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' To all whom it my concam._.

. Be it known that I, Hoaer CLYDD SNOOK, |

7 citizen of the United States, residing at -_
- Philadelphia, county of Phﬂedelphm and -

X RAY SYSTEM

o 954,056 | o | R Sﬁeclﬁcatmn of Letters Pa,te;nt | Pa,tented Apl‘ 5 1910
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State of Penneylvanm have mvented certain

- new and useful- Improvements m X Ray

bystems, of whleh the. fellewmﬂ' 1s a speel— _

o ﬁ(L:lthIl

-
_;15
.
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. My 1me11t10n relates to a system for pro-
du(,mg X:rays, and has particular reference
to the production of very intense X-ra,vs-
. with a maximum efﬁelency of conversion.

My'invention resides in means for exmtmo'

_.-m _‘i-r'n,r tube- at a much higher eurrent'-
density than has been. heretofore practiced -
. in the art, with greatly increased usefulness,
" both in the direction of greatly reducing pe-.
- riods of exposure, and rendering visible the

interior of denser or. thlcker masses, fmd
otherwise. - - : '

‘My invention resn:les in an X-ra,y system |
- in'which the transformer has minimumi mag-
© mnetic leakage, in combination with a rectify-

- ing.switch “driven in. synchronism_and defi-
nite phase relation with the current supply,
pretferably by mechanically cenneetmg the
rotating member of the switch to the rotat-.

mg member of a current O'enerater. These |

iy fE‘ltul‘GS, along with features of the rectify-
ing switch contribute to efficiency of conver-
sion ‘in the X-ray.tube, by preventing -in-

verse: dischar ge 1n the tube; and by my sys-

tem all of the current waves are passed'
- ‘throughthe X-ray tube all in the same di-
1'eet1011, and without any inverse. dlscharcre |
80 that the mtenelty of excitation 1S & maxi- |
| mum.. - - - - -

For an lllustl‘atlen of one ef the forms my

“invention-may tal{e reference 1s to-be had to
the accompanying drawings, in which: ;
. . Itigure l'is a dmgrammﬂhe view Illustrdt-.
’111rr the appuratus- and ‘circuit arrangements

- ,_fef the syetem FF12.2 18 a vertieal secueml

view, partly in elevatmn of the high poten-
-qtldl l‘ECtlfVII]ﬂ 01" P()le chanwnhT let(‘]’l as
~mounted in operatwe re]atmn with a motor,
-inverted rotary. or other suitable device; and |
the high potential transformer.” Fig, 3 is an

- end elevational view, .partly -in section, of
.the high potential pole changing switch or:
“rectifier as shown in Fig. 2. Tlg 4 s yiew’

~ et a secondary cholke coil.

55

‘Referring to Fig. 1, 7, i are the cendue*.'
“tors of an electric supplv cireuit, in thi§-in:

stance of dlrect current A startmg box,

. | shown eonventmnally nt 8 mterveues in the

cdirect current side of the motor generator or
1uverted rotary (. If a motor O'eneretm it
comprises a direct grrent metor duvmg an
‘alternating- current generator.. If an in- 60
verted . 10tary it comprises a’ direct current
‘armature hfwmﬂ' suitable taps’taken off to
slipringsinaw ell known marner. In either
‘case, the eltemfttmﬂ' current is delivered by
the shp contacts ¢ ¢’ to the conductors d d’. 65
‘An ordinary reversing- switch A, .hand op--

| erated, intervenes between the eendueters

dd and the conductors e ¢”.  Connected. in
series with the conductors e ¢’ is the. primary
wmdmg P of a transformer:T ‘whose core 1s 70 -
C and whose sécondary winding is:8. A
switch arm or lever a serves to cut in or out
turns of the primary Wmdmg P; and a
switch arm or lever & servesto cut in or out
more or less of the non-inductive resmtanee 75
L for eoni:rollmﬂ the current stréngth 1 the
‘transformer primary circuit. -AS shown, the
transformer T has a closed magnetic circuit,
and this is the preferred form, though: ether
types of transformer are comprehended 1n-80 -
my. invention. By using the closed magnetic
circuit type the mutual induction: between':
‘the primary and secondary windings is made

1{ very great, the magnetic leakage being very

small. - This insures a f-hlftmfr of phd&e of 85
secondary. current with respeet to secondary . -
electromotive force, which is only slight, if -
anything.. ‘With this type of tra,nsformer
‘the magnetizing current at all timeés “is<a
minimum, thus requiring less. Volt-ampere 90
capacity and output of the machine G... Re-_ "
actance or choke coils D, D are connected in
series with the seeonda,ry of the transformer..
These reactances have no iron present-and -
offer a self-induction to any high fréquenecy: 95
~oscillations, preventing such high frequency -
osml]atlens running hack to the secondary
‘winding and puncturing the insulation there-
.ot or causing other breakdown. . These Te-

il

‘Faetances D, D are preferably constructed of 106

axially short coils, which might be -called .
pancake coils, connected. in series with each
-other but the separate coils or windings are

S0 W1dely separated from each other, elther |
by air or suitable dielectric, such as WX, 105
Tesin, etc,,: of mixtures of the same, that the
‘capeeltv ‘between neighboring emls 1S . 89
shight that there will ot be a capacity or -
“condenser path through the coils, from-one . -
: eeﬂ to anether In other Words 1f the eeﬂs 110




2 |

were placed close together, or if the windinéf |—

was one long continuots coil, the oscillations

might succeed in passing the coil to the sec--

~ondary S of the transformer without pass-

10

“electric material g ¢.

% ing through the conductor of the reactance-
~coils.  This construction is represented 1inm,
" Fig. 4 wherg the pancake coils f  are shown,
in edge view and separated by a suitable di-.
The separation of the-
coils #, # as described, is productive of the’

further advantage that the self-induction as

 regards the low transformer frequency 1s a

15

minimum, while as to high frequency oscil-
lations the self-induction 1s a maximum.
The current from the transformer secondary

S is available from the conductors A 4" which

lead to.the terminals of a high potential pole
changing or rectifying switch shown in Fig.

1 at E, and one form of which is shown in

20

~ chronism with the current of either the pri-
or secondary of the transformer T.

25

-ductors-z:

Figs. 2.and 8 in detail. This rectifying or
pofe changing switch I& is driven In syn-
mary __ ) | .
From the pole changing switch K the con-

anode is' 7. An ammeter F is connected in

30

39

40
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current passed through the tube X. This
ammeter F may be constructed similarly toa
D’Arsonval galvanometer or meter as modi-
fied in accordance with Letters PPatent of the
United States No. 768,957.
Referring to Fig. 2, a bench or base H, of
wood or other suitable material, serves -to
support the high potential rectifying or
pole changing switch,-the transformer T,
(contained, along with the reactances D, D
in the metal transformer case 1) and the
motor generator or inverted rotary (. In
Fig. 2 G is shown as an inverted rotary re-

ceiving direct current and delivering alter- -
nating current. A wooden spindle or shatt

J has metal shaft terminals m m having
bearings 7 n supported by the end walls 0.0

~.of the wooden covering or. casing for the

80

. the inverted rotary
and carried by the spindle J are four me-
tallic rods or wires 7, #,;¢ and » 1ncased 1n
rubber or other insulating -covering and sup:
port w. In Fig. 2 the conductors ¢ and #|

high potential pole changing switch E.. One.

of the terminal shafts m is connected by an
insulating coupling p» with the shaft ¢ of
. Extending through

are shown in vertical position while the

conductors 7 and u are shown horizontal, the
pairs being always at right angles to each

 other.. The four conductors and: their cov-

60

erings and the wooden spindle J .are all

 mechanically balanced ‘so that the center of

- gravity of _ !
~of the moving spindle J. Vertically
“tending rods or members 1 and 2 of insulat-
ing material are arranged parallel with each

the moving system is in the axis

_ 7“tedad to the terminals of the X=
~ray tube X, whose cathode is %z and whose

x-

- 954,056

‘3 and 4 dispose

fpairs-of conducting arcs and in close prox-

‘geries between the conductor ¢ and the cath- |
ode % and serves to measure the amount of

.Quctor 12 with which communicates the con-
~ductor 7.

arcs 4, 6 and 8, 10 the full potential differ- ¢

other and supgorf; ‘similar corldﬁCting arcs
ed above and below the spindle
J. There are four pairs of vertical supports

|1 and 2.supporting similar and.similarly
placed conducting arcs 5, 6—7, 8 and 9,.10.

The conducting arcs 3 and 9 are connected -

‘together by.conductor 11 from which leads

one of the two conductors ¢. Conducting
arcs 5 and 7 are connected together by con- -

_ The conducting arcs 4 and 6 are
connected together by conductor 13 to which
is also connected the conductor % led up °
through the insulating tube 14 through the
cover of the oil tank 1 from one terminal of s
the secondary .S of the transformer T.:

Similarly, the conducting arcs 8 and 10 are

connected together by the conductor 15 with
which communicates the conductor A" led
up through the insulating tube 15 from the
tank I forming the other terminal of the sec-
ondary S. As the spindle J 1s rotated by-
the inverted rotary G the conducting rods 7,
¢, 4 and v rotate in front of their respective

T

85

imity thereto, though notin actual mechan-
ical contact therewith. Theangularextentof
the, conducting arcs from tip totip is shightly
less than 90 degrees.. Between the conducting- .
_ 0b
ence of the secondary S exists. For this
reason a heavy insulating screen @ composed
of mica, glass, or other suitable material in-

| tervenes between them and extends well up
toward the spindle J. The same great dif- 1¢0
ference of potential exists between the neigh-

boring conducting arcs 8, 5 and 7, 9 and be-

tween each pair 1s disposed a'similar insu-

lating screen v, 2. The dispocal of the high

| potential switch, the inverted rotary and the 105

transformer, as shown upon the bench or

support H, is a most convenient and ad-

vantageous one, and particutarly when it is
desired that.the apparatus-ghall be portable
or movable froim room to room, in which 110
case rollers or casters are supplied upon the
feet of the bench H. The ammeter I 1s con-
veniently disposed upon the top of the cas-
ing or wooden covering K for the high po- .
tential switch. . - . - 115
. "The operation is as follows: The operator
closes any suitable switch whereupon the.

conductors 7, I’ are thrown into commun-

cation with a source of current, and then the
lever of the starting boxsis moved to cut out 12¢
resistance:in a well known manner, where-
upen the motor generator or inverted rotary

“comes up to full speed. This simultancously -
" gets the spindle J 1nto operation. Upon clos-.

ing the reversing switéh A by hand, either 125
in the one position or the other, the trans-
former T 1s energized and the seepndary.

‘winding S delivers current at high potential

to the lower conducting arcs of the mechan-

‘ical rectifier or. high potential switch E: 130




,_The csuutch E hrough its upper ccnductmﬂ'_
" ares, delivers current to the X- -ray tube X
| through the flmmctcr I alwavs in the same:
‘direction, that is to say, all ‘of the half
“waves of the alternating current are passed
through the tube X nnd all of them always.
in ‘the same  direction.
 starting that the dlr‘ectlcn cf the current.
- through the tube X is wrong, as is mani-

10

If 1t 1s found at

fcstcd by a mere glance at the tubc the op-

“ecrator needs sunply to. throw the %mtch A
" to its other position whereupon the current:

. will pass through the tube in the proper di-
- rection, producing-intensest X-rays. -

~As prcvmuslv stated, the-leakage in thc',.

. transformer T 1s'a minimum and, therefore,

- the mutual induction between primary and
" secondary is a maximum... This means a re-.
‘sulting minimum of phase displacement, of
the current with- 1espect to the- electromo--
“tive force in the secondary S.” But for what-.
.~ .ever slight phase dlSplacemcnt there may be;’

~the fact that the conducting arcs of the hlgh
potcntml switch are slightly less than 90 de-
-grees (the inverted rotary G being a-four-
- pole machlne) insures that a-
- -.shall exist in the secondary

20,

= interval of time before -any current passes

"—j‘-’through the cross'connectors 7, #, u, » of the -

30
" .very small, if any, phase displacement be- |

switch E to the tube X. Thcsc fcfltules of

- tween current and electromotive force in the
secondary S and.the conducting arcs of an-

35

gular length slightly less than a half wave
oi current guarantee that there will be no
mnverse dlSCh&I‘O‘e in -the -tube X, edc¢h of
‘these features ccntributlng to that end.  The

opcrutcr exercises. control of the seccndflry

potential by nd]uqtmg the switch lever a to |
mclude; more or less primary turns; and he

exercises control as to current strength in

the primary P by ‘Ld]ll‘%tlllg the non- mduct-:

" 1ve resistance L,

50

~ through' the conductor 7,  conditetor 11 to aArc
9, through cross conhector 7 to the arc 10:{
and thcncc by conductor &’ to the other ter- |

‘With the parts of the switch E in the po-_l
sition shown in Fi ig. 2, the transformer T is
~ delivering current ‘Lt the maximum of a

. half wave through the conductor % to the

arc 6 through the cross connector-¢ to the

“arc 5, and thence. by conductors 12 and ¢ to-|
"| each other, and in such case five msu]atmb

barriers will be rcqulrcd

one terminal -of the tube, the return being

~minal of the secondary. By .the arrange-

B cd rotary (> may be placed at a. distance from
5 the switch I and the spindle J dmvcn by a |

rent.

ment showr the high potcntlal switch mem-

bers 7, £, and v rotate 1n svnchromc-m with

tha alterna,tlncr current delivered by G and
‘the spindle J 1s secured by the coupling p in

definite-angular position with respect.to the

windings cf (¢ delivering alternating cur-
phase relation or angular Posl-

Th]%
tion may be adjusted by the coupling ».
- Obviously, the motor.generator or invert-

otential wave
for a slight-

[

shaft ¢, a

“out of step.

unwound poles.

tor.'

from G, ‘though such arrangement is not so

'cﬂectwc in preventing inverse discharge in
the tube as where a mechanical connection
is employed. - Obviously, also the connec-
tion- between the shaft ¢

“of the machine G
with the spindle J nced not. be a direct me-

'svnchrcncus motor -' dernung 1ts cument.’_,

70

‘chanical one, but may be an indirect me-
‘chanical‘one as by belt, gears, chain, or other
suitablé means, it- being necessary cnly to
1nsure synchrcmsm of the spindle J with the -

and in the proper angular phase re-" *

lation. " Or the spindle J may be ‘driven by -

|- any suitable mator, as 4 direct current motor.
or-an. asynchmncus alterating current motor,
{ and a damping or control device: applied to -
-the bpmdle*J to prevent hunting or getting
Such.a device may be a.field
_havmg poles. BKCItE',d by alternating current,
having a rotating member having wound or
Furi;hcrmcrc, the condues
‘tors /, I may communicate with an altcrna,t-'
ing current and supply
duction motor to drive an alternating cur-
! rent generator of a different frequency from

.80 -

85

curlent to .an mn-. .

90

the supply the spindle-J being connected to -

the shaft of the alternating current genera-
‘Or the -induction motor may drive the -
.splndlc J and a-synchronizing device, such -
‘as’a small synchronous motor, or the device

.95 |

just previously described, may act upon the

spindle J to keep it in synchrcnlsm or.proper -
‘speed. It is. obvious also that a source of .

direct current may be employed in connec- -

tion with the transformer primary, a pole
Lcha;ncrmg switch and interrupter bemg in:
cliided in the circuit and driven or-operated -

100

at desired speed, with a high tension pole . -

changing switch or rectifier in the secondary
-circuit synchl Onous with the SWltCh and 1n~_

tcrruptcr in the primary circuit.

 While the switch Eis shown with on,ly_
| three insulating barriers and with the con-
ducting arcs all in line and the pairs of ro-
‘tating cross connéctors at 90 degrees with
“each cther it is to be understood that the two -
pairs. of ccnductlng arcs may be shifted -

around through -90-degrees and the rotating

105

110

cross connectors all arranged- in: line with - o

- 'What I claim is

1. In an X-ray system, thc combination
with a source of fluctuating or alternating

current, ot a high tension traancrmcr hav-
ing very small magnetic leakage, an X-ray
tube, and a synchmncus rectlfylng switch . .
comprising conducting arcs ‘and associated.

cross connectors, the angular extent of an arc

corresponding. with a _length slightly less

than a current wave, “whereby Tl current

115

1""20

125

‘waves are passed thrcugh said tube and all .

in the same direction, and whereby mnverse ;.

discharge in said tube is prevented.

2. In an X-ra,y 'system, the ccmbma,tmn-

130
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29

a0

35

4 .

wave, -

with s’upplj% Cbndtlctors, of a dynamo elec-

tric converter for delivering fluctuating or

alternating current, an .associated high po-

tential transformer waying small magnetic

leakage, an X-ray tube, and a synchronous
high potential rectifying switch causing the
passage of all the current waves through
said tube and all in the same direction. .

3. In an X-ray system, the combination

with-a source of fluctuating or alternating

current, a high potential transformer hav-

ing small magnetic leakage, an X-ray tube,
and a synchronous high potential switch
controlling the passage of current through

15

said. tube, said switch having conducting

arcs of angular extent corresponding with
substantially an entire current wave.

4. The combination with a source of fluc-

tuating current, of a high potential rectify-
ing switch comprising conducting arcs and
cooperating cross connectors, means for caus-’

ing relative rotation between said arcs and

cross connectors ‘in synchronism- with “sard~
- current, sald conducting arc¢s of said switch
29

having an angular extenf corresponding
with a length slightly less than a current

5. In an X-ray -system.,.' the combination

- with a source of -alternating-or fluctuating
current, of a high tension transformer sup-
plied thereby, said transformer having small’

magnetic leakage, an X-ray tube, and a rec-

tifying switch, comprising conducting: arcs

of substantial angular extent and associated
rotating cross connectors, directing all of

the current waves through said tube and all

in the same direction. _ -
6. In an X-ray system, the combination

 with a generator of fluctuating or alternat-

40

ing current, of a transformer having small
magnetic leakage, an X-ray tube, and a rec- |

tifying switch for directing all the current
waves from sald transformer through said

- tube and all in the same direction, the ro-

45

55

60

tating member of saild switch being driven
in definite mechanical relation with the ro-
tating member of said generator. |

7. In an X-ray system, the combih&tion:

with a generator of fluctuating or alternai-
ing current, of a transformer having small

magnetic leakage supplied thereby,an X-ray
 tube, and a rectifying switch directing all

the current waves from said transformer

through said tube, the rotating switch mem-

ber being driven in definite mechanical rela-
tion with the rotating member of said gen-
erator, | |

8. In an X-ray system, the combination

with a generator of fluctuating or alternat-
ing current, of a transformer, an X-ray tube,
and a rectifying switch directing all of the

- current waves from said transformer and

substantially all of each wave through said

| tating

954,056

with the rotating member of said generator.

ing driven in definite mechanical relation

65

- 9. In an X-ray system,-the combination .

tube, and a high potential rectifying switch

1 directing all of the current waves from ‘said
transformer through said tube and all in the

same direction, the rotating member of said
switch being driven in-definite ‘mechanical

generator.: -

10. In an X-ray system, the combination

‘with a generator of fluctuating or alternat-
ing current, of. a transformer having small
magnetic leakage, an X-ray tube, and a rec-
tifying switch directing *all the current
‘waves from said -transformer through said

‘with a generator of alternating or fluctuat- .
ing current, of a high tensSion transformer-

‘having small magnetic leakage, an X:ray 70

relation with the rotating: member of said

80

tube and all in the same direction, the ro- -

chanically conneeted with.the rotating mem-

‘ber of-said generator.

member: . of said switch being me-

&5

11. In an X-ray system,-the combination

with a generator of alternating or fluctuat-
ing current, of ‘a high tension transtormer

having small magnetic leakage, an X-ray

same ‘direction, the rotating member of said

‘switch béing mechanically- connected with

the rotating member of said generator. |
12. In an-X-ray system, the combination
with a current supply, of a aynamo electric

converter delivering fluctuating or alternat-

ing current, a transformer deriving current

from said converter, an X-ray tube, and a

90

‘tube, and a high petential rectifying switch
“directing all the current waves from sald
transformer through said tube-and all in the

99

100

rectifying switch directing all the current ~ ™

waves from said transformer through said

tube, the rotating member of said switch
being driven in definite mechanical relation
with the rotating member of said converter.

18. In an X-ray system, the combination
with a current supply, of a dynamo electric
converter delivering alternating or fluctuat-

106

110

ing current, a transformer, an X-ray tube,

and a rectifying switch directing all the cur-

rent waves from said transformer through

said tube and all in the same direction, the
rotating member of said switch being driven
in definite mechanical relation with the ro-
tating member of said converter. = -
14. In an X-ray system, the combination
with a current supply, of a dynamo electric

converter delivering flactuating or alter-

115

120

nating current, a transformer having small =

magnetic leakage, an X-ray tube, and a rec-
tifying switch directing substantially all the -

energy from said transformer through said .

tube and. all in the same direction, the ro-

tating member of said switch being driven
in definite mechanical relation with the ro-

tube, the rotating member of said switch be- | tating member of said converter.

125
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| -ll‘ltlnﬂ‘ or

390

':tnagnetlc leekege an X-ray tube, an
tifying switch directing ~ all - the - current
waves from. said transformer through said-

~ beln

"@54;056’ |

15 In an X-—my system;, the. combmdtlon 1
‘-Wlth a current supply, of a dynamo electric
converter dehveung fluctuating or . alter-

nating current, a transformer, .an - X-ray

tube, and a re(,tlfymg switch directing all-

the current waves from said fransformer

through 'siid tube, the. rotating member of |
said switch belnﬂ' mechanl(,dlly connected |
with the rotating Tnember of said converter.
16, In an X-rey system, the combination
with a generator of ﬂuotuetmo or olterna,ti‘
small

ing current, of a transformer hevm
magnetic leakage an X-ray tube, and a rec-
tlfylnor switch directing substantially all of

the energy from said transformer through
- said tube and all in the same direction, the
rotating member of said switch being driven
“in definite mechanical relation with the ro-

tating member of said . generator. '
17. In an X-ray system, the combmetlon

with a generator. of ﬂuCtuatmg or alternat-
small’
a rec-

INY Ccur rent of a transformer ‘having

tube and all in the same. direction; the. ro-

tating member of said switch bemg driven
“in definite mechanical relation with the ro-

tating member of said generator.

-18. In combination with a source of alter-
fluctuating current, a synchro-
nonelv driven switch comprising pairsof con-

- ducting ares and cooperating:crogs connectors’
: dlsposed at 90 degrees with respect to each
other, the moving member of said switch
- mechanically coupled to the rotating:

~ member of said source of current and_so re-

Jated to the current from said source that 90 -
~ 'mechanical degrees in "said.switeh corre-

40 spond with 180 electrical deglees of sald_

- -eurrent.

19.7In a hwh potentla,l electuc ew1toh

‘_Lpan‘s of opposed conducting arcs, said pairs

. being disposed in alinement with each other,

45

and oooperatlng rotating cross conneotoh ..
. disposed at right angles to each other:

20. In a high potential - electric switch,

- p&lI‘S of opposed conducting arcs, an in-

50

'-*sula,tlnﬂ barrier dlsposed bétween ne1ghbo1-

ing arcs of different pairs,’and rotatmg Cross

‘connﬂotore codperating with, said ares.

~ 21. In a high potential electric swzltoh'
e pans of Op(posed arcs, the ares of the dlﬁ'er-
- ent- pans

' 55 -other, an insulating barrier between neigh--

isposed -in " alinement Wwith each

bormg arcs of different pairs, and rotating

- _cross connectors codperating ‘with said arcs
and dleposed at right angles to each-other.
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22. In-a hlgh potential rect1fy1ng switch,
four pairs o opposed : arcs,. an. 1nsula,t1ng

-~ barrier between nelghbormg arcs of differ-

-ent pairs’ at’different. potentials, and rotat-.

|

-selves 1nsu

(S

93, Ina lngh potentla,l 1e(,t1iy1ng eW1tch

65 .

four pairs of opposed arcs, the arcs of the |
different. pairs being disposed in alinement .
with éach’ other, and three wsulating bar- -

riers disposed respectwely between nelgh—.

boring arcs at different potentials, and four

rotating: cross connectors codperating witl’

sald ares, the nelohbonno cross connectors

being dlsposed at 11ght onfr]es with respect

to each other.
94, Tn combination: with -a- source of fluc-

.tna,tlng current, a eynchronously driven rec-

tifying switch oomprlsmo* opposed’ pairs of
conducting - arcs having an angular extent
corresponding to slightly less than the cur-
rent -wave, and cooperetmtr rotating cross
connectors dlSpOSed at right angles fo each
other, 'said cross connectors being supported

throughout nearly their entire lengths.
25. In combination with a source of fluc-

70
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80

| and driven by an insulating shaft, and said
“cross connectors being themselves insulated

85

tuating current, a synchronously . driven rec- = -

tifying switch oomprlsmn" pairs of opposed
*oonductmgi arcs, sald pairs being . disposed
in alinement with each other, an
‘ing rotating cross connectors an msulatmg
shaft for supportlng and drlvmg sald cross
| connectors, said cross connectors being them-

lated throughout nearly their en-

cooperat-

tire lenothe and i1nsulating barriers between

90

95

ondnotmg arcs sub]eoted to substantial dif-

ferenoee of potential..

26 In a high potentla,l leotliynw swn:(,h
four: pairs of opposed ares, the arcs of the_ |
different pairs. being d15posed in alinement

with -each. other, and three insulating bar-

100

riers disposed 1eepeot1vely between . neigh- .

'."boung arcs at different potentials, and four
rotating cross connectors insulated thr ough-
| out nearly their entire lengths and codper-
| ating with said ‘arcs, neighboring cross.con-
‘nectors: being disposed- at right anglee Wlth-
| respect to eaoh other. | N
27. In a_high potential 1ect1fy1ng SWltch

'palrs of opposed conducting arcs, an insulat-
1ng barrier disposed between nelghbormg -

arcs. of different pairs, an insulating: shaft,

-and ‘cross connectors .codperating with sald-
“arcs rotated. by said shaft and- insulated
| throughout nearly their entire lengths.

1110* switch, -
pairs of 0pposed arcs, the arcs of the dlﬁer- .

- 28. In a high potential rectify:
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ent pairs. disposed in ‘alinement with each

other, an insulating barrier between neigh-
boring arcs of different pairs, an insulating
shaft, and cross connectors codperating with
said arcs rotated by said shaft and insulated

‘throughout nearly thelr entire lengths.
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29, .In an X-ray system, the combmatlon.f'_'- |

‘with a generator of ﬂuotuatmg current, of a

Ing cross - connectors coopera+1ng with said | and deriving cnrrent from said generator,

&TES

an X—ray tubo a hlgh potentlal rectlfymg

125
transformer having small magnetic leakage S



~ ,' SWItCh 1ntenenmﬂ bttween the transformer

10
15

20

B -
. o
) -
¥

secondary and Sfud X-ray tube for directing |

all the current waves through said tube and |
“all in. the same direction, and meanb for

driving the rotating SWlfCh element in defi-
nite angular relatmn w1th tlre rotatmﬂ‘ ele-

ment of said generator,

30. In an X— ray system, the eombmatmn
with a generator of ﬂllctuatmg current,
of a- transfmmer having small maﬁnetlc

leakage and deriving cur rent from saic gen-
eratm an X-ray tube, a high potential rec-

tlfymﬂ‘ switch mtervemlw between said
transformer secondary and satd X-ray tube

for directing all the current waves through |

said tube and all in the same dir ection, and a
mechanical connection between the l*etatmg

‘elements of said generator and of said switch.

"31. In an X-ray system, the combination
‘Wlth a generator of fluctuating current, of

“a transformer deriving -current »therefrom
~an X-ray tube, a high potential 1"ect1fymg

switch, said switch comprising pairs of con-
-duetmn' arcs and cooOperating connectors,
sald arcs and connectors being rotatable with

respect to each other, said switch directing

all the current waves through said tube and

Ter-r T % ' T -

all 1n the same direction, and means for.z

driving the rotatable SW1teh element 1n

deﬁmte mechanical relation with the rotat-
" 1ing element of said generator.

32. In an X-ray system, the combination

- with a generator-of. fluctuating current, of

40

a transformer having small magnetic leak-
age deriving current therefrom, an X:ray

switch comprising pairs of conduetmg arcs

~and cobperating connectors, said arcs and |
connectors being rotatable with respect to
each other, said switch directing all the cur-
‘rent waves through said tube and all in the

- same direction, and means for driving the
- rotating switch element In definite mechar-

50
09
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~codperating 1'ela,twdv rotating pairs of arcs
- and connectors, and an 1nsulat1nﬂ‘ barrier .
between nelghbormn' ares of different pairs
at different potentials.

60

ical relation with the rotatmg element of
said generator. .

33. In a high potential rectitying sw1teh
cobperating relatwely rotating arcs and con-
nectors, an insulating drwmg shaft, and
barriers between  arcs and connectors sub-
jected to widély different potentials.

84. In a lugh potential rectifying switch,
eoeperatm palrs of arcs and eonneetors

means for rotating said arcs and connectors

with rélation to each other, barriers between

_arcs subjected to widely different potentials,
- the arcs or conriector of one pair being dis-
posed mechanically at an angle with the arcs

or connector of another pair corresponding
with the angle of phase difference between
the current waves to be rectified.

35..In a high potential rectifying switch,

é&i,oae

36." The combination with a generator of

ﬁuetuatlng current, of a step up transformer
‘having small. maonetlc leakage and deriving

, a-high potent1al rectlfylng switch 1n-

“current from Szud oenerator, a transla,tme' ‘
device

70

telvemno between the transformer second-

‘ary and. said translating device for directing
all the current waves through. said trarslat-
‘ing device and all in the same direction, and

means for driving the rotating SWltCh ele-
ment 1n definite anﬂ'ulal relatmn ‘with the
rotating element of smd agenerator.

37. The combination with a generator of

fluctuating current, of a step up transformer

having: Small magnetlc leakage and deriving

current from said ﬂenerator a transla,tmg-
- device, and a high potentlal reetlfymg switch
1ntervening between the transformer sec-
“ondary and said translating device for di-

recting all the current waves through said

-translatmg device .-md all in the same direc-
tion.:

388. The eombl’intlon w1t11 a generator of

fluctuating current, of a step up transformer

deriving current from said generator, a

.tmnelatmo device, a high potential rectify-

Ing switch inter vemng " betyw een the trans-

';tormer secondary and said translating ‘de-

- vice for directing all -the current waves

"tube a high potential rectifying sw.1teh said |

througl said tr flnsl..ltmg device and all 1n

! the same direction, and means for driving
‘the rotating switch element in definite ano*u-

lar rela,tlon with the rotating element of Sald
generator.

. 39. The combination with a generator of
fluctuating current, of a transformer having
small magnetlc 16‘11{&0'8 and deriving cur rent
from said gener ‘ltOI' a tl.:mslatmcr device,
and a high potentla] 1*ect1fvmcr switch inter-

vening between the transformer secondary

and S‘le translating device for directing sub-
stantially all of each current wave throuﬂ'h
said trfmslatmcr device and all the current

‘waves in the same. direction.

40. The combination with a generator of
fluctuating current, of a step up transtormer
deriving current from said generator, a
translating device, a high potentml rectlfv-

ing switch mtervemnw between the trans-

de-

fmmer secondary and_ said translating

‘vice for directing substantially all of each

current wave through said translating de-

vice and all the current waves in the same

dlreetlon and means for driving the rotat-
ng switch element in definite anoular rela-

tion with the rotatmtr element of sald gen-

erator.
In testlmeny Whereof I have hereunto af-

fixed my signature in the presence of the
-two subscribing witnesses. |

HOMER CLYDE SNOOK

W«Vltnesse% |
JorEaxor T. ‘.IGCALh
L\.NNA IE. STENBOGK
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Disclaimer in Letters Patent No. 954,056,

DISCLATMER.

- 954,056.— HHomer Clyde Smook, Philadelphia, Pa. X-Ray System. Patent dated

April 5, 1910. Disclaimer filed December 31, 1915, by Snook-Roentgen Manu-
facturing Company, assignee by mesne assignments.

Enhters-. this disclaimer:

“To that part of the specification printed at page 3, lines 98 to 106, inclusive,

and reading as follows: .
Tt is obvious also that a source of direet current may be employed in connec-

tion with the transformer primary, a pole changing switch and interrupter being

' included in the cirenit and driven or operated at desired speed, with a high tension

pole changing switch or rectifier in the secondary circuit synchronous with the

switch and interrupter in the primary circuit.”

[Official Gazette, January 11, 1916]
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