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The present invention relates in general to elec 
tronics, and has more particular reference to an 
X-ray generator of improved construction and 
particularly well suited for use in the diffrac 
tion analysis of materials, although, of course, 
useful for other and general purposes, as well. 
An important object of the present invention 

is to provide an X-ray generator structure of 
Compact arrangement and Small overall dimen 
sions, thereby facilitating manipulation of the 
same; a further object being to provide novel and 
improved means rendering the apparatus sub 
stantially shockproof for the protection of the 
USel. 
Another important object is to provide an X 

ray generating unit adapted for operation at rela 
tively high intensity, yet safely insulated for the 
protection of the user, the generating unit em 
bodying an X-ray tube having an envelope com 
prising an insulator formed to embrace and thus 
aid in insulating a high tension power supply 
cable used for energizing the tube; a further ob 
ject being to provide an improved commutator 
construction for electrically connecting the power 
Supply cable with the operating elements of the 
tube within the cable insulating portions of the 
tube envelope. 
Another important object of the invention is to 

provide an X-ray tube having an envelope com 
prising an insulator, Such as glass, and forming ::: 
a relatively deep re-entrant pocket for the recep 
tion of a power cable, including improved com 
mutator means for electrically connecting the 
cable with an interior operating element of the 
tube upon insertion of the cable in the pocket; ; 
a further object being to form the commutator 
as a plate of insulating material mounted on a 
conducting stern extending within and outwardly 
of the envelope, the commutator including elec 
trical contact shoes in position to engage and 
electrically connect with cable conductors, out 
Wardly of the envelope, upon insertion of the 
cable in its mounting pocket, whereby to permit 
Said Sten to be used for the Operation of getter 
ing means within the envelope, during the fabri 
cation of the tube, and for short-circuiting and 
thus inactivating the gettering, means when the 
tube is placed in Service. 
Another important object is to provide improved 

means for circulating a cooling liquid in heat 
exchange relation with the anode element of the 
tube; a further object being to incorporate the 
fluid circulating facilities in a shockproof hous 
ing in which the tube is mounted. 
Another important object is to provide an im 
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proved shockproof housing of relatively simple 
and in expensive construction for enclosing all 
X-ray tube of the character described, in order 
to provide an X-ray generating unit, the housing 
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and tube, when in assembled relationship, having 
interconnecting ducts for the circulation of a 
cooling fluid through the housing and in heat ex 
change relation with an operating element of the 
tube. 
Another important object is to provide an X-ray 

generator unit of the character described, hav 
ing an improved X-ray outlet Window arrange 
ment affording minimum absorption of X-rayS, 
and wherein the window is disposed closely and 
immediately adjacent the X-ray generating 
source of the tube, whereby rays of maximum 
intensity may be delivered from the unit when in 
operation. 
Another important object is to provide an X-ray 

tube in which the anode portion of the tube com 
prises a unitary, preferably metal base fitted with 
anode target and closely adjacent X-ray window 
openings, said base being sealed in the end of a 
sleevelike envelope member of insulating nate 
rial, such as glass, to form the anode end of 
the tube; a further object being to form the anode 
as a generally cup-shaped element, with means 
for sealing the edge or lip of the cup-shaped 
element with the facing end of the sleevelike 
envelope member; a still further object being to 
provide a novel guard sleeve adapted to be inter 
lockingly fitted in the cup-shaped element in po 
Sition to shield the Seal against electron in 
pingement thereon during the operation of the 
tube as an X-ray generator. 
Another inportant object is to provide an X 

ray tube having an anode structure of the char 
acter mentioned mounted at an end of a sleeve 
like envelope member of insulating material, 
Such as glass, wherein Said envelope member 
comprises an Outer sleeve portion carrying said 
anode Inenbei at One end and a deeply re-en 
trant envelope portion Secured to the Outer sleeve 
portion at the end thereof remote from said 
anode member, said deeply re-entrant portion 
having an inner eind terminating Within and ad 
jacent the anode carrying end of the outer sleeve 
portion, and carrying sealed thereon a cathode 
Structure embodying an electron emitting elle 
ment disposed adjacent and in alinement with 
an anode target formed on said anode member, 
whereby said envelope portions provide a rela 
tively deep pocket at the cathode end of the 
tube for receiving, enclosing, and insulating a 
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cable for delivering tube operating power to the 
cathode. 
Another important object is to form the elec 

tron emitting element of the tube as a filament 
and to provide improved committator means 
within the cable pocket, outwardly of the en 
velope and adjacent the cathode supporting end 
of the re-entrant envelope portion, for electri 
cally interconnecting the cable with the filla 
ment, said means including a member for Oper 
ating gettering means within the envelope and 
for rendering the gettering means inactive when 
the cable is in mounted position in contact with 
the commutator means. 
The foregoing and numerous other important 

objects, advantages, and inherent functions of 
the invention will become apparent as the same 
is more fully understood from the following de 
scription, which, taken in connection with the 
accompanying drawings, discloses a preferred 2 
embodiment of the invention. 

Referring to the drawings: 
Fig. 1 is a sectional view taken through an 

X-ray tube embodying the present invention, the 
tube being shown as manufactured and ready 
for assembly in operating position in its enclos 
ing casing; 

Figs. 2 and 3, respectively, are sectional views 
taken Substantially along the lines 2-2 and 3-3 
in Fig. 1; 

Fig. 4 is a sectional view taken through an 
X-ray generator unit embodying the present in 
vention and incorporating the tube shown in Fig. 
1; and 

Figs. 5 and 6 are enlarged sectional views, re 
spectively, taken Substantially along the lines 
5-5 and S-5 in Fig. 4. 
To illustrate the invention the drawings show 

an X-ray generator unit comprising an X-ray 
tube 2 and a casing or housing 3 in which the 
tube is mounted and enclosed in Service. 
The tube 2, as shown more particularly in 

Figs. 1-3 of the drawings, comprises an anode 
structure 4, and a cooperating cathode structure 
5 enclosed in sealed and evacuated envelope is 
means 6. As shown, the anode structure is 
preferably comprises a frame or base , as of 
metai, forming a generally cup-shaped element 
sealed to the envelope means and forming a 
part thereof. 
bottom 8 and cylindrical walls 9 enclosing a 
cavity 2, an anode target element or button 23 
being mounted preferably centrally on the bottom 
of the cup-shaped element, with a target Surface 
22 facing into the cavity 23. 
The cathode assembly preferably comprises a 

head 23 forming a disk of metal supported in 
spaced apart facing alinement with respect to 
the anode target surface 2 . To this end, the 
head 23 may be Supported on a stem 24 which, 
in turn, extends through and is mounted cen 
trally in the bottom of a seal member 25, by 
means of which the member 24 and the cathode 
structure Supported thereon is sealed to and sup 
ported on the envelope structure 5. The cath 
ode Structure also comprises an electron emit 
ting element, shown as a filament 23, mounted 
on, extending between, and electrically connected 
With conductor stems 2 supported on the head 
23, the filament 26 being thus carried in spaced 
registration with respect to the target surface 
22. The Stens 2 are supported on, insulated 
from, and extend through the head 23, as by 
means of insulating sleeves 28 mounted in chan 
Inels formed through the head, and by insu 

The cup-shaped nember has a 
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4. 
lated clamps 29 supported on the head 23 or the 
stem 24 behind the head, that is to Say, the Side 
thereof facing away from the anode target Sur 
face 2 . 
The envelope means 6 preferably comprises a, 

member of insulating material, such as glass, 
having an outer sleevelike portion 30, to one end 
of which the anode member 4 is sealed, as by 
means of a sealing sleeve 3 of metal adapted to 
seal with glass. The sleeve 3 at One end is Seal 
ingly secured to the lip or rim of the cup-shaped 
anode member, as by a welded or brazed seal 32, 
the opposite end edge of the sleeve 3 forming a 
glass-to-metal seal 33 with the end of the outer 
sleeve portion 30 of the envelope member. The 
envelope member 6 also preferably includes an 
inner re-entrant sleeve portion 34, integral with 
and secured to the outer sleeve portion 39 at the 
end thereof remote from the anode member 7, 
said re-entrant or inner portion 34 extending 
Within the outer portion 39 adjacent the anode 
connected end of said outer portion, the terminal 
edges of the inner portion forming a glass-to 
metal seal 35 with the rim of the cup-shaped 
cathode supporting member 25, which preferably 
comprises metal readily Sealable With glass, 

It will be seen from the foregoing that the 
envelope means 6 comprises the glass member 
having outer and inner portions 3 and 34, the 
cup-shaped anode member 7 sealed to the end 
of the outer envelope portion 33, and the cup 
shaped cathode Supporting and Sealing member 
25, sealed in the end of the inner envelope portion 
34. The envelope portions 30 and 34 also form 
a deep, cylindrical, double Wall pocket 36, the 
bottom of which is defined by the cathode Sup 
port member 25, said cylindrical pocket 36 open 
ing at the anode and cathode remote ends 37 of 
the glass envelope inenber. 

If desired, the walls 9 of the anode member 
may be formed with an annular groove 38 in 

wardly of and adjacent the seal 32, and a sleeve 
like Shield 39, having a locking bead 4 at One 
end and longitudinal slits 4 extending from said 
beaded end in the material of the Sleevelike mem 
ber, may be mounted on the anode member by 
interlocking the beaded end 40 thereof in the 
locking groove 38, whereby the sleeve member 39 
may be mounted in position to screen the glass 
to-metal seal 3 from the stray electrons and 
other energized particles emitted by the anode or 
cathode when the device is in operation. The 
cathode, likewise, may embody a sleevelike ele 
ment 42 mounted on and carried by the cathode 
head 23, encircling the same and enclosing the 
Space between said head and the cathode mount 
ing element 25, said sleevelike element 42 having 
a terminal skirt 43 embracing and enclosing the 
cup-shaped member 25 and the glass-to-metal 
Seal 35, in order to protect said seal against the 
deleterious action of stray electrons or other en 
ergy particles. If desired, the sleevelike member 
42 may be extended beyond the head 23 in the di 
rection of the anode target 22 in order to provide 
a focusing cup 44 for the electron emitting ele 
ment 26. 
The cathode mounting stem 24 extends through 

and is Sealed, as at 45, in a preferably central 
opening in the member 25. Outwardly of said 
central opening, the member 25 is formed with 
OpeningS 46 disposed about the central opening 
and sealingly fitted each With a sleeve 47 of ma 
terial readily Sealable with glass. Conductor 
members 48 and 48' of metal readily sealable With 
glass are mounted coaxially within the sleeves 47, 
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Sealed therein, and insulated therefrom by Seal 
ing globules 49 of glass Surrounding and sealed 
to the stems 48 and 48, within and sealed to the 
sleeves A. The conductor Stems 48 and 48' thus 
extend inwardly and outwardly of the sealed en 
velope means 6. The inner ends of a pair of 
Stems 48 are electrically connected, respectively, 
with the filament stems 2, as by means of flexible 
connecting conductors 5. Outwardly of the en 
velope, said pair of stems 48 are each connected 
with a corresponding conductor wire 5i. The 
inner end of another of said stems 38' may be 
electrically connected with one end of a gettering 
member 52, comprising a hollow conductor con 
taining evaporable gettering material, such as : 
barium or the like, said gettering member extend 
ing in the space enclosed by the sleeve 42 between 
the head 23 and the cathode mounting and seal 
ing member 25, the reinote end of Said gettering 
member being electrically connected with the 
stem 24, as at 53. The outer end of the stem 43' 
maybe electrically connected with a flexible con 
ductOr 5 ". 

it will, of course, be understood that X-ray 
tubes fun3tion to produce X-rays in response to 
the activation of the anode member by impinge 
Inent thereoin of electro13 emitted by the cathode. 
Operation of the tube as an X-ray generator, in 
cluding election inpingenient upon the anode, 
results in the generation of large quantities of 
hleat Within the envelope, and particularly at 
the anode. In conditioning an X-ray generator 
for operation, it is necessary to remove not only 
all of the gas that may be present within the en 
Welope, but also all occluded gas contained in the 
anode and cathode and in the material of the 
envelope itself. If such occluded gases are not 
entirely removed, they will be gradually released 
Within the envelope and impair the exhausted 
condition at Which the generator is designed to 
operate. Removal of occluded gases may be 
accomplished by baking or otherwise heat, treat 
iing the entire tube at a temperature short of the 
SOftening point of the glass portions thereof, 
while maintaining the interior of the envelope 
uilder Vacuum conditions, and also by heating 
the electicce ele ents of the tube to a high tem 
parature, either by operating the cathode for 
electron bonbardment of the anode, or by plac 
ing the electrodes in a magnetic field fluctuating 
at radio frequency. 
The envelope, for tube conditioning purposes, 

Jnay be connected With a Suitable molecular ex 
haust pump, as by connecting the envelope with 
the punp by means of a connection, as at 54, 
at the junction 3 of the outer and inner en 
velope portions 3 and 3. 

After all of the occluded gases and inpurities 
have thus been re noved from the envelope, the 
exhaust connection may be sealed off to form a 
globular seal 55. AS a final Step of the tube con 
ditioning process, the gettering means 53 may 
be operated by passing an electric current there 
through to heat, the Sarine, in order to volatilize 
or flash the gettering material and release it in 
vapor form in the space within the sleeve 42, 
between the cathode head 23 and the cathode 
mounting element £5. This Space, it will be 
noted, communicates with the interior of the 
Cenvelope through the 3 minular channel defined 
cetween the skirt i3 and the Seal 35. The va 
porization of gettering itaaterial, such as barium, 
Within the sleeve A2 will for in innocuous end 
pToductS through the combination Of any gases, 
remaining within the envelope, with the metallic 
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gettering vapor which, after combining with any 
residual gases, becomes deposited as a permanent 
film upon the interior of the sleeve 42. 

Operation of the electron emitting filament 
28, in conditioning the tube for Service, may be 
accomplished by applying filament energizing 
power between the conductor's 5. Operation of 
the gettering element 52 may be accomplished 
by applying an electrical potential between the 
conductor Si and the portions of the stem 24 
which project outwardly of the envelope, Within 
the cavity 36. The outwardly projecting end 
of the stem 24 may be provided with an axially 
extending, internally threaded op3ining 56 in its 
end to facilitate the attachment and electrical 
coinection thereto of a suitable conductor for 
power application during the gettering operation. 

After the tube has been completièly condi 
tioned for service, the conductors i and 5' 
may be cut off approxiliately opposite the out 
Wardly projecting end of the stem 25, and the 
gettering connection with said outer end of the 
stem may be removed and discarded, and a COn 
necting commutator 59 may be assembled on 
the outwardly projecting end of the Stein. This 
cominutator, as shown more particularly in Fig. 
5 of the drawings, preferably comprises a plate 
or disk 52 adapted to be mounted on the out 
wardiy projecting end of the stem 24, as by mean: 
of a headed screw 38 adapted to be secured in 
the threaded opening 56. The plate 57 prefer 
aily comprises insulating material having a 
centrally disposed socket 58' opening on One Side 
for receiving the end of the stern 24. Cin its 
other side, the plate is preferably formed with 
an annular rib Si disposed concentric With re 
spect to the axis of the socket 58', said rib de 
fining a central seat adapted for the reception of 
a preferably cup-shaped commutator member 6, 
winich may be held in place by the head of the 
Screw 58. - 

One of the conductors SE and, if desired, the 
conductor 5’, also, may extend through a duct 
G2 formed in the disk 57 and electrically cOn 
nected, as by soldering or otherwise, With the 
cup-shaped commutator member 6. Outwardly 
of the rib 60, the disk 5 forms a Seat for an 
outer annular commutator ring 63 which lay 
be secured to the head 52 as by means of ScreWS 
or other suitable fastening means. The other 
conductor 5 may extend through a duct 64 and 
be electrically connected, as by Soldering or 
otherwise, With the commutator member 63. The 
head 57 of insulating material thus electrically 
isolates the commutator ring 63 and the conduc 
tor 5 connected therewith from the inner coin 
multator member 8 8 and the conductors electri 
cally connected therewith. 

It should be noted that, since the gettering 
member 52 is electrically connected at 53 With 
the Stem 24, the connection of the conductor 5 Í '' 
with the inner commutator member 5 , which is 
electrically connected with the stem 24 by the 
Screw 38, serves to connect the other end of the 
gettering element With the stem 24 and thus 
completely inactivate the gettering member. If, 
during the Service life of the tube, it should be 
come necessary to operate the gettering member, 
the conductor 3' may be disconnected from the 
commutator menber 6 and the gettering opera 
tion may be performed by applying electrical 
potential between the conductor 5; and the 
commutatormember 6, Which is electrically con 
nected with the Stem 2. 
It Will be Seen that the commutator assembly 
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59 affords means for making electrical connection 
with the filament 26, and that it is disposed within 
and substantially at the bottom of the envelope 
cavity or pocket 36. The walls of the pocket 36 
are preferably cylindrical and of uniforn interniai 
diameter from the commutator 33 to the Open 
end 35 of the pocket; and the pocket is adapted 
to receive and enclose a power cable 65 for Sup 
plying operating power to the cathode. This 
cable preferably comprises at least a pair of COn 
ductors 66 enclosed in suitable insulation and 
adapted, respectively, to be electrically connected 
with the filament conductors 5?. To this end, 
the cable 65 is preferably enclosed in an insulat 
ing sleeve GE of relatively rigid material, which 
may comprise ceramic, plastic, or other Self-Sup 
porting insulation material, the external dinnen 
sion of the sleeve 6 being such as to allow free 
insertion thereof within the pocket 36. 
At its distal end, the sleeve 6 is formed with 

a cavity providing a seat 68 in which is mounted 
a disk 69, preferably of insulating material having 
a central portion forming a seat is for a prefer 
ably metal nut , which, as shown, is Secured in 
the seat as by means of a holding Screw 2, 
to which one of the cable conductors 66 is elec 
trically connected. This nut forms a mounting 
for one end of a preferably helical Spring member 
3, the other end of which supports and electri 

cally contacts with a ring forming a contact shoe 
4. The disk member 69 also forms a seat 5 cen 

centrically around the Seat is, in which Seat is 
mounted a Support ring E6, Which is Secured in 
place as by means of one or more Set ScreWS : 
mounted through the cable sleeve 6 and taking 
radially into the ring is, thereby holding the 
ring and the disk 69 in the distal end of the 
cable sleeve 6. The ring 6 is electrically con 
nected with the other of the cable conductors 
‘and forms a mounting for one end of a prefer. 
ably helical Spring 78, the other end of which: 
Supports and electrically connects with a ring 9 
forming a contact Shoe. 
The Springs 23 and 8 are disposed concentri. 

cally the one within the other, and project from 
the distal end of the cable sleeve 6 in position 
Supporting the annular shoes A and 79 yield 
ingly in coaxial alinement and equal spacement 
fronin the d’Stal end Of the cale Sleeve Sf. The 
contact shoes and 9 are of electrically con. 
ducting material, and are thus electrically con 
Elected through the Springs 73 and 8 and the 
Emounting members 7 and 6, respectively, with 
the conductors 66 of the cable. Upon insertion 
of the cable sleeve 5 into the cavity 36, the shoes 
4 and 79, respectively, Will be brought into con 

tact and yieldingly held, respectively, against the 
commutator members 6 and 63, whereby, as the 
result of inserting the cable sleeve in the pocket 
36, the cable conductors 66 will become electri. 
cally connected with the conductors 5 and hence 
With the filament 26. 
As shown more particularly in Figs. 4-6 of the 

drawings, the housing 3 comprises an outer, 
preferably cylindrical shell 8 of metal, having 
eXternal Screw threads at one end for threaded 
engagement With a ring 8 forming a retaining 
gland, having a cylindrical internally threaded 
portion for engagement with the threaded end 
of the housing member 8 and an inturned annu 
lar retaining flange 82. At its opposite end, the 
cylindrical shell 80 is provided with interna: 
SCrew threads 83 for threaded connection with a 
mounting collar 84. Said collar is adapted to 
receive and Support a mounting ring 35 therein 
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8 
in concentric alinement with the end of the tubul 
lar member 8, set screws 86 being provided for 
securing the ring 85 in the collar 84. The ring 
35 carries a sleeve 8, shaped Substantially in Con 
formity with the external shape of the Outer 
glass portion of the envelope of the X-ray tube, 
said sleeve extending within the member 8 to 
entirely enclose the envelope portions 3 Within 
the casing member 8. The ring 85 also Supports 
a sleeve 88, Which extends axially OutWardly 
thereof and encloses the out Wardly projecting 
portions of the sleeve 87. This sleeve 88 also en 
closes the entire anode end of the X-ray tube, 
and carries a cover cap member 89 at the ter 
aminal end of the Sleeve 88. 
The anode member is provided with a cavity 

9 communicating with the side of the anode 
member 2 opposite from the target Surface 22, 
Said cavity 90 opening at the bottom of the men 
ber 7 in a direction away from the target mem 
ber. The anode member 7 also is provided with 
preferably threaded bolt openings 9i disposed 
around the cavity 90. The cover cap member 89 
includes a portion adapted to Seat upon the end 
of the anode member 7, and a portion adapted 
to extend into the cavity 99 behind the target 
member 2, Said portion being provided with a 
duct 92 adapted to open upon the back of the 
target member 2. Suitable cap screws 33 may 
be provided in the cap member 89 in position to 
threadingly engage in the bolt holes 9 in order 
to Secure the cap member 89 upon the end of the 
anode member 7. - 
The cap member is also provided with a duct 

94 opening therein upon the cavity 90 at One side 
thereof. These ductS 92 and 94 communicate, 
respectively, with radially extending channels 
92 and 94' formed in the cap member 89, said 
radial ducts, respectively, communicating with 
longitudinal ductS 95 disposed in ribs 96 formed 
On opposite SideS of and along the sleeve 88 from 
the head 89 to the collar 85. These ducts 95 
Communicate each with an outWardly opening 
Seat 97 formed in the ring 85 to receive inlet, and 
Outlet fittingS 98 for connection. With a Suitable 
Supply of Cooling fluid, the collar 86 Surrounding 
the ring 85 being provided With openings oppo 
Site the Seats 9 to allow for the assembly of the 
fittingS 98 therein through the collar 86. 

Cooling liquid may thus be introduced through 
One of the fittingS 98, thence through a semi 
circular duct 99, in the ring 85, and through one 
of the ductS 95 to and through the ducts 92 and 
92, and delivered in the space immediately be 
hind the target member 2, to thereby cool the 
Sane. Cooling liquid may thence circulate from 
the chamber 90, through the connected ducts 94. 
and 34, and one of the ducts 95, to the outlet 
fitting 98. 
The cooling arrangement thus is exceedingly 

Simple and readily demountable for access to the 
anode end of the tube, this facility, in part at 
least, resulting from the novel arrangement of 
the entire anode end of the tube as a sleevelike 
member having the partition wall 8 carrying the 
target member 2 and dividing the anode mem. 
ber into the generating and cooling chambers 2. 
and 96 on opposite Sides of the integral partition 
8. When the tube is in operation as an X-ray 

generator, electrons emitted by the cathode ee 
ment 2 Will inpinge at high velocity upon the 
target Surface 22 and constitute the same as a 
Source of X-rays, in accordance With Well known 
principles. X-rays thus generated at the target 

* Surface 22 will be transmitted radially of the 
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tube and may pass outwardly thereof through 
Windows 90, which may comprise panes of any 
Suitable X-ray pervious material Set into and 
Sealed in openings formed in the sleevelike Walls 
of the anode member , said windows being dis 
posed closely adjacent the peripheral edges of the 
target member 2, preferably on opposite sides 
thereof as ShoWn. 

Electron impact upon the target member re 
Sults in the generation of excessive heat whereby 
the temperature of the target element, particu 
larly at the target surface 22, may approach the 
melting temperature of the material at the target 
surface, the higher the intensity of electron 
bombardment of the target Surface, the higher 
the temperature to which it will be raised when 
the device is in operation. The present inven 
tion affords most efficient yet simple means for 
maintaining the temperature of the target mem 
ber within limits preventing or minimizing the 
destructive action of electron bombardment on 
the surface 2, by providing for the delivery and 
circulation of a cooling fluid immediately behind 
and in direct heat exchange contact with the 
target element 2. As a consequence, the X-ray 
generator may be Operated at much higher elec 
trical pressure for the generation of high in 
tensity X-rays without destroying the target. 
As shown more partic' larly in Fig. 4 of the 

drawings, the cable S5 is secured in place within 
the socket or cavity 35 by mounting it on the 
housing 3. To this end, the sleeve 6, within 
which the end of the cable is not inted, prefer 
ably comprises instating material and is formed 
With an oltstanting r'n at its and remote 
from the connecting commutator 59, said rim 
extending outwardly of the end 37 and seal 55 
of the tibe envelope when the Sane are in 
mounted position within the hot sing 3. The 
marginal edge of the rim if may be fitted with 
a collar 2 of electrical conducting material 
sized to slidingly fit, Within the end of the sleeve 
portion 8 of the housing. This rim provides 
means for campinoly Securing a preferably cylin 
drical bushing 
material to and in concentric alinement With 
the member 6, in position extending outwardy 
of the housing 3 through the clamping gland 
8, the bushing 93 enbracing and encircling 
the cable 65 outWardly of the housing. To this 
end, the bishing S3 has an outstanding flange 

3’ to which the collar 2 may be clampingly 
secured, as by means of bolts 2'. The bushing 

3 thus may be used as a convenient handle for 
manipulating the end of the cable when inserting 
it in the cavity 36. 
The cable preferaby includes an oilter sheath 
4 of electrical conducting material, such as 

woven wire, an extension 5 of which is prefer 
ably clamped between the bushing flange 83' 
and the Iri?h collar 2 in electrical contact there 
With through the bolts 2', making contact with 
the clamping gland 3, whereby said cable sheath 
94 is electrically connected with and grounded 

upon the housing 3. The entire cable end as 
sembly may be held in the housing 3 by means 
of the removable clanping gland 3, the re 
silience of the springs 3 and 3 of the corn 
mutator assembly Serving to yieldingly press the 
cable end assembly in one direction against the 
inturned flange 82 of the clamping gland, while 
at the same time urging the contact shoes 4 
and 9 in the opposite direction against the COIn 
tact me:nbers S and 33. 

It will be seen from the foregoing that the 

33 of any suitable inslating : 

10 
apparatus of the present invention is adapted for 
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easy assembly and disassembly. The cable may 
be mounted and removed merely by inserting or 
withdrawing the same and manipulating the 
clamping gland 8 to secure the cable end in 
place or to permit of its removal from mounted 
position in the housing. he cable thus may 
be applied or removed without disturbing the rest 
of the assembly. After the cable has been re 
moved, it is likewise possible to dismount the 
X-ray tube from the housing merely by removing 
the bolts 93 and withdrawing the tube axially 
from the hoising through its open end which 
normally carries the clamping gland 8. Re 
moval of the X-ray tube thus may be accom 
plished Without disturbing the assembly other 
wise than by removal of the cable and the clamp 
ing gland 8. The structure of the X-ray tube 
itself, including the novel anode structure and 
also the structure and arrangement of the com 
matator assembly 59, greatly facilitates the 
fabrication of the generator. 

It is thought that the invention and its 
numerous attendant advantages will be fully 
understood from the foregoing description, and 
it is obvio is that numerous changes may be made 
in the form, construction and arrangement of 
the several parts without departing from the 
Spirit or scope of the invention, or sacrificing any 
of its attendant advantages, the form herein dis 
closed being a preferred embodiment for the 
purpose of illustrating the invention. 
The invention is hereby claimed as follows: 
1. The combination of an X-ray tuba including 

a sealed envelope having a metal anode head 
forming an end of said envelope. said head com 
prising a sleeve-like side Wall and a medial par 
tition, integral with said side wall, means sealing 
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Said Side Wall in Said envelope, at one end of 
Said head. Said partition having a central open 
ing therein providing a seat facing the opposite 
end of the head, a target block sealed in said 
seat, and closing Said opening, Said block for:aiing 
an electron target facing into said envelope, an 
electron emitting cathode in Said envelope in posi 
tion facing said target, 2nd means forming an 
X-ray pervious window in said side wall at the 
junction thereof With said partition, a housing 
for receiving Said X-ray tube, Said housing hav 
ing a sleeve-like portion Snugly enclosing the side 
walls of said anode head, said sleeve-like portion 
being forried with fluid inlet and outlet channels 
extending longitudinally therein, and a reimovable 
cover sealed on the envelope l'erote end of said 
head to form a cavity therein, in which cavity 
the back of said target block is directly exposed, 
said removable cover being formed with ducts 
therein for connecting said cavity with said chan 
nels for the circulation of target cooling fluid 
into and out of said cavity. 

2. The combination as set forth iii claim 1, in 
cluding removable fastening means for Securing 
said cover on said head, said cover and housing 
having interengaging means for anchoring the 
tube in said housing when said cover is secured 
on said head. 

3. In an X-ray tube, a sealed envelope having 
a sleeve-like glass portion and a, iihetal anode 
head forming an end of said envelope, said head 
comprising a sleeve-like side wall, in alinement 
With said sleeve-like glass portion, and a bottom 
Wall forming an anode target facing into the 
envelope, an electron emitting cathode, in said 
envelope, in position facing said target, said side 
wall of said anode head having an X-lay pervious 

  



1. 
window formed therein at the juncture thereof 
with said bottom Wall, means forming a periph 
eral glass-metal seal sealingly connecting Said 
sleeve-like side wall. With the end of Said sleeve 
like glass portion, and a shield for said Seal Con 
prising a metal sleeve having an end Secured on 
and within said sleeve-like wall of Said anode 
head, between said window and said Seal, and 
extending thence outwardly of said head, within 
the sealed end of said sleeve-like glass portion, 
in position underlying said peripheral seal and 
extending between said seal and said anode. 

4. An X-ray tube, as Set forth in claim 3, 
wherein Said shield is formed with Spring fasten 
ing means at one end thereof and the side Wali 
of the anode head is formed With an in Wardly 
opening keeper notch to latchingly interfit With 
said fastening means to hold said shield in place 
on said head in seal shielding position. 

5. An X-ray tube, as set forth in claim 3, 
wherein said shield is formed With Spring fasten 
ing means at one end thereof and the side Wall 
of the anode head is formed with an in Wardly 
opening keeper notch to latchingly interfit With 
said fastening means to hold said Shield in place. . 
on said head in Seal Shielding position, Said Side 
Wall of the anode head being formed also With 
an inclined cam surface over which Said fasten 
ing means may ride to depress same for ently 
into said notch. 

6. An X-ray tube comprising sealed envelope 
means, including a glass member having an outer 
and a re-entrant inner sleeve portion, Sealed to 
gether at One end of the member and presenting 
concentrically disposed sealing ends at the oppo 
site end of the member, an anode comprising a 
metal cup member having a rim sealed to the 
sealing end of said outer sleeve member, means 
forming an anode target on the botton of said 
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cup member, a cup-shaped metal Seal member 
having sleeve-like Walls and Sealed to the Sealing 
end of the re-entrant sleeve portion, Said metal 
seal member having a bottom formed with a cen 
tral opening, said inner sleeve portion of the 
envelope forming a pocket having a bottom at 
said metal Seal member and Opening at the re 
mote end of Said inner sleeve portion, a cathode 
structure embodying an electron emitter, a 
nounting Sten supporting the Cathode Structure 
in the envelope With the emitter in position fac 
ing said target, said stem extending through said 
Central opening in the botton of said metal Seal 
member and being mounted and Sealed on Said 
metal Seal member at Said opening, and extending 
into said pocket, a terminal block supported on 
said stem in Said pocket, and emitter leads con 
nected with the emitter within the envelope and 
extending into said pocket, through glass seals 
formed in the bottom of said seal member, in 
position for connection with contact reans on 
said terminal block. 

JOHN J. WTACH. 
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