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The present Invention relates to ther-
mionic apparatus, and In particular to the
regulation of thermionic X-ray tubes and

1ts object is to provide a stabilizer or regu-

lator for maintaining a desired electron
emissivity and thereby a desired space cur-
rent 1n g thermionic device. -

The X-ray output of an X-ray tube varies
directly with the electron emission of the
cathode.. The electron emission varies both
with variations of cathode temperature and
variations of gas conditions in the X-ray
tube. When an X-ray tube 1s operated by
current derived from commercial circuits,
variations in voltage are constantly occur-
ring thereby altering the cathode tempera-
ture. . Also ordinary X-ray tubes are sub-
ject to changes in residual gas content.
Tubes contalning targets backed with cop-
per or other metal, which can be freed from
ogas only with great difficulty, are particu-

- larly subject to such changes.

It has been found desirable, therefore,
to provide a stabilizer whereby the electron

28 emission of such a thermionic device as
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a Coolidge X-ray tube is maintained con-
stant even though its gas content or the

supply voltage for the cathode of the tube

should vary. In my prior United States
patent No. 1,663,102, 1ssued December 20,
1927, and 1n a paper published by me in the
Journal of Radiology for July, 1921, I have
described a vibrating stabilizer whereby in
response to. the space current in an X-ray
tube the duration of the flow of heating
current for the cathode is so controlled by
mechanical make and break contacts during

- the half wave impulses when current flow
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occurs through the X-ray tube that the
electron emission is maintained at the de-
sired value. - o

In accordance with my present invention
the control of the cathode heating current

in the X-ray tube, or othér thermionic de-

vice to be regulated, is carried on by an
auxiliary thermionic device which is pro-
vided with means, such as a grid, for con-
trolling the duration of flow of space cur-
rent therein. This auxiliary tube operates
in conjunction with regulating means to
so vary the voltage of the heating current
for the cathode of the main device that

a desired space current is maintained in

- 1Nustrates a modification. -

1s shunted by a condenser 19.
‘denser 19 prevents transient current im-
- 80

the main device. The _novell’ feature of my

mnvention will be pointed out with greater

particularity in the appended claims. -
The accompanying drawing shows in Fig.

1 a diagrammatic illustration of my inven-

tion as applied to an X-ray tube, and Fig. 2

In the system shown in Fig. 1, the ther-

mionic device in which a predetermined

space current is desired is indicated at 1.
This device, forillustration, may be a highly
exhausted X-ray tube, such as the Coolidge

1,203,495 1ssued October 81, 1916. This tube
1s provided with a thermionic cathode 2 and
an anode 3, these electrodes being connected
1n the usual manner to current supply con-
ductors ‘4, 5. The cathode 2 is supplied
with heating current by the conductors 4, 6
which are connected to the secondary of a
transformer 7. The primary winding of
this transformer is connected by the con-
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~tube, which is described in U. S. Patent
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ductors 8, 9 to the supply mains 10, the cur-

rent in the main circuit 4, 5 and in the heat-
ing circuit 4, 6, therefore, being in synchro-

nmism. ‘I'he main supply conductors 4, 5 for

the X-ray tube are connected to the high
potential secondary of a transformer 192.
The primary winding of the transformer 12
1s connected by the conductors 13, 14 1n
circult with a switch 15 to the supply mains
10. The secondary windings 16, 17 of the
transformer 12 are connected in series
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through a non-inductive resistance 18, which

pulses from starting the operation of the
device 21 prematurely. o o

~ Assuming the device 1 to be 6perated at
_ given cathode
temperature, which is the usual method of

saturation current for any

operating a thermionic X-ray tube, then in
the system described the  space current

through the tube would vary with the varia-

tion of voltage in the supply mains 10 or
with a variation of gas content of the tube.
In order to prevent such variation of space

current, I have provided a thermionic regu-

lator tube 21. As diagrammatically indi-
cated, the tube 21 has a thermionie cathode
22, an anode 23 and a grid 24, which has

been reEresented by a dotted line and which
preferably surrounds the anode. This aux-

The con-
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o iliary tube 'shoulldi be ﬁrsthighgr .'évacuated

" and freed of water vapor and
' vided with a %33'01‘ a source of vapor, such’

then pro-

as mercury. It may be provided with some

. inert gas, such as argon, at a pressure, for

~ example, of about five and one-half centi-
meters of mercury. An electrical valve tube
of this general character is known as a
th{ratron. ST T

_ ‘the current flow is initi-

n a thyratron

~ ated suddenly from zero to full normal value

o when the charge of
negative to positive.

the grid changes from

ing througl

a thyratron, no change of space

~ plied with heating current by a transformer
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| former 7 and receive current from t
- 25

- 96, the primary of which is connected by the
‘conductors 27, 28 to the squplﬂ mains 10,

The cathode and the anode of the regulator

. - tube 21 are.connected by the conductors 29,

30 to the primary circuit of the ,sup{;ly trans-

connected respectively by the conductors 32,

83 to the resistance 18, one of the terminals

84 preferably being adjustable, as indicated.
A iasingbattery% is provided in the grid

39, 83 and is connected as indicated
~ to impress a negative potential on the orid

30

circuit 3

o4

Y the system described a space current
- drop of voltage in the resistance 18 which is

through the thermionic tube 1 produces a

~ connected to oppose in potential the biasing

40

“battery 85.  As long as the grid potential 1s
-~ npegative no current flow will take place
through the valve tube 21. - When the space
~ current through the tube 1 increases in any

~ half wave impulse to a value at which the
~ potential drop across the resistance 18 ex-

"3

~ ceeds the potential drop across the battery
35, then the grid becomes positive and an

~ electronic current flow begins through the
 yalve tube 21. As the current which flows
~ through the valve tube 21 is derived through
. the resistance 31, an increase of current
through this valve tube increases the poten-
- tial drop in the resistance 31 and lowers.the
. voltage of the heating current for the cath-
" ode 2 of the main thermionic tube 1. The

" temperature of the cathode thereby is low-

ered, decreasing the electron emission or pre-.
‘venting its undesired increase and conse- .
‘quently maintaining the space. current
‘through the thermionic tube 1 at a desired

‘average valge,
"~ Any tendency for the current in the tube
1 to fall below a desired value, for example
due to a decrease of voltage in. the supply
“mains 10, 11, or to the evolution of deleteri-
ous gas, 1s immediateg counteracted thr.ou%h .
‘the intermediary of th by

e

regulator tube 21

curs wit

Should the grfd charge i_.

"~ become .ne%lative while space current is flow-
15 ¢

' current results.

" The cathode 22 of this valve tube is sup-

et 8 B AT . e supply but differs therefrom
mains 10 through a non-inductive resistance

‘ary of the transformer 37

- In the

1883104

& decrease of '?OI:tB»jge‘derOP in th.e.' resmtance o

31 and an increase of cathode temperatureso
that the right amount of heating current is
delivered to the cathode 2 to maintain the

space current at the desired value.
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The OEerationof the regulator tube 91 0c-

from all mechanically moving parts and

its action that no _perceptible variation. of

average space current occurs in the circuit

of the main tube 1 as shown by a meter.

out time lag and the system is free

 therefore remains at all times i1n proper
‘working condition without mechanical ad-
justments. The regulation is so quickly re-
“sponsive to conditions and is so positive in
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During each half wave of alternating cur-

rent passing through the main thermionic "

the desired value.

‘tube the voltage of the heating currentisso
‘regulated that the electron emission of the -
cathode in the main devlce 1S m_alintained:sa"t_ )

" The system shown in Fig, 2 is similar in
most respects to the sgstemshowni'n Fig.1

- rom by the insertion of the
secondary, winding of the transformer 37 in-
place of the biasing battery 35. The primary

winding of this transformer 37 is connected

by the conductors 38, 39 to the conductors

potential trans

ormer 12. It also differs

13, 14 which 811p})1y current to the main high

v

from the system shown in Fig. 1 by theuse
of an inductance coil 40 as an impedance ..
device in place of the non-inductive resist-
ance 18. The potential of the inductance coil =

40 is opposed to the potential of the second- -

;o _UPOII::-E_'I‘ISGAO o

current in the main circuit 4, 5, the poten-
tial of the grid 24 of the regulator tube 21

‘becomes positive so that current flow begins
“throught

e If_egulﬁtor,,tubé; " 'Current through

| _ll_lfi

the regulator tube will occur during periods
of such duration that the space current
through the tube 1 is maintained at the

desired predetermined value. Should the =
space current in the main tube tend to rise,

;l'llo_'

ow of current through the regulator tube -

‘will occur earlier during the cycle and -

should the space current therein tend to fall

then current flow through the regulator tube

will occur later to maintain the voltage of

1is

the heating current at a value which will

parture from a predetermined value of the

space current in the X-ray or other tube to
bfl‘ regulated occurs as the described parts of
~ the

system are 50 arran?d and the values

of the resistances and other regulating ele-

~ ments are so chosen that a required amount
“of cathode heating current is supplied to the
“cathode during each half wave impulse.

"~ Although I have described my invention

‘with particular reference to the regulation

produce a desired electron emission from the
cathode of the tube1.
,In the operation of either of the systems
shown in Figs. 1 and 2 no perceptible de-
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of the space current in an X-ray tube in
order to regulate its X-ray output, I wish it
to be understood that it is of general appli-
cation to thermionic devices in which a regu-
lation of space current is desired.

What I claim as new and desire to secure
by Letters Patent of the United States 1s:

1. The combination of a main thermionic
device, means for delivering impulses of cur-
rent to the cathode of said device, thermionic
regulating means for decreasing said current
impulses, means for initiating the operation
of said regulating means when the space cur-
rent in said main thermionic device has
reached a predetermined value thereby op-
posing further increase of space current.

2. The combination of a thermionic X-ray
tube, means for delivering impulses of cur-
rent to the cathode of said tube, thermionic
regulating means for controlling said cur-
rent impulses, means for rendering said de-
vice non-operative during a part of each
such impulse of current, and means put into
operation' when the space current in. said
X-ray tube reaches a predetermined value
for rendering operative said thermionic
means.

3. The combination of a thermionic tube

to be regulated, a heating circuit for the
cathode of said tube, a voltage-consuming
means in said heating circuit, an auxihary
thermionic device which is provided with a
orid and contains a supply of gas ata pres-
sure sufficiently high to neutralize space
charge by ionization, electrical connections
whereby space current will be delivered to
said auxiliary device in circuit with said
voltage-consuming means, and means where-

by said grid will be charged to a positive po-

tential when the space current through the
tube to be regulated rises to and above a pre-
determined value. |

4. The combination of a thermionic X-ray
tube, a circuit for delivering current to heat
- the cathode of said tube, a voltage-consum-
ing means in said circuit, an auxiliary ther-
mionic device of the gas ionization type pro-
vided with a grid for preventing the initia-
tion of current flow therethrough in response
to a negative potential applied to said grid,
circuit connections for deriving current for
said auxiliary device through said voltage-
consuming means, means for biasing said
orid at a negative potential and means for
i opposing said negative potential by a posi-
tive potential varying directly in response
tobvariations in space current in said X-ray
tube. '

5. The combination of a main thermionic

3

device, a heating circuit for the cathode of

said device, voltage-consuming means in said
circuit, an auxiliary thermionic device con-
nected to vary the voltage drop 1n said volt-
age-consuming means, and means for timing
the flow of space current in said auxiliary
thermionic device to occur when the space
current of the main thermionic device has
reached a predetermined value.

6. An Jg-ray apparatus comprising an X-
ray tube having a cathode adapted to be
heated by passage of current, a source of
alternating current connected to the main
electrodes of said X-ray tube, a heating cir-
cuit for the cathode arranged to receive
alternating current in synchronism with
said source, and thermionic regulating
means responsive to load current in said
X-ray tube, means for rendering said means
non-operative at the beginning of successive
current impulses through said X-ray tube,
and means for withdrawing current by said
thermionic means from said heating circuit
for periods of such duration that the electron
emission of said cathode is maintained at a
substantially constant average value.

7. An electric apparatus comprising a
thermionic device, a cathode heating circuit
therefor, a thyratron, circuit connections for
delivering impulses of variable current to
said device, means for initially charging the
orid of said thyratron to a negative poten-
tial, means for superimposing a positive
potential upon said grid varying directly
with the current through said thermionic
device and circuit connections for regulating
the electrical heating current of the cathode
of said thermionic device 1nversely with
current flow through said thyratron.

8. An X-ray apparatus comprising a ther-
mionic pure electron discharge X-ray tube, a,

source of alternating current connected to

the main electrodes of said tube, an 1m-

pedance device in said circuit, a cathode

heating circuit also connected to sald source,
a thyratron having a cathode, an anode

anid a grid, connections from the grid and
cathode of said thyratron to sald impedance
device whereby an increase of current in

said X-ray device produces an lncrease of
length of the conductive periods. of said
thyratron and circuit connections from the
cathode and anode of said thyratron whereby
current is withdrawn therethrough from the
heating circuit of said X-ray tube.

In witness whereof, I have hereunto set
my hand this 23d day of March, 1927,

WILLIAM K. KEARSLEY.
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