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1o all whom it may concern.
Be it known that we, Groree R. Hoean
and Hrcror P. MacLacax, citizens of the
Inited States, residing at Chicago, in the
county of Cook and State of Illinois, have
invented certain new and useful Improve-
ments in Systems of X-Ray-Tube Opera-
tion, of which the following is a full, clear,
concise, and exact description, reference be-
ing had to the accompanying drawings,
forming a part of this specification.

Our invention relates to an improved
system of X-ray tube operation by which
a more intense X-ray field is produced with
simpler apparatus than has heretofore been
possible in “the art.

Our invention is characterized by the use

“of such a voltage of alternating current im-

pressed directly upon the terminals of an
X.-ray tube that the current will flow in one
direction through the tube, whereas it will
not flow in the other direction. Or in other
words, the properties of the tube are such
that half of the waves of the high tension
alternating current impressed upon the ter-
minals of the tube are suppressed within
the tube itself,

Heretofore in the art it has been custo-
mary to excite X-ray tubes in several ways.
One of the carliest systems employed 1in-
volved the use of a static machine for gen-
erating the high tension current delivered
to the X-ray tube. Subsequently high ten-

- sion induction coils were employed for this
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purpose with the result, however, that it
was almost, if vot quite, impossible to pre-
vent the flow through the X-ray tube of
current rays in the reverse of the desired
divection with the ‘accompanying produc-
tion of the so-called “inverse” waves in the
tube, which produced a character of illumi-
nation preventing the proper use of the
tubes. It has always been found fhat the

production  of these inverse waves results

it an illumination due to a more or less pro-
nounceéd disruptive arcing within the tube

- ) e |
between 1its terminals, and the production

of such ares makes it impossible at the same
time to produce in the tube the X-rays
which are required for radiographic pur-
poses. The ideal character of illumination
1n the tube for radiographic pury nses is one
resulting from a quiet discharge in but ong
direction through the tube, which produces
a yellow greenish illanination upon one
side only of the target of the tube, as a re-
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.rent supply is an alternating current or by

Patented Jan, 30, 1937, -
Serial No. 281,372.

sult of which, for ideal conditions thers is
a pronounced hemisphere of illumination
with practically an entive absence of illumi-
nation in the other half of the tube. 1% has ag
been found to be practically impossible to
with

secure this character of illumination
the induction coil system of operation.

The systems more recently used, and
much better results, are of twe kinds; fi
the high frequency system, in which
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called Tesla coils are wused; and
transformer system: in which 2 recti

of
ing switch of one kind or another, or
equivalent rectifying devices are employad 7o
in the high tension circuit connecting with
the tube. In the former of these systems,
the tube is connected directly with the
minals of the secondary winding of
transformer but it is found necessary i
invariably use in this system an X-ray tube
provided with a so-called “ valve” for sup-
pressing the inverse waves which would
otherwise be produced in the tube. Tha
primary winding of the transformer in such 20
a system may be operated either by direct
current or by alternating current, but in
any event an interrupter is used, the termi-
nals of which have connected arcund them
a condenser of large capacity, as a result of
which a high frequency oscillatory dischargo
is produced through the primary winding
of the transformer, and thus a high fi
quency high tension current is delive
from the terminals of the secondary d-
ing of the transformer to the X-ray tube.
The transformers used in this system ars
not cquipped with magnetic core, for the
reason that the high frequency of operation
prevents an effective and efficient transfore 88
mation of the current. The transformer sys-
tem of operation consists in using a high
tension step-up transformer, the primary
winding of which is supplied directly with
alternating curvent produced cither by =
votary converter when the source of cur-
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the alternating current generator of 2 motor
generator set when the source of motor sup-

ply is a direct current. {n connectio:
this system of operation it is customary
to provide u rpectifyving switch mounted
upon the shaft of the rotavy converies
motor genetat 5 { switch

operate a ‘
with il
this rectifyl

1t is
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_civcuit extending from the secondary wind-
ing of the transformer so as to deliver these
hlgh tension impulses to the X-ray tubes al-
ways in the same direction. Various modi-
fications of this co-called transformer sys-
tem have been proposed, such for example

as substiuting for the rectifying switch
U‘CtlTYHW‘ devices of other deseri ptions in
the secondary circuit.

In everyease of X-ray tube operamon as
far as we are aware, with the exception of
systems in which valve tubes are em ployed,
it has been found necessary to deliver to
the terminals of the X-ray tube, a uni-direc-
tional current, for.otherwise it has been
found that inverse waves are produced in the
tube.

By our present invention we are able to
connect the terminals of the high {ension
secondary winding of the transformer di-
vectly with the terminals of the X-ray tube
without the use of rectifying devices of any
kind or description. That 1s to say, we im-
press upon the terminals of the tube an
al'tumqtmg,g high tension electremotive force,
and vet by the particular relation of thut
electromotive force to the constants of the
tube we produce a uni-directional flow of
carrent through the tube. We are not en-
tirely informed as to why this result s pro-
duced, but our experiments thus far indi-

cate 'thm the resistance of the tube from the
target to the mirror or cathode is less than
the 1 1051%1 inee from the murror to the target,
for we find that rever sing the connections
of the secondary winding to the terminals
of the tube mprely changes the direction of
current flow in said winding without pro-
ducing any change whatever in the charac-
ter of operation of the tube and, further-
more, for either connection current flowing
througgh the secondary circuit is uni- divec:
tional. It will be understood that in our
improved system we employ Gl'dinm'y high
tension K-ray tubes without valves and thai,
therefore, the entire effect of suppressmg ihe
high tension alternating current waves of
one sign is produced by The target and cath-
ode in some manner,

From results sccured by our-system we
conclude that every X-ray tube has a criti-

al value of operating electromotive foree
which if impressed upon the terminals of the
tube, even though the eclectromotive force
be alternating in character, will produce a
uni-current fiow through the tube, whereas
if the potential impressed upon the termi-
nals be inereased somewhat the flow of cur-

‘vent through the tube becomes alternating in.

character and at once the invwse waves are
produced and the tube no longer operates
as it should to produce the X-ray field.
Our invention, therefore, conu‘mphues -
pressing upon the particular X-ray tube em-
ployed a sufficiently high alternating cur-

Tormer used n cmmec?‘iozx

ec tion avith but one einbodin

rent motive foree to pro(lnce 2 brush dis-
charge from the target to the cathode and
maintain ing the said electromotive force af
a value too low to produce a (]IS?’U’)LI‘ e “h’”’_-
nating discharge between the farget wwi
cathede, for we fnd there is a distinetly ay
pzocmhle range of operatxOh of wari

H-ray tubes, cach having ifs characteristic
throngh which a uni-directional brush
produced by a high tens
proper

A

range,
dische Li‘i’”L may be
altern mnn ﬂuwmmome foree of
AhlL withont the production of an alt
ng disruptive discharge, and that f
LG;u, of operation a practically p
Lemispherical illmuination resuliing
the cathode rays reflected by
upon the target is produced.
In carrying out our invention we find it
advisable to use u tr mslmmor :
closed magnetic path, sinet the ef
transformation is relatively hwt
of such a device.
The several drawings iiust
veation arve as folle
Wgure 1 15 a dingrammatic view
our systens, 131 its complete embodiment, cnp-
rent being supplied o the tube by means
of a rotary converter; sim-

ion
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vating ouy in-
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show ll”‘

Fig. 2 shows in a
ilar di anr:mmmm' view gur systemn operated
Ly means of a motor gener alor s i
shows in a view similar w Wig. 1 om'.
operated ;)y means oi alternating cuyy
supplied to the transformer divectly fro:
the line; Hig. 4 is a debail view of | 3 1@ trans-
with our system.
paris

. Similar numerals ‘v'm(:r to similar
throughout the several views.

B carrying: enb our invention it is im-
nateri: Al mw hac manper the pii:naw wind-
g of the transformer s excited as long as
an ‘11(;01':3’1:11@; current of proper ,)mon.ﬂ.l
and current strength is dd]\mul to the Jri-
mary winding of sud trensformer.  The
opes ration of U e systeml 10 any svenb iy pre-

cisely the same se that it \'\'111 be necessary
con-

detail in
enf of our
tem, for example that shown in Fig. 1.
primary \'\'mz_h_.l;z 1, of the transforiner 2 1
supplied with alternating cuyrent from .the

rotary converter 3, w hich rot: wy converte

is driven by direct wrr“m bupphm l;‘/ Hl:,
main feed ‘w}ms 4 and 5. ith this systen
the potential of the (»m'mxt dL‘l\u ud m the
primary winding 1, is of cou 152, sulstan-

to describe the operation in

tially the same as the potential between

main feed wires 4 dm! 5. In the sysiem
shown in Fig. 2, on the-other “hand the pri-
mary winding 17 of the tray nstor miey 2 g

supplied with alternating current from the 1
alternating current gene: ‘xim \;ﬁ of the i[‘OuO r

L
gener mor 7. the motor clement 8 of which is
driven by direct curvent supg 'md from the
main feed wires 9 and 10. th this em-

bodiment of our system i w

o
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understood that the electromotive force de-
livered by the alteinating current generator
6 may have any desired relation to the elec-
tromotive force between the direct current
feed wires 9 and 10.

In the embodiment of our system shown
in Fig. 3, the alternating current is sup-
plied to the primary winding 1" of the trans-
former 2°, either by means of a transformer
11 supplied with alternating current di-
rectly from the line wires 12 and 18 or if
the alternating voltage between the line
wires 12 and 13 is of the proper value, the
line wires may be connected directly with
the terminals of the primary winding 1"

The differences described are the only ones

existing in the operation of the various em-
bodiments of our system disclosed, and any
one of these systeins of operation will prop-
erly energize the transformer so as to de-
liver the desired alternating high tension
current irom the secondary winding of said
transformer. To consider the further op-
eration of our system, therefore, it will be
necessary to describe but one embodiment of
our system, as for example, that shown in
Fig. 1. ,

As a result of the excitation of the core of
the transformer 2, by the alternating current
flowing through the primary winding 1, a
high tension electromotive e ee is developed
in the secondary winding 14 of the trans-
former 2, of a proper voltage to carry out
our system in connection with the tube 15.
The terminals of the secondary winding 14
are connected by conductors 16 and 17 with
the terminals 18 and 19 respectively of the
tube 15. The terminal 18 is connected by a
rod 20, preferably with a copper evlinder 21
having its inner end heveled at substantially
45 degrees, and provided with a central cir-
cular target 22, preferably of tungsten. The
other terminal 19 is connceted by a rod 23
with a concave mirror 24 facing the beveled
end of the cylinder 21. The mirror 24 is
made preferably of aluminum, and in ail ve-
spects the tube 15 s of standard construc-
tion, designed for use in connection with
high tension operation, by means of u rec-
tifying or transforming switch. The al-
ternating electromotive force developed hy
the secondary winding 14 is suflicient when
impressed upon the cylinder 21 and mirror
2+ to cause a brush discharge or non-arcing
current flow from the evlinder to the mirror
as indicated. This high tension electromo-
tive force is not sufficient, however, to cause
a current flow of any description from the
mirror to the cylinder, as a result of which,
the cnrrent Howing through the tube is uni-
directional and pulsating. the eflect being
to utilize the entire energy represented by
all of the high tension electromotive force
waves of one sign with the greatest ef-

fig 4l

the saine time the effect upon
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the alternating high tension waves of op-
posite sign ic substantially the same as
though at the particular instance of the oc-
currence of these waves of opposite sign the
secondary circuit of the transformer 2 were
open. Our experiments have shown, con-
clusively, that with the same high tension
alternating electromotive force developed by
the secondary winding 14, when this elec-
tromotive force is suflicient to produce a
brush discharge from the cylinder 21 to the
mirror 24, for the particular size and vacu-
um of the tube employed, that it is immate-
rial which terminals of the tube are con-
nected to the conductors 16 and 17. Tn other
words, as long as the high tension alter-
nating electromotive force is of a sufficient
value to produce the brush discharge re-
ferred to and insuflicient to produce a disrup-
tive arcing effect within the tube, all of the
high tension electromotive force waves of the
sign tending to send the current from the
cylinder 21 to the mirror 24 are effective in
producing the brush discharge referred to,
while all of the high tension electromotive

force waves of the opposite sign are sup--

pressed, and this occurs irrespective of what
the particular sign, that is whether positive
or negative, of the effective and non-effective
electromotive force waves may be. Further-
more, by using a polarized mill-ammeter in
the secondary circuit, a reversal of the tube
15 in the secondary circuit was shown to re-
verse the direction of current flowing in the
secondary circuit, and that for either con-
nection of the tube the amount of current
flow was substantially the same and always
uni-directional,

Our experiments further show that there
is a considerable range between what may
be called the critical values for any particular
X-ray tube. For example, an X-ray high
tension tube designed for nse with a recti-
fying switch on voltages from 125,000 up-
ward, may have a critical break-down value
for the brush discharge from the cylinder 21
to the mirror 24 of about 80,000 and at
about 105,000, to 110,000 volts, a second
critical value is reached 'peyond which the
voltage will produce a disruptive arcing
dicharge which net only produces a com-
paratively while light in the tube which is
totally unsuited for the production of X-
rays, but in addition rapidly disintegrates
the target 22 and terminates the. usefulness
of the tube. By operating the tubes with
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our system, however, the target and mirror -

show no appreciable wear, even after exten-
sive use, since at no time is the current flow-
ing through the tube of the disruptive or
arcing variety. . T

Having established the uni- directional
current flow through the tube as above e-
scribed the cathode rays are reflected, of
course, from the mirror or cathode 24

130




spoingt the farget 22 and X-rays ave geu-
1ted upon the surface of the target and
projected from the tube, as indicated by the
aerows producing practically a complete

. hemisphere of illumination in the tube.
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. as. possible.

In carrying out our invention we find it
esirable to use a transformer having a
closed magnetic path, as indicated in ¥ig.
1, although it will be understood that while
other forms of transformers are not of as
high an efficiency of operation as this type,
st1ll they may be employed providing they
ve designed to deliver the proper value of

§
i
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former shown in Fig. 4 consists in a plu-
vality: of hollow ' continuous rectangular
punchings or stampings 26 assembled to-
gether, and having wound around one side
thereof a primary winding 1, which of
couyse, is properly insulated from the core.
The secondary winding consists preferably
of a plurality of sections 14%, 14* and 14°,
each wound upon its cwn insulating spool or
bobbin 278, 27° and 27¢, these bobbins being
of sulliciently large diaineter to place the
Ligh tension secondary windings sufficiently
vemote from all ‘metal parts of the trans-
former, so that no short circuiting of the
secondary windings results. The openings
in the rectangular stampings are preferably

of such a size that the circular spools or bob-

bins pass substantially through the center
of the openings, with sufficient space around
them so that there is no danger of arcing

5 from the winding of one section of the sec-

ondary coil to another section, or to the core.
The stampings are preferably cut at one
point, as indicated at 28, so that they may
be inserted through the primary and sec-
ondary windings to facilitate assembling
the transformer. Thess cuts are, of course,
alternated as indicated in the stampings, ov
staggered in any desired manner so as to
nnke the magnetic path of as low reluctance
The transformer thus con-
structed is preferably immersed in a bath of
oil, having a high insulating value.

i1 earrying out our invention we find it
desivable fo employ a controlling rheostat R
in the primavy cireuit of the transformer 2,

“so that the electromotive force developed in

55

the secendary winding of the transformer
may readily he adjusted to the proper value
hetween the two critical values referred to
above for the particular X-ray tube being
operated.so that the uni-directional current
flow above deseribed may be secured through
the secondary cireuit of the transformer
without the production of a disruptive dis-
charge in the tube. Tt will also be under-
stood that our invention is equally applica-
ble to X-ray tubes in which an auxiliary
anode 20° is employed, although in using
such tubes we find it preferable to make no
civeuit connection to said suxiliary anode.

gh tension electromotive force. The trans--

1,513,872

Tt will be understood that our system works
equally well whether the tube 15 is provided
with the auxiliary anode 20* or not. ‘

While we have showrn our invention in the
embodiment herein shown and described, it
will be understood that we do not limit our-
selves to the particular arrangement or
mechanisms shown and described, as we may

70

employ any devices that will produce a high -

tension alternating electromotive force of
proper. value to be impressed upon the ter-
minals of an X-ray tube to produce a re-
sulting uni-directional current flow there-
through without the use of extraneous de-
vices for rectifying or modifying the aiter-
nating current. Iach tube employed, of

‘course, has its ewn critical values of opera-

tion determined by the construction of the
tube, that is by its size, the distance apart of
the cylinder and mirror and the degree of
vacuum in the tube, and any means em-
ployed to deliver to-snch a tube an alter-
nating electromotive force of a voltage be-
tween the critical values of said tube will
realize-oiir invéntion.
What we claim is: :

1. A system for operating X-ray tubes,

comprising the combination of a trans-
former having primary and secondary wind-
ings, an X-ray tube having its terminals
connected directly with the terminals of the
secondary winding of said transformer, and

~3
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means for controlling the operation of the -

transformer to produce an electromotive
force in the secondary winding thereof of

symmetrical wave form greater than that

required to cause current to flow irom the
anode to the cathode of said tube, and less
than that required to cause current to flow
from the cathode to the anode of said tube.

9. In a system for operating X-ray tubes,
the combination of a transformer having
primary and secondary windings, a source
of allernating current connected with the
primary winding, an X-ray tube_directly
connected with the secondary winding, and
means for producing in said secondary wind-
ing a potential of symmetrical wave form
sufficient only to cause a uni-directional cur-
rent flow through said tube.

3. In a system for operating X-ray tubes,
the combination of an X-ray tube, a closed
Ligh tension cireuit directly connected with
the terminals of said tube, and means for
producing in said circuit an alternating
clectromotive foree of symmetrical wave
form suflicient only in amount to produce a
uni-directional current flow through said
tube. ' :

4. In a system for operating X-ray tubes,
the combination of a high tension X-ray
tube having no valve, a closed circuit di-
rectly connected with the terminals of said
tube, and means for producing an alternat-
ing electromotive force of symmetrical wave
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form in said circuit, intermediate in value
between the critical break-down values for
the gap between the electrodes of said tube.

5. In a system for operating X-ray tubes,
the combination of a transformer having a
closed magnetic cirenit provided with pri-
mary and secondary windings, an X-ray tube

Juvingits terminals connected divectly with

the terminals of said -secondary winding,
and means for controlling the operation of
said transformer to produce an alteriating
clectromotive force of symmetrical wave
form in said secondary winding sufficient
only to produce current flow in said tube
from_the anode to the cathode of said tube.

6. In a system for operating X-ray tubes,
the combination of a valveless tube, 1 cir-
cuit directly connecting a sotivee of alternat-
ing current with the terminals of said tube,
means for producing in said cirenit an alter-
nating electromotive force of symmetrical
wave form sufficient only to produce a uni-
directional current flow through said tube.

7. In a system for operating Xeray tubes,
the combination of a transformer having
primary and secondary windings, a source
of alternating current connected in cirenit
with said primary winding, current control-
ling devices in said primary circuit, and an
X-ray tube directly connected with the sec-
ondary winding of said transformer, the
amount of current flow through said primary
circuit being proportioned to produce an
eleetromotive force of symmetrical wave

form in said secondary circuit suflicient only -

to produce a uni-directional current flow
through said tube. \

8. The method of operating X-ray tubes
which consists in subjecting the terminals
of a valveless tube to an alternating electro-
motive force of symmetrical wave form sufli-

“cient to prodnce current flow through the

tube and insufficient to produce a disruptive
current flow through saidl tube.

9. The method of operating X-ray fnbes'

which consists in subjecting the terminals
of a valveless tube to an alternating electro-
motive force of symmetrical wave form of a
value between the critical breakdown values
for the gap between the electrodes of said
tube. . .

10. In a system of X-ray tube operation,

the combination of a’source of alternating

current of symmetrical wave form, a trans-
former having primary and secondary wind-

ings, an X-ray tube, connections between the

source and said primary winding, and con-

e

nections between said secondary winding
and the X-ray tube, whereby symmetrical
current waves ave delivered to said trans-
former and tube, the current waves of the
secondary circuit being of a potential to
produce curpent fiow through said tube with-
ot disruptive discharge.

/ 11 In a system of X-ray tube operation,
the combination of a source of alternating
current of symmetrical wave form, a trans-
former having primary and secondary wind-
ings. an X-vay tube, and connections deliv-
ering symmetrical current waves to said pri-
mary winding and connections delivering
symmetrical ecurrent waves from said see-
ondary winding to said tube at a potential
suflicient only to produce unidivectional cus-
rent flow through said tube.

12 In 2 system of X-ray tube operation,
the combination of a source of alternating
cirrent of substantially sine wave form, a
transformer having primary and secondary
windings, an X-ray tube, and connections
between said source and said transformer
and hetween said transformer and said tube
for delivering to said transformer and said
tulic current waves of substantiallv sine
form of a voltage sufficient to produce cur-
rent flow and insufficient to produce disrup-
tive discharge through said tube.

13. In a system of X-ray tube operation,
the combination of a source of alternating
cirrent of substantially sine wave form, a
transformer having primary and secondary
windings, a valveless X-ray tube, and con-
nections hetween said source and said trans-
former and between said $ransformer and
said tube for delivering to said transformer
and said tube current waves of substantially
sine form ‘of a voltage suflicient to produce
current flow and insufficient to produce dis-
ruptive discharge through said tube.

14. The method of operating X-ray tubes
which consists in impressing.upon the ter-
minals of the tube a symmetrical alternating
electromotive force sufficient to produce cur-
rent flow between the anede and cathode of

bl (D
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the tube and of too low a value te prodice I
an alternating discharge hetween the elec-

trodes of the tube.

In witness whercof, we hereunio subscribe
onr names this 11th day of April, A. D, 1914

: GEORGE R HGGAN. .

HECTOR . MacLAGAN.
Witnesses:
- Arpeer C. Br,
Irene Fornest,
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