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3,256,439 
HIGH VOLTAGE AND HIGH CURRENT PULSE 
GENERATOR IN COMBINATION WITH FIELD 
EMISSION TYPE X-RAY TUBE 

Walter P. Dyke and Frank J. Grundhauser, McMinnville, 
and Norman W. Stunkard, Oswego, 0reg., assignors to 
Field Emission Corporation, McMinnville, 0reg., a cor 
poration of Oregon 

Filed Dec. 17, 1962, Ser. No. 245,182 
15 Claims. (Cl. 250-98) 

This invention relates to an X-ray unit and to a high 
energy electrical pulse generator employed in such X-ray 
unit, as well as to a charge storage module used by such 
electrical pulse generator. The present invention relates 
more particularly to .an X-ray unit which may be of small 
size so as to be readily portable and which will produce 
one or a series of short pulses of high intensity X-rays, 
each containing the same amount of X-ray radiation so 
that the total exposure or dosage can be accurately con 
trolled in a simple manner. 
The X-ray unit of the present invention includes a high 

voltage pulse generator having a plurality of charge stor 
age modules of ‘generally plate-like form each containing 
-at least one transmission line section which can be charged 
to a high voltage. Thus the modules may be of circular 
or rectangular shape in plan and have opposed major sur 
rfaces oi considerably greater dimensions than the thick 
ness of the modules. The modules are positioned so as 
to be stacked with their major sur?aces adjacent each 
other and connections embedded in such surfaces con 
nect the transmission line- sections together through iso 
lating impedances which allow the sections to be charged 
in parallel with DC. but to prevent short oircuiting of 
short high. voltage pulses produced by discharging the 
transmission line sections in series. 
Each module contains a spark gap for connecting the 

transmission line sections in series when the spark gaps 
break down. The spark gaps are positioned in recesses 
in the modules so as to be in alignment and be exposed to 
each other. The modules are held in alignment by being 
positioned in a casing and the casing may be closed so 
as to provide for maintaining a gas under pressure in the 
casing. The gas in the triggered spark gap emits ultra 
violet light when it is ionized and this light is transmit-ted 
to the remaining spark gaps substantially instantaneously 
to cause the breakdown of such remaining spark gaps at 
approximately the same time in the manner described in 
copending US. patent application, Serial No. 103,796, 
?led by W. P. ,Dyke et al. on April 18, 1961, and entitled 
“High Voltage Pulser.” The various elements of the 
modules themselves are immersed or potted in dielectric 
material such as synthetic resins having high dielectric 
strength so that premature sparking or flashover within 
the modules themselves is largely prevented. The gas 
pressure in the casing, however, increases the voltage to 
which the transmission line sections may be charged 
without undesired premature discharge or arcing between 
exposed conductors on the surfaces of the modules. The 
positive gas pressure also isolates the interior of the 
pulser from atmospheric effects by preventing the entrance 
of moisture, dust, etc. In case of failure of any module, 
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however, the casing can be readily opened and a new . 
module substituted for the defective module. 
The casing also preferably has provision for support 

ing and housing an X-ray tube of a type which can be 
energized by high voltage, high current electrical pulses. 
The tube may thus be positioned in a tube extending 
through aligned ‘apertures in the modules or a separate 
housing forming part of the casing structure can be em 
ployed. Provision is also preferably made for positioning 
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the tube at the end of a suitable cable so that the tube 
can be brought closer to the object to be X-rayed in cases 
where the casing is inconveniently large. 
The X-ray uni-t also includes a charging and control 

circuit which enables charging of the transmission line sec 
tions to a predetermined high voltage and also enables 
triggering of the operation of the spark gaps to provide the 
high voltage, high our-rent pulses referred to above. Such 
control circuit preferably enables a predetermined and 
presettable number of such pulses to be produced in 
rapid ' succession. 

It is therefore an object of the present invention to 
provide an improved X-ray unit which may be portable 
and of small size. 
Another object of the invention is to provide an X-ray 

unit in which a plurality of modules each containing a 
transmission line section capable of being charged to a 
high voltage are held in a compact stacked arrangement. 
An additional object of the present invention is to pro 

vide an improved electrical pulse generator which pro 
duces narrow, rectangular pulses of high voltage and 
current and of short rise time by causing a plurality of 
spark gaps to break down at substantially the same time 
to discharge a plurality of storage modules in series. 
Another object of the invention is‘to provide an X-ray 

unit in which a plurality of modules for storing electricity 
at high voltage are held securely in a casing which also 
forms a housing for an X-ray tube capable of producing 
intense pulses of X-rays of short duration when said 
modules are discharged in series through said tube. 

Still another object of the present invention is to pro 
vide a charge storage module of small size and rugged 
construction which contains an arti?cial transmission line 
of substantially uniform characteristic impedance con 
nected to spark gap electrodes attached to such module. 
A further object of the invention is to provide an X-ray 

unit capable of producing a series of intense pulses of 
X~ray radiation, each having a predetermined amount of 
such radiation, in rapid succession and in which the num 
ber of pulses thereby produced is predetermined and pre 
settable in order to ‘accurately control the total X-ray 
radiation or dosage. 

Other objects and advantages of the invention will 
appear in the following description of embodiments there 
of shown in the attached drawing of which: 
FIG. 1 is a perspective view of the rear of an X-ray 

unit in accordance with the present invention with the rear 
cover removed; 
FIG. 2 is a side elevation of an assembly forming 

part of the unit of FIG. .1, including a ‘casing containing 
electricity storage modules provided with spark gaps and 
housing an X-ray tube, with parts of the casing broken 
away to show certain or’ the modules; 
FIG. 3 is a plan view of the assembly of FIG. 2 with 

parts broken away to show internal contents and structure 
‘and with the housed X-ray tube shown in longitudinal 
section; 

FIG. 4 is a side elevation of the plug end of a plug, 
cable and tube assembly by which the X-ray tube can ‘be 
employed at a distance from the X-ray unit of FIG. 1; 
FIG. 5 is a plan view of one of the modules of the as 

sembly of FIGS. 2 and 3 with the potting material largely 
omitted to show the internal arrangement of elements; 

‘FIG. 6 is a front elevation of the module of FIG. 4 
with internal parts shown in dotted lines; 

FIG. 7 is an isometric exploded view showing certain 
of the modules and a closure structure of the casing for 
the modules; 

FIG. 8 is an isometric view of a triggering module show 
ing the triggering electrode; ' 
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FIG. 9 is a perspective view of the unit of FIG. 1 with 
the rear cover removed and the plug, cable and tube as 

. sembly partly shown in FIG. 4 plugged into the unit; 
FIG. 10 is a longitudinal section through the casing 

of a modi?ed assembly of electricity storage modules and 
an X-ray tube positioned in a casing with portions of the 
modules shown in side elevation and other portions of 
the modules broken away; 

FIG. 11 is a plan view of one of the modules of FIG. 
10 on an enlarged scale with potting material omitted to 
show the arrangement of internal parts; 
. FIG. 12 is a side elevation of two of the modules of 
FIG. 11 with parts broken away and sectioned so that 
such parts are viewed in section approximately on the 
line 12-12 of FIG. 11; ' 

FIG. 13 is a schematic diagram showing the connec 
tions of the modules and the X-ray tube; and - 

FIG. 14 is a schematic diagram showing a control cir 
cuit for an X-ray unit capable of providing a preset num 

' ber of high intensity X-ray pulses in rapid succession. 
Referring more particularly to FIG. 1 of the'drawings, 

the X-ray unit of FIG. 1 includes a carrying case 20 
showing as having a carrying handle 22. The rear cover 
(not shown) has been removed from the carrying case 
to show that such case contains an electricity storage and 
X-ray tube assembly 24 which as shown in FIG. 3, in 
cludes a casing 26 of insulating material containing a 
plurality of electricity storage and spark gap modules 28 
and another similar module 29 modi?ed for performing 
a triggering operation. The assembly also includes an 
X-ray tube 30, a trigger transformer 32 and a desiccant 
element 34. 
The carrying case 20 of FIG. 1 also contains a control 

assembly 36 containing the control and high voltage'sup 
ply circuit of FIG. 14. It will be understood that the 
carrying case 20 of FIG. 1 will also have a front panel 
(not shown) through which extend from the control unit, 
the various control shafts and push button controls indi 
cated diagrammatically in FIG. 14. It will also be under 
stood that such front panel will have various control -in 
dicia thereon in a manner conventional with electric or 
electronic instruments. 
As shown in FIGS. 2 and 3, the modules 28 and 29 arev 

housed in the main body portion of the casing 26 of the 
assembly 24 and the X-ray tube 30 and desiccant element 
34 are positioned in separate housings 38 and 40, respec 
tively, integral with and carried by the casing 26. The 
desiccant element 34 may be of any suitable material such 
as silica gel, and the housing 40 therefor has a slot 42 in 
the wall between such housing and the main body portion 
of the casing 26 containing the modules 28 and 29 so that 
water vapor, can reach the desiccant element. The desic 
cant element is held in the housing 40 by a screw cap 
44 in the rear end of the housing 40. ' 
The X-ray tube 30 is held in its housing 38 by a cap 

46 received within the open end of such housing and 
held therein by a bayonet joint including screws 48 se 
cured in the cap and received in an inclined slot 50 in a 
tubular metal insert 52 forming part of the housing 38. 
The cap 46 has a thin window 54 in its end for X-rays. 
The X-ray tube has a metal cup-shaped end portion 56 
secured to a metallic annular member 58 which is sealed 
to the glass envelope 60 of the tube and which provides 
a radially extending ?ange engaged between the cap 46 
and metal insert 52 of the housing 38 to hold the tube 
in position. Such metal insert 52 also has a ring of spring 
?ngers 62 extending longitudinally of the tube and en 
gaging the annular member 58 to provide effective elec 
tric contact with such annular member. The cup-shaped 
member 56 for the tube is also provided with a thin me 
tallic window 64 for X-rays. 
The annular member 58 also provides an internal 

?ange forming a support for a cathode structure 66 of 
the type disclosed in the copending application of Dyke 
and Grund'hauser, Serial No. 114,125, ?led June 1, 1961, 
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now US. Patent 3,174,043. The cathode structure in 
cludes a plurality of blocks of metal arranged circum 
ferentially of the tube and each provided with a plurality 
of metallic needle points 68 directed radially inwardly of 
the tube. Such needle carrying blocks are supported in 
a tubular shielding and electron focusing metal member 
70 in turn supported on and in axial alignment with the 
annular member 58. A suitable metal for the needle 
points is tungsten and the annular member 58 should be 
of a metal alloy having substantially the same thermal 
coef?cient of expansion as the glass of the envelope 60. 
A conical anode element 72 is positioned centrally of 

the tube between the needle points 68 and also may be 
of tungsten. It is supported on a lead 74 so that its 
pointed end is directed toward the windows 64 and 54. 
When a high voltage, high current electron pulse discharge 
is produced between certain of the needle points 68 and 
the anode element 72 by ?eld emission and vacuum arc 
operation, an intense pulse of X-ray radiation is trans 
mitted through the windows 64 and 54. 
The anode lead 74 is sealed through a press in a re 

' entrant portion 76 in the glass envelope 60. The exterior 
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end of such lead is received in a socket member 78 form 
ing part of a metallic telescopic assembly 80 containing 
a compression spring 82 which expands the telescopic as 
sembly between the anode lead 74 and a metallic con 
nector element .84 molded into the end of the housing 
38 remote from the cap 46. The connector element has 
a conductor 85 leading to the interior of the casing 26 
for connection to the modules 28 and it will be under 
stood that a suitable conductor (not shown) leads to the 
metallic insert 52 of the tube housing 38. The spring 
‘82 urges the X-ray tube toward the cap 46 of the housing 
38 to hold it resiliently in position. 
The casing 26 for the modules is closed at one end and 

has a closure structure 86 at its end adjacent the cap 46 
for'the tube housing 38. Such closure structure is most 
clearly shown in FIG. 7 and includes a molded block of 
insulating material having a housing '88 for the trigger 
transformer 32 (FIG. 3) molded integrally therewith. 
The closure structure 86 has connectors 90 and 92 (FIG. 
7) for connection to coaxial cables 94 and 96 (FIG. 1), 
respectively, leading from the high voltage supply and 
trigger control, respectively, of the control assembly 36. 
As will be clear from the circuit diagram later described, 
the connector 90 (FIG. 7) has its inner conductor con 
nected internally of the closure structure to a spring con- _ 
tact 98 which projects from the closure structure toward 
one of the‘ modules 28 and the connector 92 has its inner 
conductor connected internally to one of the connectors 
100 (FIG. 3) ‘for the trigger transformer 32. One of the 
other trigger transformer connectors 100 is connected to a 
spring trigger contact 102 (FIG. 7) and the remaining 
connector 100 is connected to the outer conductor of the 
connector 92. Such outer conductor of connector 92 is 
also connected to the outer conductor of the connector 90 
and to a spring contact 104 similar to the spring contact 
98, as well as to a banana plug connector 106 which is 

' received in a socket (not shown) in the main body of the 
casing 26 and is connected to the metal insert 52 (FIG. 3) 
of the tube housing 38 so as to be in turn connected to the 
cathode structure of the tube 30. 
The closure structure 86 is held in position on the open 

end of the body of the casing 26 by screws 108 (FIG. 1) 
extending through suitable holes in the closure structure 
to form a gas tight enclosure. This positions the hous 
ing 88 for the trigger transformer 32 as shown in FIGS. 
1 and 3. The transformer 32 is a replaceable plug in 
element held in position by a screw cap 110 closing the 
transformer housing 88. The closure structure 86 also 
has a tube connector 112 to which a tube 114 (FIG. 1) 
leading from the control assembly ‘36 is connected. Such 
control assembly contains a small hand operated air 
pump (not shown) and a visible pressure gauge (also not 
shown) so that air under a de?nite pressure can. b? S.up— 
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plied through the tube 114. The connector 112 com 
municates with an aperture 115 on the inner ‘surface of the 
closure structure 86 so that the air pressure in the in 
terior of the casing 26 can be increased to a desired pres 
sure a‘bove'atmospheric pressure. 
The modules 28 are all similar and are rectangular 

plate-like members and each have four contact elements 
116, 118, 120 and 122. The contact elements 116 and 
118 project from the major surfaces of the modules 
which are directed toward the end of the casing 2-6 having 
closure structure 86. The contact elements 128 and 122 
form the lower surfaces of circular recesses in the other 
major surfaces of the modules and are in alignment with 
the contact elements 116 and 118, respectively, of an ad 
jacent module. The module 29 adjacent the closure struc 
ture is similar to the modules 28 except that it has a 
trigger electrode 123 supported in a web 124 as shown in 
FIG. 8. The trigger electrode extends through such web 
in position to be contacted by the spring contact 102 of 
FIG. 7. Otherwise the module 29 has the same structure 
as the other modules 28. It will be apparent that the con 
tact elements 116 and 118 of the module 29 will engage 
the spring contacts 184 and 98, respectively, and that the 
contact elements 118 and 122 of each of the modules 28 
and 29 constitute the DC. high voltage or charging con 
nections and the contact elements 116 and 120- the low 
voltage or DC ground connections. The contact ele 
ments 120 and 122 of the intermediate modules 28 in the 
stack make electrical contact with contact elements 116 
and 118, respectively, of adjacent modules through con 
nector springs 125 and the contact element 122 of the 
module 28 farthest from the closure structure 86 makes 
contact with a suitable spring contact (not shown) con 
nected to the conductor 85 (FIG. 3) leading to the anode 
connector 84 for the tube 30. The closure structure 86 
holds the modules in position with the springs 125 com 
pressed. Circular recesses 126 similar to and positioned 
on the same surfaces of the modules as the recesses as 
sociated with the contact elements 120 and 122 align with 
circular projections 127 (FIG. 6) to provide a third point 
of engagement between adjacent modules. It will be ap 
parent that the projection 127 on the trigger module 219 
will rest on the surface of the’closure structure 86‘ ad 
jacent the module 29. 
As shown in FIGS. 5, 6 and 13, each module 28 and 29 

includes four high voltage capacitors 128 having one 
terminal of each connected to a common support and 
conductor plate 130 and their other terminals connected 
to spaced points on a coil to provide individual inductors 
132 between such terminals with the inductors in series. 
A pair of spaced spark gap balls 134 and 136 are adjust-a 
bly supported in a recess 138 in an edge of each module 
28 and a similar recess 139 in the module 29. One end 
of the series of inductors 132 is connected through an 
other small inductor 140 to the spark gap ball 136 and to 
the‘ contact element 122. Such contact element is con 
nected through a larger isolating inductor 142 to the con 
tact element 118. The conductor plate 130 is connected 
directly to the contact element 116 and through another 
isolating inductor 144 to the other spark gap ball 134 and 
to the contact element 128. 

It is noted that the spark gaps provided by the balls 134 
and 136 are in alignment and exposed to each other so 
that ultraviolet radiation emitted from the ionized gas in 
the triggered spark gap will cause ionization and rapid 
breaking down of the other spark gaps. The recess 138 
in the modules 28 is, however, partly closed along one side 
by a notched web or ?ange 146 and the recess 139 in the 
module 29 is completely closed along one side by the web 
124 toprovide a longer path for surface leakage of cur 
rent between points of high voltage on the surfaces of the 
modules. It will ‘be understood that the modules are 
solid blocks of cast insulating material with the various 
elements described above potted or embedded therein. 

It will be recognized that the capacitors 128 and induc 
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tors 132 and 140 of each module form an arti?cial trans 
mission line of substantially uniform characteristic im 
pedance which can be charged and which will deliver a _ 
short substantially squarewave of high voltage, high cur 
rent electrical energy upon discharge. The inductors 148 
and 144 allow the transmission lines to be charged with 
DC. in parallel and to be discharged in series when the 
spark gaps ?re due to a triggering spark produced between 
the triggering electrode 123 and a spark gap ball 134. 
The cap 46, tube 30 and telescoping spring connector 

assembly 88 can be removed from the tube housing 38 
of FIG. 3 and the connector assembly 148 of FIG. 4 sub 
stituted therefor. The connector assembly includes a 
substitute cap 150 which replaces the cap 46 of FIG. 3 
and connects to the tubular metal insert 52 of such ?gure 
and to the outer conductor of a coaxial cable 152. The 
connector assembly 148 also includes a banana plug con 
nector received in the connector element 84 of FIG. 3 
connected to the conductor 85. , A 

As shown in FIG. 9 the other end of the cable 152 may 
be connected to a tube housing 156 which may have in 
ternal structure essentially similar to the tube housing 
38 of FIG. 3 and contain an X-ray tube 30. The outer 
conductor of the cable 152 is connected to a metal liner 
for the housing 156, similar to the metal insert 52 of FIG. 
3, and the inner conductor of such cable is connected to 
a connector element similar to the connector element 84. 
The tube may thus be operated at a distance from the 
remainder of the unit although the pulse voltage will, 
in general, be lower than that possible when the tube is 
in the housing 38 of FIG. 3 because of cable insulation 
limitations. 
The control circuit and high voltage supply circuit con 

tained in the assembly 36 is shown in FIG. 14 and in 
cludes a power input 158 from a conventional 115 Volt 
60 cycle line. One side 159 of the line contains a fuse 
160 and is connected to stepping relay contacts 162 which 
in conjunction with a stepped rotor 164 having a con 
tinuous contact except for a notch and another contact 
166 breaks the circuit when the notch is opposite the 
contact 166. The rotor can be manually turned clock 
wise in FIG. 14 a predetermined number of steps and, 
each time the actuating coil 168 of the stepping relay 
is energized, the rotor is moved one step in a counter 
clockwise direction until the circuit is broken. There also 
are norm-ally closed pressure safety relay contacts 170 in 
series with the side 159 of the 115 volt line, which con 
tacts will not remain closed unless a pressure actuated 
switch 172 is opened due to pressure in the casing 26 
(FIG. 3) for the modules 28. As long as the switch 
172 remains closed the relay contact 170 vibrates between i 
an open and closed position as will be apparent from the 
following description of the circuit, but the high voltage 
supply is not energized since a high voltage power relay 
cannot be operated under these conditions. 
Assuming that the pressure actuated switch 172 is 

open, the actuating coil 174 for the relay contact 170 
cannot be energized and the contact 170 remains closed. 
When the rotor 164 of the stepping relay is manually 
turned from the position shown, a circuit is completed 
through such rotor and the contact 170 and the primary 
winding 176 of a power transformer 178. A circuit is 
also closed through a ready pilot light 180. A normally 
open starting button 182 can then be depressed to com 
plete a circuit from chassis ground through a secondary 
winding 184 of the transformer 178, a current limiting 
resistor 186, a recti?er diode 188, a normally closed stop 
button 190, the actuating coil 192 of a high voltage power 
relay and the start button 182 to chassis ground. En 
ergization of the relay coil 192 closes the normally open 
relay contact 194 in parallel with the start button 182 to 
complete a holding circuit for the power relay coil 192. 
It also closes normally open relay contact 196 to com 
plete a circuit from the 115 volt line 159 through the 
rotor 164 of the stepping relay and the relay contacts 170 
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to the high voltage supply 200. This lights pilot light 
197 to show that the circuit is operating and such light 
remains on as long as power is supplied to the high volt— 
age supply 200. 

It is noted that, if the pressure switch 172 were closed, 
the relay coil 174 would be connected in parallel with 
the relay coil 192 to open the contact 170 when the start 
button is depressed, thus preventing the energization of 
the high voltage supply 200. The transformer 178 is 
also disconnected from the line so that the energization 
of the relay coils 174 and 192 fails. The result is that 
the contacts of these relays merely vibrate as long as the 
start button is held closed unless the switch 172 is opened 
by pressure in the module casing 26. The rectifying cir 
cuit including the diode 188 has a ?lter circuit made up 
of the capacitor 202 and resistor 204 so that the rate 
of vibration is relatively slow. 
Upon closure of the contact 196 of the high voltage 

power relay, the high voltage supply 200 is connected to 
the 115 volt line through one of two current limiting 
variable resistors 206 or 208, depending upon the posi 
tion of switch 209 which set the rate of charging the 
modules of the circuit of FIG. 13. The position of the 
switch is selected in accordance with whether the X-ray 
tube 30 is positioned in the housing in the unit itself and 
thus operated at maximum voltage or is operated at the 
end of a cable and at a lower voltage. The high voltage 
supply 200 may be of ‘any conventional type, capable 
of providing a DC. output voltage of, for example, 17 
kv. with a current of a few milliamperes. 
The voltage builds up across the output of the high 

voltage supply as the transmission lines of the modules 28 
charge and a portion of this voltage is obtained through 
a voltage dropping ‘circuit including a resistor 210 in 
series with a pair of potentiometers 212 ‘and 214 con 
nected in parallel and between the high voltage supply out 
let and the chassis ground. Depending upon the position 
of a switch 216 ganged with the switch 209, a portion 
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of the voltage referred to is applied through one of the ' 
potentiometers 212 or 214 and the switch 216 to the 
emitter of a unijunction transistor 218 having one of its 
base electrodes held at a constant positive voltage by a 
Zcner diode 220 connected through a resistor 222 to the 
output of the recti?er diode 188. The Zcner diode has 
its cathode connected to the resistor 222 and such base 
of the transistor 218 and the anode of the Zener diode is 
connected to chassis ground. A transient by-pass capaci 
tor 223- is connected between the emitter of the transis 
tor 218 and chassis ground. ' 
The other base of the unijunction transistor is con 

nected to chassis ground through a resistor 224 and to 
the gate electrode of a silicon controlled recti?er 226 
having its base connected to chassis ground. The con 
trolled recti?er has its anode connected through resistors 
228 and 230 and normally closed contacts 232 to the 
output of recti?er diode’ 188. As described below, the 
contacts 232 are momentarily opened each time the ac 
tuating coil 168 is energized to step the relay rotor 164 
one step. When the positive voltage supplied from the 
high voltage supply 200 to the emitter of the transistor 
218 exceeds the positive voltage applied to one of the 
bases thereof as set by the Zener diode 220, a pulse of 
current is supplied to the gate electrode of the controlled 
recti?er through the base circuits of the. transistor 218 
to cause the controlled recti?er to ?re. A relatively large 
current ?ows through such controlled recti?er. A volt 
age is developed across the resistor 230 and the actuating 
coil 234 of a trigger relay connected in parallel with the 
resistor 230 is energized to actuate such relay. A tran 
sient by-pass capacitor 235 is connected between the 
anode of the controlled recti?er 226 and chassis ground. 
Upon energization of the coil 234 a relay contact 236 

is opened to open a charging circuit for a capacitor 238. 
This charging circuit extends from chassis ground through 
the secondary transformer winding 240, a current limit 
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ing resistor 242, a recti?er diode 244, a resistor 246, the 
contacts 236 and the capacitor 238 to chassis ground. 
The charging circuit also contains a ?lter capacitor 248 
and resistor 250. Energizing the coil 234 also closes the 
contacts 251 to connect the trigger output cable 96 across 
the capacitor 238 to provide a trigger output pulse applied 
to the trigger electrode 123. This occurs when the volt 
age output of the high voltage supply 200 reaches a 
predetermined voltage determined by the settings of the 
resistors 206 and 208 and potentiometers 212 and 214 
and the positions of the switches 209 and 216 insuring 
that the transmission lines of the modules 28 are charged 
to the desired voltage. 
When a trigger pulse is thus supplied to the trigger 

electrode 123, a triggering spark is produced between 
such electrode and a spark gap ball 134 of the module 
29 shown in FIG. 8. This causes all of the spark gaps 
to ?re substantially instantaneously and as a result all 
of the transmission lines of the modules are discharged 
in series through the X-ray tube 30. The voltage output 
of the high voltage supply falls to a low value to render 
the base circuits of the transistor 218 of FIG. 14 sub 
stantially nonconductive. Current ?ow through the gate 
electrode of controlled recti?er 226 becomes very low 
but conduction through the anode base circuit continues. 

Energization of the actuating coil 234 due to such cur 
rent ?ow through the controlled recti?er 226, however, 
closes contacts 252 to complete a circuit through the 
bridge recti?er 254. This circuit may be traced from 
one side of the line through the rotor 164 of the stepping 
relay, the relay contacts 170, the relay contacts 252 and 
the bridge recti?er 254 to the other side of the line. 
Upon completing such circuit, the recti?er supplies DC. 
to the coil 168 of the stepping relay, a ?lter capacitor 
256 being provided across the output of the recti?er to 
smooth the current energizing the coil 168. Energization 
of the coil 168 momentarily opens the contacts 232 to 
break the circuit through the controlled recti?er 226 
described above and thus restore such recti?er to non 
conducting condition. This deenergizes relay actuating 
coil 234 to open contacts 252 to deenergize coil 168 of 
the stepping relay and also open contacts 251 and close 
contacts 236 to cause capacitor 238 to be again charged. 
The energization of coil 168 also steps the relay rotor - 
164 one step in a counterclockwise direction to count 
one high voltage, high current output pulse to the X-ray 
tube from the transmission lines of the modules 28. 
The operation just described leaves the circuit in con 

dition to again charge the transmission lines of the mod 
ules to a predetermined value at which time a trigger 
pulse is again sent to the trigger electrode 123 to deliver 
another high voltage, high current pulse to the X-ray 
tube 30. This continues until the rotor 164 of the step 
ping relay breaks the line circuit to stop the production 
of such pulses. At this time all of the energized relays 
become deenergized and all power is removed from the 
circuits. Operation cannot be started without manually 
setting the rotor 164 of the stepping relay and depressing 
the start button. 
The stop button can be depressed at any time to stop 

the production of pulses but this leaves the circuit in the 
ready position if the stepping relay rotor 164 has not 
reached its open circuit position so that the pulses can 
be again started by depressing the start button 182 and 
will continue until the stepping relay rotor reaches the 
open circuit position. A remote start switch can be 
connected in parallel with the start switch 182, if desired, 
through a cable connector 258 shown in FIGS. 1 and 9. 

It will be apparent'that operation of the device merely 
requires manually rotating the rotor 164 of the stepping 
relay clockwise in FIG. 14 through a desired angle to 
select the number of pulses of X-ray radiation to be pro 
duced followed by depression of the start button 182 
or a remote start button connected at 258. The switches 
209 and 216 are, of course, previously set to the correct 
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position depending‘ upon whether the X-ray* tube is 
mounted internally as shown in FIGS. 1 and 3, or ex 
ternally as indicated in FIG. 9. Adjustment of the poten 
tiometers 212 and 214 sets the voltages of the pulses 
produced for the X-ray tube employed internally and 
externally, respectively, and adjustment of the resistors 
206 and 208, respectively, sets the time between the 
pulses for given settings of the potentiometers 212 and 
214, thus determining the pulse repetition rates. 
As an indication of the size of the unit shown in FIGS. 

1 and 9, the major dimension of the carrying case may 
be of the order of one foot in a device where the power 
supplied to the X-ray tube is of the order of 150 kv. at 
1400 amperes in pulses of 0.1 microsecond. This re 
quires 15 modules each charged to 20 kv. and the result 
ing X-ray pulse has a penetration of the order of 2 
inches of aluminum at one foot. The modules can be 
recharged in a fraction of a second so that rapidly re 
peating pulses of X-ray radiation can be produced, the 
number in a speci?c device depending upon the number 
of steps of the stepping relay rotor 164. ‘ 
A modi?ed electricity storage and X-ray tube assembly 

is shown in FIGS. 10 to 12, inclusive, and includes a 
cylindrical metal casing 260 closed at one end by a metal 
cap 262 welded to the casing 260‘ and at the other end 
by a closure structure 264 secured to the casing 260 by 
interengaging screw threads 266 on the casing 260 and 
on a metal cup-shaped member 268 forming part of the 
closure structure 264. The casing 260 is lined with 
insulating material 270 and also the cup-shaped member 
268 is lined with similar insulating material 272. The 
insulating material 270 and 272 may be a synthetic resin 
cast in place, for example, an epoxy resin. Av gasket 
274 may be employed between the two linings of in 
sulating material 270 and 272 to seal the interior of the 
casing assembly from the atmosphere. 
A central cylindrical member 276 of insulating mat 

rial has one end 278 screw-threaded into the insulating 
material 272 of the closure structure and has a bore 279 
in its end 278 to receive the body portion of an X-ray 
tube 30 which may be of the same type as the‘ tube 30 
described with respect to FIGS. 1 and 3. The tube 30 
extends through an aperture in the cup-shaped member 
268 and the external ?ange provided by the annular mem 
ber 58 of the tube is clamped between the cup-shaped 
member and a metallic cap member 280‘ secured to the 
cup member 268 by screws 282. The cup-shaped mem 
her 268 has an X-ray window 284 in alignment with the 
end of the tube. 
The central member 276 has an axially extending anode 

conductor 286 embedded therein into one end of which 
an anode connector 288 may be adjustably screw-threaded. 
The anode connector 288 is shown as a solid rod butit will 
be apparent that a spring pressed or telescopic anode con 
nector such as shown at 80 in FIG. 3 may be employed. 
The other end of the anode conductor terminates in an 
enlarged cylindrical member 290 to which a circular 
corona shield 292 is secured at its center by a screw 294. 
The corona shield is at a high voltage with respect to the 
casing 260 and has a rolled edge 296 of relatively large 
radius of curvature. 

-A plurality of electricity storage and spark gap modules 
298 and a similar module 300 for also performing a trig 
gering operation are positioned on the central member 
276 and held in position by the corona shield 292. Thus 
the modules 298 and 300‘ may be installed on the central 
member 276 while the central member is attached to the 
closure structure 264 and while such closure structure 
is detached from the casing 260. The corona shield 292 
can then be secured to the central member 276 and the 
casing 260 then threaded into the cup-shaped member 268 
of the closure structure. 
The modules 298 each include a precast annular cup 

shaped member 302 in which are positioned the various 
parts making up an arti?cal transmission line of substan 
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10 
tially uniform characteristic impedance, as well as isolat 
ing inductors, spark gap elements and contact elements. 
Such parts are potted or cast into a body of insulating 
material which is shown left out of FIGS. 11 and 12 for 
clarity of the drawings. 
Thus the modules 298 and 300 all have four connector 

elements 316, 318, 320 and 322 embedded therein, which 
correspond generally to the connector elements 116, 118, 
120 and 122, respectively, of FIG. 13. The circuit of 
the modules 298 and 300 differ slightly from that of FIG. 
13 but is equivalent as will be apparent from the following 
description. - 

The modules 298 and 300 all contain a plurality of 
high voltage capacitors 324, all having one terminal con 
nected to a supporting and connector arcuate metallic 
plate 326 which is connected directly to the contact ele 
ment 316 and through an isolating inductor 328 to the 
contact element 320. In the case of the modules 298 
the contact element is also connected directly to one spark 
gap ball 330 adjustably positioned in a recess 332 in the 
periphery of the module. In the case of the module 300 
such contact element 320 is connected to an inner con 
ductor element 334 of a trigger spark gap ball 336 also 
positioned in a recess 332 of the module 300. The trig 
ger spark gap ball has a member 338 of insulating mate 
rial surrounding the conductor element 334 and such 
member is in turn surrounded by a conducting hollow ball 
element 340 leaving a short annular spark gap between 
the conducting elements 334 and 340. The trigger con 
ducting element 340 has a conducting post 342 secured 
thereto which makes contact with a contact element 344 
embedded in the insulating material 272 of the closure 
structure 264 and having a similarly embedded conductor 
346 connected thereto. The post 342 may be hollow and 
may contain a spring expanded telescopic connector ele 
ment 347 for insuring electrical contact between the post 
342 and contact element 344. 
The capacitors 324 all have their other terminals con 

nected to intermediate points in a series of inductors 348, 
which with the capacitors form an- arti?cial transmission 
line. One end of such series is connected through a con 
nector element 350, which also functions as an inductor 
in the series, to the contact element 318. The midpoint 
of such series is also connected through an isolating induc 
tor 352 to the contact element 322 which is also connected 
to another spark gap ball 353 adjustably supported in the 
recess 332. The various modules are positioned so that 
the contact elements 316 are adjacent the contact elements 
320 and the contact elements 318 are adjacent the contact 
elements 322. Each of the contact elements 318 and 320 
may have a telescopic spring expanded connector ele 

‘ ment 347 in their hollow interior for engagement with the 
contact elements 322 and 3-16. 
The closure structure 264 of FIG. 10 may be similar to 

that shown in FIGS. 2 and 7 in that it has connectors (not 
shown) similar to connectors 90 and 92 of FIGS. 2 and 
7 for charging voltage and trigger voltage, respectively, 
the trigger connector being connected to the contact ele 
ment 344 of FIG. 12 through the conductor 346 and the 
charging voltage connector being similarly connected to a 
contact element (not shown) aligned with the contact 
element 318 of the module 300. The trigger transformer 
will, however, be positioned externally of the assembly 
of FIG. 10. 
The closure structure 264 may have a connector 353 

for enabling gas such as nitrogen to be introduced into 
the interior of the casing 260 so that the space surround 
ing the modules 298 and 300 can be placed under super 
atmospheric pressure, for example, 20‘ to 30 psi. Such 
pressurization enables the output voltage to be increased 
over that which can be employed at atmospheric pressure 
and also allows the output voltage to be varied by vary 
ing the pressure to thereby vary the breakdown voltage of 
the spark gaps without requiring mechanical adjustment 
of the length of the spark gaps. When the nitrogen gas 
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in the spark gap between the trigger ball 3.36 and ball 353 
is ionized, it emits ultra-violet light which results in a 
more rapid ionization of the remaining spark gaps and 
causes the output voltage pulse applied to the X-ray tube 
to have a shorter rise time and a narrower width. It 
also prevents entrance of moisture, dust, etc., from the 
atmosphere so as to largely eliminate any effects of the 
atmosphere upon the operation of the device. 
The cover cap 280 of FIG. 10 may have a connector 

354 for introducing gas, such as Freon, under pressure 
into the bore 279 containing the X-ray tube 30 and the 
?ange provided by the annular member 58 of the X-ray 
tube may be suitably perforated to enable the gas to 
enter ‘the rear portion of the bore. The employment of 
gas under pressure, for example, 1 psi. around the 
X-ray tube eliminates atmospheric effects in the same 
manner that pressure in the interior of the casing 260 
eliminates such effects. 
The casing 260, closure structure 264 and cover cap 

280 of FIG. 10, provide a completely closed grounded 
1 metal enclosure for the high voltage pulse circuitry and 
the X-ray tube of the modi?cation of FIGS. 10 to 12, 
thereby providing operator safety and minimizing radio 
frequency noise generation due to high current-high volt 
age pulse discharges. It will be appreciated that the in 
terior of the bore or chamber surrounding the X-ray tube 
in all of the modi?cations will be lined with a layer of lead 
(not shown) in accordance with standard practice to pro 
vide X-ray shielding except in the direction of desired 
X-ray propagation. 4 ' 

The assembly of FIGS. 10 to 12 will be operated with 
a suitable control and charging circuit which may be‘simi 
lar to that of FIG. 14. The assembly may be constructed 
in various sizes for operation at various high voltages and 
currents as well as various pulse lengths, and the same 
is true of the assembly of FIGS. 2, 3 and 5 to 7. In any 
event, the invention results in an extremely compact and 
lightweight structure as compared with prior structures 
for accomplishing anything approaching the effectiveness 
of the present X-ray unit. 

It should be apparent, however, that the invention is 
not limited to the details disclosed but that many other 
modi?cations are possible. 
We claim: 
1. A device for producing high voltage, high current 

pulses comprising: 
a plurality of similar storage modules of generally 

plate-like shape having major surfaces on opposite 
sides thereof and each containing a section of trans 
mission line of substantially the same uniform char 
acteristic impedance and capable of being charged to 
a high voltage, v 

means for holding said modules in alignment with said 
major surfaces adjacent each other, 

connection means including connectors positioned on 
said sides having said major surfaces to connect the 
transmission line sections of said modules for charg— 
ing said sections in parallel, . 

means including at least two spark gap electrodes at 
tached to each of said modules to provide a plurality 
of spark gaps positioned in a common light path for 
connecting said transmission line sections in series to 
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discharge said sections when said spark gaps break I 
down and to produce a high voltage, high current 
pulse, ' 

an ionizable gas in said spark gaps, and 
means for generating light and causing said light to be 

transmitted along said light path through the gas in 
the spark gaps to enable all of said spark gaps to 
break down at substantially the same time. 

2. A device for producing high voltage, high current 
pulses comprising: 

a plurality of similar storage modules of solid insulating 
material and of generally plate~like shape having 
major surfaces on opposite sides thereof and each 
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containing a section of transmission line of substan 
tially' the same uniform characteristic impedance 
capable of being charged to a high voltage, 

means for holding said modules in alignment with said 
major surfaces adjacent each other, 

connection means including connectors at least partly 
embedded in said sides having said major surfaces to 
connect the transmission line sections of said mod 
ules for charging said sections in parallel, 

means including isolating inductors embedded in each 
of said modules and spark gap electrodes secured to 
each of said modules to provide a plurality of spark 
gaps positioned in a common light path for connect 
ing said transmission line sections in series to dis 
charge said sections when said spark gaps break 
down and to produce a high voltage, high current 
pulse, 

an ionizable gas in said spark gaps, and 
means for causing one of the spark gaps to break down 
and to emit light from the ionized gas in said one 
gap and for transmitting said light along said light 
path through the remaining spark gaps to enable all 
of said spark gaps to break down at substantially the 
same time. 

3. A device for producing high voltage, high current 
pulses comprising: 

a casing, - ~ 

a plurality of similar storage modules of solid insulat 
' ing material positioned in said casing, 
each of said modules containing a section of arti?cial 

transmission line of substantially the same uniform 
characteristic impedance formed by a plurality of 
separate inductors and capacitors and capable of be 
ing charged to a high voltage, 

connection means carried by said modules providing for 
charging the transmission line sections of said mod 
ules in parallel, 

means including a plurality of spark gap electrodes con 
nected to the transmission line sections for d'ischarg- ' 
ing said transmission line sections in series, - 

said spark gap electrodes being positioned on said 
modules to form a plurality of spark gaps so that 
said spark ‘gaps are exposed to each other in a com 
mon light path, 

a ?lling of gas within said casing with a portion of said 
gas in said spark gaps, and 

means for causing at least one of the spark gaps to 
break down and ultraviolet light to be emitted from 
the ionized gas in said one gap and for transmitting 
said light through the remaining spark gaps to cause 
all of said spark gaps to break down at substantially 
the same time. 

4. A device for producing high voltage, highvcurrent 
pulses comprising: 

a plurality of similar modules of solid insulating mate 
rial and of generally plate-like shape having major 
surfaces on opposite sides thereof and each contain‘ 
ing a section of transmission line of substantially the 
same uniform characteristic impedance capable of 
being charged to a high voltage, 

means for holding modules in alignment with the major 
surfaces of adjacent modules in contact with each 
other, 

connection means including connectors embedded in 
' said sides having said major surfaces to connect the 
transmission line sections of said modules together 
for charging said sections in parallel, 

means including a pair of spark gap electrodes posi 
tioned on each of said modules to provide a plurality 
of spark gaps positioned in a common light path for 
connecting said transmission line sections in series 
when said spark gaps break down to supply a high 
voltage, high current pulse, an ionizable gas in said 
spark gaps, and 
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means for generating light and transmitting said light 

along said light path through said spark gaps to ionize 
said gas and to cause all of said spark gaps to break 
down at substantially the same time. 

5. A device for producing high voltage, high current 
pulses comprising: _ 
a plurality of similar modules of solid insulating mate 

rial and of generally plate-like shape having major 
surfaces on opposite sides thereof and each contain 
ing a section of arti?cial transmission line of substan 
tially the same uniform characteristic impedance ca 
pable of being charged to a high voltage, 

means including a casing for holding said modules in 
alignment with said major surfaces adjacent each 
other, 

charging means including connectors embedded in said 
sides having said major surfaces to connect the trans 
mission line sections of said modules for charging 
said sections in parallel, 

discharging means including at least two spark gap 
electrodes positioned in a recess in each of said 
modules to provide a plurality of spark gaps posi 
tioned in a common light path vfor connecting said 
transmission line sections in series to discharge said 
sections when the spark gaps break down and to 

> produce a high voltage, high current pulse, 
each of said modules being substantially rectangular in 

shape and having said recess in one side edge thereof, 
said casing having a rectangular interior ?tting said 
modules and an end closure structure containing 
electrical connections to one of said modules, 

an, ionizable gas in said spark gaps, and 
' means for causingione of the spark gaps to break down 

and to emit ultraviolet light from the ionized gas in 
said one gap and for transmitting said ultraviolet 
light along said light path through all of the remain 
ing spark gaps to enable all of said spark gaps to 
break down at substantially the same time. 

6. A device for producing high current, high voltage 
pulses comprising: 

a plurality of modules of solid insulating material and 
of generally plate-like shape having major surfaces 
on opposite sides thereof and each containing a sec 
tion of transmission line of substantially the same 
uniform characteristic impedance embedded in in 
sulating material and capable of being charged to a 
high voltage, 

means for holding‘ said modules in alignment with said 
major surfaces each other, 

charging means including connectors carried on said 
major surfaces to connect the transmission line sec 
tions of said modules for charging said sections in 
parallel, 

discharging means including at least two spark gap 
electrode-s positioned on each of said modules to 
form a plurality of spark gaps positioned in a com 
mon light path for connecting said transmission line 
sections in series to discharge said sections when‘ 

- said‘ spark gaps break down and to produce a high 
voltage, high current pulse, 

_ an ionizable gas in said spark gaps, and 
means including a trigger electrode in one of said spark 

gaps for triggering the break down of said one spark 
gap to emit ultraviolet light from the ionized gas of 
said one gap and for ‘transmitting said light through 
the remaining spark gaps to cause all ofv said spark 
gaps to break down at substantially the same time. 

7. A device‘ for producing rectangular high voltage, 
high current pulses comprising: 

a plurality of similar modules of solid insulating mate 
rial and of generally plate-like shape having major 
surfaces on opposite sides thereof and each contain 
ing a section of transmission line of substantially the 
same uniform characteristic impedance capable of 
being charged to a high voltage, 
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means for holding said modules in alignment with said 

major surfaces adjacent each other, 
connection means including connectors carried by said 

sides having said major surfaces for connecting the 
transmission line sections of said modules for charg~ 
ing said sections in parallel, 

means including at least two spark gap electrodes 
secured to each of said modules to provide a plurality 
of spark gaps‘ between the transmission line sections 
for connecting said transmission line sections in series 
when the spark gaps break down to discharge said 
sections and to produce a rectangular high voltage, 
high current output pulse, 

charging means connected to said unit for charging 
said transmission line sections to the same predeter 
mined DZC. voltage, ‘ 

an ionizable gas in said spark plugs, 
means for applying a triggering, pulse to cause the break 
down of one said‘ spark gaps to emit light from the 
ionized gas of said one spark gap‘ and for trans 
mittin'g said light through the remaining spark gaps 
to cause all of said spark gaps to break down at sub 
stantially the ‘same time to produce said output 
pulse, 

and control means for causing a series of said trigger 
ing pulses'to be produced by said triggering means 
and for causing the charging means to completely re 
charge the transmission line- sections between suc 
cessive triggering pulses, 

including means for presetting the number of said trig 
gering pulses in each of said series to produce a 
corresponding number of output pulses. 

8. An X-ray unit comprising: I 
a plurality of similar modules of generally plate-‘like 

shape having major surfaces on opposite sides there 
of and each containing a section of transmission 
line having substantially the same uniform char 
acteristic impedance and capable of being charged ' 
to a high voltage, , 

means for holding said modules in alignment with said 
tmajo'r surfaces‘ adjacent each other, 

connection means including connectors positioned in _ 
said sides having said major surfaces to connect 
said transmission line sections of said modules for 
charging said sections in parallel, 

a diode X-ray tube, having an anode and a field‘ emis 
sion cathode‘ structure including a plurality of spaced 
sharpened, emitting elements directed toward said 
anode, 

means including at least two electrodes attached to 
each of said modules to provide a plurality of spark 
gaps positioned in a common light path for con 
necting said transmission. line sections in series with 
said X-ray tube to discharge said sections When said 
spark gaps break down and to supply a rectangular 
high voltage, high current pulse to said tube, 

an ionizable gas in said spark gaps, and 
means for generating light and causing ‘said light to 

be‘ transmitted‘ along said light path through said 
spark gaps to enable said spark gaps to break down 
at substantially the same time. 

9. An X-ray unit comprising: 
a plurality of similar modules of solid insulating ma 

terial and of generally plate-like sliape halving op 
posed major surfaces on opposite sides thereof and 
each containing a section of transmission line of 
substantially the same uniform characteristic im 
pedance formed by a plurality of separate inductors 
and capacitors‘ and capable of being charged to a 
high voltage, 

means for holding said modules in alignment with said 
major surfaces adjacent each other, 

connecting means including connectors positioned in 
said sides having said major surfaces to connect the 
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transmission line sections of said modules for charg 
ing said sections in parallel, - ‘ 

an X-ray tube having an anode and a ?eld emission 
cathode structure including a plurality of spaced 
sharpened emitting elements directed toward the 
anode, 

means including at least two spark gap electrodes posi 
, tioned in a recess in each of said modules to pro 

vide a plurality of spark gaps positioned in a com 
mon light path for connecting said transmission line 
sections in series with said X-ray tube to discharge 
said sections when said spark‘gaps break down and 
to supply a rectangular high voltage, high current 
pulse to said tube, ' 

an ionizable gas in said spark gaps,. 
means for causing one of the spark gaps to break 
down to emit light from the ionized gas in said 
one gap through the remaining spark gaps to cause 
all of said spark gaps to break down at substan 
tially the same time to provide said rectangular pulse 
with a short rise time, 

each of said modules being substantially rectangular 
in shape and having said recess in'one side edge 
thereof, 

said means for holding said modules in alignment in 
cluding a casing for said modules with a rectangular 
interior ?tting said modules, 

said casing having means for housing said X-ray tube. 
10. An X-r-ay unit comprising: ' 
a casing, . 

a plurality of similar modules of solid insulating ma 
terial positioned in said casing and stacked in con 
tact with each other, - _ 

each of said modules containing a section of trans 
mission line of substantially the same uniform char 
acteristic impedance embedded in said insulating ma 
terial and capable of being charged to a high volt-_ 
age, 

connection means carried by said modules providing 
for charging the transmission line section of said 
modules in parallel, 

an X-ray tube having an anode and a ?eld emission 
cathode structure including a plurality of pointed 
emitting elements directed toward said anode, 

means including spark gap electrodes attached to said 
modules for discharging said transmission line sec 
tions in series through said X-ray tube to apply 
a rectangular output pulse of high voltage and cur 
rent across the anode and cathode of the X-ray 
tube, - 

said spark gap electrodes being positioned on said 
modules to form a plurality of spark gaps so that 
said spark gaps are exposed to each other along 
a common light path, > 

a ?lling of gas within said casing to provide a por 
tion of said gas in said spark gaps, and 

means for causing at least one of the spark gaps to 
break down and to emit ultraviolet light from the 
ionized gas in said one gap and for transmitting said 
light through the remaining spark gaps to cause said 
spark gaps to break down at substantially the same 
time and to provide said rectangular output pulse 
'with a short rise time and narrow width. 

11. -An X-ray unit comprising a casing having an elon 
gated rectangular interior, 

a plurality of modules positioned within said casing 
and each including a section of transmission line of 
substantially the same uniform characteristic im 
pedance capable of being charged to a high voltage, 

;an elongated X-ray tube having an anode and a ?eld 
emission cathode structure including a‘ plurality of 
needle elements directed toward said anode, 

said casing having a housing portion for receiving and 
housing said X-ray tube andproviding a window 
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for transmission of X-rays from said tube to the 
exterior of said housing, 

charge means including connectors carried by said 
modules providing for charging the transmission line 
sections of said modules in parallel to said high 
voltage, 

discharge means for discharging said transmission line 
sections in series through said- tube to apply a rec 
tangular pulse of high voltage and current across 
the anode and cathode of the tube to generate an 
intense pulse of X-rays, 

said discharge means including a pair of spark gap 
electrodes carried by eachof said modules and posi~ 
tioned in a recess in said module to provide a plu 
rality of spark gaps for connecting the transmission 
line sections together, 

said modules being positioned in said casing with said 
recesses in alignment and the spark gaps of said 
modules exposed to each other in a common light 
path, 

said modules being rectangular and ?tting said interior 
of said casing, 

an ionizable gas in said spark gaps, and 
means for generating ultraviolet light and transmit 

ting said ultraviolet light along said light path 
through said spark gaps to cause said spark gaps 
to break down at substantially the same time. 

12. An X-ray unit comprising: , 
a casing having a circular cylindrical interior, 
a plurality of modules positioned within said casing and 

each including a section of transmission line of sub 
stantially the same uniform characteristic impedance 
capable of being charged to a high voltage, 

an elongated X-ray tube having a ?eld emission 
cathode with a plurality of spaced pointed elements 
and an anode, ' 

said casing having a housing portion for receiving and - 
housing'said X-ray tube and providing a window for 
transmission of X-rays from said tube to the ex 
terior of said housing, 1 

charge means carried by said modules for charging the 
transmission line sections of said modules in parallel 
to said high voltage, 

discharge means for discharging said transmission line 
sections in series through said tube to apply a rec 
tangular pulse of high voltage and current across the 
anode of the cathode of the tube to generate an in 
tense pulse of X-rays, Y 

said discharge means including at least two spark gap 
electrodes carried by each of said modules and po 
sitioned in a recess in,an edge of said module, ‘to 
provide a plurality of spark gaps for connecting the 
transmission line sections together, 

said modules being positioned in said casing with said 
recesses in ‘alignment and said spark gaps exposed 
to each other in a common light path, 

said modules being annular and ?tting said interior 
of said casing, 

said casing having a central member extending through 
said modules and providing said housing for said 
tube, 7 

an ionizable gas in said spark gaps, and 
means for causing one of the spark gaps to break down 

to emit light from the ionized gas in said one gap 
and for transmitting said light through all-the re 
maining gaps to cause said gaps to break down at 
substantially the same time. 

13. An X-ray unit comprising: 
a plurality of modules of solid insulating material of 

generally plate-like shape having major surfaces, on 
opposite sides thereof and each containing a section 
of transmission line of substantially the same uni: 
form characteristic impedance capable of being 
charged to a high voltage, 
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means for holding said modules in alignment with said 
major surfaces adjacent each other, 

connection means including connectors positioned on 
said sides having said major surfaces to connect the 
transmission line sections of said modules for charg 
ing said sections in parallel, 

an X~ray tube having a conical anode and a ?eld emis 
sion cathode structure including a plurality of needle 
elements positioned about said anode and directed 
radially inward toward said anode, 

means including at least two spark gap electrodes at 
tached to each of said modules to provide a plurality 
of spark gaps positioned in a common light path for 
connecting said transmission line sections in series 
with said X-ray tube to supply a rectangular high 
voltage, high current pulse to said tube, 

an ionizable gas in said spark gaps, 
charging means connected to said unit for charging 

said transmission line sections to said high voltage, 
and triggering means including a trigger electrode in 

one of the spark gaps for triggering the break down 
of said one gap to emit ultraviolet light from the 
ionized gas of said one gap through the remaining 
spark gaps .to cause said spark gaps to break down at 
substantially the same time and to provide said 
rectangular pulse with a short rise time. 

14. An X-ray unit comprising: 
a plurality of similar modules of solidv insulating ma 

terial and of generally plate-like shape having major 
surfaces on opposite sides thereof and each con 
taining a section of transmission line of substantially 
the same uniform characteristic impedance capable 
of being charged to a high voltage, 

means for holding said modules in alignment with 
said major surfaces adjacent each other, 

connection means including connectors positioned on 
said sides having said major surfaces to connect the 
transmission line sections of said modules for charg 
ing said section in parallel, 

an X-ray tube having an anode and a ?eld emission 
cathode structure including a plurality of needles 
directed toward said anode, 

means including at least two spark gap electrodes at 
tached to each of said modules to provide a plurality 
of spark gaps in a common light path and between 
the transmission line sections for connecting said 
transmission line sections in series with said X-ray 
tube to supply a rectangular high voltage, high cur 
rent output pulse to said tube, ' 

an ionizable gas in said spark gaps, 
charging means connected to said unit for charging 

said transmission line sections to said high voltage, 
triggering means for applying a triggering voltage pulse 

to one ofsaid spark gaps to cause said one gap to 
break down and to emit ultra violet light from said 
one gap through one of the remaining spark gaps 
to cause said spark gaps to break down at substan 
tially the same time, 

and control means ‘for causing a series of said trigger 
pulses to be produced by said triggering means, and 
for causing the charging means to recharge the trans 
mission line sections between successive‘ triggering 
pulses, 

said control means including means for presetting and 
varying the number of said triggering pulses in each 
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of said series to produce a corresponding number 
of output pulses. 

15. An X-ray unit comprising: 
a plurality .of similar modules of solid insulating ma 

terial and of generally plate-like shape having major 
surfaces on opposite sides thereof and each con~ 
taining a section of transmission line of substantially 
the same uniform characteristic impedance capable 
of being charged to a 'high voltage, 

means for holding said modules in alignment with said 
major surfaces adjacent each other, 

connection means including connectors positioned on 
said sides having said major surfaces to connect the 
transmission line sections of said modules for charg 
ing said sections in parallel, 

an X-ray tube having an anode and a ?eld emission 
cathode structure including a plurality of spaced 
pointed emitting elements, 

means including at least two spark gap electrodes po 
sitioned in a recess in each of said modules to pro 
vide a plurality of spark gaps positioned in a common 
light path for connecting said transmission line 
sections in series with said X-ray tube to supply a 
high voltage, high current output pulse to said tube, 

an ionizable gas in said spark gaps, 
charging means connected to said unit for charging 

said transmission line sections to said high voltage, 
and triggering means for applying a trigger voltage 

pulse to a trigger electrode in one of said spark, 
gaps to cause said one gap to break down and the 
ionized gas in said one gap to emit light to all of 
the remaining spark gaps to cause said gaps to 
break down at substantially the same time, 

and control means for causing a series of said trigger 
pulses to be produced by said triggering means, and 
for causing the charging means to recharge the trans 
mission line sections between successive trigger 
pulses, 

said control means including means for presetting and 
varying the number of said trigger pulses in said 
series to produce a corresponding number of out 
put pulses, 

and including means responsive to a predetermined 
voltage to which said transmission line sections are 
charged for initiating the operation of said trigger 

’ mg means. 
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