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CHAPTEK I
INTRODUCTION

The increasing interest 1ln the investlgation of the
nuclel of atoms has given rise to an lnereaslng need for
aources of energetic particles capable of produclng nuclear
resctions. One of these particles is the neutron., The
subsequent activity of elements bombarded with neutrons
yields veluable information concerning nuclear properties
and nuclear reasctions,

Heutrons mey be produced in many different nuclear
reactions; two reactlions in pertlcular heve heen found very
useful, One 1is the decsy of the compound nucleus 6015

9

which is produced by bombarding ,Be” with alpha particlesy

The excess energy, or &, of ths reactlon given above is
related to the mass differernce of the resctants and the
products and the kinetic energy of the Incldent alpha par-
ticle. There are several natursal sipha emltters which willl
nroduce this resasction with 48993 two popular sources are
radium and polonium. These sources also produce strong

gamna radlation, necessitating msny safety measures for the



protection of persennel and, sometimes, complicated pro-
cedure to eliminate radiastlions other than the neutron
radiation of a deslred energy.

A second source of neutrons utillzes nuclsar reactions
resulting from bombardment with artiflcially accelerated
particles, Of the varlcus atomic particles capabls of
scceleration, the deutsrium lon is a highly useful one
because of its low binding enerpgy and the sase with which
the molecules of deuterium gas can be dissociated and the
gubsequent atoms lonized, Coplous sources of neutrons cen be

obtalned using accelerated deuterium lons. The reactlon
2 2
(B £ 8% —— He® 4 w1 £

(often called a D-D reaction) is excergic ylelding neutrons
of approximately 3.25 million electron volis, and bescsuss
the potentlal barrier is very low, good neutron ylelds can
be obtalned with deuteron energles as low as 100,000 siec~
tron volts. For thick tergets of solid D0 (frozen heavy
water) the yleld 18 in the vicinity of 0.7 reutrons per
107 deuterona.l

There are several types of accelerators 1ln present use.
These types range from complex synchrocyclotrons and beva-

trons to comparatively simple csscade, uniform potentlal

fleld, type accelerators., Althoush simple by comperison

13, 6. Beckerley, editor, Neutron Physies, p. 7,
gquoting Enrico Fermi, lscturse series, (1945).



to more complex and expenslve accelerators, the cascade
acceleretor 18 by no means & slmple accelerator, There are
many problems associsted with the design of the elsctrodes,
electrostatic lenses, potentisl dropping devices, current
leakage facilities, power dlssipation, corrosion, seals,
connector design, andéd vacuum technique. Many of these
problems have heen solved satisfactorily for perticular con-
ditions and assoclated impedimenta, but these problems must
be considered when any deviation from some psrticular assenme
blage of assoclated equipment exists.

The meny experliments which can be performed, the great
emount of original research that can be sccomplished with
fast nsutrons, and the equipnment avallable for use led the
suthor to undertake the conatructlon of an lon sccelerator.
A 106,000 volt power supply had been constructed oreviously
by P. M. Windham® and sn lon socurce had been constricted by
Ke W. Hannah.® Both instruments were constructed under
the supervision of C. W, Tittle,

The power supply has since been rearranged and modifled
by J. C. Mitechell and the lon source has experlenced & com=

plete and thorough renovation, exemination, and modification

2P. M. VWindnam, "A DeuteriumeDeuterium Type Neutron
Source" (unpublished M. 8. Thesis, North Texas State Collsge,
1051), p. 25.

3K+ W. Hannsh, "A Positive Ion Source® (unpublishsd
#e 8. Thesis, Worth Texes Stats College, 1948),



by G. T. Paulissen.? MNany modifications were necessary,
Including a completely new lon chamber end sssocliated elec-
trodes. A six-inech oll diffusien pump ané a Megavee mechenlw
cal forepump were avallable for the vacuum system. Both of
these pumps hed accidentally been complstely filled with
water, necessitating s factory overhaul for the mechanical
pump and a thorough eleaning of the oil diffusion pump,

The unsatisfactory operation of the orlginel form of the
ion accelerator was consldered to be due at lesst in part to
the single accslsyrator gap which utilized s glass tube coatad
with carbon, A.study of successful lon accelerators reported
in sclentific lliterature indicated the advisability of conwe
structing 2 multi-electrode accelerator tube with separately
controlled voltage dividers. In order to gain the advantage
of flrat~hand experience and personal obgervation of the
operation of & working system of thls type, 2 vislt was madse
to the Physics Department of the University «f Texas, where
the accelerator was operated by & zroup under the supervision
of e Ho Little.

7he Unliversity of Texss cascads accelerator column was
chosen as & model: seversal undesiradble featurss of the accel-

erator were pointed out by the operators® and the elimination

4¢. T, Paulisser, "Operation snd Contrel of s Rsdiofre-
quency Icn Scource" (unpublished ¥. S, Theais, North Texas
State College, 1953), Chap. III.

5Stataments by K. e Little and staff members, personal
interview, November, 1982,
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of these fesaturea presented the primary desigsn problems
of thls thesls,

The electrode nlates of the University of Texss sgccelw
erator are thin brsss plates ter inches 1n dlametesr, ssparsted
by porecelaln rings heving a diemster of flve and flve-eighths
irches., These rings are two and nilne~sixteenths 1nches high,
glving the slectrode plates & separation of two and nine-
sixteenths inches. Soldered onto the ouber edges of the
electrode pletes are corona rings mede of coposer tubing one
inch In dismeter, This arrangement reduced the &ir gap
between electrode plates to only one and fifteen~sixteenths
inches. This seperation sllows breskdown across the corona
rings at very high potentials, The greater the aeparatlon
of two conductors in air, the greater is the potential
requirad to cause breskdown between them (epproximately
31,000 volits per centimeter of separstion for like spheres
of one certimeter racius in standard air).®

This design deficlency wes overcome by planning brass
plates one end one~fourth inches thick, This dimension would
allow a onewelghth inch shoulder inslde the porcelain ring
and a plate capable of having a one-half inch radius of cur-
vature on the peripheral edge. When 1t was lssrned that
brass plates of the desired thlckness twelve Iinches In

diameter were qulte expensive and not avallable within

6J, B. lomg, Electron and Nucleer Physics, p. 461.




seven months, 1t was decided that the electrodes should bhe
made of steel. Steel ig more Adifficult to machine and ls
also subject to rust and corrosion, which present zdditionsl
problems in the production of high vacuum. The veacuum probe
lem was solved by nickel-and-chrome~plating the steel elec-
trode plates alter they were machined to shape and slze.
our electrode plates and the accelsrator support were made
of steel. The top plate wasg constructed of zluminum.

The top plate demanded more intricate machine work per-
formed upon it than did the others, and, as a consequence,
it was desirable to obtain & material having good meachining
properties, Plates of aluminum and of steel of the size
reguired for the electrodes and the accelerstor support wsre
not easlly obtained, and the tasks of locating and sscuring
suitable materiel became major ones. The other materisls
necessary to complete the requlrements for the aceelerator
were elther on hand or cbtainable locally.

The accelerator column consists of flve electrode plates
separated by four corrugated porcelain ring insulators.
There are four electrode gzaps, each located helfway bhatween
the electrode plates. A somewhat uniform potential gradlent
exlsts along the entlire length of the column. This is breught
ebout by the leakage of charge through the surrounding etmos-
phere from plate to plate, alded by a resistance stack for

more neerly uniform potential dlstribution.



The top plate is to be operated at a positive potential
with respect to the bottom plate. The entire sccelsrator
rests on an O«ring seal in conjunction with & vecuum pump
manifeld, Directly undernsath the pump manifold =snd in line
with the sccelerator electrode tubes is a cocssting tube
leading to a target. The tarzet may be any one of many
meterisls; however, coppsr plate was used to allow the
ion heam to deposit a plating of deuterium thereon, thus

providing the dsuterium targebt for the DD reaction.



CHBAPTER 1X
DESTGY AND CONSTRUCTION OF THE ACCELERATOR

The design of the Unlversity of Texss saccelerator
limited its operation to sccelerating potentials of approxi-
mately 100,000 volts, dus to breakdown through alr wilth
average humlidlity at potentials of thls amount. A greater
aepargtion between electrode plates should decresasae the
tendency for breskdown by decreassling the olectric field
intensity between thess plates, The porcelain rinzs that
were used to separate the slectrode plates ware obtsined
from the Unlversity of Texas snd are identical to the ringss
used In the accelerator there., The use of these rings
required that the slecirode plates themselves must have
exactly the same separstion as the plates of the University
accelerator,

The electrode plates of the University accelerator, as
indicated in Chapter I, were made of three~sighths inch
brass plate with a copper corona ring of one inech dlamster
goldered te 1t, This srranzement geve an effective inter-
electrode spacing of only one and fifteen~sixteenths inches,.
In addition to this recuced specing, & reglon of very high
electrlc field intensity between the corons rings was created

because of the one~hslf inch radius of curvaturs of the



corona rings., Thls situnation was apparently undesirable
and needed modification,

The primary deslgn of the electrode plates was there-
fore centered arcund the need for eliminating the region of
high electric fileld intenslity and increasing the effectlive
Interelsctrode spacing. 1In the applicatlions of very high
potentials it 1s necessary to malntaln large radii of curva-~
ture on all conductling surfaces subjecited to high potentials
in order to reduce current losses from leskage into the at-
mosphere., Small radil of curvaturse give rise to reglons of
great electrlc fleld intensity, which in bturn give rise to
high current lcsses. These facts preclude the pogsibility
of using thin plates without corona rings.

The use of thick plates seemed toc be the solution,

With thick plates an effective corona ring could be incor-
porated along the periphery without extrusilon esbove the
electrode nlste surface. Figure 1 shows a2 cross-sectional
view of the accelerator column and it may be seen therefrom
that the electrode plates contain a corona ring of one-half
inch radius of curvature without a subsequent diminishing of
the interelectrode spacing. This interelectrode spacing is
effectively flve-elghths Inch greater than the spacing of
the Unlverslty of Texas accelerator. It 1s belleved that,
becauge of the increased spacing, not only will more stable
operation be achleved at 100,000 volts accelersting potential
but also that the column will be capable of operating at

poterntials up to, and perhaps in excess of, 200,000 volts.
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Fige l.--A& cross-sectional dlasgram of the accelerator
components.



il

The accelerator column conslsts of five elsctirode
plates separated by corrugeted porcelein rings. Ths por-
¢elain rings are corrugated in order to incresse the surface
path length between the electrodes, thus decresmsing the
probability of current leakage over the surface of the por-
¢olain lnaulator. A 2.129 inch hole was bored through the
center of each of the lower four electrode plates to receive
a tubular copper electrode. Rach copper electrode (as shown
in Flgures 1 snd 2) is made in two parts. Each part has one
end flared and curved back with a radius of curvaiure of
cne~fourth inch. The two sections were pressed into place
in the elesctrode plate and soldsred for security. Smsll
channels were previously out in the recelving hole to faclli-
tate outegassing.

Bach of the four lower plates has eight one and one~
fourth inch heles bored around the center hole in ordeyr te
facllitate more rapid evacuatlon of the entire column.

These holes present the disadvantage of providing & large
path outalde of the electrode path from the bottom to the
top of the column. The high potentlials placsd mercas the
column will give rise to fisld emlsaion electrons, which
wlll, in turn, be accelersted up the columm. The slectrons
mey acquire sufficlent enerzgy to reappear in the form of
X-radlation when the electron strikes the moetels of the
celumne Small baffle plates one-eiphth inch thick and five

inches 1n dlameter were placed ons~-fourth inch above sach
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set of pumping holes of each of the thrse center electrode
plates. Fach small plate serves as an eleciron bafflas, yst
allows prapid gas passage through the electrode plates., The
electrons will strike these plates with an energy no greater
than 25 per cent of the total potential across the accelsrs-
tor, thereby minimizing the hazard of X-radiatlon.

The top slsctrode plate ls made of aluminum, It has an
aluminum electrodes directed toward the electrode in the
second plate., The electrode in the saluminum plate is smaller
than the other electrodes, with a bore of only one inch.

The top plate is two and three-sighths inches thick; the
plate wag made of thls thickness because it weas plenned to
put & variasble electrode in this plate. This plan wsas tem~
porarily abandoned because of the intrlcate nature of the
mechine work necessary to insert a control rod in the elec-
trode. The top plate will receive the ion socurce and in
order to facilitste this receptlon, & three and one~-fourth
by three-sixteenths inch neoprene O-ring (Parker Fumber
27-42) was used. The ion source i1s bolted tc the top plate
with three seven-sixteenths inch machine bolts.

The bottom electrode plate is attached to a twelve
by three~fourtha Inch stesl flange. The flange hsas mccom-
modetions for a alx and three-fourths by cne-fourth inch
necprene O-ring (Parker Number 27-87). Six seven-
sixtesnths inch machline boltes conrect the f{lenge teo the

bottom electrode plate. The two it together In such a
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manner that they appear to be one plece., This was done to
eliminate extra cuvrvabture at thelyr junction. A filve snd
three«~fourths inch brass tube extends from this flange to
the vacuum system snd thence to the tasrget.

All of the stesl perts of the accelerator column were
nickel~plated by a rather new process. Thls process 1s one
In which a more dense, less porous, thilcker plating can bve
achleved. 7The plating has the further advantage of being so
tightly bound that welding may be done on the steel without
cauging the plating to psel, To reduce the probability of
the adsorption of gases to this surface, & 0,001 inch plate
of hard chrome was plated over the nickel. The copper, brass,
and slumlnum parts were thoroughly eleaned with carbon tetra-
chloride before assembly. The parts were heated 4n an oven
to 110 degrees centigrade and then were assembled over an
allgning mandrel. The joints wers made using Aplazon W
black wax, whose vapor pressure at room temperature is
below 107% millimoters of mercury.l

Flgure 3 is a view of the assembled column wlthout the
lon source, power supnyly, vecuum system, and safety feetures
necessary to protect personrel from the high potentials used

with the sccelerator.

lulletln 1565-L, J. G. Biddle & Co., July, 1947.







CHAPTEK IiI
VACUUM BYSTEM

The gas preasure in the accelerator must be very low
in order to prevent collisions between the accelerating ilons
and the molecules of gas in the column, This preasure must
glso be in the vicinity of 1075 miliimeters of mergury to
prevent arc dlscharge across the electrode tubes, Ordinary
mechanicel pumps are Incapable of producing e kinetic vacuum
of such low pressure. In order to achleve this low praessure,
an MG 700 oil diffusion pump menufactured by IMstillation
Products, Ince, Rochester, New York, was used. This dife
fuslon pump has a Megavace pump for its forspump,

The M0 700 oll diffusion pump has & six~inch bore, and
in the origlinal form had no baffle system. Although the
pumping rate of these pumps was quite high, some means of
preventing the oil vapors from working up into the sccelsra-
tor should previously have besn employed., The author, there-
fore, conatructed the baffle system shown in Fisure 4, A
plece of six inch atesl pipe was machined on the inside. A
nine inch flénge was brazed to either end and a plece of
three~elighths Inch copper tubing wes wrapped around the oute-
glids of the pump. All of this was painted with two coats of
black glyptol varplish. Water wss circulated through the

tubling iIn order to carry away heat, thus alding in the
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condensation of oll vapors in that area, Inside the housing
formed by the steel plpe was placed & group of bhrags plate
rings having diminishing dismeters in such manner that sach
succeaslive plate was smaller than the one above 1t, yet large
enough to hide the center opening in the plate. There were
five plates in all, and these were spaced approximately one
and thrse~fourths inches apart. The junction between the
pump and the baffle system was sealsd with & six anrd one-half
by oneé~eighth inch necprene O-ring {(Parker Number 30-38).

The baffle system was conrnected to & five and three~
fourths inch bhrass manifold to which were conrected the
aceslerator supsort flange and the target assewbly. A six
and one-half by ons-eighth inch rneoprene O-ring {(Parker
Number 30-38) sealed the junction between the baffle system
end the manifold. The sccelsrator support and the target
sgsembly were soldered to the manifcldgl

Testing of the vacuum obtained in the assembled egquip-
ment ls limited by the lack of adeqQuste vacuum gsuges., At
this time the only pressure-meesuring devieces on hand are a
Pirenl gsuge and a Mcleod gauge. A Plrani geuge is not
effective for measuring pressures below 10°% millimeters of
mercury, and ths MecLeod gauge employs mercury that must be
cold-trapped if used; otherwise the mer¢ury vepor will cone

taminate the system by adhering to the system's wslls, A

1P. M. Windhem, op. cit., p. 21.
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self-calibrating lonization gauge is needed. This gauge

is capable of measuring pressures down to 107 millimeters

of mercury.



CHAPTER IV
TESTING ASSEMBLY AND RECOMMENDATIONS

A sultable permanent location for installation of the
accelerator has not as yet been recadled. In lieu of this
locatlion, & small portable steel plpe derrick has besn cone
structed which will serve hoth as a test stand and a stor-
age medium, The derrick consists of four legs topped by a
"u"~shaped plece of angle 1ron upon which may be bolted the
accelerator support flange. The test gtand has provisions
to receive the pump manifold, baffle system, and the dife
fusion pump in thelr proper operatlional positiona. All of
these components sre rigidly mounted and may be moved 2s =
unit., The forepump will rest on the floor, but this is of
ne consegusnce in moving. as it iz connected to the dif-
fusion pump only by & rubber hose.

The test stand ls approximately three and one-half fset
high. The acoelerator and lon source will edd an additional
two and one~-half feet to the structure, making a totsl helght
of approximetely six fset,

In the assembly as deseribed there ls sufficlent space
below the pump manifold for a target mssembly. When thse
radiofrequency exclter aupply and focussing voltage supply

have been lsoclated for 100,000 volts and sufficlent coronsa

20
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protection completed for the lon source, the unit may be
placed in operation as a neutron source on the test stand.

The target for teat assembly consists of & three inch
brasa tube soldered to the pump manifold, a short length
of glass tubing seasled to thse three inch brass tube with
hard wax, and a copper dlsc sttached by use of hard wax to
the lower end of the glasa tube. The deuterlum lon beam
willl plate & layer of deuterium on the coppsr and subse-
guently the D-D resction will pecur.t

The resistance bank now In use as a potentlal distribue
tor on the poweﬁ;supply is also used to sid in distributing
the potentlial d@an the sccslerator colusn. Thls bank 1is
usaed at presant%because the power output of the power supply
is not well enough known to asgertain whether or not the
supply will provide enough current for an additional resis-
tance steck, If it will produce enough current and another
leak for current is necessary, a water realatance stack is
recommended.

Thers are many ways in which this instrumsent as & whole
may be improved upon and its effectiveness extended. One
such Improvement would be an lon beam analyzer. The lons

that will be obtained from the accelerator wlil have mass

iztatement by K. li. Little, personal interview, November,
19562.

23tatement by #., BE. Little, personsl Iinterview, November,
19E2.
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numbers ranging from one perheps through elght. Only the
ions of mass two will be effective 1n produclng neubrons,
and the rest will sserve only to heat the target. To cite
an sxample of the use of an analyzer, The Unlversity of Texas
recently added & beam anelyzer to its neutron source. The
lon current bhefore this additlon was approximately 400
mieroamperes and the neutron yleld wss In the vicinlty of
108 neutrons per second, After being analyzed, the ion
current was only 198 microamperes, yet the neutron yleld
was still of the sams order of magnitude.s This 1ndicates
that only BO per cent of the lons were produeing neutrons
and that the other 50 per cent were heatling the target.
Another recommendation concerns the physleel layout of
the neutron source components. At present there sre thres
rooms which e¢ould house the components in a very efficlent
arrangement,. HKoom 113 now housges the entlre sourcs and,
neadless to say, this ls s dangerously crowded sltuation,
The room iz filled and there are many plumblng plpes that
are danpgerously close to the high voltsage squivment. Hoom
113 18 in the basement and dlrectly over it is a large
storage room that could very comfortably and efficiently
house the power supply, lon source controls, and the main
portion of the ion accelerator and source. There is also
the Bdded advantage of having all of the high voltage equip-

ment removed from &ll personnel.

Sstatement by Ke ¥, Llttls, personal interview, August,
1853,
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It ls further recommended that a large hole be
opened from the center of the floor of the storage room
into Room 113. The sccelerator could then extend through
this hole, to such anh extent that the pump manifeld could be
attached to the celling of Koom 113. This would sllow the
target to be placed in the center of Hoom 113; thereby re~
ducing the bagkescattering that might ogcur 1f much materiel
were near the target ares, The propossd errangement would
also provide sufflicient space for the addlition of & heanm
anelyzer without Interfering with the target arsa.

There 18 a room adjacent fo and west of Koom 113 that
would profitably be used as a control roome A door could be
opened into thla room directly from Hoom 113 and a ladder
provided for access to the storage room from Room 113; there-
by mekxinz all parts of the neutron source avellable to the
eperator without necessitatling shutdown or extra monitors,

Many mors devices, such as vacuum velves between the
pump manifold and the tarpget and betwsen the accelerstor and
the ion source, are needed. Thers are unlimited possibili.
ties in the constyuctlon of teargets, for there are many reacw
tlons thet sn aceelerated deuterium Llon can csuse, Iach cen
be done in the development of remoite conirel devices.

These sre only & few of the many opportuniiies for study
and improvement whloh the accelsrator offers. There 1s &

wide variety of experiments yet to be performed on the
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frontiers of nuclear research, and with an Instrument of
thls nature a great ranges of possibilitles is open to the

student of nuclesr physlcs.
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