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1 :

This invention relates to X-ray apparatus and
it has particular reference to safety arrangements
for preventing overdosage when handling equip-
ment of this type for therapeutical purboses.

Means for finding and applying the correct dos-
age for the treatment of some tissue or of some
part of the human body and means for control-
ling the emission of X-rays from the Roentgen
tube in exact accordance with the calculated dos-
age as found have been developed to such a de-
gree that errors in this respect have become un-
likely, provided the various prescriptions as to
the handling of the dosimeters and of the equip-
ment are followed to the letter. It is however un-
avoidable that accidental errors occur now and
then. By this term a type of error is designated
which cannot be remedied by the above-men-
tioned control and safety appliances as it is an
error due to the omission to operate, or to in-
advertent or mistaken operation of one of the
control levers, knobs or appliances while han-
diing all the other controls properly in accord-
ance with the desired dosage. The error is there-
fore due to incomplete or inconsistent handling
of the apparatus while trying to follow the regu-
lar pattern of prescribed activities.. .

The number of such accidents will largely de-
pend on the experience of the persons handling
the apparatus, but accidents of this type can
never be eliminated completely if a large number
of treatments is administered by a number of per-
sons, skilled as they may. be. Experience shows
that the number of such accidental overdosages is
much larger than is usually supposed; for a large
percentage. of these accidents does not lead to
harmful or to disastrous or to easily visible con-
sequences. The real percentage of accidental in-
correct treatment reveals itself merely if each
treatment is carefully checked.

On account of the small number of cases with
disastrous or manifest consequences little has
been done at present to exclude such accidental
false dosage and especially overdosage or to ren-
der it harmless. .

The main object of this invention, therefore,
consists in an. arrangement which prevents such
accidental errors and which especially prevents
overdosages due to mistakes of commission or
omission, thus cutting down the risk of causing
damage to some tissue by accident.

. A further and more specific object of the inven-
tion consists in providing circuits associated with
the X-ray controlling means and especially with
the means controlling the voltage applied to the
X-ray tube which do not permit the application
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of such high voltage unless other means are prop-
erly set. . L

A further and specific object of the invention
consists in providing circuits associated with the
filters to be used during therapy treatment
which prevent the use of a high tension voltage
without filter or together with filters which are
not suited to the voltage selected.

Tt is a further object of the invention to pro-
vide filter test and control circuits allotted to
the filters and confrolling the current supply to
the high tension X-ray tube circuits which per-
mit the application of high fension to the tube
merely in connection with a properly selected
filter. e
Tt is a still further object of the invention to
provide a filter arrangement with filters each of
which has an individual characteristic shape or
equipment adapted to operate one filter circuit,
each of said circuits controlling the high tension
current supply to the X-ray tube but each being
only closed when a proper high tension voltage
has been selected.

Tt is a still further .object of the invention to
provide an X-ray arrangement the high tension
current supply of which is made adjustable in a
series of steps by means of a selector and to
further provide a number of filter test circuits
each adapted to be closed by one filter only and
moreover associated with the selector in such a
way that the said circuit is only closed when
o definite voltage has been selected on the se-
lector, the circuit thus controlled by the nature of
the filter selected and by the voltage selected con-
trolling the high tension current supply to the
X-ray tube. . .

Tt is a still further object of the invention o in-
clude the timing switch into the control exer-
cised by the filter test circuits, so that said switch
can be only operated when the filber circuits per-
mit operation of the X-ray tube, this inclusion
preventing errors as regards the actual applica-
tion of a dosage of X-rays which might other-
wise erroneously have been listed as abplied
while the filter test circuits prevented such ap-
plication.

Other objects of the invention will be rendered
apparent in the following detailed specification
describing one embodiment of the invention
which is also illustrated in the accompanying
drawings. .

1t will be understood however that the present
invention relates in first place to the system and
that the details, components and parts may be
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varied in many ways without departing from the
essence or spirit of the invention.

Special mention in this connection may be
made of the fact that the commercial types of
X-ray equipment for therapy show a numbear of
widely different circuit arrangements. Each can
be adapted in the way shown, but each has to be
adapted. in a different way, using,its.individual
way of regulatlnc the hlgh tension voltage and
its other individual equipment.

The same X-ray equipment may be provided,
with exchangeable filters in several different

ways, only two of these ways -being: illustrated.

But every other way of using filters may be-in~-

cluded in the presently described system. More-
over, filters have been illustrated closing the test
circuits by virtue of special:differences. in their

outline, but it is manifest that mere differences,.

as regards arrangement of insulating and con-
ducting parts will work just as well and that all
the various known-methods -of “closing -a- switch
indirectly may be used, the selection being ‘ob-
tained by configuration, thickness, localization
and the like, All:these-adaptations of existing
ﬁlter and equlpment systems fealizing the chject
of the mventlon will be obvious to or within reach
of ‘the skilled- expert but- these adaptations like
other changes and- vanatlons constitute merely
another embodnnent of - the present - invention
which is clearly foreshadOWed by -the foregemg
and followmg descr1pt10n

in the accompanying drawings:

Fleure 1is a- disgram of the-circuits for one
form of X-ray equipment, as-commercially used

and manufactured as a standard equipment which :

has been adapted for-: -purposes= of-:the- present
1nvent10n

Figure 27 is- a- perspeetive -view -of -one- filter
element as- used in-'connection: with equipment
associated-with-the: X—ray tube..

Figure 3 is a- top: view-of=a..serias.of filter ele-
ments: showing the. varying. configuration which
is used for closing individual circuits:and.further
showing:-means. for . preventing::improper: inser-
tion..

Figure.4.is:a perspective:view:showing the: co-

operation;ofsthe filter elements. with: circuit, clos-
ing elements..

Figure 5. is; an. elevationa] sectional. view of.-a
filter: element and

Flgure 6:1s a d1agram -of ,afilter arrangement
of, the turret type ﬁlter heacln whlch ;may. be
mountad on- the X-ray tube assembly for. .certain
types of work

The embod1ment of.the inyvention;as illustrated
in Figure 1 is based on an X-ray equmment for
therapeutic, purpeses .which, is . actually manu-
factured and is. . well_ known and it is therefore
unnecessary . to descnbe or. ﬂlustrate _in ,detail
those parts,’ elements, components and connec-
tions, which are nat d1rectly connected with the
present 1nvent10n.,

These known parts which are to be found in
various modlﬁcatlons in all X-ray arrangements
are the X-ray tube-10; the tlmmg device 11, the
filament heating current regulator | 2;the vo-tage
regulator or, selector (3, the low tension trans-
forme1 or auto- transformer M ‘and -the- -high- ten-
sion transformer 15; The circuit also contains
the customaly ammeter -and wvoltmeter.-

The selector switch (3 is provided with a con-
tactor arm (6, a contact segment 17 and-a con-
tact bank 18 of ‘a voltage selector with-a number
of contacts a, b, c-—lc l,-m; each-connected with
one of the tapped windings of-the- low tension-or
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auto-transformer {4. According to the invention
this contactor switch is moreover provided with
an additional contact segment 18 and an addi-
tional contact bank 29 of a filter selector, pro-
vided with contacts 7, 0, p,—=z, ¥, 2. The con-
tactor is provided with conducting strips or bridge
pieces 21, 22 for connecting the contact segments
13, 18 with the contacts of the respective _contact
banks 8, 20, while the contactor segment 7 is
connected with the primary of the high tension
transformer {8. The additional contact segment
{8 is connected with a circuit 21, containing a
relay.23; operating contacts 24a, 24 located in the

" control circuits 25, 26 which in the example shown

contains .the timing device {i. The latter con-
sists of a synchronous timing motor 33 inserted
inceireuit:25:and; when actuated, closing contact
32 of circuit 26 which contains the magnetic con-
tactor or relay 31 controlling the primary circuit
of the high tension transformer 18, by means of
contacts 29; 30%

The-segment: 19, as-has been mentioned; coop-~
erates with the-contacts n; 0, p—uz, ¥;.2 of-the.con=
tact-bank-20-and these--contacts :which are:pro-
vided : for- the-purpose . of: matching. the. filters
selected with the voltage of the-highi tension: cur-
rents- are- hereinafter: termed “matehing. con-
tacts.” They are-connected with-the-filter: con-
tacts 41, 42:and with: indicator-lamps-64, 6% al-
lotted to each filter-contact.:

The-filter contacts.4{, 42-are operated by-the
filters 71, T2 one-of ‘which: is :illustrated by . way
of -example-in Figure.2:: Each filter:is provided
with- a -projection, lug-or-tongue-80; the. exact
location-of which: varies as clearly-shown-in Fig~
ure-3, representing-a number -of-filters; of vari<
ous filtering power. such-as used-during -therapy
work. The filier-may moreover be.provided with
a-projecting. portion or-ledge. 81 :which in the.ex-
ample shown-is shorter: than-the-overall length
of the filter.. It-therefore provides:a: corner. 83
which-has to-fit-into- a.recess -84 .of ‘the frame-
work-85 receiving the filter. It-is seen that the
smaller-end- section: of. the- filter. can only. be
pushed into- the right: position -when- the.filter is
inserted correctly with:the.tongue pointing-for-
ward,:for-an insertion with. the.tongue: pointing
backward. would: not allow.the.filter-to-slide. in
and the.operator would thus immediately -be made
aware-of ‘the fact that the filter is not in a.cor-
reet position. This: holds.also. good .when the
filter is inserted with.the tongue pointing.in the
rightdirection--but :with..the wrong..side. of. the
filter pointing-upwardly:: The ledge 8i.thus pre-
vents any: incorrect insertion:of .the.filter, which
would- affect: the. correct -position -of "the:lug -or
tongue 80 and ‘secures.positively-the right posi-
tion-of the-tongue. The lug ortongue.cooperates
with the row of filter springs 41, 42:and the flter
is grounded-or connected with the casing.or with
some other . convenient point-of: the apparatus
which: is grounded ‘and when. the: filter is in-
serted-one.of the springs.41, 62 which:comes.into
contact with its tongue will be .connected with
ground and will: complete the.filter checking cir-
cuit: connected::with the matehing : contacts. 20
and with :segment. 19;: The. energization: of this
circuit will’ put- the -timing device in .readiness
for action.

One of the filters 7{ used may .not be.a filter
but may simply be a.frame provided with:a win-
dow or opening or with a-substance-which'is per-
meable for-the: X-<rays:and. through which un-
filtered - X-rays may penetrate.. The- use of rays

without- filters is-thus -included. into-the safety
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$ystein and the application of unfiltered rays is
Jimited to voltages which cannot cause damage
when the caleulated time is not excessive.

From the above it is seen that the operation
of the X-ray tube at a given voltage which is
‘applied by timing the contactor arm 16 to 2
given contact for instance to contact ¢ is merely
possible with g filter which corresponds to this
-yoltage. For the switching in of the exciter volt-
age corresponding to the desired kilo voltage also
switches in a definite filter circuit connected with
a filter matching this voltage and controlling the
control circuits of the tube. Merely if and when
‘the filter circuit is actually closed by the inser-
tion -of the right filter the control circuit of the
X-ray tube is completed and permits operation

.of the X-ray tube and X-ray emission.

To make this clear the operation of the device
in the case of an example will be described. Let
it be assumed for instance that a filter of %2 mm.
Cu—1 mm. Al has been selected by the radiolo-
gist for the therapy in question and that this
_filter ‘according to the dosage computation co-
operates with a voltage of 140 kilovolt. When the
filter has been correctly inserted in the example
here adopted (it is the filter 12) it will be in con-
tact with filter spring 42 and will be grounded.
When the selector is turned to contact b, which
is assumed to be the contact producing a kilo-
voltage of 140 kv., a circuit will be closed from
lead 90 connected with one side of the auto-trans-
former 14 over conductor 21, relay 23, segment
19, matching contact o, filter checking circuit
branch spring 42 and filter 12 to ground. Simul-
taneously, the lamp indicator 62 will clearly
show that the circuit is completed and that the
right filter matching the voltage selected has been
inserted. The operator may set the time switch
il and operate it as usual for by virtue of the
completion of the circuit 21 relay 23 has been
operated and has closed the circuit 25 leading
to the synchronous motor 33 of the timing device
11 and the circuit 26 leading to the contact 32
operated by the time switch [{. When the latter
is now operated, and its operation upon pressing
of the starting button is audible, the contact 32
will be closed and the magnetic contactor 31 is
energized which closes the two contactor arms
30, 29 of the circuit of the primary of the high
tension transformer 15, thus operating the X-ra
tube for the desired time period. :

Assuming that a wrong filter has been placed in
front of the window of the X-ray tube; then-a
spring, for instance the spring 41, is in contact
with the filter; but as the selector arm {6 stands
on contact n corresponding to the selected kilo-
voltage of 140 kv. the circuit of relay 23 is not
closed and the timer remains disconnected.

It is, of course, possible and in some instances
it may be preferable to arrange the contacts of
relay 23 in the circuit 27, 28 of the primary of the
high tension transformer. This eliminates how-
ever one of the confrols exercised as in this case
the timing switch, when operated, would seem
to function while indeed the circuit of the X-ray
tube has not been closed. The supervision in this
case would have fo be exercised solely by means
of the indicator lamps, as no lamp signal is given
when the proper filter corresponding to the volt-
age selected has not been inserted.

The constructions of the filters may be varied
and may be adapted to the various purposes. It
is, for instance, in many cases necessary to use
filters with a variety of voltages which may be
contained within wider limits than those set by -

5

10

15

20

25

30

35

40

€0

the voltage steps between the voltage controller
contacts. In this case the projection or tongue
80 is made wider than one spring so that it will
be in contaet with several springs 41, 42 simul-
taneously. If safety is to be maintained at the
intended degree, the width has to be so arranged
that no voltage likely to do damage is included.
Tt will be seen from the above description that
the hazards of an incorrect or inconsistent ma-
nipulation of the various appliances or controls
are minimized. The greatest possible error would
be to overlook entirely the resetting of the ma-
chine when patients change and to treat one pa-
tient with the adjustment that has been made
for another. Practically no really disastrous con-
sequence can occur in this way however. The
greatest difference in the dosage, which is pos-
sible, occurs when changing from a low voltage
treatment without filter as prepared for super-
ficial treatment to medium or deep therapy with
filter to be applied to another patient. If the
very gross error is made of preparing everything
with the exception of voltage and filter, a double
error which is most unlikely, to occur, the possible
overdosage, assuming exposure for the same per-
iod, would be only ¥ or s of the overdosage
which is easily possible without safety device. .

The device if constructed in the way described
with a filterless window forming one of the con-
tact making appliances which are part of the
security scheme prevents therapy without filtra~
tion with a voltage higher than that regarded as
safe when the device was originally set. Sim-
ilarly, the device prevents operation when filtra-
tion and voltage are not matched. :

Many X-ray machines use a turret type filter
head or may be adapted for such use. The in-
vention may be applied to this filter head with-
out difficulty as illustrated in Figure 6. Turret
type filter heads are used, as a rule, in connection
with a tubular shielding and guide tube and are

- rotatably arranged, all the filters being arranged
_on the rotatable member, and are brought into

correct operative position with respect to the
beam by rotating said member.

To apply the invention the filter carrier 101
(Figure 6) arranged within the turret head 192
is provided with the requisite number of filters,
193, 104, 105, 106, four being shown in the draw-
ing, and may rotate around a shaft {07. The tur-
ret head is arranged eccentrically with respect
to the beam guiding and shielding tube 108. Each
filter is again provided with a lug or tongue 123,
124, 125, 126 located on its periphery arranged
at different places along the arc forming said
periphery as clearly shown in the figure and
cooperates with a spring 110 which forms part of
a series 140, 111, 112, 113. Contact is established
by the lugs or tongues 123, 124, 125, 126 with one
individual spring of said series only when the
filter is moved to the operative position covering
the beam tube 108. In this case the lug or
tongue comes into contact with one of the springs
and completes the circuit which is otherwise iden-

s tical with that shown in Figure 1. If removable

combination filters are used the filters should be
fixed to each other by riveting or otherwise to
prevent mistakes. In furret filter heads where
filters forming a combination are used which are
sometimes arranged on superposed filter carriers
each of which is separately movable, the carriers
may all be provided with tongues, as described,
and may cooperate with springs,-as illustrated,
pairs of springs being preferably used with the

75 control and matching circuit wired over the
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“springs cof “the. combinsation or ~combinatiofis
‘{matehing the high-tenkion-voltage.

Finally, it: may<be mentionedthatiit:is:pos-
-sible, - although “Hardly :advisable, “to carrange »a
“master. contactor: switch cperinitying the radiolo-
~gist * to ~administer .lagger ~doses *within -a :short
-time ;- switchies of thisstyper are nowoused: to treat
‘Aithout filter at 1owkilovoltages. -Such:asswitch

or -contactor even "if provided -with :security

means introduces however-a: definite hazard; its -

farrgngenient - should :therefore be -confined -to
tHose: cases in"Which-thettaking of:risks is mec-
~essary to-accomplish: results:which-are 6therwise
sHriohtainable.

‘I eldim:

‘1. A:safety systemfor:excluding :dosages in
-X-ray :g@pparatus, ccomprising tan Xcray ftube,
“means to supply-said: tube with high: tension.ciir-
-rents of different: voltages, means: for; producing

<8, 5tep by -step: regulation ol 8aid voltage,  said -

“means including:a: voltage: seléetor havinga:set
-of “fixed veltage 'selector -vontacts, ~each :corre-
“sponding: to “an - operational voltage-supplied:to
“the-X-ray tube arid:further: havitg-a movable
-vontact member - for - selecting :a : fixed - contact,
cgorréspording o a- definite ~veoltage, -5 : nuniber
of filters ‘of ‘different filtering -power-adapted to
“be inserted into the path of the X-ray beams,
-filter ~¢checking -eontact -closing -means on -each
«filter: occupying -différent: positions-on’flters -of
~different . filtering power, «a -filter - selector, in-
~cluding fixed “filter - selector contacts, ra filter
~chécking cireuit branch -connected -with .each
-filter seléctor :contact, ~a - fixed -filter . checking

contact in said “filter 'checking --eireuit ~braneh .

~addpted ' to .cooperste -with -the filter checking
-contact closing means ‘ofua- filter: of definite. fil-
-tering -power Occupying -a -definite -position -on
“said ‘filter, -said: filter-selector - moreover: includ-
-ing a movakle contact member cooperating with
-the fixed- filter:selector -.contacts, -a-commen: cir-
“euit -branch- for: all- the- filter --checking .cireuits,
-& control-device for-the -means for supplying the
X-ray tube with high tensien eurrent.and.a. pos-
itive permanent mechanical connection. between
the movable contact members.of the voltage-se-
-lector and-the movable contact-member.of:the
filter selector;-coordinating automatically the fil-
“fer -selection -and -the. voltage-seleetion of: the X-
ray tube, the operation. of the X-ray.tube-being
--dependent -on - the. selegtion -of -a safe voltage
-filter combination. .

2. A .sefety- system - for - exeluding -desage -er-
“rors.in- X-ray - apparatus, comprising an X-ray
“tube, a surrounding- box-provided with-an-out-
2let for-the X-rays, means for supplying the.said
- X-ray-tube with high tension eurrents.of -dif-
-ferent voltages,-a 'voltage selector, <including-a
-set of fixed voltage selector-contacts-and-an ad-
- justable  movable -contact member, cooperating
-with the set ef fixed-contacts; voltage selecting
-eircuits connected with the means. to-supply X-
-ray tube with- high-tension -currents,-a number

of -exchangeable - filters - adapted -to -be -inserted

-into the-box for filtering the X-rays emanating

-from the outlet of -the box, each @lter-heing pro-
-vided- with- contact- closing: filter-checking means
arranged in a definite.position.on-the-filter, said
positions -being different . for flters -of -different
fittering power, a.fixed-filter- checking contact in
said box for each of said-filters;a filter checking
cireuit branch- connected-with-each of said- fized
contacts in-the box, a filter: selector, including
-a-set of fixed.-selector--contacts;-a--common- seg-
-ment-and- a: movable-contact member for: con-
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tnecting -one "6f:said fixed.filter: selector contacts
“with*the common segment, each: fixed filter-se-
lector ‘contact of the ‘set’ being connected with
‘one of ‘the ‘filter checkihg - circuit branches, a

-§ ~common circuit braneh connected with 'said com-

‘mon segment, :a ~control relay ~mears  in.said
“common ‘btanch for controlling the means to
-supply the X:ray tiube with high tension cur-
rents, a movable centact arm -carrying the mov-
“dble “contdct ‘members of both .the voltage se-
:lector -and -of> the filter selector,-said arm being
sarranged for bringing its:movable ¢ontact mem-
“pers simultaneously into .contget with one of the
fixxed contacts of the:two ‘selectors in order to
:select simultaneously avoltage ‘selecting circuit
‘gnd -a filter .¢hecking cireuit “branch, the lit-
ter when -closed by:a .- filter:and connected with
“the common brineh operating the . control-rélay
“eans for. supplying’ current+to the X-ray: tube.
“3. A safety: system’ for: protection against- dos-
age errors in X-ray apparatus, comprising én
‘Keray tube, msans for supplying the same with
high “tension ‘curtents of “different :voltages, "a
‘voltage -selector “having :a sset vof fixed voltage
lselector conbacts dand -4 wmovable voltdge: selector
-contdact ‘member for selecting a: predetermined
soperational voltage for the X:ray tube, -a -con-
‘trol means for the highrtension:supply ineans éf
the X-ray tube, ‘exchangeable ! filters . provided
“with ‘circuit- closing:meanslocated: on-the: filter
-at "a. point characteristic for:theifilter; power 6f
ithe “filter, “a.seéparate -eireuit: for-each ‘predeter-
-mined operational -voltage of the X-ray tube,
-each circuit being connected with one -contacdt
~of said voltage selector, a filtér holder, g filter
selector, including a-set-of i fixed econtacts and-a
‘movable contact member - cooperating with the
said fixed contacts, means for mechanically -cou-
.plirig the movable contact: mémber: of -the volb-
“age selector ~and 6f *the  filter “selector, : filter
“checking circuit: brénches - assoeiated with -each
of said fixed filter 'S8elector :contaets, -each cir-
“cuit branch being provided with circuit clesing
~means ‘¢closed “by - the ‘cireuit - closing means - of
5-a'filter upon:insertion -of ‘the Samme, theinser-
“tion--of a filter-of definite filter . power -into the
filter holder, closing -one ofisaid cireuit branches,
-an -operational circwit’ for-the high-tension:sup-
=PIy centrol means-of: the X:ray-tube, closable by
-the "moveraent of - the ‘movable  contact member
of the filter selector-to:a: coritact; conneeted with
~a filter-cheeking: circuit branch closed: by-a filter,
~the. gperation -of the X:ray tube-beinig thus de-
‘pendent on: the use-of a-safe-filter-veoltage com-
-bination.
4. ‘A safeby system for protection sgainsi dosage
‘errors in X:ray apparatus, comprising an X:ray
tube, means. for supplying:the same -with. ‘high
-tensicn currents; a voltage selector-with fixed:con-
tacts-and a movable contdct member for selecting
~& predetermined operational voitage for-the X-ray
tube, .2 control mesns for-the high:tension:supply
~means-of the X-ray tube;-a box surrounding-said
-X-ray tube and previded with-an -outlet- for: the
~X-rays, a filter holder in said outlet, filters-with
-individual cireuit closing:contact-means, each con-
-fact means being located on said filter in-a posi-
“tion characteristic for the filtering power -of:said
filter,-s fixed contact on-said filter holder;adapted
to cooperate with . the contaect closing mieans-en
“one of- the filters wusable.in-the:holder, g filter
~ehecking eircuit branch for each flter, said-branch
~being cennected with the-aforesaid- fixed contact
-of the holder-and closed hy-the-cooperation-of the
76--contact with-the contact-clesing means-of-a filter,
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o filter selector including a set of fixed contacts
and a movable contact member, each of said filter
selector contacts being connected with one of the
filter checking circuit branches, a mechanical
coupling means between the movable contact
members of the voltage selector and filter selector,
a seperate circuit for each predetermined opera-
tional voltage of the X-ray tube, closable by the
contact of the movable member with the fixed
contact of the voltage selector, an operational
circuit for the high tension supply control means,
5 timing device controlling said operational cir-
cuit, means for supplying current to said timing
device, control means for the last mentioned sup-
ply means, an operational circuit for the said con-
trol means, said circuit being controlled by the
adjustment of the voltage selector and by the in-
sertion of a filter into the filter holder, corre-
sponding to the voltage selected, said correspond-
ence being produced by the closing of one of the
filter checking circuit branches connected with
one of the filter selector contacts and by the selec-
tion of a corresponding position of the coupled
movable contact members of the two selectors.

5. A safety system for protection against dos-
age errors in X-ray apparatus comprising an
X-ray tube, a box with an outlet for the X-rays, a
filter holder on said outlet, filters adapted for in-
sertion into said holder, each filter being provided
with a contact means located at a point charac-
teristic for the filter power of the filter, means
for supplying the X-ray tube with high tension
current of different voltages, a relay controlling
the supply of the X-ray tube with high tension
currents, an operative circuit for said relay, a
timing device with timing contacts, the latter con-
trolling said relay, means for supplying said tim-
ing device and said timing contacts with low ten-
sion currents, a further control relay controlling

the low tension current supply to the timing de- -

vice and timing contacts, an operational circuit
for the last named control relay, a voltage se-
lector having a set of fixed contacts arranged in
g cirele and & movable contact member rotatable
around the center of said circle, a filter selector
having a set of fixed contacts arranged in a circle
concentric to the aforesaid circle, circular seg-
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ments concentric with each of the sets of fixed
contacts, a single rotatable arm carrying both
movable contact members, insulated from each
other, individual contacts of the two sets of said
contacts being overrun simultaneously by the
movable contact members on said arm, a common
circuit branch connected with the common seg-
ment of the filter selector forming part of the
operational circuit of the control relay for con-
trolling the low tension current supply to the tim-
ing device and contacts, a fixed filter checking
circuit branch connected with each fixed contact
of the filter selector, filter checking contacts in
each of said filter checking circuit branch, each
adapted to cooperate with the filter contact lo-
cated at a definite point characteristic of the filter
power of said filter, to close the filter checking
cireuit pranch connected with one of said fixed
filter selector contacts upon insertion of the filter,
said closed filter branch being adapted to com-
plete the operational circuit of the control relay
for controlling the low tension current supply to
the timing device, when connected, by way of the
movable contact of the selector with the common
circuit branch, the selection of an operational
voltage of the X-ray tube thus entailing a selec-
tion of a definite filter selector contact and of a
definite filter checking circuit closable only upon
insertion of a filter of definite filter power.
MARYVIN F. HALL.
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