1,628,699

' May 17, 1927.

i e

3 Sheets-Sheet 1

45
FETIEIT

X-RAY APPARATUS
Filed Dec. 7, 1923

F. H. WAPPLER ET AL

!

|

! it
FFRANNGRERRURASDERRNANNET]

=== o

|
{
i

l‘l
©

Htﬂﬂﬂr

or x m.uN“ P

2]
14

R .
APAPLER
¥ ’

INVI
W
Ve |
Weatten /
THE/R ATTORNEY

YER.
4,

Frepericn A,
CmarLes
BY,

22

or



PPLER
YER

A

1,628,699

3 Sheets-Sheet 2

INVENTOR
K A Wa
RLES [

A

B W alton Hovraren,
ATTORNEY.

LEEDER
.

X-RAY AFPPARATUS
Filed Dec. 7, 1923

F. H. WAPPLER ET AL

May 17, 1927

74 9
o o
5 o
\ 109 2 =5
== X 3

o B N

o = /__._EQ‘

) 77 6 P e ==

S Nﬁ\wy/y/ e QN
Warmwsaw hw A mH-L"
0
Z h\
A a¢ | 71X
mm / w.llllw-‘“.
> = = A

¢ { m m m H

_ =i\l _g§/

v v .%W ==

A\ 3 P y
o7 * N e g
05




May 17, 1927. , 1,628,699
. F. H. WAPPLER ET AL

X-RAY APPARATUS

Filed Dec. 7, 1923 3 Sheets—Sheet 3
B
Y$E s &
SO R/
i <
\
| <
8
3
9
&\ R
N
~]
v 8 .
?
R , AN
Qn
v?k
N
o) S
N a N
N N\
1
1y
I, ,‘Q\
= R
m N
2l
& X
'2 \s v§
/ )
o S
w N ™ Q-
3 3
w 3=} N
N\’.Es: \ N
‘EE V"f'__"‘: ©
E = A o ®©
= 'q:' =
I—F N N %
EES R , 3] F8 3
e LR 8,
I © ™
~N . 9o g\ >
% ? R Lé?
' ~ - A INVENTOR
S M MN\MW\MM, g FREDERICK /7. WAPPLER
8h \ . CHARLES FAYER
BY ¢
N Waltn Hemiron

ATTORNEY



Patented May 17, 1927.

UNITED STATES

1,628,699
PATENT OFFICE.

FREDERICK H. WAPPLER AND CHARLES FAYER, OF FLUSHING, NEW YORK, ASSIGNORS

T0 WAPPLER ELECTRIC COMPANY, INC., A CORPORATION OF NEW YORK.
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Our invention relates to the style of appa-
ratus in which the transformers for energiz-
ing the X-ray tube ‘are.located as nearly ds
practicable at the ends of the tube, and also

5 to apparatus in which the X-ray tube is
housed “within 2 hollow shield in order to
protect operators and bystanders from the
deleterious effects of stray X-rays.

We seek.to produce an X-ray apparatus

.v including a hollow metal X-ray shield and a

plurality of transformers housed therein for-

controlling the main- discharge and also for
controlling an-electron discharge if one be

used, the transformers being submerged in-

15 oil, the X-ray tube being so mounted and
spaced within the- hollow shield as.to be

insulated- by’ the: air- or:gaseés-therein con-

tained, and to  be ' easily removed and

rcp]aced,:-;:'_“ Poea e o s S
More particularly stated, .our invention

contemplates a number of improvements in

20

X-'ray apparatus ‘of-the type above men--

tioned, among which are the following: -
I. To generate the high potential currents
25 for the main discharge of the X-ray:tube
by means of powerful but Iight and.compact
transformers, submerged in: oil ‘contained in
metal casings, these casings each: being de-
36 X-ray shield. : =7

II. To so mount the X%zi)*iu‘bé within the

cylindrical X-ray shield that the'ﬂXsraktube :
1sula X-ray invention.” - .
shield 'and parts therein:contained; by means*

is at all" times insulated- from' the.

[
L2

of air or such other gaseous medium as may
be contained within the X-ray shield. -

IIL. To provide improved mountings for
the X-ray tube, in order to facilitate its easy

removal and replacement-relatively to: the-

40 X-ray shield and the. various: parts con-
tained therein. - S R
IV. To improve - the insulation of the
X-ray tube relatively to surrounding objects
within the X-ray shield, independently of
5 the insulation: afforded by the oil trans-
formers. T e
V. To improve the construction and ar-
rangement of the transformers and the cas-
ings in which they are contained with oil,
in order to facilitate detachably mounting
these parts within the cylindrical X-ray
shield. .
V1. To so mount the oil transformer cas-
ings detachably within the hollow X-ray

50

tachably mounted wi_thi;_x the _cylil_ldricaL

shield as to enable them to be removed or
replaced independently of each other.

VII. To avoid the development of exces-
sive potential strains by using, for purposces
of the main discharge, a plurality of sepa-
rate transformers housed. within separate
casings and yet connected in series.

VIIIL. To provide the X-ray shield with
improved mountings, so constructed and at-
ranged that, by merely mounting the X-ray
tube within the hollow X-ray shield, various
contact members are automatically fitted to-
gether so as to establish the various electrical
connections used for energizing the X-ray
tube. : C ‘

IX. To provide an improved value mech-
anisme for each transformer-casing in order
to -permit egress therefrom of air or gases

. driven out whenever the tranformer becomes

heated. from use, but without permitting
atmospheric- air to pass- through the valve
mechanism and into the X-ray shield.
-X. To provide mountings for supporting
the transformers within the oil casings.
Reférence is made to the accompanying

drawing. forming a part of this specifica-’

tion, and in which like reference characters
indicate like parts throughout the several

figures.

“Figure 1 is a central longitudinal section

through- 2 hollow X-ray'shield of ‘substan-
tially. cylindrical form, provided with our

]

63

76

86

83

-Figure 2 is a central fragmentary section

through the X-ray tube -and its mountings.

-~ whereby it is_detachably supported as con--

templated by Figure 1.

Figure 3 i1s a_section on the line 3—3 of
Figure 1, looking in the direction indicated
by the arrows. '

Figure 4 is a section on the line 4—4 of
Figure 1, looking in- the direction indicated
by the arrows.

Figure 5 is an end elevation of one of
the transformer casings. .

Figure 6 is a section on the line 6—6 of
Figure 3, looking in the direction indicated
by the arrows. :

Figure 7 is a front elevation of an X-ray
shield like that appearing in Figure 1, but
showing the same as supported vertically
upon a tube stand.

Figwre 8 is a diagram of the wiring and
various clectrical connections.
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An X-ray shield appears at 9, and has the
ceneral form of a_cylinder. It is-made of
metal and is i)r“(}vi'dég.ht its etids. with a pair
of end caps 10 and 11, each detachably
fitted Into position. The shield is further

provided with an opening 12, and with a -

door 13 for closing this opéning.
Mounted within the ends of the cylinder
just described, and carried by the end caps
10 and 11, are a pair of transformer cas-
ings 14 and 15, alike in construction, and ap-

.pearing in cross section as indicated in Iig-

ure 1. : . - .
These¢ casings. 14 ahd 15.are each made
of sheet metal and circular.in cross section,
us may be understood from: Figures 3. and 4.
The casing 14 is mounted within and car-
ried by the end cap 10, the casing. 15 being

similagly mounted within. and carried by

the end cap 11. . By this arrangement either
end cap when removed-carries. with it one
of the transformer casings: --: - =+ - .

The casing 14 .is.provided with an open-

ing 16, closed by-a :hlock.17- of insulating
5 material, such-as hard rubbér; or-poreelain,

having the general form of a massive disk
and provided with corrugations 18 for im-
proving its insulating qualities. ... a

The casing 15 is.provided with an’.open-
ing 19 closed: by .a:block 20, thisiblock being:

provided with_corrugatiéns-21 and. having:

sﬁb_s__tantialij -the same form as the block -17.
The casings:14 :4nd:;15: ¥espectively. act:
as_receptacles. and.. gach- normally; holds' a
volume.of oil, as:indi¢dted at-22.and.23.
The_block.17 of insulating inaterial”car-

ries a sleeve 24 of conducting.material, held .
upon.jt by 2 pair, of-mietallic. bolts .25, 26;

these bolts extending-throngh: it-and-being;

fitted with nuts 27 and 28, as shown.in-

Figure 2: - Another.balt:29.extends through

the- block 19,: and-1s fittéd-with: a: nut-30.
This bolt: serves. as . contdch. vhephber.: A::
wire 31 extends from the bolt 26 :to:the:

bolt 25, and connected :with this wire, 31°is

another - wire. 32%.. A..yire .83 is..conhected :
Wwith the bolt.29. The.wires 32 .and 33 are-

located within the transformer. casing 13
and are_used in energizing the X-ray .tube,
as hereinafter described: - - - :

the bolt 29,.and is used .as a, contict member.

The X-ray. tubg is.shown.at .35, and con-

tains an anode*36 and a cathode.87. The

cathode is-in this instance. a. so-called, glower.

cathode and consists of.a. ivire.or filament,
adapted to be heated.. Connected. with the
cathode 387 is a wire 38, which leads fo a
contact member 39. Another . wire 40 is
connected with the cathode at 37, and leads
therefrom to a contact sleeve 41, carried by
the X-ray tube. The contact sleeve 41 1s
proportioned, adapted and arranged to be
detachably fitted into the contact sleeve 24
carried by the block 17 of insulating ma-

1n the casing, 1t
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terial; and the contact member 39, also car-

ried by the X-ray tube, is adapted . for de-

tachdble engagenient with the ut 34, hich

:bls above described serves as a contact mem-
er.

A wire 43 exterids froin thé dilotle 36 to
the adjacent end of thé X-tay tube, and is
there connected with a contact member 44,
made of metal and having the form of a
tubular sleeve.. Detachably fitting into this
tubular sleeve is a contact bolt 45, which ex-
tends . through the block 20 of insulating
material.-and is provided with i head 47
and fitted with a nut 48. Encircling the
contact bolt 45 is a spiral spring 49; which,
with the parts in position as indicated.in
Figures. 1 and 2, presses in one direction
against the nat 48 and in the opposite di-
rection against the tubular contact sleeve 44.

We will now describe the transformer
mechanism located ‘within the casing 15, and
shown in Figure 3 and at the right in Iig-
ure. 1. * Cross bars. 50 and 51 are mounted
within thé casing 15, and supported by these
cross bars: is an H-type transformer core
52. This transformer core is provided with
a miiddle bar 53, and é¢arried: by this bar
is a primary -winding 54. A secondary
winding - 55 encircles the primary. winding
54. Insulating pins 56 are wedged in be-
tween .the secondary winding 55 and the
cofe 52, as.indicated in Figures. I and 3,
so. as.to hold the secondary. winding firmly
in position and ‘to properly- mainfain the

-+ spacing between. the sécondary. winding and

thewcore.. .~ . .. .. . -
‘Binding. posts_57; 38 and 39, carried by
thé ‘casing .15 and’ properly insulated, are
uséd in making various- eléctrical -connec-
ti'OD‘S.‘--.-;:‘__‘ R P i ‘
A valve 60, having the form shown more
particalarly .in Figuré 6, is mounted upon
the casing 15, The purpose of this valve is
to.permit egress of any. vapors-or gases
formed within: the.casing in consequence.of
the. heating 6f the oil 23, by action of the .
transformer..: . The valve 0. has the form
of .a short bolt, and. is threaded and fitte:}
with a nut 60*. The valve is further pro-

.t - ... - vided with a passage 60 this passage hav- 13
A nut 34 is fitted upon the outer-end of -

ing.a portion 60¢-extending outwardly as
shown in Figure 6, and covered witll a leaf
603 .of soft. rubber. .Fitted. .over the leaf
60¢ is a leaf spring 60, serving asa clamp
for holding .the leaf and. for pressing 1t
against the face of the valve, thus normally
closing the passage thereof. A scatw 60'
holds the spring 1n position.

While the valve readily permits the outer
passage of any gases or vapors formed with-

2, 1t does not permit the en-

trance of air into the casing. ‘

The casing 14 is in many respects sintiar
to the casing 15 just described.

The casing 14 is provided with a number
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of lugs 61, 62, 63, 64, and supported upon
these lu«rs is an H- type transformer core
G5, pxovxde(l with a middle bar 66. This
middle bar carries a primary winding 67:

and a secondary winding 68, these wmdm"s-

and the H-type core tooether constituting
a high tension step-up transformer

A number of insulating pins 69 are used
for the purpose of holdmo' the secondary

+ winding 68 firmly in posxtlon, and of spac-

ing. it “From the adjacent portions of the
transformer core.

The casing 14 is further provided with
lugs 70 and 71, and mounted upon these

5 ]ll"b is a closed transformer core 2, carry-

ing a primary winding 73 and a secondarv
w mdmtr 74.. The secondary winding is
wound around a sleeve 75 of rubber or oth
cood insulating material, this sleeve encir-
(lm«r ) portlon of the transformer core.
The parts just mentioned constitute a small
step-lown transformer, used for supplying -
currents to heat the filament of the X-ray
tube’ as hereinafter described. This trans-
former is usually’ d%wnated as the hea:tmfr
transformer.

A pair of mains or other conductors used
for supplying-alternating current are shown
at 76 and 77. From these mains two wires -
78 and-79 lead to a double:pole. switch 80.:-
Connected. with this -switch:is a wire 81,
and connected -with this wire’is a:Wire’ 82
leading to: the: binding:post .59, carued by
the casing: 14 as above -described.:

A wire 84 is connected:"with-the wire 78, -

and leads therefrom-to:. a sw1tch 85. Con-

nected with this switch -is:a: wiré 86 whlch-
leads: to -a : variable -resistance:.87, serving

the purpose: of a: regulator fof contro]hno
the current supply. Yo the- sheatipg trans.
former. - From the .variable-resistance - 87 -
a wire 83* leads to a binding:post-89, and:
from the latter a wire 99 leads -to-the pri-+
mary winding 73 of the step-down: trans-::
former used in.connection -with: the heating:
of the filament of the X-ray-tube. as elce-
where “described.

The casing 14 is provxded with blndmv
posts 90, 91, 92 93, properly insulated from
it, and- ‘used in makmo' various . electrical

- connections. .The - wire 94 leads . from- the.-

binding. post 90 to the primary winding 67,
and a wire- 93 leads from the. bmdmg post
90 to the double switch 80.

A wire 96 leads from the bmdmg post 91
to the primary winding 73 of the heating
transformer. A wire 97 Teads from the bind-
ing post 91 to the wires 81 and 82. Con-
nected with the binding post 92 is a wire
95, which leads therefrom to the primary
winding 67. A wire 98 is also connected with
the binding post 92, and leads across to the
other casing 15 and- is connected- with the
binding post 37 carried thereby. A wire 99
feads from the secondary winding 68 to the

binding . post 93, and from the latter a wire
100 leads to a meter 101, used for measuring
the secondary currents of the main dis-
charge. From this meter a wire 102 leads
to the binding post 58. A wire 103 is con-
nected .with the secondary winding 68 of the
main transformer, and leads therefrom to
the contact bolt 29 above described.

A wire 104 leads from the binding post 57
to the primary winding 54. A wire 105 is
connected with the binding post 58, and
leads therefrom to the- secondary winding
55.. A:-wire 106 leads from the bmdnw
post 59 to the primary winding 54.

The casing 14 is provided with a valve 106
stmilar to the valve 60 above described, and
shown more particularly in Figure 6.

As may be noted from the foxefvom«v de-
scrlptlon, the high potential currents for
maintaining the main discharge through the
X-ray’ tube are produced by transformers
which, though powerful and submerged in
oil, are nevertheless Light and compact, and
that the: separate casings containing the
transformers and the oil for insulatinO' the
-same are each detachably mounted within
the X-ray shield.

Although the X-ray. tube when in posxtlon

and ready for active use, is located between .

- the: pair of oil transformerfs mounted within
the X-ray shield, the insulation enveloping
the tube 1s merely air or such gases or vapors.

as may .be- contamed within-the hollow X

‘ray shield.

“To. remove or-: replace the X-ray. tupe’is a
very easy matter, offering-as'a rule little or
ino. more :complication : -than - would “be re-
~-quired to fit an electric:-lamp bulb into a

-socket-or: toirémove: the same therefrom..

The mountings from theiX:ray tube are
:so:arranged that when the X-ray tube 1s in
‘position- it .is”insulated relatively .to sur-
‘rounding objects located within''the X-ray
:shield;:its insulation-for this purpose being
due to'the spacing of the tube from the. other-
: parts. and. thus being independént of the in-
- sulation afforded by the oil.in’ connectnon
.with the-transformer..

The form,. construction, and almn«rement-
of the:transformers and of-the. casings con-

-taining the-same- are such :as.to facilitate-

:the mounting of these parts: detachably
- within the- cylmducal X-ray shield.

The transformer casings, because mounted
upon the end caps of the X-ray shield, may
each as.a unit be quickly-and easily replﬂced
-independently of the other.

We avoid the development of excessive
.potential strains by separating the main
transformers and housing them separatelv
within different portions of the X- rav shield,
and thus at-opposite ends of the X-ray tube.
With the transformers thus arranged but
connected in series through the tube, we ob-
tain a potential adcqunte for purposes of.

8
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the Xoray tube, and yet we so localize and
distiibute this pbtential as to vender it haim-
less:

The various contact menibers carried by
the X-fay tube and other contact members
carried by the X-ray shield are so arranged
that the opefator; in order to pxopexlv es-
iablish all of the tonnections netessary for
energizing the X-ray tube; neetl do nothing
mor¢e than merely placé the X-ray tube n
position; by hand, within the X- -ray shield;
and in order fo pmpex]y undo various con-
nections; he simply retoves the X-ray tube
from its mountings. .

It will be bbserved in addition that by
nieans of the valves used upon the. trans-
Tormer
escape thereffom of air,
arising from the action of tlid transformers.

It 1§ clea#; therefore, that foi the reasons
above stated the efliciency of our device is
very great in proportion.to its size; welght
anct mechanteal strength.

Assuming. the switches 80 and- 83 to be .

closed; the vafious tircuits may be traced
as heveinafter described.

A circuit may be traced thron},h the pri-
ary. win dmﬂs of the main tmnsfolmcn. s
follows:

Main' %6; wire 78, leﬂe-hand portron of
dquble: switel. 80;.wire 93, bindihg post 90;
wire. 94: primary- \'nndmtr 67, wire 98 b‘ml—
ing post 08, wire:98; bmdmr* post 37; wire
]”4‘ primary wi inding 34, wire 106, hinding
“post 59, wire 82; wire 81 right h.md pourdn
of- doubile- switch 80; wite 79 :main 77 to
source- of electrical: supplv (ndt shownr) and
thence back to the naini#8: .

This circuit. energizes: the prrmuty wind-
ings 67 .and.54-6f the:main transformers.

A dircuit throligh the sécoridary windings-

of the ttansformérs just: mentxoned may be
traced as.folloivs:

Secdndaly winding 88, wire 99 bmdmv
past 938; wire 100 metet 101 wire 10'2 bind:
g post 58, wire 103; secondarv Wmdmo' 55,
wire 107, bolt 46; sleeve 44, wire 43, anode
36 of X-ruy tube 33, cathode 37, wire 88,
contact bolt 29 and wire 103; back to see-
ondary winding 68: The circuit thus traced
is the circuit of the main discharge; through
the.X-ray tube:

A circuif may be traced through the pti-
miary winding of the heating transformer,
as follows: A _

Main_ 76, wire 78, wire 84; switch 85; wire
86. variable reﬁxstance 87;: wire 83; bm«lmor
post 89, wite §8; pnmarv wmdmw 3. wire
96, binding posts 91; wire 97, wire 81. right:
hand portlon of double switch S0; wire 79.
main 77, to source of electrical supply thence
back to main T6. The circuit just traced

cnergizes the primary winding of the heat-

ing trunsfarmer:

casings; provisiorr is made for the
vapors or_ gases.

1,628,609

The secondary cireuit of thie heating ivans-
former may be traced as follows:

Sctondary winding T4, ivire 320 contadl
niembers 24 and 41 wirve 40, enthiode 37, wire
38, contact boll 29, and wire 33, back to
secondar v winding 74

In Figure 7 of the X-ray shield is shown
as mounted upon a tube stand 109. How-
ever, the tube shield may be mounted either
as here indicated or in any other manner
known in this art for supporting an X-ray
shield.

The operation of our deviee may be vead-
iy understood from the foregoing deserip-
tion.

The parts being constructed and arranged
as shown and descubed and the switches
Leing closed the- a))p.n.lhh is thrown into
action.

We do not limit ourselves to the partic-
ular mechanism shown and described, our
invention being commensurate with our
claims:

Having thns described our invention what
we claith as new and desire to securc by
Lcttom Patent is as follows:

1. An apparatus of the character de-
scribed comprising an X-ray shield having
the form of an elonﬂated hollow body im-
pervious to X-rays, a pair of oil transform-
ers mounted independently of each other

“withinr the ends of said X-rayv shield and

supported thefreby, and supporting mecha-
nism connected with said transformers and
energized therelyy for supporting an Xeray
tube ™ a pokition intermediate said trans-
formérs and within said X-ray shield, said
supporting mechanism being in two parts,

-eaclr carried by one .of said transformers.

2:: An apparatus of the character de-
scribed comprising an X-ray shield having
the" general form of an elongated hollow

'body, a pair of high tension “transformers

housed within the ends of said ho]low body

‘and supporting mechanism made in two

parts each carried by one of said high ten-
ston transformers for supporting an N-ray
tube within said hollow body and length-
wise between said transformers.

3. An apparatus of the character de-
scribed comprisibg an X-ray shield having
thé general form of a hollow cylinder, a
pair of end caps mounted upon saxd cylmde"
and closing the ends thereof, a pair of high
tension transformers carried by said end
caps and thus supported within the ends
of said cylinder, and connections for sup-
porting and energizing an X-ray tube ex-
tending lengthwise between said transform-
om and located within said cvlinder.

4 An apparatus of the character de-
scribed comprising a hollow X-ray shield
provided with open ends, a pair of end caps
detachably engaging said ends and thus
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closing the same, a pair: of o1l tanks nor-
mally housed within the ends of said hollow
X-ray shield, an oil transformer in each oil
tank, and means for supporting an X-vay
tube intermediate said ol transformers.

5. An apparatns of the character  de-
sevibed cowprising an Nervay shield having
the general form of a hollow cylinder, a
paic of high tension oil tanks separately
honsed within the ends of said cylinder, a
separale transformer in cach oil tank, and
an X-ray tube located within said cylinder
and connected with said transformers.

6. An apparatus of the character de-
scribed comprising ant X-ray shield having
the general form of a hollow cylinder, a patr
of oil tanks separate from each other and
respectively housed within the ends of said

cylinder, a high tension transformer mount--

ed within each oil tank and insulated there-
by, and an X-ray tube mounted within said
cylinder and substantially co-axial there-
with, said X-ray tube being at its ends de-
tachably connected with said transformers.
7. An apparatus of the character de-
scribed comprising an X-ray shield: having
the general form of a hollow cylinder, a
pair of end caps closing the ends of said
cylinder, a pair of oil transformers carried
by said end caps and housed within the
ends of said cylinder, a pair of blocks of
insulating material connected with said oil
transformers and located opposite each
other within said cylinder, and contact

> members carried by said blocks of insulat-

ing material and connected with said trans-
formers, for energizing an X-ray tube.

8. An apparatus of the character de-
scribed comprising an X-ray shield having
the general form of a hollow cylinder and
provided with a door, an X-ray tube
adapted to be placed within said shield and
removed therefrom through said door, oil
tanks separately housed within said hollow
cylinder and respectively located within the
ends thereof, a pair of high tension trans-
formers, one located within each oil tank,
and contact mechanism located within said
hollow cylinder and connected with said
high tension transformers for the purpose
of cnergizing said X-ray tube from said
transformers. .

9. An apparatus of the character de-
scribed, comprising an X-ray shield having
the general form -of a hollow cylinder, a
pair of high tension transformers separately
housed within the ends of said cylinder, and
an X-ray tube located within said cyhnder
and detachably connected with said trans-
formers, said X-ray tube being spaced sub-
stantially coaxial with the wall of said
cylinder and enveloped in a gaseous medium
contained within said cylinder.

10. An apparatus of the character de-
scribed, comprising a hollow shield made

up of materials impervious to X-rays, a
pair of high tension oil transformers sepa-
rately housed within said: hollow shield and
spateed apart. and’ an Xeray: tube located
within - said hollow shield and connected
with sawd transformers, said NX-ray tube he-
mg enveloped on” all sides with a gaseous
medivm an:d thus insulated from said hol-
low shield. B

{1 An apparatus of the character de-
servibed, comprising an X-ray shield made
of metal and having the form of a hollow
cylinder, a pair of oil transformers sepa-
rately housed within the ends of said cylin-
der and separated by an air space, an X-ray
tube, means for detachably supporting said
X-ray tube within said air space, and elec-
trical connections from said o1l transformers

‘to sajd X-ray tube.

12. An apparatus of the character de-
scribed, comprising an X-ray shield made
of mectal and having the general form of
a cylinder provided with a door, a pair of

-oil transformers housed within the ends of

said cylinder and separated by an air space,
an X-ray tube adapted to be moved into and
out of said cylinder through said door there-
of, and connections controllable by the re-
moval and replacement of said X-ray tube
for connecting said X-ray tube with said
transformers and disconnecting the same
therefrom. -

13. An apparatus of the character de-
scribed comprising a hollow shield made of
material impervious to X-rays, a pair of
oil transformers separately housed within
said hollow shield and separsted by an air
space, an X-ray tube normally located with-
in said air space, and contact mechanism lo-
cated within said hollow shield and con-
nected with said oil transformers, said con-
tact mechanism being controllable by the
removal and replacement of said X-ray tube
for the purpose of disconnecting said X-ray
tube from said transformers and of con-
necting the same therewith. '

14. An apparatus of the character de-
scribed comprising an X-ray shield, a pair
of oil transformers carried thereby and
separately housed therein, an X-ray tube
extending between said oil transformers and
energized thereby, and mechanism con-
nected with said o1l transformers and con-
trollable by the removal and replacement
of said X-ray tube, for making and break-
ing electrical connection from said X-ray
tube to said transformers.

15. An apparatus of the character de-
scribed comprising the hollow X-ray shield,
a pair of oil transformers separately housed
therein and spaced apart, an X-ray tube lo-
cated between said transformers and so con-
nected therewith that said transformers may
cause a discharge to take place through the
X-ray tube, said X-ray tube when in posi-
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tion being substantially within the cenler
of said hollow X-ray. shield and insulated
by an aiv space containing said X-ray tube.

16.°An apparatus of the character de-
seribed comprising a hollow X-ray shield,
a pair of oil transformers separately housed
therein and spaced apaxt, and an X-ray
tube normally located within said hollow
N-ray tube and detachably connected with
said oil transformers, said X-ray tube being
insulated from said X-ray shield by an air
space completely encircling said X-ray tube.

17. An apparatus of the character de-
scribed comprising an X-ray shield having
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the form of a hollow member, a pair of
high tension transformers separately housed
within said hollow member and spaced
apart, a low tension transformer mounted
within said hollow member, an X-ray tube
removably housed within said hollow men-
Ler, and mechanism connected with said
transformers and controllable by the ve-
moval and replacement of said X-ray tube
for making and breaking electrical connec-
tions from said Xe-ray tube to smid trans-

formers. : .
FREDERICK H. WAPPLIER.
CHARLES FFAYER.
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