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(CL 250-87) Claims. 
The present invention relates to improvements 

in ray-generating discharge apparatus, especial 
ly X-ray equipment and the like. 

It is a primary object of the invention to pro 
vide an improved shock-proof apparatus of the 
type in which a ray-generating tube and voltage 
supplying means for the tube are enclosed within 
a common container. It is particularly proposed 
to provide an arrangement of this kind which is 
characterized by a high degree of compactness 
and facility of use. 
The aspects of the invention which are desired 

to be protected herein are pointed out with par 
ticularity in the appended claims. The invention 
itself, together with further objects and ad-li 
vantages thereof, may best be understood by ref 
erence to the following description taken in con 
nection. With the drawings in which Fig. 1 is a 
longitudinal Sectional view of an X-ray appara 
tus suitably embodying the invention; Figs. 2 
and 3 are respectively cross-sections taken on 
lines 2-2 and 3-3 of Fig. 1; and Fig. 4 is a 
schematic representation illustrating the circuit 
connections for the device of Fig. 1. 

Referring particularly to Fig. 1 there is shown 
a dental X-ray apparatus comprising an elon 
gated metal casing or enclosure 0, which, as 
viewed from above, is of generally cylindrical 
configuration. The lower end of the casing is 
closed by means of a flanged circular floor plate 

. At the upper end of the casing there is pro 
vided a slightly bowed glass Window 3 which is 
fusion sealed at its periphery to a metal ring 4 
Consisting, for example, of a nickel-iron-cobalt 
alloy. The ring is hermetically joined to the en 
closure by means of an annular member 6. 

In the use of the apparatus, the window 3 is 
covered by a conically shaped cap 8 which is 
Constituted principally of metal but which has a 
pointed tip portion 9 of an organic plastic ma 
terial. It is the function of this pointed cap to 
facilitate the proper orientation of the apparatus 
when it is used in dental radiography and the 
like. The cap is attached by screws 29 to an an 
nular metal part 2 which is secured at its lower 
edge of the casing, as by being welded thereto. 
Within the cap f 8 and mounted on the part 

2 there is provided a supplemental cover plate 
22 which serves as a guard for the window 3 in 
the event the cap is removed. The part 2 also 
Supports a funnel-shaped element 25 which is 
constituted of an X-ray impermeable substance, 
such as lead, and which serves to increase the di 
rectional effect of X-rays projected through the 
window 3. 

5 

it) 

20 

30 

The casing O is preferably filled with a dielec 
tric medium such as a liquid or a gas or Vapor 
having an insulating strength greater than that 
of air. An example of a vapor suitable for this 
use comprises dichlorodifluoromethane, or a re 
lated chlorine-fluorine derivative of an aliphatic 
hydrocarbon. The dielectric may be introduced 
into the casing through an appropriate tubula 
tion 27 affixed to the central region of the floor 
plate , the tubulation being thereafter sealed 
Off. 
Within the enclosure O, there is provided a 

ray-generating device 29 (in this case an evacu 
ated X-ray tube) which is mounted with its axis 
transverse to the principal axis of the enclosure. 
The tube 29 includes, in addition to its envelope, 
a cathode 30 and an anode 3, the former hav 
ing a separately heated filament 32 (shown in 
dotted outline) and a focusing cup 33, and the 
latter having a target 35 of tungsten or other ef 
fective X-ray producing metal embedded in it. 
The envelope of the tube, which is constituted of 
glass, preferably has a thinned area, at 37 to 
facilitate the issuance of X-rays. A tubular lead 
shield 38, having an opening in registry with the 
window, Surrounds the tube and serves to pre 
vent excessive radiation from the target in un 
desired directions. Additional shielding is pro 
vided by means of a lead sheath applied to the in 
terior surface of the casing 0 at its upper por 
tion as indicated at 39. 

For the purpose of energizing the tube 29, 
which is capable of self-rectifying operation, 
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there is provided within the enclosure a trans 
former comprising a ferromagnetic core 40, a low 
voltage primary winding 4 and a high voltage 
secondary winding 42. The core 40 is of roughly 
circular cross-section and may be built up of 
laminar elements of magnetic steel assembled 
about a central metal tube 44 as indicated in Fig. 
3. Metal parts 45 and 46 which are applied to 
the extremities of the core and secured to the 
tube 44 serve to prevent longitudinal displace 
ment of the laminar elements. 
The core 40 is insulatingly spaced from both 

the lateral and end Walls of the enclosure and is 
therefore adapted to be maintained at high po 
tential with respect to them. For a purpose 
which will be stated at a later point, the mag 
netic circuit through the core is left open at 
both its extremities by the Omission of means 
for providing a complete magnetic loop. How 
ever, the reluctance of the external flux path is 
Substantially reduced by the provision around the 
core of a hollow magnetic structure formed Of 



2. 
steel laminations 48 arranged to conform to the 
interior surface of the enclosure. As appears 
more clearly in Fig. 2, these laminations, which 
should be at least coextensive in length with the 
Core, are arranged in spaced groups having chan 
nels 50 between them. Additional laminations 5 
(Fig. 1) are provided at the floor of the en 
closure, being there supported by suitable brack 
ets 52. 
The magnetic circuit which includes the core 

4 and the laminations 48 is further augmented 
by the provision of ferromagnetic flanges 53 and 
54 extending outwardly from the ends of the core. 
These flanges, which may appropriately consist 
of iron particles bonded with a phenolic mold 
ing resin, are of circular outline and have gen 
erally rounded surfaces so as to minimize the 
danger of an electrical discharge between these 
surfaces and the walls of the enclosure O upon 
the establishment of a potential difference be 
tWeen them. 
The core A and the ancillary parts above re 

ferred to provide the magnetic system for a 
voltage transformer of which the primary and 
Secondary windings are respectively indicated at 
4 and 42. The secondary winding 42 directly 
Surrounds the core and is so applied (as by a 
multilayer construction) that the full voltage 
of the winding appears between its inner and 
outer layers. With this arrangement the pre 
ferred connection of the winding is such as to 
cause its outer terminal to be maintained at 
approximately the potential of the enclosure 
Walls, as by the provision of a grounding con 
nection between them (see Fig. 4). The inner, 
or high voltage, terminal of the winding may 
then be connected directly to the core 40, the 
spacing of the core with respect to the surfaces 
of the casing being relied upon to prevent 
breakdown between them. 
The primary winding 4f which is provided with 

terminals (not shown in Fig. 1) appropriate for 
connection to a source of A. C. power (TO-Fig. 
4), is applied directly over the secondary coil 
42 and recuires to be only slightly insulated from 
it. Tndeed. in some cases a direct connection 
between the inner layer of the primary winding 
and the outer layer of the secondary winding 
may be employed. 

After the windings 4 and 42 are formed, they 
may advantageously be impregnated with a bond 
ing material such as a thermosetting resin, which, 
upon setting, is capable of consolidating the 
windings into a rigidly self-supporting structure. 
If this is done, the transformer as a Whoe may 
be mounted, as is illustrated in Figs. 1 and 2, by 
insulating rings 56 which are bolted to the 
laminar groups 48 and which engage the end sur 
faces of the primary coil 4. 
Inasmuch as the only components of the above 

described transformer which are maintained af, 
high potential With respect to the casing are those 
which are interiorly disposed, and since all these 
narts, including especially the transformer core 
49, are adequately separated from the casing 
wall. there is no necessity for any substantial 
spacing between the casing and the outer turns 
of the primary winding. Consequently, the 
former needs to be only slightly larger in diameter 
than the latter. Indeed, if desired, the surface 
of the primary coil 4 may be made to conform 
closely to the inner circumference of the cylin 
drical struct,11re formed by the laminar groups 
-48, the slight, spacing shown in the present in 
stance being mainly for the purpose of permitting 
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free circulation of the dielectric medium with 
which the enclosure is filled. As a result of these 
considerations, an extremely compact arrange 
ment is achieved. 
In addition to the foregoing, the axial sym 

metry of the transformer and the resultant cylin 
drical shape of the enclosure are highly advan 
tageous in apparatus of the type under consider 
ation. In particular, the elongated cylindrical 
form of the enclosure considerably facilitates 
the mounting of the equipment and its con 
Venient manipulation in connection with the tak 
ing of dental radiographs and the like. 
The X-ray tube 29 is positioned within the 

Casing in the free space at one end of the 
core 49 and is supported at its anode end by a 
Semi-circular metal member 60. This member 
directly engages an outwardly projecting portion 
6 of the anode stem and serves both as a heat 
dissipating radiator for the anode and as a means 
for conducting current to it. In this latter con 
nection it is to be observed that the member 60 is 
hard soldered to one edge of the metal part 46 
and is thus connected directly to the core 40. 
By virtue of this fact and of the previously 
Specified connection of the core to the high volt 
age terminal of the winding 42, the anode ob 
viously comprises the high potential component 
Of the tube. 
The cathode end of the tube 29 is supported 

by means of an insulating bracket 63 which 
is Screwed or otherwise secured to one of 
the lamination groups 48. Terminals 65 and 
65' mounted on bracket 63 (see Fig. 2) provide 
appropriate Connecting points for lead-in con 
ductors S8 and 66 which supply heating current 
to the cathode filament. 
The circuit connections for the apparatus as 

a whole are indicated schematically in Fig. 4 in 
which parts which have been previously described 
are identified by similar index numerals. 
The primary energizing circuit of the appa 

ratus comprises a power source 70 and conductors 
72 and 73 which extend from the source to the 
terminals of the transformer primary winding 
4f. This circuit is controlled by means of a 
double-pole Switch 74 connected in the circuit. 
A resistor 75 connected in series with the con 
ductor 73 serves to limit the current surge in the 
primary Winding 4 when the SWitch 4 is first 
closed. After the connection is once made, how 
ever, the resistor is short circuited by means of 
a switch 76 provided for that purpose. 
One side of the high voltage or secondary cir 

cuit may be traced from the anode terminal 6 f 
through a conductor 78 (corresponding to the 
parts 60 and 46 of Fig. 1) and thence through 
the conductive tube 44 and the transformer core 
40 to a terminal 79 provided in connection with 
the inner layer of the high voltage secondary 
winding 42. The other side of the secondary 
Winding is connected to the Wall of the enclos 
ing casing by conductor 8, the casing being 
grounded as indicated at 82. The return cir 
cuit, that is, the circuit from the cathode 33 to 
ground, proceeds through the lead-in conductor 
66, through an associated conductor 84, and 
thence through a milliam meter 85 to ground. It 
is the function of the millian meter 85 to measure 
the rectified current flowing in the high voltage 
circuit upon the occurrence of a discharge 
through the X-ray tube 29. 
The heating circuit for the filament of the 

cathode 33 includes a filament transformer 38 
having one terminal of its secondary windings 
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connected with the flament lead-in conductor 
66' through the conductor 84 and its other ter 
minal connected with the lead-in conductor 66 
through a connection 87. The primary of the 
transformer 86 is shown as being connected di 
rectly across the current supply source 70, al 
though it will be understood that a current regul 
lating means may be provided in this circuit. 
The filament transformer 86 is obviously at 

low potential and for this reason does not re 
quire to be enclosed within the casing 0. This 
is a factor which contributes to the compactness 
of the enclosed unit. 
The manner in which the circuit connections 

described in the foregoing are actually made is 
indicated in a general way in Fig. 1. In this 
figure it will be noted that the bottom of the 
casing O is provided with a cover 90 which is 
secured to an angular bracket 9, the bracket 
in turn being welded or otherwise fixedly Se 
cured to a large nut 92. The nut 92 engages 
a cooperatively threaded member 94 which is 
attached to the casing floor plate in the 
region surrounding the seal-off tubulation 2. 
In applying the bracket 9 to the bottom of the 
casing, the bracket and the nut 92 are rotated 
in clockwise fashion until the movement of the 
nut along the threaded surface of the member 
94 brings the bracket into abutting engagement 
with the floor plate it. The cover 90 can then 
be fastened to the bracket by means of one or 
more screws 95. 
The cover 90 is provided with a hollow con 

duit 96 which extends through the cover and 
which is adapted to receive a number of mu 
tually insulated conductors 97 to O. One of 
these (the conductor 97) is connected directly 
to the bracket 9 and thus provides an effective 
connection for grounding the casing structure 
as a whole. Another (the conductor le) con 
nects with a stud fo3 which forms the terminal 
of a conductor 05 insulatingly sealed through 
the floor plate . The conductor 05 extends 
upwardly within the casing 0 through one of 
the vertical channels or gaps 50 existing between 
the lamination groups 48 (see Figs. 2 and 3) and 
connects at its upper end with the cathode ter 
minal stud 65'. In a similar fashion the con 
ductors 98, 99 and f OO are assumed to be con 
nected with insulated lead-in terminals corre 
sponding to the terminal 03, although these 
connections have been omitted from Fig. 1 in 
order to avoid overcomplication of the drawings. 
While the invention has been described by 

reference to a particular embodiment thereof, it : 
will be understood that numerous modifications 
may be made by those skilled in the art without 
actually departing from the invention. I there 
fore aim in the appended claims to cover all 
such equivalent variations as come within the 
true spirit and scope of the foregoing disclosure. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. Ray-generating apparatus for excitation 

from an alternating current source comprising 
a generally cylindrical enclosure, a ferromag 
netic core arranged coaxially within the enclo 
Sure, the magnetic circuit provided by Said core 
being open at the extremities of the core and 
the core being insulatingly Spaced from the 
walls of the enclosure, a secondary winding 
closely surrounding the core and having a part 
thereof which is at high potential with respect 
to the enclosure during the operation of the ap 
paratus, a low voltage primary Winding Sur 
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3 
rounding said secondary winding and interposed 
between the secondary winding and the Walls of 
the enclosure, connections for supplying alter 
nating current to the said primary winding for 
energizing the same and for thus exciting the 
secondary winding, a ray-generating tube of a 
type adapted for self-rectifying operation. Within 
the encloSre, and means connecting the termi 
nals of the said tube to terminals of the Said 
secondary winding. 

2. Ray-generating apparatus for excitation 
from an alternating current Source comprising 
a generally cylindrical enclosure which contains 
a dielectric medium, a ferromagnetic core ar 
ranged coaxially within the enclosure, the mag 
netic circuit provided by said core being open 
at the extremities of the core, and the core be 
ing insulatingly spaced from the walls of the 
enclosure, a multi-layer Secondary Winding Sur 
rounding the core and having a terminal asso 
ciated with the inner layers of the Winding 
which is at high potential with respect to the 
enclosure during the operation of the apparatus, 
a connection for maintaining the said terminal 
and the said core at least approximately at the 
same potential, a low voltage primary Winding 
Surrounding said secondary winding and having 
terminals for connection to a power source, the 
outer diameter of said primary winding ap 
proximating the diameter of the said enclosure, 
whereby the existence of substantial free space 
between them is avoided, a ray-generating dis 
charge tube capable of Self-rectifying operation 
Within the enclosure at One end of the said core, 
and means connecting the said tube to terminals 
of the said secondary Winding. 

3. Ray-generating apparatus for excitation 
from an alternating current source comprising a 
generally cylindrical enclosure which contains a 
dielectric medium, a ferromagnetic core arranged 
coaxially within the enclosure, the nagnetic cir 
cuit through the said core being open at the ex 
tremities of the core and the core being insu 
latingly spaced from the walls of the enclosure, 
a hollow cylindrical ferromagnetic structure con 
forming to the inner circumference of the en 
closure for decreasing the reluctance of the mag 
netic path outside the said core, a multi-layer 
secondary winding closely surrounding the Said 
core, said winding having a terminal associated 
with the inner layers thereof which is at high 
potential with respect to the enclosure during 
operation of the apparatus, a connection for 
maintaining the said terminal and the said core 
at least approximately at the same potential, a 
primary winding closely surrounding the said 
secondary winding and having terminals for con 
nection to a power Source, the outer diameter of 
the said primary winding conforming relatively 
closely to the inner diameter of the said ferro 
magnetic structure to avoid the existence of sub 
stantial free space between them, a ray-gener 
atting discharge tube capable of Self-rectifying 
operation. Within the enclosure, and means for 
connecting the tube to terminals of the said 
secondary winding. 

4. Ray-generating apparatus comprising a gen 
erally cylindrical enclosure, a ferromagnetic core 
arranged coaxially within the enclosure, a hollow 
ferromagnetic structure conforming to the inner 
circumference of the enclosure, radially extend 
ing ferromagnetic flanges Secured to the extremi 
ties of the said core and cooperating with the 
said hollow magnetic structure for decreasing 
the reluctance of the magnetic path outside the 



4. 
Said Core, the outer edges of said fanges being 
insulatingly spaced from said ferromagnetic 
Structure and from the walls of the enclosure, 
a high Voltage Secondary Winding closely Sur 
rounding the said core and having a part thereof 
which is at high potential with respect to the 
enclosure during operation of the apparatus, a 
primary winding closely surrounding the said sec 
ondary Winding and interposed between the Sec 
Ondary Winding and the walls of the enclosure, 
said primary windings having terminals for con 
nection to a power source, a ray-generating dis 
charge tube within the enclosure, and means for 
Connecting the tube to terminals of the said Sec 
Ondary Winding. 

5. In combination, a generally cylindrical en 
closure, a ferromagnetic core arranged substan 
tially coaxially Within the enclosure and insu 
latingly spaced from the Walls of the enclosure 
including the end walls thereof, the magnetic 
circuit through the said core being open at the 
ends of the core, a multi-layer seconday wind 
ing closely surrounding the said core, said wind 
ing having a terminal associated with the inner 
layer thereof which is at high potential with 
respect to the enclosure, a connection for main 
taining the said terminal and the said core at 
least approximately at the same potential, a low 
Voltage prinary Winding closely Surrounding the 
said secondary Winding and interposed between 
said primary Winding and the lateral Walls of the 
enclosure, connections for energizing the primary 
winding from an alternating current Source, an 
X-ray tube capable of self-rectifying operation 
arranged within the enclosure at one extremity 
of the Said core, means connecting the tube in 
circuit with the said Secondary Winding, and 
means for facilitating the directional emission 
from the enclosure of X-rays generated by the 
tube upon operation thereof. 

6. In combination, a generally cylindrical en 
closure, a ferromagnetic core arranged coaxially 
within the enclosure, the magnetic circuit through 
the core being open at the extremities of the core 
and the core being insulatingly Spaced from both 
the lateral and end Walls of the enclosure, a 
multi-layer secondary winding closely surround 
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ing the said core, said winding including a termi 
Inal associated with the inner layers thereof which 
is at high potential with respect to the enclo 
Sure, a Connection for maintaining said terminal 
and the said core at least approximately at the 
Same potential, a low voltage primary Winding 
Surrounding said Secondary Winding and inter 
posed between the secondary winding and the 
lateral Walls of the enclosure, a ray-generating 
tube capable of self-rectifying operation located 
Within the enclosure in the space between an end 
Wall thereof and the corresponding extremity of 
the said core, the tube being arranged with its 
axis transverse to the axis of the container, 
means for connecting the tube in circuit. With the 
Said Secondary winding, and means for facilitat 
ing the directional emission from the extremity 
Of the enclosure of rays generated by the tube 
upon energization of the said primary winding 
by connection to an alternating current source. 

7. In combination, a generally cylindrical en 
cloSure, a ferromagnetic core arranged substan 
tially coaxially within the enclosure and insulat 
ingly Spaced from the Walls of the enclosure in 
cluding the end Walls thereof, the magnetic cir 
cuit through the said core being open at the ex 
trerinities of the core, a multi-layer secondary 
Winding closely surrounding the said core, said 
Winding having a terminal associated with the 
inner layer thereof which is at high potential 
With respect to the enclosure, a connection for 
maintaining the said terminal and the said core 
at least approximately at the same potential dur 
ing normal Operation, a low Voltage primary Wind 
ing closely surrounding the said secondary wind 
ing and interposed between the Said Secondary 
Wniding and the lateral Walls of the enclosure, an 
X-ray tube arranged. Within the enclosure near 
one extremity of the Said core, common means 
for conductively connecting the anode terminal 
of the said tube to the Said core and for mechani 
cally supporting the tube from the core, and 
means for connecting the Cathode terminal of the 
tube to another terminal of said secondary Wind 
ing. 
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