring 15¢ is preferably made of steel, but any
metal which can be brazed and soldered may be
substituted therefor. The sleeve {5 is an alloy of
steel and nickel, with approximately 42 per cent
nickel. If this sleeve {5 be secured directly 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. The steel ring i5¢ is not attacked
by the silver-copper solder and thus provides a
serviceable coupling between the sleeve {5 and
the solder of high melting point, the latter not
having the tendency to vaporize, due to the ab-

“sence of zine or similar material, as does a solder

of lower melting point. There is no action,
therefore, 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 ob-
jectionable formation of cracks in the sleeve is
precluded.

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 getting
back onto the glass in the anode arm thereby
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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 bom-
barded end of the anode to meet this desired re-
quirement.

In the case of the present tube which has a
truly cylindrical wall, the shape of the anode 10
is altered to provide the desired space relation-
ship between the anode and the wall. It will be
observed in Figure 1 that the anode t0 increases
in diameter as the point of seal with the ring
8¢ is approached from the extended end of the
head il.

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 en-
larged 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 a re-
movable sleeve casing to be described later in this
specification, the cylindrical tube has still an-
other advantage of being less unwieldly than the
ordinary tube.

A cathode 21, 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 mo-
Iybdenum, are screwed into tapered holes 28 in
the base of cup 22. The filaments 25 and 2§ are
attached to center leads 28 and 30, respectively,
in any desired fashion as by binding with wire
31 and arc-welding. 'The outer ends of the fila-
ments extend as leads 33 and 34 and are carried
through holes in the focusing cup and attached to
the outer edge of the focusing cup as indicated at
35.  Nickel brazing has proven to be a satisfac-
tory method of making the connection at 35.
The two center leads 29 and 306 are suspended by
the support leads 27 and are held in insu-
lated spaced relationship by means of insulator
blocks- 36.

The blocks 36 are held together by means of
the clamps 37 and lock screws 38 (see Figure 5).
A sleeve 38 for supporting the cathode is attached
at one end to the cathode cup 22 by means of
screw threads 8. The other end 41 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.

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 48, 47, and 48
in a manner well known in the art. One end of
the wire 46 is attached to the free end of the
wire 38, preferably by spot welding, as shown at
49. 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 wires 46
and 48 are two standardizing resistances 46a and
47a which may be made in any desired fashion
as by using coils of resistance wires suitably in-
sulated. In the particular constructior illus-
trated, the resistances 46a and 47a are open coils
of relatively stiff resistance wire such as an alloy
nickel and chromium and are covered by g glass
tube.. These coils 460 and 47¢ are used to com-
pensate for inherent differences in different types
of cathode filaments to permit their excitation
from a source of power of standard charac-
teristics. _

A definite order of operation is followed in the
assembly of the cathode. The two filaments after
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being roughly positioned are:accurately: adjusted
by means. of a:depth gauge and the screws 38
locked up-tightly to keep them in:a selected po-
sition.” After this, joimts 49 are made and the
sleeve &I is. serewed imto plaee on the foecusing

_ cup 22, the focusing ¢up being: held stationary
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and ‘the sleeve: 39 revalved until the desired
position: is obtained. The cathode structure is
then sesled into.the eylinder £9 at circular joinder
50. At this end, & protruding section &I is
formed-pursuant to the process of evacuating the
tube.” ’ )

Aftel having been giver certain tests, the tube,
as assembled to this stage, is supplied with a cap
53-an its: cathode end. The cap 53 is attached
to the glass in any desired maunner; 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 5&
shown more in detail in Figure 6: The three leads
46, 47, and 48 are carried back to this selector
switch to make contact respectively with contact
54q, contact 55 and center stud 56, the latter
named parts being carried by an insulating disc
5T.

The disc 57 is secured to the sleeve 53 by a
plurality of screws 58. Center stud 56 is electri-
cally connected to the sleeve 53 by means of a
contact strip 59 showm in dotted outline. The
contact 59 is for the purpose only of preventing
static discharges from the stud 56 and across
the edge of the insulating disc 571 to the sleeve
53. A cup-shaped contact member 68 serves as a
medium for connecting either spring 54 - or
spring 55 to one side of the circuit for energiz-
ing the filament in the manner hereinafter de-
scribed.

The circuit for energizing the filament is con-
nected te the X-ray tube by means of a plug 60.
One side of the circuit is earried on a shell 6f
and the other side is carried by a center contact
62. The shell 61 is mechanically and electrically
connected to a metal disc 63 (an electrical con-
ductor), by means of screws 64. This metal disc
63 carries an indexing stud 65 which engages a
hole 66 in the dielectric disc 5T for the purpose
of holding discs 63 and 57 in a selected fixed
relationship.

Stud 65 passes through an aperture 67 in a con-
tact member 68. A second stud 69 projects into
a slot 10 to limit the rotative movement of the
contact cup §8 to the curvilinear dimensions of
the slot 70. When the members 63 and 68 are in
assembled position contact is made between the
inner surface of the member 68 and the surface
71 of the member 63.
~ The contact member 68 is then at the same
potential as the side of the electrie circuit con-
nected to the shell 64, and when it is in a position
so that stud 69 is at one end of the slot 10, it elec-
trically connects the shell 61 to the contact 55.
When in the other position, it connects the shell
to the contact 54¢ and hence to the inner end of
filaments 25 or 26 by means of the wires 46
‘and 417.

The outer ends of the filaments are grounded
to the cup 22 and thus are electrically connected
to the support wires 2T and the lead 48 which is
connected to center stud 56 as previously de-
scribed. The stud 56 passes through a hole 74
in the contact plate 68 and through a center hole
15 in the disc 63 from which it is insulated by
means of an insulating bushing 76. A nut 71
coacts with threads upon the stud 56 and the end
of the bushing 16 to hold the disc 63 in assembly

3

with the cap 53, . Nut: T¥'is provided with a bess
18 onto whichr contact spring: 9. seats. The
otherend of spring 19 is attached about a boss 88,
which forms a:part of the center contact 2. In
this manner, the electrie circuit is- completed
from stud 56 to contmet 62 to form the re-
turn cireuit from the outer ends of both filaments.
After the sleeve 53 has been attached to the
end of the cylindrieal tube, the wires 46, 4%, and
48 are drawn through suitable apertures in the
insulating disc 51 and secured respectively to the
contacts 54a. and 55 and to the center stud 56.
When the plug 60 is screwed into a proper sock-
et for supplying electrical energy to the tube, the
metal cup- 68 will be at one potential and the
center stud 26, the focusing cup 22, the filaments
25 and 26, and the contacts 54c¢ ané §5 will be at
a potential different than that of the cup 68.
In the flange of the member 68 is an oblong
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 69 abutting an end of
the aperture 78, the piece 68b within the cup 68
will be carried into contact with the electrode
54a to close the electric circuit through the fila-
ment 26. Concurrently the aperture 68a is car-
ried over the indicla upon the periphery of the
dise 63 corresponding to the energized filament.
To energize the filament 25, the cup 68 is ro-
tated in the opposite direction to place the piece
68c against the-eontact 55. The aperture 68a is
at this time over a different indicia denotfing the
energized filament.

To the oufer end of the anode [0 is securely
anchored & collar §50. 'The threaded shoulder
t50a projects Iongitudinally of the tube from the
collar 1560. A second and complemental collar
I51 screws upon the threaded shoulder 150a.
The collar I5F is drilled and tapped for receiving
a set screw 152. 'There is a flange 153 projecting
from the collar 151 provided with a radial slot
154 and apertures 158. - '
~ The deseription up to this point covers the
vacutm tube proper and the parts permanently
attached thereto.  Where tube replacements are
necessary, the outer casing, now to be described
is retained by the user and only the above de-
seribed parts are sent to the manufacturer for
repair.

If a tube is beyond the state of practical re-
pair, 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.
In this way, i. e., by the use of interchangeable
and replaceable vacuum tubes in a single outer
casing, the cost of replacements is substantially
reduced, as only one portion of the assembly need
be replaced, the other portion of the assembly
being retained by the user.

The casing proper consists of an insulating
sleeve 80, which is immediately about the center
of the glass cylinder f9. Sleeve 98 can be made
of any desired insulating material having low
X-ray absorption. It has been found that a
phenol condensation produet is a suitable insu-
lating' material. ‘This sleeve is a very imporant
part of the casing as will be made apparent from
a subsequent disclosure of its functions. About
the sleeve is secured a lead proteetive cylinder 91
suitably apertured to permit of the passage of a
useful beam of X-rays, as indicated by the di-
verging lines in Figure 1.

The lead sleeve 81 can be secured to the insu-
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lating sleeve 90 in any desired fashion as by
means of an insulating varnish. A metallic mem-
ber 92a surrounds the sleeve 91 and is secured
to it by insulating varnish or other suitable ma-
terial. The member 92¢ includes a sleeve 93,
the center portion of which is ribbed as shown at
94 for a purpose to be later described. Said
central member 93 has two flanges 95.

A passage for the useful beam of X-rays is pro-
vided by a window aperture 97 bounded by an
internally threaded cylinder 98 into which various
devices, such as diaphragms, and the like, may
be secured by a nut 99. It will be noted that
there is no window in the sleeve 90.

Two tapered insulating sleeves or sections, 100
and 101, are suitably chamfered and notched to
fit snugly over the sleeves 80 and 91 and beneath
the respective flanges 95. Pins 982 anchored
within the flanges 95 project into notches 188a
and 181qa within the ends of the sections {08 and
161 so that the sections will be definitely arranged
axially with reference to the window 97.  An in-
sulating varnish or shellac may be used for at-
taching the sleeves 100 and 1081 to the sleeves 98
and 91 to assist the tight fit used to hold the parts
in place.

The sections {80 and 10! 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 in-
direct X-rays from within the tube.

Projecting from the end of the piece 101 is a
pin 155 which is to be seated within the notch {54
of the flange 153. A threaded band 156 encir-
cles the end of the sleeve 101 to be securely fixed
thereto. A ring 157 is threaded to screw upon
the band 158 to draw the casing toward the an-
ode end of the tube. There is a flange {57a in-
tegral with the ring 157. 'The flange 157a is
forced against the flange 153 so that the casing
will be displaced along the tube instead of the
ring 157 being so displaced while it is being
screwed upon the band or threaded ring 158.

Mounted on the end of sleeve {00 is a ring 160
provided with threads for the advancement of a
flanged collar 16! thereon. 'The flange upon the
collar 16! is free to slide upon the cap 53 but
is arranged to fit closely enough to said cap to
prevent lateral movement between the two mem-
bers.

In the manufacture of the tube proper which
includes the anode, cathode, the glass cylinder 19,
the cap 53 and switch assembly attached thereto,
the collar 158 and the index ring (51, it is not
always possible to make the cylinder {8 of exact
standard length. Variation occurs where the end
of the tube is sealed cff at 51. Therefore, it be-
comes necessary to make the means for attaching
the casing and tube one to another of an ad-
justable 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 12 of
the anode in a definite standard spaced rela-
tionship with reference to each other. Later, the
cap 53, collar 158 and ring 154 are set upon the
ends of the tube. The ring 151 is advanced upon
the collar {88 until its innner face is a selected
distance from the anode target.

The ring {51, 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 {52 insures the

2,118,413

mainténance of the desired. position of the ring
{61. The ring as held by the set screw 152 is in
such a position that the pin 155 when inserted
into the slot 154 will position the window 97
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 {88a and (0fa are of a
depth to receive the pins 96a in a manner allow-
ing the ends of the.outer sleeves to abut solidly
against the ends of the intermediate sleeve 93.
It follows that the overall longitudinal dimen-
sion of the casing is definitely fixed. There is
no telescopic motion relative any of the parts
forming the casing. Instead, the casing is a rigid
accurately fabricated member.

There is a standard known distance between
the left end of the sleeve (81, Figure 1, and the
center of the window 81. 'The collar 151 is ad-
vanced upon the collar {58 until the distance
between the inner face of the flange 153 and the
center of the anode target is equal to the dis-
tance between the left end of the sleeve 181 and
the center of the window $71. By screwing the
flanged ring (57 to draw the said end of the
sleeve 101 against the inner face of the flange 153
with the pin (55 seated in the notch 154, the
window 97 will ke squarely alined with the conieal
X-ray field to emanate from the target 13.

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 161 slid-
ingly engages the cap 53. The ring, therefore,
can with equal efficacy engage the cap at any
section along the part of greater diameter. Never
is there such a disparity of dimensions in the
tube that the ring 16! will fail to register some
place upon the enlarged section of the cap 53.

An examination of the flange {53 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 52 being free to slide
within the flanged ring 181 to accommodate
such a movement. This flexible mounting for
the tube is added protection therefor, and cush-
ions the effect of any accidental blows which
might without 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 aline-

ment 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 (58
provide for ventilation within the casing and as-
sist to cool the tube.

The simplicity of the casing makes it practical
for a 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 high-
ly economical and practical method of tube re-
pair is possible.

To further pravide a greater possible flexibility
of the present X-ray tube the anode has been
designed 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 {50 is
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threaded near its outer end to rénder it appli=
¢able for the coupling thereto of a ‘cooling unit.

‘When ‘the anede is 6 bé c¢ooled by means of
water, the connections are made 4s shown in
Figures 1 and 8, ih which the member 11 is a
bafile the operation .of which is mote fully de-
scribed in Letters Patent of the United States
No. 1,972,414, issued September 4, 1934, in ie-
sponse to the application -of Jesse L. Worden
for .patent on “Electron discharge device”, Se-
rial No. 571,701. The baffle i§ Held in position by
means of a multi~apertured plate 112, which corni-
monly abuts the end of the atiode and the collar
150.  The water reservoir 143 is. attached by
means of a free running nut 415 which éngages
the flange 116 thereon and the threads on the
member 150,

The operation of the ¢odler is: based on the
natural circulation of heated water in a system
of this type. '

- A radiator device for use when the tube is to
be air cooled is illustrated in Figure 2. 'The
radiator consists of @ stud 21 which is slidably
engaged within the hollow cylindrical tube 12
and a plurality of fins 122 held apart by washers
123... The washers 128 and fins 122 afe held in
assembly by means of a ring 125 which may be
pressed or screwed onfo the stud 121. A free
running nut 126 is also provided for securihg
the radiator, just described, in position, 6r for

-acting as a thrust device for removing the radia~-

tor from the anode recess.

Surrounding the metal cylinder 93 is a ¢lamp-
ing device illustrated more particularly in Fig-
ure 7. This device consists of pdirs ¢f spaced
fingets 140 and 141.

The fingers rest in the circumferential grooves
in the casing so that a tube may be rotated axial-
1y as desired. - A lock screw {42 provided with a
spring washer (43 locks thé clamping fingers to
the casing. The fingers {41 extend from a com-
mon shank 144 by means of which the tube ap-
purtenances are adaptéd to be supported on any
standard frame apparatus. A lock nut 145 may
be employed for locking the tube in any desired
position of support.

Hereinabove, the physical propertles of the in-
sulating sleeve 90 have been set forth. ‘The fol~
lowing part of this description relates to the ap-
plication of those properties.

Due to the electron discharge from thé cathode
filaments in an X-ray tube, there is a negative
electric charge gradually accumulated upon the
inner wall of the glass tube (9. Most of the
electrons are attracted to the positively charged
anode.. A portion of the electrons, however,
are deflected in the same marner as the X-rays
and strike the tube wall adjacent to the winidow
87. Such deflected electrons and . other elec-
trons, emitted directly from the cathode fila-
ments, collect upon the inner tube wall at the
central section to there build up a negative
This charge approaches the potential

walls of the glass tube to the anode. While the
inner surface of the wall of the tube is so charged,

if the adjacent outer wall surface be accidentally .

contacted or approached by an object not
charged, or one positively charged, there is
danger of puncturing the tube wall (9 by an
electric discharge to such object.

The insulating material 90 extends entirely over
the area of the tube wall which is likely to be
reached by an dppreciable negdative potential.
Since the sleeve 90 covers the tube at the window

87 there éan be no contact with the tube with 2
foreign object by way of the window. The type
of insulation used at present in the sleeve 90 is
Bat -one-eighth as averse to the passage of X-
rays 8§ 1§ the same thlckness of glass compnsmg
the tiibe wall The dlelectnc strength of the
matefial of the sléeve 90 is grea.ter than that of
glass o that §aid sleeve may be of such a thin
stiucture as not to Apbreciably affect the intensity
of the X-ray field and at the same fiine provide
ample insiflating protection for the tube. )

In addition to providing protection to the tube
wall, the ifisulating sleeve 90 reduces the likeli-
hootl of an éperator of a tube Feceiving an électric
shotk. THe negative charge accumulated ‘upon
the ifner side of the tube wall gradually pene-
trates the tube wail to reach the outer surface.
Shoiild aiagone core in coittact with the charged
outer wall he would sufféer an unpleasant sensa-
tiok, t0 $ay the least; and fhight be caused to do
ah unifiténtional idjurious act because of a sud-
den riervoils Teaction diie to the shock. i

The sleeve §1 is thiee-fold funetional. “This
sleéve absorbs the X-ray béain in directions other
than that in which the useful X-rays flow. An-
other important part played by sleéeve 91 has to
do with minimizing the danger of electric shock.
The sleevé §1 is used iii eofijunction with the in-
sulating sleeve 89, the litter being for 1nsulat1ng
electiic charges from the sleéve. Sleeve 91 may
be grotinded to further ingure that there will be
no accumulation of an electric charge thereon.

Thé third functiont of the sleéve 91 is to act as
4 condenser platé in ¢orbination with electric
charges Which céliect upon the glass tube wall.
Without the presence of the sleéve 91 there is a
steep voltage gradient over that narrow portion
of the glass tubée wall between thé anode and the
cathiodé. Th effect there are two eondensers, one
cohdénser being formed bétween the anode elec-
trodé and the glass Wall opposite to the anode as
conidenser plates, and the other ¢ondenser being
effecteéd by the cathode electrode and the glass
wall 6pposite thereto as cohdenser plates. Be-
cause of the insulating character of the glass
wall, there is an apprec1able capacn‘,y between the
two above-mentioned portions of the glass wall
serving as parts of the two different ¢onderisers,
s6 that the said wall portions 'ma,y acquire quite
different potentials. Especially is there an ap-
precisble voltage bu11t up between the two con-
densef portions of the glass wall when the tube
is operated by an untectified alternating voltage.

As & result of the two potentials being built up
upon the titbe wall at wall sections opposite to the
anode and cathode, respectively, there is an elec-

" trical surface leakage across that section of the

tiloe wall intermediate the two charged portions.
Such surface leakage is both audible and visible:
Qpera,tion of the tube is effected more pro-
nouncedly if there-is a slight deposit of tungsten,
copper, or some other material on the glass wall.

With such a deposit on the tube wall, the llkeh— :

ness of audible fashing and resulting surgmg of
the tube is augmented.

Introduction of the sleeve 91 gives an appreci-
able capacity coupling bétween the above men-

tioned coridenser Bortions of the glass wall, and

therefore reduces the voltage difference between
them and has a tendency to evenly spread the
charges over the wall. The audible and visible
sparking along the glass wall is substantially
eliminated by the use of the lead sleeve’ 81 within
the tube casing and the maximum voltage at
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which the tube can be operated is substantially
increased.

Grounding of the sleeve 91 is conveniently ac-
complished by an electrical connection between
said sleeve and the sleeve 93. The clamping and
supporting device comprising metallic fingers 149
may complete the ground circuit. With the X-
ray tube so insulated and grounded with the
clamping and supporting devices there can be no
injury either to the tube or to an operator thereof
because 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. In an X-ray tube, an anode, a glass support
for said anode, a cup shaped sleeve sealed to said
glass support, and a metal ring having a cross
section thick in relation to said sleeve and brazed
thereto, said ring being soldered to said anode
with solder having a relatively high melting point.

2. An X-ray tube comprising an envelope hav-
ing a cathode and an anode therein, said anode
comprising a stem having a longitudinal recess
therein greater in longitudinal extent than one-
half the length of the stem and opening directly
to the atmosphere, and a threaded collar on the
outer end of said anode, in combination with a
heat radiating device having a stud adapted to be
fitted into said recess at one end and having radi-
ating fins at its other end, said radiating device
being adapted to be secured to the tube by tele-
scoping said stud into the recess in said anode, a
collar on said stud, and a free running nut about
said stud and said collar and adapted to cooperate
with said threaded portion and said collar to hold
said stud in place.

3. An X-ray tube comprising an envelope, an
anode in one end of the envelope, a cathode in
the other end of the envelope, a cap at the cath-
ode end of said envelope, said cathode compris-
ing a cup having a plurality of recesses therein,
a filament substantially within each of the re-
cesses in said cup, conduits to said filaments, and
a selective switch within said cap at the cath-
ode end of said envelope and in electrical con-
nection with said filament conduits to close the
circuits to one or another of said filaments.

4. The device described in claim 3, and in
which said filament conduits to. said switch in-
clude selected resistances.

5. An X-ray tube having a reentrant glass
support for an anode, a cup shaped sleeve of
nickel steel sealed to said glass support, a ring
of steel brazed to said sleeve, and a copper anode,
said ring of steel being attached to said anode
with solder of high melting point.

6. In an X-ray tube comprising a glass en-
velope having a cathode and an anode therein,
said envelope having a re-entrant anode-carry-
ing portion of glass, a cup-shaped sleeve sealed
to said glass anode support, a metal ring having
a cross-section relatively thick with respect to
said sleeve and brazed thereto, solder, having a
relatively high melting temperature, securing
said ring to said anode, said anode comprising
a stem extending within said re-entrant anode
supporting portion of the envelope and having a
longitudinal recess in said anode opening out-
wardly of said envelope and extending in said
anode inwardly heyond the point at which the
ring is attached on the anode, a collar on said
anode outwardly of said re-entrant envelope por-
tion, and means secured in said longitudinal re-
cess by sald collar for dissipating heat from the
anode when the tube is in operation, said means
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serving to dissipate ‘heat at a rate sufficient to
maintain the anode and the ring soldered thereon
at a temperature below the melting temperature
of said solder. .

7. In an X-ray tube comprising a glass en-
velope having a cathode and an anode therein,
said envelope having a re-entrant anode-carry-
ing portion of glass, a cup-shaped sleeve sealed
to said glass anode support, a metal ring having
a cross-section relatively thick with respect to
said sleeve and brazed thereto, solder, having a
relatively high melting temperature, securing
said ring to said anode, said anode comprising
a stem extending within said re-entrant anode
supporting portion of the envelope and having
a longitudinal recess in said anode opening out-
wardly of said envelope and extending in said
anode inwardly beyond the point at which the
ring is attached on the anode, and means se-
cured in said recess for dissipating heat from the
anode outwardly of said envelope at a rate suffi-
cient to maintain the temperature of the anode,
during the operation of the tube, substantially
below the melting temperature of said solder.

8. An X-ray tube comprising a cylindrical en-
velope having an anode arm, anh anode disposed
within and spaced from the walls of said en-
velope and having a target at its end, a sleeve
encircling a portion of said anode, means for
sealing said sleeve to said anode and to said en-
velope, said anode comprising a stem increasing
in diameter at and in a direction away from said
target end of the anode to a point adjacent said
sleeve whereby to minimize the number of stray
or reflected electrons reaching the envelope por-
tions in the anode arm during operation of the
tubes and thereby unbalancing the voltage dis-
tribution of said envelope.

9. An X-ray tube comprising a cylindrical en-
velope providing an X-ray transmitting portion
and an anode-receiving arm portion, said en-
velope being of uniform internal diameter in the
arm and transmitting portion, an anode disposed
within said arm and having a target in its end
opposite said transmitting portion, said anode

comprising a stem increasing in diameter from .

the target end thereof in order to reduce the
number of stray electrons reaching the envelope
portions in the anode arm during the operation
of the tube. -

10. An X-ray tube comprising a cylindrical en-
velope providing an X-ray transmitting portion
and an anode-receiving arm forming a contin-
uation of said transmitting portion, said en-
velope being of uniform internal diameter in said
transmitting portion and the adjacent arm, an
anode disposed within said arm and having an
end forming a target disposed opposite said
transmitting portion of the envelope, said anode
comprising a conical stem having walls diverging
toward the walls of said envelope away from the
target end of the anode,

11..In an X-ray tube, a cylindrical glass en~
velope, a metallic anode, means for sealing the
anode to the glass envelope, said anode having
a target portion at one end and a stem portion
extending therefrom, said stem portion being of
minimum diameter at said target end portion
and increasing in diameter from said end to said
sealing means. '

12. In an X-ray tube, a cylindrical glass en-
velope, a metallic anode, a metallic sleeve en-
circling a portion of said anode, means for-seal-
ing said sleeve to said anode and to said glass
envelope, said anode comprising a target por-
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tion at one end and a stem portion having a
longitudinal recess extending from said target
end portion, said stem portion being of minimum
external diameter at said target end portion
and gradually increasing in external diameter
from said end portion to said sealing means.

13. In an X-ray tube, a cylindrical envelope,
an anode axially disposed in said envelope, a
sleeve encircling said anode, means for sealing
said sleeve to said anode and to said glass en-
velope, said anode having a target end portion
substantially equi-distant from the ends of said
envelope and a stem portion, said stem portion
being of minimum diameter at said target end
portion and gradually increasing in diameter
from said end portion to said sleeve.

14. In an X-ray tube having a plurality of
cathodes, an envelope, a cap member mounted
on the cathode end of said envelope, an insulat-
ing member secured to the outer ‘end of said cap,
angularly spaced contacts carried by said insu-
lating member and connected to said cathodes,
2 terminal member non-rotatively secured to said

7

insulating member and having a plurality of
contact members adapted to be connected to a
source of electric supply, a controlling member
rotatively mounted between said terminal mem-
per and said insulating member for selectively
connecting said last mentioned contact members
to said spaced contacts.

15. In the combination of claim 14 wherein
said terminal member comprises an outer end
portion forming an electric plug for receiving
said contact members and connecting the same
to a source of supply and a cylindrical portion
at its inner end, said cylindrical portion having
indicia representative of each of said cathodes
and said controlling member having an annular
flange rotatably journaled on said cylindrical
portion, said annular flange having a slot for
permitting inspection of said indicia to deter-
mine which cathode is energized at a particular
instant.

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