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CHAPTER 1

 INTRODUCTION

Zhe Agcelerator

Low energy positive-ion accelerators have recently
come into rather common use as sources of mono-energetic
nentrons, Using lons with energies ranging from fifty kev
to a few hundred kev it is possible %o produce neutrons with
‘energies up to 13,5 mev, Two common examples of this neutron
production process are the H2(d,n)}He3 raagtian; vhich produces
wa mev neutrons, and the H3(d,n15¢h raactian; which pro-
duces 13.5 mev neutrons, The existence of this process makes
poasible the construction of a relatively inexpensive source
‘of & large flux of monowenergetic neutrons, This nentron
flux may be controlled by regulating the intensity of the
beam reaching the target, ’

The components of the usual linesr sccelerator are a
positive~ion source, s high voltage supply, an accelerating
ecolumn, the necessary assocleted vacuum system, and a beam
shalyzing device, The first four components listed have

1

been designed and constructed.,” The ion source and

1Pat M, @inéham "A Deuterium~Deuterium Type Neutron
Source,"” Unpubiishad ’Master's thesis, Dapartmﬁnt of Physics,
Horth Texes 3tata College, 1951.
~ Kenneth W, Hannah, "{ Positive Ion Source,” Unpublished



accelerating column as originslly constructed have been
modified to facilitate assembly and operation of the
accelerator. These modifications are discuased in

Chapter I1I,

‘Beam Analyzing Devices

Either electrostatic or electromagnetic ﬁéfleétion‘
priagipl&s may be used as the basls for thé &ésigﬁ of equip=
ment for separating beams of charged partielss aeéﬁiding‘ta
mass, charge, and velocity. 4An alactrastatie dsvi#é @p@gatss
as an energy analyzer, whereas a magnetic device ié’a momen-
tum analyzer, Relativistic effects ara,négiigiﬁl@iin aithar
case since the maximum velocity of the partieléa'#fgint&raaé
is less then 2 per cent of the veiacity of 1igﬁt. E o

An electrostatic analyzer (see Figura'll‘aohsists of
two concentric arcs, situated so as to form s pprtiﬁn of a
eylindrical condenser, with the beam path between them,
The force e#nrt&d on a charged particle moving along the
ideal path (see Figure 1) between the surfaces is eV/x,
where e 1s the charge on the particle, V is the potential
difference between the arcs, and x is the radial separation

of the arcs. The force required to keep a particle in this

gastar'a thggis, Department of Physies, North Texas State
ollege, 1940. ‘

gaérgz T, Paulissen, "Operation and Control of a Radio-
Frequency lon Source,” Unpublished Mester's thesis, Depart-
ment of sies, North Texas State College, 1953,

Vern A, Eaiay, "Design snd Testing of a Positive lon

Ascelerator and Necessary Vacuum System,” Unpublished Master's
thesis, Department of Physics, North Texas State College, 1953,
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oircular orbit is just the centripetal foree, mve/r,
Equating the sbove expressions gives A
r - (2x/e¥)(av/2), 1.1
The radius of the orbit is seen to be a linear function of
kinatia nﬁ$rgy. This analygzer also provides a certain amount
of space focusing In the plane of the bawm;ﬁ |
A magnetic anaigsar consists of an sleat?@mégnat with
ﬁara&l&i’ya&a faces situated so as to create a magnétie
field st right angles to the path of the part1&1$# fs9&
Figure 2), The force exerted on each ehapgad,yav%1¢la is
~36v* where B is the magnitude of the magnetie iﬁﬁnﬁt&en'
‘Qgﬁtar. Eguating ﬁhisléxpraaaian tﬁktha eantriyéeﬁi force
r = {1/Be)(mv) )  ~1‘§
In this case the ra&ius of the orbit is a linear fuuctimn
of momentum, In eddition, the magnetic analyzer pravidaa
the possibility of fbcuaing the beam In the plane tangent teo
the curved part of the pole pileces and parallel to the
direction of the magnetic induction as well as In the plane
of the b&am,3
The accelerator under construetion will produce sube-

stantlal quantities of both Dy ana DY ions, It 1s ‘desirable

?& L Hughes and V. Rojemsky, "On the &nalyaiw arlﬁiaat«
- ronle ?alaﬁitias by Elaetrﬂatatie ﬁa&nﬁ, fhys Review
XXXIV{July 15, 1929), 28L.

3¥srﬁ9n Camac, "Double Focusing with Wad%a uhaged Magnetic -
Fields,” Rev, of Sci, Inat,., XXII(HaPeh 1951




o keep 5; ions from reaching the terget since they heat the
target without sdding appreclably to the neutron flux. Since
both the B{g and Dt fons are sccelerated to the seme enwgiea;,
it is cleer that an elscirostatic anelyzer could ndt' possibly
be used to separate thﬁse two components of the lon bean.,
Thus , the necessity of using a magnetic beam analyzer with
the linesr sccelerstor in neutron production spplications is
evident, In aéﬁiﬁﬁn; the focusing flexibility of the mag-
netic analyzer 1s advantageous.



CHAPTER IX

MODIFICATION OF THE ACCELERATOR

Zhe Ion Source

As originally designed,l the ion source required
several hundred watts of electrical power and this, of
necessity, isolated at 250 kilovolts above ground. Further-
more, the nature of this radio-frequency ion source was
such as to require a contimious and complex tuning pro=-
cedure dﬂfing the operation of the accelersator,

A new radio-~frequency exciter of very simple design
has been constructed., The clroult for this osclillator is
shown in Figure 3. All the high voltage power necessary
for its operation is supplied by = small twenty-seven-volt

d.c, dynamotor requiring a total power input of less than

Wfifty watts. The oscillator furnishes all the raﬁi@~frequ&nc?
power necessary to ionlze the gas in & chamber modeled after
the Osk Ridge ionizstion chamber described by Noak,? This
source is powered from storage batteries, which are easily

isolated at 250 kilovolts from ground,

x?auiissen, op. cites Pe 5.

2¢, D, Mosk, H. Reese, and W, M, Good, "Design end
Operation of s Radio Frequency lon Source for Particle
Accelerators,” Nugleonles, IX (September, 1951), 18-23.
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The oscillator operates at approximately eighty mepga-
eyeles, It does not require tuning in order to remsin in
operation, since there is a single tuned circuit consisting
of a three-inch coil end the inter-electrode capacitances
of the fubes plus the distributed capacitances of the
eircuit wiring, Necessary adjustment in operating frequency
may be made by changlng the dimensions of the coil..

The radio-{requency oselllator 1s capacitively coupled
to the ionlzation chamber by two copper straps asround the
chamber as shown in Figure l,. These straps are tapped
across the osclllator coll at points whiech were experi-
mentally éatarmineé as those gilving the maximm tolerable

osclllator loading consistent with stability.

The Accelerating Column

A recent ahéﬁge in the location of the accelerator
necessitated a horizontal position for the column rather
' £h§n the verticel arrangement as specified by Mchy.3‘ The
horizontal arrangement required a sealing compound with a
mach higher tensile strangth than the Apiezon W wiﬁh which
the celumﬁ'was ofiginally sealed., Several unsuccessful
atteuwpts were made to seal a column with Araldite 100, whieh
requires a high curing temperature (1109C), but in easch case

uneven cooling of the sealed column caused the porcelains to

3McKay, op. git., pp. 8-15,
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erack., A modified column (see Figure S) was canstmmwﬁ
at th& Baleonis Besearch Center of The ﬂﬂimaiw af i”ema
with the help end advice of E, L, Hudspeth and J, . ?w;;la&.



CHAPTER 111
THE MAGNET SYSTEM

Seperal Discussion

A relatively simple magnet design was chosen so that
the various parts could be machined on available equipment,
The first detall to be considered in the magnet design was
~ the ramtiamhip between the radius of curvature a’fr the
~ beam psath ’an& the number of smpere-turns required in the
coils, It was obviously desirable to use the least radius
eonsistent with a relatively low power dlssipation in the
ﬁn&ings, A few simple computations indlcated thet a radius
of ten inches would mest all the requirements for the present
system,.

The magnet mst be capable of bending the mst magnet-
feally rigid lons encountered into the ten-inch orbit when
they have an energy of 250 kev, A Marrwgamnt“ @:&‘: Egquation
1.2 gives o

B: mv/re | 2.1
a8 the magnitude of the required magnetic induction, Purther-
mré? the relation of energy to velocity is |

v-\Ve/m + ‘ 2.2

Equation 2.2 gives a veloelty of 3.6 X 1ﬁé mjag@ for a;

fons scoelerated to 250 kev, Then Equation 2.1 shows thab
a magnetic fleld strength of 5690 geuss is required to bend

1Y
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‘these particles iﬁﬁe & cireular orbit of ten~inch radius,
An sapproxi mation to the required mgnatamtiv& force
(mﬂ was obtained by using the equation for an ide&ilized
magnetie aimmi‘h,g'. | . |
wmf = Ni: B{a/p + 8/ 1.} amp&rmmm, 2.3
where ¥ is the number of turns in the winding, 1 is the
euwam in each turn, 8 is the 1¢agth of the flnx path in
| ﬁm stesl, d is the airwgap width, u, is the ma,gnetia perme-
“abllity of fres space, andy 1s the permeability of mild
sml (5'3.3}‘;8#0 %2 A ‘s«}uft of ﬁa@et dimensions; ,af=i 0,65 meters
and 40,0127 meters, chosen by a series of trial scalou-
lstions gives, from Equation 2,3, |
maf = 7320 ampere-turns, 24

Flux Path
The magnet proper was constructed of emamiaﬁm;@mﬁs
mild ateel , which has a carbon content of not more then 0,30
per cent, A carbon content much greater then this seriously
affects the permsability of st%l.g The steel parts of the
magnet are shown in Figure 6, Half-inch steel bolts were

1§athaniel H, F’rmﬂ:,
Opties, 1950, p. 271.

%rthur W, Smith, E. D, G, bell end W, L, ka "The
Effect of C gos_ m %tal Garbon and’in the' ﬁanditian of
Carbides_on t?e agf;rtias of Steel," :
Review, XXIII ﬁarah, 19214.}

3Ipid.
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used te fasten the aides (B) to the centrsl cors (C),
around which the coil forms fit, and to fasten the pole
pieces {A} to the sides, All surfaces in direct sontact
with other surfaces were machined to an meuz?aﬁy of two
thousandths of an inch, Other surfaces were sawed to shape
on a band saw and ground to & smooth finlsh, ,
Should future applications of the accelerator require

shsrpar focusing of the beam, Camac's aqngt,iemsh eould be

| used a;a a gulde for reshaping the pole pleces,

Vinding
| The winding was divided evenly among three colls of
approximately 1500 turns each, for a total of 4500 turns,
Therefore, a current of approximately 1.65 amperes 1s ?&u
quira& to produce the maximum of 5690 gauss needed to de-
flect 250 kev D} tons inte the ten-inch orbit.

The coil forms were conastructed of alumimm disks
mounted on steel cylinders which were made to fit closely
around the central steel core to prevent movement of the
coils (see Figure 7). The finished forms were lined with
heavy fish paper before bveing wound with 16-gauge CGeneral
Electric "Heavy Formex” wire., The ends of each length of
wire were connected to & "Textolite” binding post attached
to the outer edges of the mluminum disks. 4 potential

hﬁmae , 80« eit., 297-30L,



15

L 1]
SCALE: :,L = |
B n
l5“
. : Ll
' ’__J L—_Lu
ry 8
Outer Discs Inner Discs
Top View Side Views
Coil Fbrm Discs

- -

8
Top View Outer Cylinders Middle Cylinder
Side Views

Fig. 7.--Magnet Components (i)



16

7 m;t‘arami of aspproximately fifty volis 1s required across
‘the terminals of the winding, which consists of the three

¢olls connscted in s&é“i&sg

Support o

In order te feeilitste slipgnment of the magnet a support
was designed which sliows movement in the horizontal p}.m«a;
both parallel end at right sngles to the length of the
eolwm, in addition to providing for rotation of the nagnet
about a vertiesl axiz, The support &lso permits limited
movement in the vertical direction, |

A1l parts of the support (see Figure 8) near the megnet
are mede of brass, because of iis magnetic propertiss, A
disk (A) 5.5 inches in dlemeter 1s attached to the lower side
of the magnet with four machine screws, To this 1s soldered
& brass pipe {B) of 5,75 inches outside diameter. A six-inch
ring of eighth-inch stock 1s soldered at the bottom of this
pipe so that 1t extends one-sighth~-inch beyond the pipe.
Three layers {B;:E;F’) of brass plate form & support for the
ring. The rmg‘ resta on the solid plate {R}; fitting into
the plates igh which also rest on (F), The top plate (D)
fits svound the brass pipe (B) and is bolted to the lower
plates, In order to facilitate enguler movement of the mag-
net a red (I) is attached to the lower part of the brass
pipe., A clamping device (H) is provided with which the end
of the rod is haﬁlé;, thereby holding the magnet in the correct
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angular position, The lower brass plate rests on a half-
inch steel plate (G) upon which it slides to pr#éida adjust-
ment at right sngles to the mccelerator axis, The steel
plate 1is mounted on angle-irons so that it cen be moved in
& direction parallel to the accelerstor axis by means of a
threaded rod, Small changes in the vertiéa}Apegitian of the

ateel plate can be made by adjusting four supporting sersws,

FPower Supply
§he magnét power supply consists of a conventional
full-wave bridge rectifier using "Tungar" diodes (see
. Figure 10), The filament power 1is obtained from a trans-
~ former with e single primary snd four isolated secondery
windings., The output voltage is controlled by a varisble
traensformer, Fine adjust&ent is provided by a two-ohm
Jpawsr resistor connected in series with the output., Power
for both filaments and a.c. input 1s controlled by a single
master switch. Smoothing of the d.e. output 1s asccomplished
by a small L-section filter and a large condenser in parallel

with the magnet load,

The Ion Path
The beam emerges from the vaecuum pump manifold through
a small hole In the wall opposite that conmected to the
accelerating column., It then enters the drift tube, which
carries 1t between the pole faces and on to the target,

The drift tube (see Figure 11) is constructed of 1,375 inch
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copper tubing. Machined bress discs were soldered to the
‘end of this tube to form O-Ring joints, with the pump meni
fold on one end and the terget sssembly on the other,

The tubs was first filled with ssnd and, after heating,
was bent to a thirty-degree angle around a wooden freme, A
jig which conformed to the desired shaps of the finished
tube was used to hold the tube while it was being Fflattened,
Annealing was necessary twice during the shaping préeaas
- because of warkﬁhardnniﬁg‘or the copper,

L3

Porformance

Measurements were carried out to check the magnitude and
uniformity of the megnetic Induction between the pole faces,
A plet is shown in Figure 11 of the induction as a function
of the current in the winding., It 1s obvious from this plot
that the magnat is eapable of producing the necessary flux
density. | ‘

The first check for uniformity of the magnetic induction
was gada by determining the flux density at different posie
tions in the air gap. The jerk coll of the flux-meter was
then moved along the center of the gap to detect any variation
of the induction along the path of the ion beam, Neither of
these checks showed any variation of strength with pﬂsition;
which indicates that the magnet should have satisfectory
focusing properties, '

Operating procedures are given in the appendix,
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APFERDIX

OPERATION OF THE MAGNET

Starting and Adjustment

The following steps constitute the correct procedure

for placing the magnet in operatlion:

1.
2.

3.

L.

5

Set the variable transformer to "O% volts.
Turn the d,c¢. output switch to "ON",
Turn the master switech to "ON®,

Adjust the varisble transformer slowly until approx-
imately the correct d.c. voltage 1s obtained,

Make fine voltesge adjustments with the resistor,

Shutdown

Correct shutdown procedure is as follows:

1., Turn the varisble transformer slowly to "0" volts.

2.

Turn the d.c. output switeh to "OFF",

3, Turn the master switch to "OFF",
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