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My invention relates to the method and system of the cathode to the point of desired emissivity
for the taking of X-ray bhotographs in a short in- with an absence of appreciable time lag.
terval of time, Another object of my pregent invention ig the
In systems of this general type the energy for provision of an X-ray system wherein the X-ray
5" the X-ray tube is usually taken from an energy  tube excitation energy is taken directly from g 5

‘10 utilization of an'energy storage means for the Creases to a constant value, in order to cause sub- 10

the exposure. This ig obviated by charging the Dbrovision of an X-ray System wherein the X-ray 15°

users of the same, and in which the condenser is disconnecteq from 20
A usual method of causing excitation of the X-  jtg charging circuit simultaneously with raising
ray tube is to maintain the cathode heating tem- of the cathode heating temperature to prevent g
berature below that required for electron emissiv- sinusoida] ripple from being imposedq upon the
ity by utilization of g resistance in serieg with  X-ray tube excitation energy.
25 the cathode heating source which is short cir- Still further objects of my- present invention 25
cuited when it is desired to take g radiographic  will become. obvious to those skilled in the art by
€Xposure. Inasmuch ag the discharge of the reference to the accompanying drawing wherein

cathode . heating temperature rises there is not ~Tay system for the taking of short exXposure X- 30
0 only an appreciable time lapse before the cathode ray bhotographs in accordance with my novel

reaches its desired temperature, which is lost from method and showing one form Which my inven-

the actual exposure time, but the intensity of the  tion may take, .

generated X-rays ‘varies with discharge of the Figure 2 is g graphic llustration of the current

condenser, Moreover, in such Systems of the wave form applied to the cathode, and 35

prior art the rectified alternating current source Figure 3 graphically illustrates the rise in cath-
isnot disconnected from the condenser during the ode heating temperature as g result of applying a
discharge thereof which imposes g, sinusoida]l rip-  current to the cathode of the X-ray tube having g
ple upon the X-ray tube excitation energy with a = wave of the form depicted in Figure 2,

40 Still  further variance in the intensity of the Refez."ring now to the drgwing in detail 1 have 40
X-rays. ‘

It is accordingly .an object of my present in- brimary winding 6 of which, is connected to the
vention to provide a System for the taking of X- . usual alternating current source of commerecigl
ray photographs in a short interval of time where- botential, such as the conductors L{ ang L2,

45,in an energy storage device is employed for the through a suitaple sSwitch arm 7. The secondary 45
X-ray tube excitation energy which is discharged winding 8 of the high tension transformer 5 is
through the X-ray tube by causing Substantially adapted to accumulate g charge of high potentia]
an instantaneoys rise in ‘the cathode heating tem- electrical energy of one sign - only in an energy
berature. storage device, such ag a condenser 9, by having

50; ~Another object of my present invention ig the one of itg ends connected, by means of g, conductor 59
provision of an X-ray system for the taking of 0 to the anode of g rectifying valve {2, The

X-ray tube excitation: energy 'is taken directly means of g conductor 13 to one plate of the con-
from a condenser device and the energization of denser 9 and the remaining plate of the condenser
i5; the tube is controlleq by raising the temperature § ig connected to the midpoint of the secondary 55
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winding 8 through 2 conductor 12 which is suit-
ably grounded as at 15,

In & similar manner the remaining end of the
secondary winding 8 is connected, by means of
a conductor i§, to the cathode of a second rec-
tifying valve tube {1. The anode of this latter
valve is in turn connected to a second condenser
device 18 through & conductor 19 and the re-
maining plate of this condenser 18 is likewise con-
nected to the mid-point of the secondary wind-
ing 8 by means of the common conductor  14.
e cathodes of the rectifying valves 12 and 17
receive heating current from & suitable source,
such for example as low tension transformers
28 and 22, the primary windings of which may
pe connected to the commercial source of sup-
ply Li, LZ Accordingly upoi the cathodes of
these valve tubes being heated to electron emis-
givity and the switch T closed, as hereinafter
more fully explained, the condensers 9 and 18
will be charged during alternate half waves of the
‘aiternating current cycle with unidirectional
high potential energy from the high tension
transformer 9, as is well understood in the art.
Tt should also be understood thatb although I
nave shown, for the sake of simplicity; half wave
rectification for accumulating & charge in a pair
of condensers, full wave rectification might just
as readily be employed and a singie condenser of
suitable capacity utilized.

The positive plate of condenser 9 is connected
by means of & conductor 23 to the anode termi-
nal of an X-ray tube 24 and in & similar man-
ner the negative plate of condenser 18 is con-
- nected, by means of a conductor 25, o the cath-
ode of the X-ray tube 24, thus forming an out-
put or discharge circuit for these condensers
which discharge in series through the X-ray tube.
The cathode of the X-ray tube receives heating
current from a source of electrical energy which
jncludes a low tension transformer 96 of rela-
tively large current capacity in order that cur-
rent in excess of that required for maximum
emissivity of the cathode may be generated.

The primary winding of this transformer 28
has one of its ends connected,
conductor 21 and a suitable switch 28, to one of
the supply conductors L, while its remaining end
is connected by means of & conductor 29 through
o fixed resistance element 30 and a variable re-
sistance element 31 to the other supply conduc-
tor L2. A second resistance element, such as a
tungsten filament lamp 32, the ohmic Tesistance
of which rapidly with temperature
changes, i8 adapted to be connected in electrical
shunt relationship with the resistance element 30
by closure of a suitable switch arm 33. This
switch arm
ating mechanism, such as &
34 constituting substantially & unitary double
pole switch, with the switch arm 1 in the source
of supply for the primary of the transformer 5
in order that upon opening of the switch arm
1 simultaneous closure of the switch arm 33 fol~
jows and vice versa.

Upon closure of the switch 28 the variable re-
sistance 3! together with the resistance element
30 limits the current supplied by the source Ld,
1.2, to the primary winding of the transformer
96 which in turn maintains the cathode at a tem-
perature where no appreciable electron emissiv-
ity occurs. Moreover, adjustment of the varia-
ble resistance 3{, while altering the maximum
ohmic resistance included in the primary cir-
: cuit, of the transformer 26, nevertheless main-

, by any suitable actu- .
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tains the current at a value which prevents any
appreciable electron emissivity, @as previously
mentioned, and during excitation of the X-ray
tube functions as 2 timing device as hereinafter
more fully explained.

Tn the operation of my system
is closed which
heats the cathode of the X-ray tube 24 to a com-
paratively low temperature where no appreciable
electron emissivity occurs. The switch mecha-
nism 34, which prior to closure of the switch 28
is in & neutral position with both gwitch arms
7 and 38 open, is then moved to the left as shown
in Tig. 1 to cause closure of the switch arm 1
and a further opening of switch arm 33. The
high tension transformer 5 is accordingly ener-
gized from the source Ll, 1,2 and a high tension
charge of unidirectional energy will be accumu-
lated in the condensers 9 and {8 as before ex-
plained, over a period of time which is relatively
long in comparison with the time of discharge
thus prohibiting heavy surges upon the supply
lines Li, La. This charge may be regulated by
means of @ suitable auto-transformer (not
shown) in the primary circuit of the transformer
5 and is also naturally dependent upon the ca-
pacity of the condensers § and {8. During the
accumulation of this charge any leakage thereof,
which would cause energization of the X-ray tube
with attendant generation of X-rays, is prevented
by the catnode being ot a temperafure insuffi-
cient for appreciable electron emissivity.

Assuming now that the condensers g and 18
have been charged and it is
radiographic exposure
the extreme right, as viewed from Fig. 1,
simultaneously opens the switch arm 1 and closes
the switch arim 38 thus connecting the resistance
element 32 in shunt relationship with the re-
sistance element 30. .

The resistance element 32, having an initial
Jow ohmic resistance due to its inherent charac-
teristics because constructed of tungsten or simi-
1ar metal, causes & momentary decrease in the
ohmic resistance of the fixed resistance element
38, which may also be a tungsten filament lamp
similar to the resistance element 32 and having
identical characteristics if desired, thus chang-
ing the total ohmic resistance in the primary
circuit of transformer 26. -

Upon this momentary decrease in the total
ohmic resistance the heating current supplied to
fhe cathode rises substantially instantaneously
during this interval to a value in excess of that
required for maximum emissivity of the cathode
thus necessitating a heating transformer capable
of generating current considerably higher than is
usually employed.

This phenomenon may be better a,pprecia,ted
by reference to Fig. 2 wherein for the sake of
simplicity the curves shown indicate current
values when & direct current is applied to the
cathode, and by assuming arbitrary values. It
is to be understood, however, that these values
may or may not be correct and that if the cathode
is heated with alternating current, as shown in
Fig. 1, the heating current wave will have a si-
nusoidal form and there will be & difference in the
time interval during the change in cathode heat-
ing current from one value to another. Assum-
ing, therefore, that with switeh 28 closed and
switeh arm 33 open the resistance of element 30
equals 100 ohms and that of resistance element
32, at room temperature, is 5 ohms, and the var-
iable resistance element 31 is of such value, re-
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5 Accordingly during the time of accumulating a duration can be taken wherein there is substan-
charge in the condensers 9 and | 8, where time tially no appreciable time lapse, as in such sys-
Is representeq by the abscissg line in Fig, 2, the tems of the prior art, which must be taken from
cathode heating current will remain at the as- the actual exposure time. In these prior art
Sumed value, namely. 3 amperes, as shown by  systems, where g, resistance connected in serieg

10 the line A of Fig. 2 with the ordinate representa-  with the primary of the heating transformer is
tive of cathode heating current Upon closure short circuited the current supplied thereto rises
of the switch arm 33. (with simultaneous open- in the manner designated hy the curve C of Fig,
ing of switch arm 7) the resistance element 32 2 ang the cathode heating temperature rises in
having an initig] ohmic resistance assumed as  proportion thereto as is shown by the curve D of

15 5 ohms is connecteq in a shunt circuit to the ' Fig. 3. Thig results, as before stated, in a grag-
resistance element 3@ assumed to have an ohmic ual rise in the discharge current through the
resistance of 100 ohms. ~ray tube with the generation of X-rays of vary~

This causes 3, momentary decrease in the total ing intensity. '
ohmic resistance in the primary circuit of the On the other hang by the employment of my

20 transformer 2§ With an attendant increase in novel system the temperature of the cathode is
cathode heating current In excess of that required  raised substantially Instantaneously to the point
for maximum emissivity or approximately 20 am-  of desired enssivity and the initial surge of cur-
beres. However, the resistance element 32 being rent through the X-ray tube is at its maximum
of tungsten or similar metg] having an initial which gradually decreases to its minimum thuyg

25 low resistance value when cold changes its ohmic  gener ating X-rays having characteristics depend-
resistance as it becomes heated unti] it automat- ing upon the nature of this barticular type of
leally reaches a state of equilibrium with that of discharge. The time required to completely gis.
resistance element 3¢ which is stil] at 100 ohms charge the condensers and consequently energize

. While that of element 32 has risen from 5 to 50 the X-ray tube may be regulated, as before Stated,

30 ohms during thig short interva]. After the lapse hy the variable resistance element 81, Thig may
of this momentary decrease of totg] resistance be empirically determined and when set for any
with attendant inerease of current the resistance given €Xposure need not be further disturbed,
elements 30 and 32, upon reaching equilibrium In order to increase the time of €xposure this
nevertheless automatically decrease the total resistance need only be increased which main-

35 ohmic resistance in the primary circuit below its tains the temperature at one desired emissivity
initial value, with the result that the cathode value Also by decreasing thig resistance the
heating current ig raised from 3 amperes, which  temperature of the cathode following operation
was insufficient for abbreciable electron emis- of the Switch arm 33 with the resulting phenom-
Sivity, to a constant value of 6 amperes or that enon increases the temperature, for example,

40 desired for the radiographic exposure slightly greater than the assumed 6 ampereg thus

During the interim of the momentary increase causing discharge of the condensers in g shorter
of current in excess of that required for maxi- time than at the temperature resulting from exei-
mum emissivity and its automatic decrease to g tation by a current of 6 amperes,
constant value the temperature of the cathode Moreover, by interrupting the Source of supply

45 rises in the manner shown in Fig. 3 wherein the or charging circuit for the condensers g and {8
abscissa again represents time in the Same man-  simultaneoysly with operation of the ecathode
ner as in Fig. 1. The ordinate represents cath- heating circuit to cause discharge of these con-
ode heating temperature but no barticular tem- densers with attendant excitation of the X-ray
berature valye therefor has been assumed. Suf- tube, the alternating current source is divorced

50 fice is to say that the line B indicates the tem- from the system during the discharge thus pre-
perature of the cathode which is maintajneg at  venting a sinusoida} ripple. such as in the pulsat-
that temperature to which 3 amperes of current  ing charging cireujt from being imposed upon the
will raise the same, and upon the aforementioned X-ray tube excitation energy.
momentary rise in heating current to a value in It thus becomes obvious to those skilleg in the

55 excess of that required to produce maximum emis- art that T have provided an X-ray system. for
sivity, the temperature likewise rises substantial-  the taking of short exposure X-ray photographs
Iy instantaneously to g constant temperature tg in which control of the energization of the X-ray
which 6 amperes of current will raise the cath- tube is accomplished by maintaining the tempera-
ode: However, while there is a Substantially ab-  ture of the cathode below that Tequired for elec-

60 rupt rise in current from approximately 3 gm- tron emissivity whieh is raised Substantially in-
peres to 20 amperes which automatically falls stantaneously to that hécessary for the desired
after the lapse of g brief moment to g amperes, emissivity with an absence of appreciable time
and the cathode heating temperatyre likewise lapse,
rises abruptly as does the current, to that tem- Although I have shown and described one spe-

65 perature at which 6 amperes will raise the same, cific embodiment of my invention T do not desire
but in a shorter interval of time than it takes to be limited thereto as various other modificg,-~
for the current to reach its equilibrium valye of tions may pe made without departing from the
approximately 6 amperes, However, under cer. . spirit and scope of the appended claimg
tain conditiong there may be g slight momentary What is claimed:

70 “overshooting” of the cathode temperature to a 1. In an X-ray system for taking X-ray photo-
value slightly higher than that temperature at  graphsin & short interval of time, the combing,-
which 6 amperes will raise the Same, which nev- tign of means for accumulating g, charge of high
ertheless automatically falls to its constant value  potentia] electrical energy, an X-ray tube pro-
after the lapse of this brief period of time, vided with g thermionic cathode and adapted to

% This results in 8 substantially instantaneous be energized by said means, means normally op~

2,120 383 ‘ 3

gardless of its barticular setting, that g maximum rise in cathode heating temperature with an at-
of only 3 amperes of heating current is supplied tendant discharge of the energy accumulated in
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erative to supply heating current to the cathode
of said X-ray tube to maintain the same at a
temperature jnsufficient for electron emission to
prevent said first rentioned means from energiz-
ing said X-ray tube, and means adapted to be
connected to said last mentioned means to cause
the same to momentarily supply a heating cur-
rent to said cathode in excess of that required
for maximum emissivity and then automatically
decrease to & constant value, for the purpose of
raising the cathode heating temperature substan-
tially instantanecusly 10 the point of desired elec-
tron emissivity and to simultaneously cause ener-
gization of said X-ray tube by said first men-
tioned means.

9. In an X-ray system for taking X-ray photo-
graphs in a short interval of time, the combina-
tion of energy storage means, & source of recti-
fied alternating current energy for accumulating
g charge in said energy storage means, an X-ray
tube provided ‘with a thermionic cathode and
connected to said energy storage means for ener-
gization by the charge accumulated therein,
means normally operative to supply heating cur-
rent to the cathode of said X-ray tube to main-
tain the same at a temperature insufficient for
electron emission to prevent energization of said
X-ray tube during the accumulation of the charge
in said energy storage means, means adapted o
be connected to said last mentioned means 1o
cause the same to momentarily supply a heating
current to said cathode in excess of that required
for maximum emissivity and then automatically
decrease the current to a constant value, for the
purpose of causing a substantially instantaneous
rise in the cathode heating temperature fo the
point of desired electron emissivity with an at-
tendant simultaneous energization of said X-ray
tube, and means operable to simultaneously ren-
der said last mentioned means operable and to
interrupt the source of rectified alternating cur-
rent in order to prevent the same from imposing
a sinusoidal wave form upon the X-ray fube exci-
tation energy.

3. In an X-ray gystem for taking X-ray photo-
graphs in & short interval of time the combination
of an energy storage means adapted to accumu-
late a high potential charge of electrical energy,
a source of rectified alternating current for charg-
ing said energy storage means, & discharge circuit
for said energy storage means jncluding an X-ray
tube provided with a thermionic cathode, & source
of heating current for the cathode of said X-ray
tibe including rneans normally operative 1o
maintain said cathode at & ‘temperature below
that required for thermionic emission; and means
adapted to be connected to said cathode heating
source and operable to cause a momentary in-
crease in the current: supplied to said cathode in
excess of that necessary for maximum emis-
sivity, in order to cause & substantially instan-
taneous rise in the cathode heating temperature
to the point of desired electron emissivity with
attendant energization of said X-ray tube by the
discharge of said energy storage means.

4. In an X-ray system for taking X-ray photo-
graphs in a short interval of time, the combi-
pation of energy storage means, & source of pul-
sating electrical energy for accumulating a charge
in said energy storage means, ai X-ray tube
provided with a thermionic cathode and con-
nected to said energy storage means for energi-
zation by the charge accumulated therein, 2
source of heating current for the cathode of said

75 X-ray tube including a resistance element nor-

that veguired for maximum emissivity,

2,129,383

mally operative to cause the heating current to
maintain the cathode at a temperature insuf-
ficient for electron emission to prevent energiza-
tion of sald X-ray tube during the accumulation
of the charge in said energy storage means; and
a resistance element adapted to be connected to
said cathode heating source to cause a large mo-
mentary variation in the effect of said first men-
tioned resistance element and an increase in the
current supplied to said cathode in excess of
that required for maximum emissivity with an
automatic decrease of current to a constant value
after the lapse of a brief instant, for the purpose
of causing & substantially instantaneous rise in
cathode heating temperature to the point of de-
gired electron emissivity with an attendant simul-
taneous energization of said X-ray tube.

5. In an X-ray system for taking ®-ray pho-
tographs In & short interval of time the com-
pination with an X-ray tube provided with 2
thermionic cathode and a source of high potential
electrical energy for energizing said X-ray tube,
of means for controlling the energization of said
X-ray tube comprising a source of electrical en-
ergy for supplying heating current to the cathode
of said tube, a resistance element included in said
cathode heating source and normally operative
to supply & heating current
to said cathode and maintain the latter at &
temperature insufiicient for electron emission;
and a second resistance element adapted to be
connected to said source having an initial low
resistance which rapidly increases upon ‘connec-
tion therecf to said cathode heating source, for
the purpose of momentarily causing said cathode
heating source to supply a current to said cath-
ode in excess of that required for maximum emis-
sivity, and both of said resistance elements
reaching a state of equilibrium after the lapse of
o hrief instant to automatically reduce gaid cur-
rent and maintain it at a constant value, in
order to cause gubstantially an instantaneous
rise in cathode heating temperature to the point
of desired electron emissivity with an attendant
energization of said <X-ray tube by said high po-
tential source. :

6. In an X-ray system for taking X-ray photo-
graphs in a short interval of time the combina-
tion with an X-ray tube provided with a ther-
mionic cathode and a source of high potential
electrical energy for energizing gaid X-ray tube
comprising an energy storage means adapted to
accumulate & high potential charge from a source
of rectified alternating current, of means for
controlling the energization of said X-ray tube
comprising a source of electrical energy for sup-
plying heating current to the cathode of said
tube, a resistance element included in said source
and normally operable to cause the same to sup-
ply a heating current to said cathode and main-
tain the latter at a temperature insufficient for
electron emission; a second resistance element
adapted to be connected to said cathode heating
gource having an initial low resistance which
rapidly increases upon connection to said source,
to momentarily cause said cathode heating source
to supply & current to said cathode in excess of
said sec-
ond resistance element being adapted to reach a
state of equilibrium with said first mentioned
resistance upon an increase in its resistance, o
automatically reduce said cathode heating cur-
rent and maintain it at a constant value, in or-
der to cause substantially an instantaneous rise
in cathode heating temperature t0 the point of
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7. The method of taking short exposure X-ray
photographs in & predetermined short interva]
of time with gn X-ray tube having g thermionic
cathode which consists in accumulating g charge
i ial electrical energy of a prede-
termined maximum value, maintaining the cath-
ode of the X-ray tube at g temperature below
that required for thermionic emission to prevent
any excitation of the X-ray tube until the ae-
cumulated charge has attained its predetermined
maximum value, raising the temperature of the
cathode of the X-ray tube substantially instan-
taneously to that

maintain the cathode temperature at the ge-
Sired electron EMissivity, in order to cause th

accumulated charge to be supplied to the X-ray

berature, and the initial surge of current to be
substantially at itg maximum valye,

5

energization of the X-ray tube by
the accumulated charge,

9. The method
ray photographs in g short interval of time with

maximum value, maintaining the cathode of the
X-ray tube at a temperature below that re-
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