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This invention relates to X-ray systems and
particularly to controlling means for activating
an X-ray tube at predetermined times with an
accuracy of the order of a tenth of a microsec-
ond.

In the investigation of many rapidly occurring
events or the examination of bodies undergoing
rapid change, X-ray techniques have received
widespread acceptance. The usual arrangement
in conducting such observations generally in-
cludes an X-ray tube of desired characteristics
and an X-ray sensitive film suitably cased dis-
posed at opposite sides of the object or path of
the event being studied. A source of potential is
provided for the activation of the X-ray tube and
means are provided for timing the production of
X-rays to the oceurrence of the event or change.
Such last mentioned means have generally con-
sisted of various types of switching circuits, pho-
toelectrically or otherwise activated, which at
best operated with considerable fluctuation in
time. Furthermore, activation of the X-ray tube
jtself was generally brought about by the em-
ployment of a surge generator capable of produc-
ing an instantaneous high potential difference
between cathode and anode of the fube.

One such type of surge generator is known as
the Marx generator and comprises a plurality of
capacitors interconnected so as to be charged in
parallel from a source of moderate voltages and
discharged in series to produce an additive surge
of potential. Such generators were heretofore
generally employed in a double ended manner so
that the capacitors formed upon discharge a
series circuit with the X-ray tube. The discharge
of the tube under such circumstances took place
rather haphazardly in time and accuracies in
timing of fractions of a microsecond were unch-
tainable.

While attempts to effect greater accuracy in the
time of discharge of an X-ray tube were made by
improved construction of X-ray tubes and the
addition of auxiliary electrodes, many shorteom-
ings remained. 'The systems associated with the

tubes were characterized by an inflexibility which

prevented changes to accommodate for changes
in tube characteristics or operating conditions
and thus the operation of these improved tubes
left much to be desired.

~ In copending U. S. patent application S. N.
776,237, filed September 26, 1947, now U. S. Pat-
ent No. 2,524,240, granted to Titterton and Voor-
hies October 3, 1950, there is described an im-
proved X-ray system and surge generator for
producing X-ray bursts with a high degree of
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timing accuracy. The invention there described
also presents other advantages in the construc-
tion and operation of such a system.

Tt is an object of the present invention to pro-
vide an X-ray system for the observation of rap-
idly occurring phenomena.

Tt is a further object of the present invention
to provide an X-ray system in which the time of
production of X-rays is governed to fractions of a
microsecond. )

It is a further object of the present invention to
provide a flexible X-ray producing system which
is readily adapted to changes in conditions of op-
eration or changes in the X-ray tube character-
isties.

Other objects and advantages of the present
invention will be apparent from the following
description of a presently preferred embodiment
in conjunction with the drawings made part of
this specification in which:

Figure 1 is a schematic diagram indicating the
mode of operation of the system of the present
invention.

Figure 2 is a circuit diagram of the main ele-
ments of the system. i

1t is immediately apparent from an examina-
tion of the drawings that the instant system em-
ploys as the X-ray emitting element a conven-
tional X-ray tube having a cathode, a directly
grounded electrode and a target electrode. With
such a tube, initial energization of the cathode
is accomplished by establishing a low power dis-
charge to the grounded electrode. In a sense, this
initial cathodic energization prepares the cath-
ode for substantial electron emission when the
full or main voltage surge is placed across the
cathode and target electrode. This initial ener-
gization was recognized as useful at an early date
with respect to hot cathode X-ray tubes and sys-
tems employing the same have been described as
for example in U. S. Patent No. 1,250,731, granted
to Waite December 18, 1917, and U. 8. Patent No.
1,983,643, granted to Simon et al. December 11,
1934.

n combination with such a tube the present in-
vention provides a main generator circuit asso-
ciated with the target electrode, an electron
source generator eireuit associated with the cath-
ode, each of said generstor circuits being con-
trolled by a separate triggering circuit, said trig-
gering circuits in turn being associated in time
delay relationship with a source of initiating
pulses. )

Referring to the drawings and more specifically
Figure 1 thereof, the cooperating elements of the
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system are indicated largely by box diagram in
order to point out clearly the benefits of the
combination. An X-ray tube generally referred
to by numeral 7 is seen to comprise an outer en-
velope which serves to support in fixed relation-
ship cathode 8, grounded electrode 9 and target
electrode 0. Electrode 9 is connected directly
to the ground point of the system as indicated at
{1. Cathode 8 is normally maintained at ground
potential through the inductance 12 and is asso-
ciated through spark gap (3 with a source of mod-
erate voltage labeled electron source generator.
This source generator, as will be explained below,
is operative at a predetermined time to supply a
voltage pulse to cathode 8 to establish a momen-
tary electron discharge between said cathode and
electrode 9, inductance {2 being chosen of a value
to block the passage of said pulse to ground. The
source generator is in turn activated by a so-
called firing unit A, e. 2. a-pulse transformer which
supplies a fast rising trigeering pulse originating
at the single pulsing unit to said generator.

Target electrode 18 is directly associated with
a surge or main generator capable of supplying a
substantial positive voltage surge and instan-
taneously establishing & high potential difference
across electrode {9 and cathode 8, thus initiating
electron discharge therebetween with consequent
X-ray emission at the said target. The main
generator is activated by firing unit B, also a
pulse transformer eircuit as firing unit A, which
receives the pulse from the single pulser unit
through a pulse delay unit. The delay unit is
preferably variable in the lensth of delay pro-
vided in order to provide flexibility required by
variations in operating conditions. The delay
required is usvally in the range from zero to two.
miecroseconds and it is desirable to provide a
delay circuit which is variable in small steps in
this range.

It is thus seen that to produce an X-ray burst
or flash the pulsing unit is suitably activated and
produces a pulse which is fed directly to the delay
unit and to firing unit A. Piring unit A vassas
the pulse to the source generator causing surge
discharge thereof and impressing between
cathode 8 and anode 8 an instantaneous poten-
tial, e. g. about one hundred and fifty kilovolts,
causing electron emission at eathode 8§ to take
place. The pulse passed to the delay unit is suit-
ably delayed, for a microsecond for example, and
is then fed to firing unit B, thus initiating surge

- discharge of the main generator and consequent
establishment of a high potential difference he~
tween target electrode 18 and cathodz 8§ subse-
quent to the initiation of electron emission.

Under such operation it has been determined
that the time of X-ray emission can be accurately
controlled to within a fraction of a microsecond
and in fact to within 0.1 mierosscond. As a re-
sult the accurate determination of the conditions
existing at a particular predetermined time in a
body undergoing rapid change can he attained.

Turning now to Figure 2, further advantages
of the present system will be apparent. By main-
taining cathode & at ground potential single and
Surge generators can be employed, and trigger-
ing thereof accomplished by single trigger gaps
In place of the two gaps as shown in the copend-
ing application of Titterton and Voorhies cited
above. Thus, for example the main generator,
generically designated by reference numersal 5,
is seen to comprise a plurality of capacitors 16
through 28 (the broken lines indicating that any
predetermined number may be used) intercon-
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nected in parallel by resistors 21 to permit charg~
ing to predetermined potentials and intercon-
nected in series by gaps 22 through 25 so that
the discharge of said capacitors is additive,
Capacitor 16 is charged positively with respect to
ground from a positive potential supply indi-
cated by conductor 2§ and limiting resistor 21.
Capacitors 17 through 20 on the other hand float
with respect to ground, being charged equally
positive and negative from the positive potential
supply indicated by conductor 28 and the nega-~
tive potential supply indicated by conductor 28
and limiting resistor 29. Between capacitors (5
and {7 gap 22 is provided to interconnect said
capacitors in series for discharge. Said gap 22
is of well-known construction and comprises a
pair of spaced apart electrodes between which is
Interposed a trigger electrode 31 adapted to be
pulsed through auxiliary pulse transformer 30,
the primary 31 of which is directly eonunectad to
firing unit B (Pigure 1). In such s gap the
potential difference between the main electrodes
existing by reasen of the charge on capacitors {6
and {7, is insufficient to break down in an are
discharge; whereas upon imposition of a sharp
bulse on trigger electrode 31, the gap does break
down.

With such breakdown, the positive  voltage
stored in capaeitor {8 passes to capacitor {7 and
thus overloads gap 23 which in turn breaks
down; this stepwise breakdown through the gen-
erator ultimately resulting in the application of
a positive high potential surge between target (9
angd cathode 8§ giving rise to K-ray emission.

Source generator 32, which in the nermal
operation of the system, is activated hefore main
generator (6 as noted above, also cemprises a
plurality of capacitors, one of which, capacitor
338, is charged positively with respect to greund
and the others, for example capacitors 24 and 35
float, i. e. are charged both positively and nega-
tively from the positive supply indicated hy con-
ductor 3§ and limiting resistor 37 and the nega-~
tive supply indicated by conductor 38 and limit-
ing resistor 39.

The gap 40 between floating capacitors 34 and
35 is the normal two electrode type, while the
trigger gap 41 between grounded capacitor 38
and capacitor 34 is of the three electrode type
described above; pulse transformer 42 being em-
ployed to associate trigger electrode 43 with firing
unit A (see Figure 1). Capacity terminated de-
lay lines 44 and 45 are associated with capacitors
34 and 35 respectively, to provide continuity for
a predetermined time for the arc discharge ini-
tiating output of generator 32.

In operation the application of g triggering
pulse of electrode 43, breaks down gap 4! per-
mitting addition of the charges on capacitors 33
and 34. In turn, as a result of being thus over-
loaded gap 40 breaks down and the charge on
capacitor 35 is. added to the output. This output
is supplied across gap 13 to cathode 8 and is suf-
ficient to initiate discharge between cathode 8
and grounded electrode 9 in anticipation of the
application to tube 1 of the main voltage surge
from generator 5.

Circuitwise, the other elements of the system

can be of any desired construction. As the pa--

rameters thereof do not change the principles
of operation here described, no detailed discussion
of such elements is believed necessary. The puls-
er unit may be of the type to supply a single
output pulse of predetermined characteristics or
a plurality of them, spaced in time to permit in-
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termittent X-ray flashes to be obtained from
the system. The delay unit employed in associa-
tion with main generator 15, likewise may be of
any desired type, the significant features heing
the delay and pulse shape obtainable at the out-
put thereof.

1t is thus apparent that many widely different
variations in the form and operation of the
system of the present invention will now present
themselves to one skilled in the art. As a con-
sequence, the limitations which may appear from
the description of the specific embodiment given
above should only be deemed to be limiting on
the scope of the invention only to the extent
that they are defined in the appended claims.

What i$ claimed is: G
1. An X-ray system comprising an X-ray fube
having 2 cathode grounded through an induct-

ance, a directly grounded electrode and a target

electrode, first surge generator means in series 0

between “said target electrode and ground for
effecting arc discharge between said target elec-
trode and said cathode, second surge generator
means in series between said cathode and ground
and in parallel with said inductance for effecting
arc discharge between said cathode and said
grounded electrode, separate: triggering means
associated with each of said generator means
and with each other in predetermined time de-
lay relationship whereby said second generator
means is activated to discharge in advance of
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said first generator means, and a common means
for activating said triggering means.

2. A system as in claim 1 in which the second
surge generator means includes discharge pro-
longation means for effecting over a predeter-
mined time the discharge between said cathode
and said grounded electrode.

3. An X-ray system comprising an X-ray tube
having a cathode grounded through an induct-
ance, a grounded electrode, and a target elec~
trode, first surge generator means in series bhe-
tween said target electrode and ground for ef-
fecting arc discharge between said target elec-
trode and said cathode, second surge generator
means in series between said cathode and ground
and in paralle] with said inductance for effecting
arc discharge between said cathode and said
grounded electrode, separate triggering means
including pulse transformers associated with each
of said generator means and responsive to an
input pulse to activate said generator means to
effect the respective tube discharges, pulse de-
lay means associated with the triggering means
for said first generator means, and pulsing means
for providing activating pulses at a predetermined
time to said delay means and to the triggering
means associated with said second generator
means.

ERNEST W. TITTERTON.
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