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This invention relates to neutron generators and par 
ticularly to apparatus for producing pulses of neutrons 
of high energy for laboratory and irradiation purposes. 

Sources of neutrons of high energy are useful for many 
purposes and are used as a research tool in studying vari 
ous atomic phenomena and as a commercial device for 
irradiating various materials, e.g., plastics, foods, etc., to 
change the properties thereof, 

‘It is well known that when a deuteron and a triton col 
lide with sufficient energy, a nuclear reaction instantane 
ously occurs in which a neutron is ejected with an energy 
of approximately fourteen million electron volts. Also, 
it is known that if tWo deuterons collide with suf?cient 
energy, a neutron is ejected with an energy of approxi 
mately two million electron volts. Equipment utilizing 
the ?rst reaction for the purpose of providing a source 
of neutrons has previously been employed, and in such 
equipment an ion gun is employed to produce deuterons 
which are accelerated in a relatively high vacuum t0~ 
ward a target containing tritons. If the so accelerated 
deuterons have suf?cient energy, neutrons are ejected 
from the target. Such prior art equipment has not been 
satisfactory not only because a separate ion gun assembly 
is required, but also because of an insuf?cient supply of 
deuterons, instability and uncontrolled discharges through 
the air external to the discharge tube. In the apparatus 
of the present invention ions are generated at a rate at 
least one hundred times greater than with ion sources of 
the prior art equipment. 

In the preferred embodiment of the invention, a den 
terium or tritium gas is introduced into one portion of a 
continuously, but not highly, evacuated tube and such 
molecules are subjected to a high voltage ?eld between 
a pair of spaced, electrically energized electrodes within 
the tube which causes ions of the gas to be generated 
and accelerated from adjacent one of the electrodes to: 
ward the other electrode which has a target surface con 
taining the nuclei required for the production of neu-_ 
trons. 'For example, if the gas introduced is a deuterium 
gas, then the target surface contains tritons for the pro 
duction of high energy neutrons or contains deuterons 
for the production of lower energy (2 m.e.v.) neutrons. 
Alternatively, the gas may be a tritium gas, and the tar 
get surface will contain deuterons resulting in high en 
ergy neutrons. 
The methods of the invention may be employed with 

various types of prior art apparatus with less satisfactory 
results, and we have also invented a preferred form of 
apparatus which has been found to give highly satisfac 
tory results. Thus, with the apparatus of the invention, 
we have been able to produce consistently 4x109 neu 
trons, each of an energy of approximately fourteen mil 
lion electron volts, in the form of a pulse of such neu 
trons, the duration of the pulse being approximately ten 

10 

15 

25 

35 

40 

45 

55 

60 

3 ,1 73,0 1 3 
Patented Mar. 9, 1965 "ice 

2 
microseconds, such yield being several hundred times 
greater than that obtained with prior art devices. In‘ 
addition, we have been able to obtain peak yields at least 
one thousand times greater than with prior art apparatus. 
One object of the invention is to provide a method for 

producing a large number of high energy neutrons using 
relatively simple apparatus. 

Another object of the invention is to provide a method 
and apparatus which will produce copious and sustained 
number of ions. 
A further object of the invention is to provide im 

proved and stable apparatus for generating a large num 
ber of high energy neutrons. 

Other objects of the invention will be apparent from 
the following detailed description of the preferred em 
bodiments thereof which description should be considered 
in conjunction with the accompanying drawing in which: 
FIG. 1 is a schematic, side elevation view of a portion 

of the preferred form of the apparatus of the invention; 
FIG. 2 is an enlarged, side elevation view, partly in 

cross-section of the vacuum tube forming part of the ap 
paratus shown in 1FIG. 1; 

FIG. 3 is a circuit diagram of a preferred form of the 
electrical circuit for energizing the vacuum tube illustrated 
in the preceding ?gures; and 
FIG. 4 is a fragmentary, schematic, side elevation 

view of an alternate form of a portion of the apparatus 
shown in FIG. ‘1. 
The apparatus illustrated in FIG. 1 comprises a vacu 

um tube 10 having an anode 11, a target electrode 12 
and a gas inlet tube or pipe 13. The inlet tube or pipe 
13 is connected to a bottle or container 14, which con 
tains a gas such as deuterium or tritium depending on the 
nature of the substance forming the surface of the target 
12 as will be explained hereinafter. Valve 15 is included 
in series with the pipe 13 for controlling the entrance of 
the gas from the bottle 14 into the vacuum tube 10. ' 

Since the yield of neutrons is proportional to the purity 
of the gas introduced into the tube 10, the gas in the 
container 14 preferably is of relatively high purity, i.e;, 
ninety percent or higher if high yields such as those de 
scribed herein are desired, but a lower purity gas may, 
be employed if lower yields are acceptable. , 
The anode 11 is supported by a conductive rod 16 

which is connected at one end to one terminal of the 
secondary winding 17 of a pulse transformer also having 
a primary winding 18. The opposite terminal of the sec 
ondary winding 17 may be connected to the tank 19 
which contains an insulating oil 20. One terminal of 
the primary winding 18 is connected by a lead 21 which 
extends through an insulator 22 mounted through the 
wall of the tank 19 to a pulse voltage source hereinafter 
described. The other terminal of the primary winding 
18 may be connected to the tank 19 which may, for ex 
ample, be made of metal and may be grounded. 

1If desired, the secondary winding 17 may be formed 
by turns of the tube which supplies the gas from the con 
tainer 14 to the tube 10, and the connection to the rod 
16 may be omitted as illustrated in FIG. 4. In such al 
ternate construction, the container 14 may be located ex 
ternally of the tank 19, the tube 13 passing through the 
wall of the tank 19 and being grounded thereat and 
sealed thereto. 
The vacuum tube may be continuously evacuated 
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through a pipe or line 23 which is connected to a con 
ventional diffusion pump (not shown). The vacuum tube 
10 may also be connected by means of a pipe or line 24 
to a vacuum gauge 25 diagrammatically illustrated in 
FIG. 1. 
The vacuum tube 10 is illustrated in greater detail 

in FIG. 2 and comprises a cylinder 26 made of an in 
sulating material, such as glass, which may be evacuted. 
In one embodiment of the invention, we employed a 
glass cylinder four inches in diameter and ?fty centimeters 
long. Preferably, in order to improve the stability of 
operation, the cylinder 26 is coated on its inner wall with 
a thin, high resistance layer 27 of metal which prevents 
distortion of the electric ?eld within the cylinder 26, 
such as by the non-uniform accumulation of static 
charges on the inner wall of the cylinder 26. The layer 
27 may be provided by a conventional sputtering process 
in which the inner wall of the cylinder 26 is subjected 
to a direct current glow discharge under an impressed 
voltage of about 5,000 volts for a period of ten to twenty 
hours. The metals conventionally employed for such 
a layer, such as brass or stainless steel, may be used 
to form the layer 27. 
A pair of metal cylinders 28 and 29, such as cylinders 

of a well known iron-nickel-cobalt alloy sold under the 
trademark Kovar alloy, are sealed to the ends of the cyl 
inder 26 in a conventional manner and so as to provide 
a vacuum tight seal therewith and are in contact with 
the ends of the layer 27. Metal rings 30 and 31 are 
soldered, welded or otherwise secured to the ends of the 
cylinders 28 and 29. 
The anode 11, which preferably is made of electro 

polished stainless steel but which may be made of other 
metals, is secured to the metal rod 16 in any conven 
tional manner such as by soldering or welding. The 
rod 16 passes through a plate 32 to which the rod 16 
is secured in a conventional manner, and the plate 32 
is held against the ring 31 by means of bolts 33 ex 
tending through holes near the peripheries of the ring 
31 and the plate 32, a gasket such as a rubber O-ring 
34 being interposed between the ring 31 and the plate 
32. The pipe 13 may pass through the plate 32 as il 
lustrated and is secured thereto. 
The target 12 comprises an exteriorly threaded metal 

disc 35, such as a disc of brass or stainless steel, se 
cured to the end of a rod 44a, a thin sheet 36 of a metal 
such as platinum having on the outer surface thereof a 
target layer 37 and an interiorly threaded retaining ring 

Preferably the layer 37 is a layer, approximately 
1.4><10-4 centimeters thick, of zirconium which has been 
deposited on the sheet 36 by vacuum deposition and in 
which about 30 curies of tritium gas is occluded. Such 
a sheet 36 with such a layer thereon is readily obtainable 
on special order from the Atomic Energy Commission, 
Oak Ridge, Tennessee. The type of metal used for the 
sheet 36 is not critical since it serves only as a me 
chanical support for the zirconium deposit and mate 
rials other than zirconium may be employed. How 
ever, it is essential that the layer contains one of the 
types of nuclei which when struck by the ions of the gas 
will produce neutrons of the desired energy. Thus, if 
deuterium gas is introduced by way of the pipe 13, the 
layer 37 contains tritons for producing high energy neu 
trons or contains deuterons for producing lower energy 
neutrons. On the other hand, if tritium gas in introduced 
into the tube by way of the pipe 13, the layer 37 contains 
deuterons and will produce high energy neutrons. 
The yield of neutrons with the apparatus and methods 

of the invention is proportional to the number of re— 
acting nuclei contained in the layer 37, and while the 
nuclei content indicated above provides high yields of 
the magnitude heretofore described, a lower nuclei con 
tent may be used if lower yields are acceptable. 
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A rotatable, threaded rod 44 extends through a thread— 

ed opening in a plate 39 secured to a metal ring 40 
such as by soldering or welding. A metal bellows 41 
is secured to the metal plate 39 at one end and to a 
metal plate 42 at its opposite end, the plate 42 being 
adjustable in position by the rod 44. 
A metal cylinder 43 having the pipes 23 and 24 ex 

tending therefrom is secured at its opposite end to a 
pair of metal rings 45 and 46 which are fastened re 
spectively to the metal rings 40 and 30 by means of 
bolts 47 and 48 extending through holes adjacent the pe 
ripheries of said rings, rubber O-rings 49 and 50 being 
interposed between the rings as illustrated. 
The assembly of parts shown in FIG. 2 and described 

above constitutes a vacuum tight assembly except for 
the openings for the inlet pipe 13 and the exhaust pipe 
23. The dimensions of the parts and the materials used 
therefor are not critical, and various dimensions and 
materials may be employed without substantially affect 
ing ‘the performance of the apparatus. 
The electrodes 11 and 12 preferably are energized by 

a high voltage, radar type modulator which produces 
rectangular voltage pulses of a duration adjustable from 
1 to 14 microseconds, such as the modulator illustrated 
in FIG. 3. The circuit illustrated in FIG. 3 comprises 
a gas tube 51, such as a hydrogen thyratron, having a 
cathode 52, a control electrode 53 and an anode 54. The 
control electrode 53 is connected to the cathode 52 and 
to ground through a resistor 55 and is connected to a 
conventional trigger circuit 56 which supplies triggering 
pulses at the desired rate and with an amplitude suf 
?cient to cause the gas tube 51 to conduct periodically or 
at spaced intervals. The anode 54 is connected to the 
positive terminal 57 of a high voltage power supply 
(not shown) through a choke 58 and a resistor 59. The 
junction point of the choke 58 and the resistor 59 is 
connected to the input of a conventional L-C delay or 
lumped line (it) having, for example, an impedance of 
4.2 ohms. The line 60 is charged initially to the voltage 
at the terminal 57 and when the gas tube 51 conducts, 
the line 60 discharges through the primary winding 18. 
If the load across the secondary 17 is adjusted to the 
proper impedance value so that the primary 18 of the 
transformer presents a matching impedance to the line 
60, a rectangular voltage pulse of a duration equal to 
twice the travel time of the voltage step along the line 
60 will appear at the terminals of the secondary winding 
17. The width of the voltage pulse at the terminals of 
the winding 17 may be varied by varying the number of 
elements in the line 60. 

In one embodiment of the invention the turns ratio 
of the pulse transformer comprising the windings 17 
and 18 was 22 to 1 and therefore a secondary load im 
pedance of 2,000 ohms was required in order that the 
impedance seen by the line 60‘ at the primary winding 
18 has a value of 4.2 ohms. With components of this 
value, it was found to be possible to produce an out 
put voltage pulse at the terminals of the winding 17 
which was substantially rectangular in shape and had a 
uniform peak amplitude of approximately 220 kilovolts. 
The dynamic impedance of the discharge tube 10 dur 

ing the voltage pulse is a ‘function of time as well as of 
the pulse voltage. At the initiation of the applied pulse, 
before ionization has begun in the tube 10, the impedance 
of the tube 10 is extremely high. It is well known from 
the theory of modulators of the type illustrated in FIG. 3 
that ‘under these conditions an initial high voltage excur 
sion in the pulse will occur with the impedance mismatch 
at the beginning of the voltage pulse. Such high voltage 
excursions produce instabilities in the discharge through 
the tube 10 and to insure that the waveform of the voltage 
pulse is substantially rectangular and smoothly reaches 
the desired level, the load presented to the secondary 
winding 17 of the pulse transformer, with the component 
values given above, should be nearly 2,000 ohms during 
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the entire duration of the voltage pulse. In the apparatus 
illustrated in FIG. 3, this condition is achieved by con— 
necting a resistor 61 having a resistance value close to, 
and preferably higher than, the desired impedance value 
across the secondary winding 17, and hence, in parallel 
with the electrodes 11 and 12 of the tube 10, a 2800 ohm 
resistor being found to be satisfactory, and by maintain 
ingthe gas pressure within the tube 10 at approximately 
20x10‘3 millimeters of mercury. When operated under 
these conditions, it has been found that no initial high 
voltage excursions, due to an impedance mismatch, arise 
to produce discharge instability. 

Stability of the discharge is also improved by the use 
of the choke 58 illustrated in FIG. 3 which increases the 
time taken for the voltage pulse to reach its maximum 
amplitude. With components having the values indicated 
heretofore, it has been found that a choke having an in 
ductance of 1 microhenry provides such improved sta 
bility. 

Preferably the gas which is introduced into the tube 11) 
is introduced adjacent the anode 11 so as to assure that 
the gas is distributed evenly throughout the tube 10 and 
to assist in ?ushing of foreign gases which may be emitted 
from the walls of the tube 10 during the discharge. This 
means, however, that the gas supply and the control system 
which are electrically in contact. with the anode 11 will 
be raised to voltages above 150 kilovolts during the ap 
plication of the voltage pulse. Accordingly, electrical 
discharges from such equipment and the anode end of the 
tube 10 may readily occur outside of the tube 10 if the 
apparatus is operated in air. For this reason, the com 
ponents subjected to high voltage are immersed in an 
insulating oil 20 within the tank 19 as illustrated in 
FIG. 1. 
The voltage between the electrodes 11 and 12 and the 

pressure within the tube 19 are important factors in ob 
taining high neutron yields and stable operation. When 
the voltage is below 100 kilovolts, the neutron yield is 
insigni?cant, but as the voltage is increased above 100 
kilovolts, the neutron yield increases rapidly. Because 
of the practical dif?culties in using higher voltages, such 
as arcing, generating the voltages, insulation problems, 
etc., it is preferable to operate at Voltages up to 200 kilo~ 
volts. Operation at higher voltages with thicker targets 
and better insulation will produce higher yields and is 
within the scope of the invention. 
The voltage selected is affected also by the gas pressure 

in the tube 10 which in turn affects the neutron yield. 
Thus, a graph of neutron yield versus applied voltage with 
varying gas pressures shows that with higher pressures, the 
curve of neutron yield versus voltage rises more steeply 
than such curve under lower pressure conditions. Thus, 
with a pressure of 30 microns and a given voltage, a 
much greater neutron yield will be obtained than with a 
10 micron pressure and the same voltage. On the other 
hand, the breakdown voltage of the gas within the tube 
10, that is, the voltage at which the current between the 
electrodes 11 and 12 increases rapidly with substantially 
no further increase in the applied voltage, is lower with 
higher pressures than with lower pressures. Since the 
apparatus is unstable when a voltage equal to or greater 
than the breakdown voltage is employed, the voltage is 
Selected so as to provide su?icient ion energy to operate 
in the region of maximum neutron yield as determined by 
voltage considerations alone, i.e. 150 to 200 kilovolts, and 
the pressure is selected so as to provide about the max 
iinum neutron yield for the selected voltage without ex 
ceeding the pressure at which breakdown occurs for the 
selected voltage. Thus, for a voltage of 150 to 200 kilo 
volts, a maximum neutron yield with stable operation is 
obtained with a pressure of about 20 microns, which, it 
will be noted, is not a high vacuum of the type employed 
with prior art apparatus or conventional vacuum tubes. 
The preferred and useful range of voltages extends from 
about 125 to 220 kilovolts with corresponding pressures 
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6 
of about 30 microns for 125 kilovolts and 15 microns for 
220 kilovolts. 
During operation of the apparatus, the tube 10 is con 

tinuously evacuated by means of the pump connected to 
the pipe or line 23 and the in?ow of the gas contained in 
the bottle 14 is controlled by means of the valve or vari 
able leak 15. By adjusting the rate of pumping and the 
rate at which the gas enters the tube 10 through the line 
13 the pressure within the tube 10 can be adjusted to a 
level of about 20 microns and can be held within 1 micron 
of this level for over an hour. The high voltage pulses 
applied to the electrodes 11 and 12 cause high speed nuclei 
and molecule-ions to strike the tritiated surface 37 of the 
cathode 12. If the voltage between the electrodes 11 and 
12 is about 100 kilovolts or greater, the nuclei and mole 
cule-ions have su?icient energy to cause a neutron pro 
ducing reaction at the surface 37. Thus, if the bottle 14 
contains deuterium, high speed deuterons and deuterium 
molecule-ions strike the tritiated surface 37 producing 
high energy neutrons. Similarly if the bottle 14 contains 
tritium, high speed tritons and tritium molecule-ions strike 
the deuterated surface 37 again producing high energy 
neutrons at the surface 3'7. 

In one typical embodiment of the invention, the voltage 
pulse applied to the tube 16 had a voltage amplitude of 
180 kilovolts. Under these conditions a current of 30 
amperes passed through the tube 10 and a current of 75 
amperes passed through the parallel resistance 61. About 
6 amperes of the current of the tube 10 was composed 
of deuterons which struck the target electrode 12 and 
induced the neutron producing reaction. Yields as high 
as 1.0x 101° neutrons per pulse have been obtained, and 
it was found that operating voltages and currents were not 
critical except to the extent described above and could be 
varied to vary the neutron yield. 
The high energy neutrons emerge isotropically from 

the layer 37, and due to the presence of the oil 20 (FIG. 
1), those neutrons emerging other than upwardly from 
the layer 37 as viewed in FIG. 1 are highly attenuated. 
Accordingly, an object to be irradiated preferably is 
located in the path of such neutrons above the upper 
surface of the oil 20, but it will be understood that if 
the object can be placed in the oil 20 adjacent the wall 
of the tube 10 such an object would also be irradiated by 
neutrons emerging from the layer 37. 
As pointed out above, the apparatus of the invention 

also constitutes a copious and sustained source of ions 
and may be used as such with improved results as com 
pared to known types of ion sources. When used as such 
a source the neutron producing layer 37 and the cathode 
12 and its supporting structure may be omitted, the rings 
39, 45 and 46 and the cylinders 28 and 43 acting as a 
conventional apertured accelerating electrode to permit 
the ions to pass therethrough to the point at which the 
ions are to be utilized, and if desired, other modi?cations 
which will be readily apparent to those skilled in the art 
may be made to adapt the apparatus to a speci?c applica 
tion as an ion source. 

Having thus described our invention with particular 
reference to the preferred form thereof, it will be obvious 
to those skilled in the art to which the invention pertains, 
after understanding our invention, that various changes 
and modi?cations may be made therein without departing 
from the spirit and scope of our invention, as de?ned by 
the claims appended thereto. 
What is claimed as new and desired to be secured by 

Letters Patent is. 
l. Neutron generating apparatus comprising a vacuum 

tight tube of insulating material having a gas inlet and 
an anode at one portion thereof, means connected to said 
gas inlet for supplying a gas selected from the group 
consisting of deuterium gas and tritium gas to said tube, 
a cathode mounted at another portion of said tube and 
having a target layer facing said anode, said layer com 
prising nuclei selected from the group consisting of deu 



terons and tritons but different from the nuclei of said 
gas, said tube having a gas outlet at said other portion 
thereof, a coating of conductive material on the interior 
wall of said tube intermediate said cathode and said anode, 
a resistor connected between said anode and said cathode, 
and a high voltage pulse source having a positive terminal 
connected to said anode and a negative terminal con 
nected to said cathode. 

2. Neutron generating apparatus comprising means 
containing an insulating ?uid, a vacuum tight tube of in 
sulating material mounted with its lower portion immersed 
in said ?uid, said tube having a gas inlet and an anode 
at the lower end thereof, means connected to said gas 
inlet for supplying a gas selected from the group consist 
ing of deuterium gas and tritium gas to said tube, a pulse 
transformer immersed in said ?uid and having primary 
and secondary windings, means connecting one portion 
of said secondary winding to said anode and another 
portion of said secondary winding to one portion of said 
primary winding, a resistor connected between said por 
tions of said secondary winding, a cathode mounted at 
the upper end of said tube and having a target layer 
facing said anode, said layer comprising nuclei selected 
from the group consisting of deuterons and tritons but 
different from the nuclei of said gas, means connecting 
said other portion of said secondary winding to said 
cathode, said tube having a gas outlet in said upper end 
thereof, a coating of conductive material on the interior 
wall of said tube intermediate said cathode and said anode, 
and a high voltage pulse source connected to said pri 
mary winding, said primary winding and said secondary 
winding being polarized relative to each other so as to 
apply positive potential to said anode and negative poten 
tial to said cathode. 

3. Neutron generating apparatus comprising means 
containing an insulating ?uid, a vacuum tight tube of 
insulating material mounted with its lower portion im 
mersed in said ?uid, said tube having a gas inlet and an 
anode at the lower end thereof, means connected to said 
gas inlet for supplying a gas selected from the group con 
sisting ‘of deuterium gas and tritium gas to said tube, a 
pulse transformer immersed in said fluid and having pri 
mary and secondary windings, means connecting one por 
tion of said secondary winding to said anode and another 
portion of said secondary winding to one portion of said 
primary winding, a resistor connected between said por 
tions of said secondary winding and having an impedance 
substantialiy equal to the impedance of said tube during 
operation, a cathode mounted at the upper end of said 
tube and having a target layer facing said anode, said 
layer comprising nuclei selected from the group consist 
ing of deuterons and tritons but different from the nuclei of 
said gas, means connecting said other portion of said sec 
ondary winding to said cathode, said tube having a gas 
outlet in said upper end thereof, a coating of high re 
sistance, conductive material on the interior wall of said 
tube intermediate and electrically connected to said cath 
ode and said anode, a gas tube having control, anode and 
cathode electrodes, means connecting said cathode elec~ 
trode to said ?rst-mentioned cathode, a choke having one 
end thereof connected to said anode electrode, means 
including a resistor for connecting the other end of said 
choke to an electrical energy source, and a delay line 
connected between said other end of said choke and an 
other portion of said primary winding. 

4. Neutron generating apparatus comprising means 
containing an insulating ?uid, ‘a vacuum tight tube of in 
sulating material mounted with its lower portion im 
mersed in said ?uid, said tube having a gas inlet and an 
anode at the lower end thereof, a container or tritium 
gas immersed in said ?uid and connected to said gas inlet 
for supplying gas to said tube, a pulse transformer im 
mersed in said ?uid and having primary and secondary 
windings, means connecting one end of said secondary 
winding to said anode and the other end of said secondary 
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winding to one end of said primary winding, a resistor 
connected between the end of said secondary winding and 
having an impedance substantially equal to the impedance 
of said tube during operation, a cathode mounted at the 
upper end of said tube and having a target layer facing 
said anode, said layer having deuterium gas occluded 
therein, means connecting said other end of said secondary 
winding to said cathode, said tube having, a gas outlet 
in said upper end thereof, a coating of conductive ma 
terial on the interior wall of said tube intermediate and 
electrically connected to said cathode and said anode, a 
gas tube having control, anode and cathode electrodes, 
means connecting said cathode electrode to said ?rst 
mentioned cathode, a choke having one end thereof con 
nected to said anode electrode, means including a resistor 
for connecting the other end of said choke to an electrical 
energy source, and a delay line connected between said 
other end of said choke and the other end of said primary 
winding. 

5. Neutron generating apparatus comprising means 
containing an insulating ?uid, a vacuum tight tube of in 
sulating material mounted with its lower portion immersed 
in said ?uid, said tube having a gas inlet and an anode 
at the lower end thereof, a container of deuterium gas 
immersed in said ?uid and connected to said gas inlet 
for supplying gas to said tube, a pulse transformer im 
mersed in said fluid and having primary and secondary 
windings, means connecting one end of said secondary 
winding to said anode and the other of said secondary 
winding to one end of said primary winding, a resistor 
connected between the ends of said secondary winding 
and having an impedance substantially equal to the im 
pedance of said tube during operation, a cathode mounted 
at the upper end of said tube and having a target‘ layer 
facing said anode, said layer having tritium gas occluded 
therein, means connecting said other end of said secondary 
Winding to said cathode, said tube having a gas outlet 
in said upper end thereof, a coating of conductive material 
on the interior wall of said tube intermediate and elec 
trically connected to said cathode and said anode, a gas 
tube having control, anode and cathode electrodes, means 
connecting said cathode electrode to said ?rst-mentioned 
cathode, a choke having one end thereof connected to 
said anode electrode, means including a resistor for con 
necting the other end of said choke to an electrical energy 
source, and a delay line connected between said other 
end of said choke and the other end of said primary 
winding. 

6. Neutron generating apparatus comprising a vacuum 
tight tube of insulating material having a gas inlet and‘ 
an anode at one portion thereof, a cathode mounted at 
another portion of said tube, said tube having a gas 
outlet at said other portion thereof, a high voltage pulse 
source including an output transformer having primary 
and secondary windings, said secondary winding being 
formed by hollow turns of conductive material, means 
mechanically connecting one end of saidusecondary wind 
ing to said gas inlet and electrically connecting said end 
to said anode, means electrically connecting the other end 
of said secondary winding to said cathode and means 
connected to said other end of said secondary winding 
for supplying a gas selected from the group consisting of 
deuterium gas and tritium gas through said secondary 
winding and to said tube, said cathode having a target 
layer facing said anode and said layer comprising nuclei 
selected from the group consisting of deuterons and tri 
tons but different from the nuclei of said gas. 

7. Neutron generating apparatus comprising means 
containing an insulating ?uid, a vacuum tight tube of in 
sulating material mounted with its lower portion im 
mersed in said ?uid, said tube having a gas inlet and 
an anode at the lower end thereof, a pulse transformer 
immersed in said fluid and having primary and secondary 
windings, said secondary winding being formed by hollow 
turns of conductive material, means mechanically con 
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necting one end of said secondary winding to said gas 
inlet and electrically connecting said end to said anode, 
means connected to the other end of said secondary Wind 
ing for supplying a gas selected from the group consist 
ing of deuterium gas and tritium gas through said sec— 
ondary winding and to said tube, a resistor connected be 
tween said ends of said secondary winding, a cathode 
mounted at the upper end of said tube and having a target 
layer facing said anode, said layer comprising nuclei se 
lected from the group consisting of deuterons and tritons 
but different from the nuclei of said gas, means electrically 
connecting said other end of said secondary winding to 
said cathode, said tube having a gas outlet in said upper 
end thereof, a coating of conductive material on the in 

10 

10 
terior wall of said tube intermediate said cathode and said 
anode, and a high voltage pulse source connected to said 
primary winding. 

References Cited by the Examiner 

UNITED STATES PATENTS 
2,689,918 9/54 Yournans ___________ __ 313—61 
2,926,271 2/60 Brinkerho?f _________ __ 250-—84.5 
2,933,611 4/60 Foster _____________ __ 250-845 
2,9 67,943 1/61 Gow ______________ __ 250—-84.5 
2,994,777 8/61 Tittle ______________ __ 250——84.5 

RALPH G. NELSON, Primary Examiner. 


