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ABSTRACT 

A New Scattering System for Polarized Gas Targets 

Wilber Ray Boykin 

A scattering system consisting of gas target cell and 

surrounding vacuum chamber has been completed for studying 

scattering from polarized gas targets. This arrangement 

permits the use of thinner foil windows than would be 

possible if the target cell were exposed to atmospheric 

pressure. Optical pumping is employed to polarize the tar¬ 

get. Scattered particles can be detected at laboratory 

angles of 30° to 150° on each side of the beam by two inde¬ 

pendently mounted surface barrier detectors whose positions 

can be controlled from outside the vacuum chamber while it 

is under vacuum. A description of the apparatus and tech¬ 

nical construction data are given. Also included is a brief 

summary of the recent nuclear scattering experiments which 

utilized polarized beams and targets. 
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INTRODUCTION I . 

A. Summary of Recent Experiments Using Polarized Targets 

and Beams 

In recent years a number of nuclear experiments in¬ 

volving the use of polarized targets and beams have been 

performed. The existence of a spin dependent term in the 

nuclear force has provided a use for polarization experi- 

1 2) ments as investigative tools ’ . A number of authors have 

given extensive treatments of the theory and.interpretations 

2-4) 
of such experiments . In the current work attention will 

be restricted to polarized targets, though the following 

summary of experiments includes those using both polarized 

targets and beams because these comprise most of the rele¬ 

vant published material. 

The early experiments utilizing polarization methods 

in scattering centered around measurement of cross section 

dependence on the relative orientations of the interacting 

particles and in spin assignments of low-lying neutron 

resonances in the rare earth metals. 

5) Bernstein ejt al. made use of the magnetic hyperfine 

coupling between the nuclear and electron spins to polarize 

55 
Mn nuclei which were then bombarded by a slow neutron 
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beam polarized by passage through magnetized'iron. The re- 

56 
ported activity of the residual Mn nucleus for target and 

neutron polarizing fields parallel was 3.4% less than for 

anti-parallel fields. This result is interpreted to mean 

55 that the neutron cross section of the polarized Mn nuclei 

was dependent on the relative orientations of nuclei and 

neutrons. 

Roberts ej: al. used the hfs coupling to polarize a 

149 
target of Sm nuclei and from the transmission of polarized 

neutrons deduced that J = I + 1/2 for the 0.094 eV resonance. 

J is the angular momentum quantum number of the compound 

state and I is the spin quantum number of the polarized 

7) 
target nucleus. Stolvoy was able to determine the spins 

115 of the first three slow neutron resonances in In (1.46, 

115 3.86, 9.10 eV) by using both a polarized In target and a 

polarized neutron beam. His conclusions (J = 4,5,4, 

respectively) were based on observations of the direction 

of change in transmitted neutron intensity when the neutron 

polarization was reversed with respect to the target. 

8) 
Stolvoy has also used polarized neutrons and a polarized 

. . 155 gadolinium target to show that the Gd resonances at 2.10 

and 2.57 eV have different spin states in spite of similar 

radiation widths. The Gd isotopes have a small magnetic 
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moment, but the size of the observed effects indicate strong 

hyperfine coupling with an effective field of greater than 

5 
10 Oe at the nucleus. 

9) Postma ejt al^. ' have used a polarized beam of mono¬ 

chromatic neutrons in a transmission experiment on a polar- 

165 
ized Ho target to assign J = I + 1/2 = 4 to both excited 

states of the compound holmium nucleus corresponding to the 

3.92. and 12.8 eV resonances. As targets they used both the 

metal and a polycrystalline sample of holmium ethyl sulfate; 

in each case the spins were the same. They also mea.sured 

the hf constant and found that the observed values were 

10) 
different for the sulfate and the metal. Sailor ej; ajL. , 

in a similar experiment, used an holmium-indium alloy target 

and noted that the resonance in the neutron cross section 

corresponded to an excited state in the compound nucleus 

with J = I + 1/2. The transmission of the sample depended 

on the J value of the resonance and on whether the neutron 

polarization was parallel or anti-parallel to that of the 

149 
target nuclei. By bombarding polarized Sm nuclei with 

11) 
polarized neutrons, Marshak and his co-workers assigned 

149 
J = I + 1/2 = 4 for all four Sm resonances at 0.096, 

0.87, 4.93, and 8.9 eV. The same results were obtained using 

as targets samarium ethyl sulfate and samarium double nitrate. 
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12) 

Schermer reports the results of a transmission ex¬ 

periment with polarized monoenergetic neutrons and a polar- 

59 
ized Co target consisting of a' polycrystalline sample of 

cobalt metal. The effects of nuclear and magnetic scatter¬ 

ing were separated and the spin dependence of the capture 

and scattering cross sections was determined by studying 

neutron transmission as a function of temperature and 

neutron energy. Of the thermal capture (78.3 + 1.0)% is 

into the J = I + 1/2 = 4 states with the remainder going 

into J = I - 1/2 states. It was also found that of*the 

scattering cross section (87 + 1)% was due to the 

J = I - 1/2 states. 

From the transmission of polarized neutrons through 

polarized Li^ nuclei, Marshak^) assigned J = I - 1/2 = l/2+ 

14) to the 0.146 eV resonance. Brunhart et. ajL. have per¬ 

formed low energy experiments on polarized erbium and 

dysprosium. Using a polycrystalline sample of dysprosium 

gave the following spin assignments: J=I-l/2=2 for 

163 
the 1.71 eV resonance in Dy ; J = I + 1/2 = 3, 

J = I - 1/2 = 2 for the 2.72 and 3.69 eV resonances, re- 

. . . . „ 161 spectively, m Dy 

15) Abragam ejt ad. have scattered 250 MeV protons from 

a polarized proton target and obtained a measure of the 
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spin correlation parameter C = <^(o^-n) (?,•«)> = 

(a -a )/(a^+a )• In this formula ~o ,<j„ are the spins of 
t s t s 12 

the scattering and scattered protons, respectively, n a 

unit normal to the reaction plane, and a ,a the total and 
t s 

scattering cross sections, respectively. 

Chamberlain and co-workers'*'^ report the results of 

scattering 246 MeV rr from a polarized proton target. 

Their target was lanthanum magnesium double nitrate grown 

from a solution in which 1% of the lanthanum was replaced 

by even isotopes of neodynium. They measured the parameter 

P = Nd/p where N = (N - N )/(N +N ), N refers to the 

counting rate for target polarization up (+) or down (-), 

d = total counts/hydrogen events, and p ='target polari¬ 

zation. They conclude that their method can be used to 

measure P at all energies in the TT - p and K - p systems 

and possibly to settle phase shift ambiguities and spin- 

parity assignments. 

17) 
Robson used a new expression for the polarization 

in the scattering of 220 MeV polarized nucleons by calcium 

and carbon. Substantial agreement with the results of a 

simplified WKB approximation is obtained except at small 

scattering angles. 
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18) 

Schultz et aJL. searched for the polarization depend¬ 

ence of TT
+

 - p scattering in the 250 MeV region using a 

16) 
target similar to that of Chamberlain and reported 

polarizations greater than 25% during data taking. By 

detecting both final state particles, the elastic scattering 

by free hydrogen was separated from collisions with heavy 

nuclei. 

19) 
Wagner and his co-workers have investigated the 

interaction of polarized and unpolarized 350 KeV neutrons 

165 
with oriented and unoriented Ho nuclei in order to study 

the effect of nuclear spin deformation and to search for 

possible spin-spin effects. The spin-spin interaction was 

studied by making measurements of the transmitted neutron 

intensities with the target nuclei polarized alternately 

parallel and anti-parallel to the direction of the neutron 

polarization. This result compared with optical model cal¬ 

culations indicates that the spin-spin potential is at 

least one order of magnitude smaller than the spin-orbit 

165 
potential. Ho is a highly deformed nucleus and trans¬ 

mission measurements were made to determine the change in 

cross section between a target of nuclei highly oriented in 

a plane perpendicular to the beam and a nearly unoriented 

target. The total cross section of the oriented target was 
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increased by 350 +_ 100 mb. 

20) 
Schermer and Passell used a target of polarized 

3 
He adsorbed in a slab of lead and zeolite powders to 

measure the spin dependence of the slow neutron cross 

3 
section of polarized He at the 0.11 eV resonance. They 

3 
found that the He (n,p)T reaction proceeds through 

J = I - 1/2 states in agreement with the spin assignments 

21) 
suggested by Bergman and Shapiro on the basis of their 

study of the departure of the cross section from the 1/v 

dependence. It is also in agreement with the calculations 

22) 
of Szydlik and Werntz 

In a test for time reversal invariance in nuclear 

23) 
forces, Kajfosz ej; ad. report observations of. angular 

49 
correlations in a cascade of Ti nuclei oriented by polar¬ 

ized neutron capture. They find that the time non-invariant 

part of the Hamiltonian of nuclear forces was less than 2% 

of the total. 

24) 
Bearpark ej; al. have scattered polarized protons 

7 7 4 
from Li in the reaction Li (p,a)He . They obtained proton 

beam polarization of -25% to -35% depending on the scatter¬ 

ing energy by scattering protons from carbon at a lab angle 

of 60°. They suggest that the interpretation of the reac- 

. 7 4 
tion Li (p,a)He in terms of two compound states of J = 2 
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. 25) is more probable than J = 0,2 as suggested by Inglis and 

by Critchfield and Teller‘S . 

3 
The, published work using polarized He gas targets 

appears to be confined at present to workers at Rice 

University. Considerable effort has been expended in de¬ 

veloping the optical pumping technique for polarizing 

samples; excellent articles have been published by several 

27-33) 34) 
workers . Phillips ej; aJL. have demonstrated a 

3 
polarized He gas target in a scattering experiment. The 

optical pumping technique of Walters, Colgrove, and 

29) 
Shearer was used to polarize the target which was then 

bombarded by unpolarized a particles. The experiment con- 

3 sisted of measuring the He counting asymmetry .at equal 

angles on opposite sides of the beam. They report values 

of -5.2% and +5.7% for the parameter P = (N^ - + N0), 

the sign depending on the sense of the circular polarization 

3 
of the pumping radiation. The N's are the He recoils in 

35) the two counters. In a similar experiment McSherry 

elastically scattered unpolarized protons from a polarized 

3 
He gas target, again employing optical pumping to provide 

the polarization. The scattering asymmetries were measured 

at laboratory angles of 45° and 90° and these data compared 

3 
with He recoil polarization data from phase shift analysis. 
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The He polarization was found to be consistent with only 

one of the four sets of phase shifts with which it was com- 

36) 4-+ 
pared. Hardy has elastically scattered a particles 

3 
from a polarized He target and reports tentative agreement 

with the polarization computed from a phase shift analysis 

37) 
by Barnard ej: al. 

37-43) 
Several authors have computed from phase shift 

analyses the polarization produced in the scattered particle 

in nuclear scattering experiments. Some of these are cited 

here inasmuch as the results of current work on polarized 

targets is compared with these. Agreement has not always 

been obtained (McSherry) in these comparisons. Scott ’ 

reports differences among some of the phase shift analyses 

45) also. The experimental results of Baker et al_. using a 

3 3 4 polarized He target in the reaction He (d,p)He show dis- 

46) agreement with the theoretical prediction of Tanifuji 

In view of the present status of polarized target ex¬ 

periments, it was decided that a worthwhile project was the 

construction of a scattering system which would lend itself 

to general use with gas targets. The second section of 

this introduction is devoted to a general discussion of the 

design features of the system while the remainder of the 

thesis gives technical construction details. 
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B. General Discussion of Scattering System Design 

The optical pumping technique which is to be used in 

polarizing the target requires a highly uniform external 

magnetic field. Thus throughout construction non-magnetic 

materials were used to avoid strong field gradients which 

destroy polarization. The entire assembly is fabricated 

from aluminum, brass, copper, and pyrex glass, with a 

small amount of stainless steel in the supporting structure. 

Figure 1 is a photograph of the assembled system. 

The key feature of this scattering system is the target 

chamber. It allows scattered particles to be detected at 

any laboratory angle from 30° to 150° on each side of the 

emerging beam and since it is located inside a vacuum 

chamber foil'windows too thin to withstand atmospheric 

pressure can be used. The target chamber (or gas cell) is 

made of pyrex glass and brass and is in the form of a cyl¬ 

inder approximately 3 in. tall by 1.25 in. O.D. The center 

of the cylinder is brass in the form of a rectangular cross 

section toroid. Beam entry and exit ports and the two 120° 

scattering windows were milled. Clamps cut from the walls 

of a cylinder are used to seal aluminum foils with indium 

wire gaskets over the windows and ports. The ends of the 



Figure 1. Photograph of Polarized Gas Target Scattering 

System 

A. Vacuum Chamber 

B. Vacuum pipe connecting vacuum chamber to beam tube 

C. Front beam alignment mechanism 

D. Gate valve 

E. Insulated Faraday cup 

F- Diffusion pump isolation valve 

G. Water cooled baffle assembly 

H. Diffusion pump 

I. Foreline ballast tank with pressure gauge tube 

J. Ionization gauge tube 

v K. Exterior glass stopcocks for controlling gas target 

cell evacuation and filling 

L. Helmholtz coils and supporting structure 

M. O-ring type rotary seal for operating inside glass 

stopcock on gas target cell 

N. Vacuum chamber carriage horizontal position control 

mechanism (for rear beam alignment) 

P. Vacuum chamber vertical position control mechanism 

(ball-and-socket jackscrew for rear beam alignment) 

Q. Bellows type vacuum rotary seals for detector 

position control 

R. Cart with jackscrews and casters (not shown) 

S. Helium lamp and exciter 

T. Hoses for forced air cooling 

U. Vertical support rod for helium lamp 
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cell are pyrex cylinders with one plane end. A rim was 

formed on the opposite end so that an indium O-ring gasket 

could be used to seal the glass and brass parts of the 

cell; a circular clamp provides the sealing pressure. 

The target chamber is supported from the plane lid of 

a cylindrical aluminum vacuum chamber approximately 12.5 in. 

O.D. and 8 in. tall. In the centers of the aluminum plane 

end plates are observation windows covered by pyrex plates. 

A weak electrical discharge is required to create the 

3 3 . 
2 metastable He atoms and the two electrodes are 

attached to the outside via vacuum feed-through electrical 

connections. Also on the lid is a connection for an ioni¬ 

zation gauge tube for monitoring the vacuum chamber pressure 

It is necessary to confine the target gas to a small region 

so as to be assured of the most uniform magnetic field 

provided by the pair of helmholtz coils rigidly attached to 

the exterior of the vacuum chamber. A stopcock was in¬ 

stalled approximately 1 in. from the cell on the upper end. 

To operate this stopcock from the outside a worm gear as¬ 

sembly is driven through a rotating O-ring type seal on 

the lid. The tube from the cell stopcock is joined to the 

lid by a floating O-ring seal which allows + 1/16 in. 

freedom in positioning the cell. The cell and vacuum 
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chamber must be evacuated simultaneously to prevent rupturing 

the thin foils and thus two stopcocks are installed outside 

the lid on the cell evacuation tube. One permits the cell 

to be vented to the chamber and the other connects the cell 

to a separate high vacuum and gas filling system. 

The bottom of the chamber contains the detector sup¬ 

port assembly, electrical connectors for the particle de¬ 

tector output and infra-red detector which monitors pumping 

light transmission, chamber evacuation plumbing, and exter¬ 

nal supporting mechanism. The detector support device 

consists of a 3 in. diameter, cylinder onto which two 

independently rotating hubs are mounted. An upper and a 

lower row of ball bearings on each hub allows smooth opera¬ 

tion in horizontal planes. On each hub is mounted a 180° 

section of a gear and a vertical support for the detector 

slit barrel assembly. Each gear is driven from outside the 

chamber by a vacuum rotary seal consisting of a bellows 

and an eccentric to transmit rotary motion through the 

chamber base. 

The detector slit barrel assembly consists of a 3 in. 

long tube mounted in the horizontal, scattering plane and 

held in place by the vertical support from the hub and 

gear. Radial adjustment in the horizontal scattering 
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plane and vertical adjustment of plane height are permitted. 

The tube was designed so as to be self-aligning along a 

radius vector from the center of the target cell in the 

scattering plane. Tantalum strips at each end of the tube 

allow adjustable rectangular or square particle collimating 

windows up to 3/16 in. x 3/16 in. to be formed. The two 

surface barrier detectors are held against the rear slit 

by a clamp. Microdot connectors and coaxial cable connect 

the particle and infra-red detectors to external electrical 

fittings in the base of the chamber. 

, The angular location of each detector with respect to 

the exit beam is read from a circular sca3.e graduated in 

units of 1° and mounted atop the cylinder containing the 

hubs and gears. Pointers fastened to the vertical supports 

of the detector slit barrels rotate adjacent to the markings 

on the degree scale. 

Beam collimation is effected by means of three tanta¬ 

lum discs with circular holes .in their centers. These 

discs are mounted at each end and in the center of a piece 

of telescopic brass tubing approximately 17 in. long. 

Quartz discs precede the two end tantalum discs to aid in 

beam alignment. The telescopic tubing is pressed into a 

flange which fits tightly into a precision counterbore on 
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the outside of the cylindrical wall of the chamber. Outside 

the beam collimator tube is a pipe which provides the vacuum 

connection of the chamber to the accelerator beam tube. A 

gate type valve at the end of this pipe allows the chamber 

to remain evacuated after removal from the accelerator. 

A sylphon bellows outboard of the gate valve permits 

adjustments during beam alignment. On the opposite side 

of the chamber is a brass Faraday cup with a 0.050 in. 

thick tantalum disc in its base for stopping the beam. An 

electron suppressor ring is provided and the ring is in¬ 

sulated from the chamber and from the Faraday cup so that 

collected charge can be integrated. 

4 
The He optical pumping lamp and xts oscillator are 

supported on a vertical rod fastened to the side of the 

chamber. Lamp position adjustment is permitted in cylin¬ 

drical coordinates (r,9,z) about and along the rod. The 

lamp reflector is also completely adjustable to focus maxi¬ 

mum light intensity on the target gas. The quarter wave 

plate and linear polarizer are mounted on the top observa¬ 

tion window so that relative rotation of the two can be 

accomplished to change the sense of the circularly polar¬ 

ized pumping light. 
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The chamber is evacuated through a 1.5 in. hole in 

the bottom. The evacuation assembly consists of a stainless 

steel water cooled diffusion pump, water cooled bellows to 

minimize backstreaming, bellows type valve to isolate the 

diffusion pump from the chamber, and separate roughing 

valve. A sylphon bellows connects the evacuation assembly 

to the chamber and permits relative motion of the two. The 

evacuation assembly is supported by four brass straps from 

the carriage on which the chamber is mounted, eliminating 

the necessity of attaching a heavy weight to the chamber. 

A ballast tank and pressure gauge tube connection are pro¬ 

vided at. the foreline of the diffusion pump. The pump is 

protected by a thermal cutoff switch and relay which must 

be manually.reset after an overheat condition has arisen. 

A cart fabricated of structural aluminum supports the 

entire scattering system. Casters provide ease in moving 

the system and four stainless steel floor jackscrews allow 

coarse height adjustments. The vacuum chamber is fastened 

to a rectangular carriage which can move at a right angle 

to the beam in the horizontal plane. Vertical adjustment 

of the chamber is accomplished by a combination jackscrew 

and ball-and-socket joint. Two additional jackscrews on 

the rear of the carriage complete a tripod support for the 
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chamber. Locks permit the jackscrew positions to be 

maintained. 

At the beam tube end of the vacuum pipe joining the 

chamber to the accelerator is a set of four jackscrews 

located at 90° intervals in the vertical plane perpendicu¬ 

lar to the beam. Once the beam has been aligned with the 

front end of the collimator the rear of the collimator is 

positioned as required by means of the ball-and-socket 

jackscrew and carriage supporting the chamber. Observation 

windows for the two end quartzes are appropriately located. 

Viton 0-rings are utilized at all vacuum-to-air 

interfaces except at the bellows valve where two indium 

gaskets are employed. • 
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II. SCATTERING SYSTEM CONSTRUCTION DETAILS AND ENGINEERING 

DATA 

A. Vacuum Chamber 

The vacuum chamber is constructed in the form of a cyl¬ 

inder with plane ends from aluminum alloy 6061-T6. Aluminum 

was chosen because of its light weight, strength, and ease 

with which it could be machined. This particular alloy was 

used primarily because it was readily available in a form 

suitable for the proposed chamber design. Figure 2 shows 

a cross section view of the vacuum chamber and target cell. 

In this discussion frequent reference will be made to 

the angular location of holes and fittings on the chamber. 

For this purpose the longitudinal axis of the center of 

the cylinder is the axis about which all angles are 

measured. The 0° point is defined to be that at which the 

beam enters the chamber; of course, the beam then exits at 

180°. Angles are positive counterclockwise as the complete¬ 

ly assembled chamber is viewed from above. This means that 

if the lid, base, or cylinder is inverted, the sense in 

which positive angles are measured becomes clockwise when 

looking down on the inverted part. The 0° point is 

unchanged. 
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Bolt circle diameters, O-ring sizes, tapped screw hole 

thread sizes and other similar information are listed in 

the Appendix. This will allow all such data to be com¬ 

piled in a single place for easy reference. Tables will 

be used in the discussion to present data in a concise 

form. All bolt circles, O-ring grooves, counterbores, etc. 

are concentric with the holes or cylinders they may sur¬ 

round. Tolerances are given where applicable. 

The cylindrical part of the chamber was turned from a 

12 in. nominal O.D. piece of 0.750 in. wall aluminum pipe. 

Table 1 lists the chamber dimensions and other engineering 

data. The large tolerances appear to be due to the fact 

that the cylinder changed shape when it was removed from 

the lathe chuck after being turned. O-ring grooves and 

threaded screw holes were added at each end of the cylinder 

to accommodate the end plates. Flat surfaces were milled 

into the outer walls of the cylinder on opposite sides for 

mounting the vacuum pipe (with flanged end) which connects 

the chamber to the accelerator beam tube, the beam collima¬ 

tor support, and the Faraday cup. No O-ring grooves were 

cut into these flat surfaces. 

The cylinder was'turned to its finished dimensions on 

a lathe, as were the end plates. Milling of the counter- 
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bores on the cylinder walls for attaching ' beam related 

equipment had to be done as accurately as possible. The 

beam ideally should enter the chamber along a diameter of 

the cylinder. To locate and mill these surfaces, the 

cylinder was mounted vertically on a turntable on the bed 

of the milling machine. A dial indicator was used to 

assure that the cylinder was centered with respect to the 

milling head. The bed was then moved the required distance 

in the horizontal plane and the necessary beam entry hole 

and counterbores were milled on one side using the horizon¬ 

tal milling head. The chamber was then rotated 180° so 

that the Faraday cup mounting and hole could be added. 

Measurements on the chamber after completion of this opera¬ 

tion indicate the centers of the beam entry and exit holes 

lie along a diameter of the cylinder to within 0.001 in. 

This error appears to be attributable to the fact that the 

« 

milling machine bed operating mechanism had a certain 

amount of play which prevented precise repetition of 

settings. 

The calibration of the degree scale used to measure 

detector orientation was done with it, the chamber cylinder, 

base, and detector support mechanism in place. The 0° mark 

was located in the following manner. The partially assembled 
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TABLE 1. VACUUM CHAMBER DATA • 

Dimensions of- vacuum chamber parts and locations of 
milled surfaces and holes are given. All dimensions are in 
inches and angles (0) are in degrees measured in the con¬ 
vention explained in Section II-A. The parameter d is 
measured from the top of the cylinder (with lid removed) and 
defines a plane parallel to the ends of the cylinder; r is 
the radius from the center of the end plates. Thread sizes 
are given as screw (or bolt) size/number of threads per inch. 

Part Name I .D. O.D. 
Height or 
Thickness 

Cylinder 11.418+0.003 12.695+0.002 6.500+0.002 

Lid and base 12.695+0.002 0.733+0.001 

Gas cell sup¬ 
port ring 11.408+0.002 0.250 

Circular 
Milled Sur¬ 
faces on Cyl¬ 
inder Walls 

Location of 
Center, d;9 Diameter 

Counterbore 
Max. Depth 

Counterbore 
for vacuum 
pipe flange 2.000+0.001; 0 3.000 0.175 

Precision 
counterbore 
for beam col¬ 
limator 
support 2.000+0.001? 0 1.625 0.230 

Hole for beam 
collimator 2.000+0.001; o. 0.625 

Counterbore 
for Faraday 
cup 2.000+0.001;180 2.750 0.150 

Hole for beam 
exit 2.000+0.001; 180 1.250 
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TABLE 1 (CONT'D) 

Holes in Lid, Purpose 
Location of ' 
Center. r;Q 

Diameter or 
Thread Size 

Rear quartz viewing 
window 4.410; 0 1.000 

RF vacuum feed-through 
connectors 4.125;+18 0.375/32 

Rotary seal to drive 
inside stopcock 5.253; 46.522 0.688 

Gas cell evacuation 
tube port 4.750;102 0.500 

Ionization gauge 
tube mount 4.750;180 0.625 

Large observation 
window Center of lid 5.000 

Mounting screw holes 
for worm gear drive 
bearing, inside lid 

4.230; 46.160 
3.066; 62.793 

10/32 
10/32 

Holes in Base. Purpose 
Location of 
Center. r;9 

Diameter or 
Thread Size 

Vacuum feed-through 
electrical connectors 4.875; 80,100 0.375/32 

Rotary seal for 
detector control 3.250;+90 0.688 

Chamber evacuation port 3.750;180 1.500 

Large observation 
window Center of base 2.875 

Center of ball-and- 
socket jackscrew mount * 3.625; 0 Mounting only 
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chamber was mounted on a turntable fastened to the milling 

machine bed. The cylinder was centered as accurately as 

possible with respect to the milling head using a dial 

indicator. Next the beam collimator support (a tube with 

a flange on one end) was bolted in its place and a ball 

centered in the outboard end of the tube. The dial indi¬ 

cator was then used to orient the center of the beam entry 

tube at 0°. Scribing of the scale graduations was then 

begun. A check after completion of this process showed 

that the degree scale was centered in the chamber to within 

+. 0.0006 in. and this was off to each side of a diameter. 

This corresponds to a maximum error of 1.36 minutes of arc 

at 30°, the smallest laboratory scattering angle that can 

be selected. This error is also due to unavoidable play 

in the milling machine bed mechanism. It was noted that in 

lowering and raising the table preset measurements could not 

be repeated exactly. 

The vacuum pipe is 17.81 in. long and has a gate type 

valve mounted on the beam tube end to allow the evacuated 

chamber to be removed from the accelerator. A sylphon 

bellows between the gate valve and the accelerator per¬ 

mits adjustments for beam alignment. The flanged end at the 

vacuum chamber contains an 0-ring groove. 
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The Faraday cup consists of a brass cylinder 2.312 in. 

deep x 1.375 in. I.D. A tantalum disc 0.050 in. thick is 

held in the base of the cup by a spring clip. A rear in¬ 

sulator separates the cup from an electron suppressor ring, 

which is in turn separated from the chamber by a forward 

insulator. This design permits collection and integration 

of charge. The Faraday cup and insulators contain all the 

necessary 0-ring grooves. 

The end plates were made from 3/4 in. thick aluminum 

plate, alloy 6061-T6. The thickness after facing was 

0.733 + 0.001 in. Both plates have a self-centering feature 

when mounted on the cylinder. This was accomplished by 

turning down the outer rim of the inside of each plate to 

a thickness of 0.655 in. from the 11.418 in. diameter to the 

12.695 in. O.D. of the plates. Thus the center of each 

plate is 0.078 in. thicker than the rim which rests on the 

cylinder walls, leaving a ledge to protrude inside the 

47) chamber when the end plates are mounted. A calculation 

to determine the expected sag in the center of each end 

plate when the chamber was evacuated gave a value less than 

0.008 in., which is considered negligible. 

In the lid are a number of holes; see Table 1 for pre¬ 

cise details. The center has a 5 in. diameter hole which 
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is covered by a 5.750 in. pyrex plate. This permits observa¬ 

tion of particle detector orientation and entrance of the 

circularly polarized pumping radiation. An 0-ring groove 

in the lid permits a seal between the glass and aluminum. 

A circular clamp held down by screws secures the glass in 

place. A small observation window is provided for viewing 

the rear quartz of the beam collimator during beam alignment. 

This window is covered by a 0.375 in. thick piece of lucite 

containing an 0-ring groove and screw holes. 

A hole of 0.500 in. diameter was bored to permit pas¬ 

sage of the gas cell evacuation and filling tube, a glass 

tube of 0.250 in. O.D. which projects vertically through 

this hole. This permits +_ 1/16 in. freedom in. positioning 

the gas cell. A floating 0-ring type seal joins the tube 

to the lid and provides mechanical support for the glass 

as well as a seal between the lid and tube. This seal is in 

the form of two washers with 0.260 in. holes in their centers. 

A closely fitting 0-ring is placed over the tube and between 

the two washers which are then pulled together by screws, 

compressing the 0-ring against the tube. In the bottom 

washer is another 0-ring and groove to provide a seal be¬ 

tween the washer and chamber lid. The washer pair is held 

against the lid by a cylindrical clamp with a sufficiently 
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large- I.D. to allow the tube (and washer assembly) to be 

positioned as necessary in the hole through the chamber lid. 

Provision is also made for mbunting an ionization gauge 

tube to measure vacuum chamber pressure. A connection on 

this outlet allows the gas cell to be connected to the 

vacuum chamber for simultaneous evacuation of the two. - 

Two threaded holes accommodate the vacuum feed-through 

connectors which join the rf electrodes on the.cell to the 

oscillator on the outside. 

The screw holes for securing the lid to the cylinder 

are elongated 4° so that the gas cell, which is suspended 

from the lid, can be properly aligned. 

The base also has several holes as shown in Table 1. 

In its center is a 2.875 in. diameter observation window 

which is covered by a 0.500 in. thick pyrex plate. The 0- 

ring groove and clamp are similar to that of the large 

window in the lid. The pyrex windows in both the lid and 

base were made thick enough to withstand at least 90 psi 

over the unsupported diameter, resulting in a safety factor 

of 6 or better. 

Two holes were bored at £ 90° to allow mounting of 

the vacuum rotary seals which drive the counter rotating 

mechanism. 0-ring grooves are cut into these devices. 
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Three threaded holes were allowed for the vacuum feed¬ 

through connections to the particle and infra-red detectors 

These are threaded about halfway' through the thickness of 

the base from the outside. Concentric with the threaded 

hole is a 0.625 in. diameter hole which continues from the 

end of the threads to the inside. This hole was required 

for the microdot adapter which screws onto the vacuum feed¬ 

through connector from the inside. These connectors use an 

0-ring to obtain a seal around the threaded hole. Appendix 

A also gives the trade number of these connectors. ‘The 

microdot adapter was fabricated locally. 

A large diameter (1.500 in.) hole is located in the 

base for connecting the evacuation assembly to the chamber. 

Clearance holes for the screws attaching the base to the 

cylinder are provided. 

Since the base supports the particle detectors and the 

scale used to measure their orientation relative to the 

beam, it is imperative that the cylinder and base have a 

common center and also be properly aligned with each other. 

A centering pin is located at 15° on the same bolt circle 

as the threaded base attaching screw holes in the'cylinder. 

This, along with the self-centering feature of the base, 

assures proper alignment. 
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B. Beam Alignment and Vacuum Chamber Support 

The entire scattering system rests on a cart made of 

3 in. x 3 in. x 0.25 in. structural aluminum which measures 

44 in. long x 30.5 in. wide x 37 in. high. Brass bolts are 

used to assemble all of the frame members comprising the 

cart. Four casters, which are capable of supporting in ex¬ 

cess of 100 pounds each, provide mobility. The casters have 

hard plastic wheels and soft iron frames but are greater than 

4 feet from the center of the target chamber. At this dis¬ 

tance no serious magnetic field gradients due to the casters 

should exist. The vacuum chamber rests on top of the cart 

at approximately the center. Two wood platforms at each end 

of the chamber form a flat top for the cart and provide a 

work area. Four stainless steel jackscrews in the centers 

of the bottom frame members of the cart are used for coarse 

height adjustments and lifting the cart off the casters. 

In the center of the cart top is a carriage which rides 

on four rollers and is movable through approximately 2 in. 

of travel at a right angle to the beam in the horizontal 

plane. The vacuum chamber rests in the center of this 

carriage and is fastened to the front member of the carriage 

by a ball-and-socket and jackscrew combination. The ball- 
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and-socket.is attached to the chamber base near the center 

of gravity of the chamber and the jackscrew is fastened to 

the carriage. A pair of jackscre'ws fastened to the rear of 

the carriage complete a tripod support for the chamber. 

The jackscrews and the carriage control rod are made from 

1/2 x 20 threaded brass rod. This gives 1/20 in. travel per 

revolution and fine adjustments can easily be made. Lock 

nuts on each adjustment rod maintain the settings. 

The jackscrews and carriage allow the chamber two 

degrees of freedom in a vertical plane perpendicular* to the 

beam. Any necessary movement required for beam alignment 

can be obtained with these adjustments. A window is pro¬ 

vided in the lid of the chamber for monitoring the rear 

quartz during beam alignment. 

Beam alignment is effected by semi-independently con¬ 

trolling the two ends of the beam collimator tube. This is 

done by adjusting separately the locations of the outboard 

end of the vacuum pipe from the chamber and the chamber it¬ 

self. Behind the gate valve on the vacuum pipe is a square 

flange with a groove around its perimeter. This flange lies 

in a vertical plane perpendicular to the beam and is oriented 

so that its edges are vertical and horizontal. Four 

1/2 x 20 brass jackscrew rods are threaded into an open 
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square aluminum frame fastened to the front of the cart in 

the same plane as the vertical flange. The vacuum pipe 

from the chamber passes through this frame and the pointed 

end of one of each of the jackscrews rests in the groove on 

one side of the flange, perpendicular to an edge of the 

flange. The vacuum pipe and the beam collimator are both 

rigidly attached to the chamber and adjusting these jack- 

screws in pairs moves the outboard end of the beam collima¬ 

tor in two dimensions in the vertical plane previously de¬ 

fined. h glass covered window in the vacuum pipe allows 
* 

the front quartz to be viewed during beam alignment. 

C. Beam Collimator 

The beam collimator consists of a piece of telescopic 

brass tubing 17.35 in. long and 0.563 in. O.D. This tube 

contains three circular tantalum discs 0.015 in. thick, one 

at each end and one in the center. This thickness will 

stop a 15 MeV proton. Each disc has a hole in its center; 

the smallest hole is 0.094 in. in diameter and, this disc is 
* . 

located at the beam tube end of the collimator. The hole 

in the center disc is 0.102 in. in diameter and that in the 

disc adjacent to the target is 0.110 in. Quartz discs 

0.125 in. thick and with 0.125 in. diameter holes in their 
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centers precede each of the two end tantalum discs. Brass 

retainer rings hold the quartz and tantalum discs in place. 

An oblong hole is cut into the target chamber end of the 

collimator so this quartz can be seen during beam alignment. 

A small hole was drilled in the tube wall to aid in 

evacuation. 

The collimator tube is mounted in a brass support in 

the shape of a larger tube with a flange at one end. The 

collimator is pressed into its support by hand and fits very 

tightly. The flange on the support is then inserted into 

its counterbore in the cylinder wall of the vacuum chamber 

at the beam entry port. The counterbore and flange are 

mated for a very close fit also. Six screws assure that 

the collimator support rests firmly against the bottom of 

the counterbore. Six pumping holes are alternately spaced 

with the screw holes to aid in evacuating the collimator 

and vacuum pipe.* 

D. Gas Target Cell 

The gas cell is composed of three parts, a brass cen¬ 

ter section and two glass ends. Outside two large scatter¬ 

ing windows particle detectors can be set to any laboratory 

angle between 30° and 150° on each side of the exit beam. 
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Aluminum foils as thin as 0.00035 in. have been successfully 

sealed over these windows using indium gaskets. Attempts 

to use thinner foils are planned: The inside of the cell 

measures approximately 2.75 cm. in diameter x 8.44 cm. high, 

3 
giving a volume of approximately 50 cm . 

The brass part of the cell is in the form of a cylinder 

1.250 in. I.D. x 2.000 in. O.D. x 1.000 in. tall with 

+ 0.002 in. tolerances on all dimensions. In the center of 

the vertical dimension and along a diameter is the 0.250 in. 

diameter beam entry hole bored from the outside to within 

0.030 in. of the I.D. The diameter decreases to 0.188 in. 

for the last 0.030 in., leaving an anti-scattering edge; both 

holes are concentric. The beam exit port is identical. The 

scattering windows were milled into the sides from the out¬ 

side and consist of slots 0.313 in. wide to within 0.030 in. 

of the I.D. The width of the window drops to 0.125 in. from 

this point to the I.D., which gives an anti-scattering edge 

of thickness 0.030 in. The slots are symmetrical about a 

circumference of the cylinder, also in the center of the 

vertical dimension. Each of the two windows covers 120° in 

the laboratory system and is centered about the 90°-270° 

diameter. 



32. 

Four clamps for the foils were cut from a brass cylinder 

2.000 in. I.D. x 2.250 in. O.D. x 0.875 in. tall, one for 

each window and port. The clamps for the scattering win¬ 

dows also have anti-scattering edges similar to the center 

section: 0.188 in. wide to within 0.030 in. of the I.D. 

and 0.125 in. wide for the remaining thickness. The beam 

exit clamp port has a 0.030 in. thick anti-scattering edge 

consisting of concentric 0.250 in. and 0.188 in. holes 

similar to the ports in the brass center section. Twenty 

screws hold the scattering window foil clamps in place, 

nine above, nine below, and one at each end of the window; 

these latter two screws are common to the beam port clamp 

also. In addition to the two common screws, each beam port 

clamp requires four screws. 

In order to minimize foil scattering into the target 

area seen by the detectors, the beam entry foil was removed 

a distance of 1.5 in. from the O.D. of the target cell by 

soldering a 0.250 in. I.D. section of brass pipe to the 

entry port clamp. At the outboard end of the pipe is a 

flat flange and washer shaped clamp between which the foil 

is placed.. The washer type clamp contains an anti-scattering 

edge in the form of a tapered hole in its center. 
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The foils are cut to size (31/64 in. x 31/64 in. with 

rounded corners and 31/64 in. x 2 17/64 in.) and washed 

thoroughly with acetone to remove any oil or foreign 

matter. An endless indium wire gasket 0.025 in. in diameter 

is placed around the perimeter of the window or port to be 

covered; the gasket is also cleaned with acetone as are 

the window and clamp surfaces which come in contact with 

gasket or foil. The foil is placed in the clamp and 

moistened with acetone to cause it to adhere to the circular 

shape of the clamp. After the acetone has evaporated, the 

clamp is positioned and the screws gradually tightened se¬ 

quentially from the center outward. Indium readily flows 

under such pressure and the foil is always wrinkled severely 

or torn. This foil is removed and a new one installed using 

the same gasket. The second foil also wrinkles when the 

clamp is tightened, but not as much as the first. A third 

foil then replaces the second, still using the same gasket. 

This last foil usually does not wrinkle because the indium 

has ceased to flow to any appreciable extent. It has been 

found that any wrinkle which does not extend into the indium 

gasket does not leak. Only those which create a bulge or 

crease extending to the outer edge of the gasket necessitate 

replacement of the foil. Care must be used to prevent 
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creasing the foils.during handling, since this almost in¬ 

variably breaks a thin foil. 

The glass parts of the cell are cylinders made from 

1.25 in. O.D. heavy wall pyrex glass tubing. One plane 

pyrex end was sealed onto each cylinder and a rim formed on 

the opposite end. The bottom cylinder is 1.125 in. overall 

height while the upper cylinder is 1.375 in. At 0.5 in. 

from the top of the upper cylinder a 0.250 in. O.D. pyrex tube 

was added to allow evacuation and filling of the cell. This 

tube connects to a stopcock approximately 1 in. from the 

wall of the cylinder. The stopcock was installed to confine 

the target gas to as small a volume as possible where the 

external magnetic field is most uniform. If the gas extends 

48) 
into areas of non-uniform field, angular momentum "leaks" 

out and polarization is destroyed. This stopcock is operated 

by a worm gear assembly driven from outside the vacuum cham¬ 

ber lid. A yoke with a rubber liner fits over the stopcock 

handle. The yoke is fastened to a brass shaft containing 

the worm gear at its other end. Brass bearings are used on 

the shaft. A 40 to 1 gear reduction was chosen to permit 

one of the bellows type vacuum rotary seals described in 

Section II-E to be used to drive the gear. After only a 

short usage the bellows fatigued and broke due to the heavy 
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torque requirements of the stopcock operation. This device 

was replaced with an 0-ring type rotary seal in which the 

0-ring is squeezed against the rotating shaft. This seal 

has been successfully leak tested. 

The glass cylinders are sealed to the brass center 

section by an indium wire gasket 0.060 in. in diameter. The 

endless wire and the glass and brass surfaces are thoroughly 

cleaned with acetone. A brass clamp in the form of a ring 

containing eight equally spaced screw holes is used to pull 

the glass into the gasket. A rubber washer between -the metal 

ring and the glass prevents breakage. The screws are uni¬ 

formly tightened and after the indium appears to have 

reached its compression limit the assembly is left overnight. 

Slight additional tightening then gives a reliable seal. 

No serious glass breakage problems have been encountered in 

this operation. Heating the assembly to melt the gaskets 

is the most effective means of removing the glass parts. A 

150 watt lamp bulb easily provides the required heat for 

this operation since indium melts at 156.4° C.■ 

The cell has been leak tested after it was installed in 

place in the vacuum chamber. This was accomplished by fill- 

4 
ing the cell with about 1 torr of He and closing the inner 

stopcock. The helium mass spectrometer was then connected 
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to the vacuum chamber. Typical readings were 1.6 x 10 

atm cc/sec background before the cell was filled and 

—8 
0.94 x 10 atm cc/sec above background after the cell was 

filled. 

An electrode in the form of a one turn copper coil is 

placed around each glass end of the gas cell to create the 

3 
weak electrical discharge required for excitation of the He 

3 
atoms into the 2 state. The electrodes are supported from 

the chamber lid by the vacuum feed-through connectors. 

The cell is supported by a three spoke aluminum "wheel" 

or ring which is fastened to the lower side of the lid by 

three screws in its perimeter. Tubular spacers keep this 

ring at the required distance beneath the lid. The gas cell 

is attached to the hub at the center of the ring, and in 

fact the hub replaces the clamp ring used to press the upper 

glass part into its gasket. The hub has a slot to permit it 

to pass by the evacuation tube. The ring is 0.25 in. thick 

and can be manipulated under the stopcock as required during 

assembly. Elongated holes in the ring perimeter permit 

rotation about the cell (and vacuum chamber) longitudinal 

axis for beam alignment. The wheel diameter is 0:010 in. 

less than the chamber I.D. to prevent assembly with the 

wheel tilted to any serious extent. 
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E. Particle Detection System 

The position control mechanism of the particle detectors 

is designed to allow the detector laboratory angle to be 

changed from outside the chamber while it is evacuated. 

The control mechanism consists primarily of a cylinder, 

rotating and stationary hubs, and ball bearing grooves. 

Figure 3 shows a cross section of the vacuum chamber in¬ 

cluding this assembly. The hollow cylinder 2.625 in. I.D. x 

3.000 in. O.D. x 2.250 in. tall is mounted on the inside of 

the chamber in the hole formed by the observation window in 

the base. It is centered by a ledge which protrudes inside 

this window and aligned by two centering pins. Three equally 

spaced screws secure the cylinder in place. The details of 

alignment for calibration of the degree scale were given in 

Section II-A. The cylinder base is in the form of a flange 

into which is cut a "V” shaped ball bearing groove 3.500 in. 

+0.0002 in. in diameter. This groove is filled with 57 

brass balls of 3/16 in. in diameter. The rotating hub which 

is installed on top of the row of ball bearings has concen¬ 

tric upper and lower grooves of this same diameter. The 

upper groove of this hub is filled with balls and on top 

of this is placed a ring which fits closely enough about the 
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cylinder that it does not rotate. There is a ball bearing 

groove in only the-top side of this ring; the bottom is 

flat. A rotating hub identical to the first one is placed 

above the stationary ring on the row of balls. Its upper 

groove is filled and another such close fitting stationary 

ring, flat on both sides, is installed. A circular scale 

for measuring detector orientation is fastened to the top 

of the cylinder by screws. Through this scale are threaded 

three equally spaced setscrews which provide a means of pre- 

loading the ball bearing assembly to assure that the hubs 

rotate in horizontal planes. 

Each of the rotating hubs has a 3.875 in. + 0.0002 in. 

diameter ledge concentric with the ball bearing grooves. 

Against the wall of this ledge is positioned a 180° segment 

of a gear of 5.00 in. pitch diameter (160 teeth). When the 

gear was cut in two it opened up approximately 0.003 in. on 

a diameter, but this causes no problem in detector orienta¬ 

tion accuracy. It does mean that the drive gear meshes more 

fully at the gear segment ends that in the center. Four 

screws secure the gear in its place. In the center of the 

gear segment (90°) a vertical support for the detector slit 

assembly is mounted so that it bottoms against the ledge; 

its circular base end has the same diameter as the ledge, 
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which serves to align the detector along a radius vector from 

the center of the target cell. Two screws hold the vertical 

support erect. 

The vertical support has a channel 0.500 in. wide x 

0.063 in. deep milled in its back side. Into this channel 

a matched bar 0.188 in. thick is mounted. The top of this 

bar is in the form of a square yoke 0.750 in. wide x 0.500 

in. deep x 0.750 in. long. An elongated screw slot in the 

bar permits vertical adjustment to position the particle 

detector in the scattering plane. The detector slit barrel 

assembly rests in the yoke. 

Detector laboratory angle is measured by the scale 

mounted on top of the cylinder of the detector position 

control mechanism. It is calibrated in units of 1°. On 

each of the vertical supports is a pointer with a scribe 

mark in its center. These were made so as to-be self¬ 

aligning. Adjustment of the pointer height is allowed by 

an elongated screw slot so that the pointer can rotate very 

close to the degree scale, minimizing parallax. The scale 

and the pointers are visible in the top observation window 

through a hole in each of the slit barrel assemblies above 

the scale. It was necessary to open observation slots in 

the two spokes of the gas cell support wheel which lie above 
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the 120° range covered by the detectors. 

The detector slit assembly consists of the slits, 

barrel assembly, detector mount,'and detector. The barrel 

is a cylinder 0.750 in. O.D. x 0.500 in. I.D. x 

(3.0.26 in. +_ 0.002 in.) long with a 1.250 in. diameter 

flange at the rear end. One side of the cylinder, the 

bottom, has been flattened to allow it to rest in the yoke 

of the vertical support. The O.D. of each barrel was 

matched to the inside width of its respective yoke to 

assure proper barrel alignment. An elongated screw slot 

in the bottom of the barrel and screwdriver hole in the top 

are the means by which radial adjustment of detector 

position is obtained. 

It was necessary to cut a recess in the face of the 

flanged end (rear) to mount the inner pair of tantalum 

strips comprising two sides of the detector window so that 

they would be flush with the surface. The remaining pair 

mount on top of these, at a right .angle, forming a rec¬ 

tangular window. The recess was chosen to be vertical. 

Four equally spaced 0.063 in. diameter holes were bored into 

the face of the flange on a 0.625 in. diameter circle. The 

line joining the centers of one pair of opposite holes is 

parallel to the sides of the recess. This was accomplished by 
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mounting the barrel in a dividing head and using a dial 

indicator to determine when the straight edge of the recess 

was parallel to the right-left motion of the milling machine 

bed. The purpose of the four holes is to permit cylindrical 

pins with the desired diameter (and with a 0.063 in. diame¬ 

ter tip) to be inserted to set the separation of the tanta¬ 

lum strips, thus determining the slit width. The opposite 

end of the barrel has no flange and a detachable press fit 

flange was made. It contains the same vertical recess and 

four holes as the rear flange. A centering pin was installed 

in the front face of the barrel to align the slits at each 

end of the barrel assembly. This was located by mounting in 

the dividing head a jig which matched the recess of the 

flanged end. The straight edge of the ridge on the jig was 

aligned with the milling machine bed travel by a dial indi¬ 

cator. The barrel could then be attached to the jig and the 

centering pin hold bored. 

The flat surface on the bottom, of the barrel must be 

perpendicular to the vertical recess in the flanged end. To 

cut the flat the barrel assembly was mounted horizontally 

with the recess against an adapter in the vise on the machine 

bed. A fly cutter was used to make the cut. 
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The tantalum strips which make up the slit windows are 

0.015 in. thick, which is sufficient to stop a 15 MeV proton. 

They are 0.810 in. long x 0.175 in. wide and are attached 

to the flanged ends of the barrel by two screws. Elongated 

screw slots 0.625 in. apart and approximately 0.135 in. deep 

allow the strips to be positioned to give the desired window 

size. The screw slots are centered with respect to the long 

dimension. The screws used in the rear window are 1/72 and 

those in the front are 0/80. Due to the small size of the 

flange used on the front of the barrel it was necessary to 

have two screw holes for each end of all the tantalum strips 

so that the full range of slit widths (up to 3/16 in.) could 

be attained. 

Each detector is mounted with its face against the rear 

window of the slit system by a compression clamp attached to 

the rear flange of the barrel. Ortec partially depleted 

silicon surface barrier detectors with Microdot cable 

connections are used. These have an a particle resolution 

of 35 KeV full width, at half maximum. 

The vacuum rotary seals which transmit rotary motion in¬ 

side the chamber to drive the detector gears utilize a bel¬ 

lows and an eccentric principle. Figure 4 shows a cross 

section of one of these. The drive handle turns the input 



Figure 4. Cross Section View of Bellows Type Vacuum Rotary 

Seal,-All Brass Construction (shown approximately 

to scale) 

A. Control knob 

B. Input shaft 

C. Upper bearing 

D. Input shaft split ring retainer 

E. Position lock screw 

F. Bellows 

G. Floating bearing assembly 

H. Brass balls 

I. Output shaft and flange 

J. Bottom bearing 

K. Housing 

L. Evacuation ports 

M. O-ring grooves 
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shaft which has been bent to give it a 3/16 in. throw. On 

the other end of this shaft a 1/4 in. brass ball is silver 

soldered. A sylphon bellows is lead soldered to the top 

bearing assembly and to the floating bearing surrounding 

the ball on the bent shaft. The other half of the floating 

bearing is held in place by three screws. An O-ring pro¬ 

vides a seal and a centering ledge prevents binding of the 

ball and bearing. The ball seat is spherical in shape when 

assembled. On the outside of the floating bearing another 

1/4 in. brass ball is silver soldered. This ball fits into 

the hemispherical cavity in the output shaft flange. The 

bottom bearing also serves as a base for the assembly and 

an O-ring seals the base and housing assemblies together. 

Another O-ring is used between the bottom bearing and the 

chamber base where the rotary seal is mounted. 

A 1.5 in. pitch diameter gear with 48 teeth is used as 

the drive gear. Since the driven gear has 160 teeth a 10 to 

3 advantage is obtained. A setscrew lock in the top bearing 

of the rotary seal maintains a given setting. To prevent 

burring the shaft, the setscrew does not bottom on the 

shaft. Instead the setscrew forces against the shaft a 

small rod whose end is turned to the same radius as the 

shaft. 
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F. Optical Pumping System 

The optical pumping system includes the pair of 

4 
Helmholtz coils, He lamp and exciter, reflector, weak 

discharge oscillator, detector for monitoring pumping 

light transmission, quarter wave plate and linear polarizer. 

The Helmholtz coil radius of 14.19 in. was chosen to 

give a magnetic field which was uniform at the center to 

4 49) 
approximately 6 parts in 10 . Shearer and Walters have 

3 
shown that the He spin-lattice relaxation time T^ obeys 

the equation 

1/Tl = (2/3Ho
2)(SHy/ay)2<u2>avTc/(l + »0

2t0
2> 

where the z axis was chosen parallel to H , = 

2 
^H^/^y, the field gradients, ^ av is the mean squared 

3 
velocity of the He atoms, ^ is the mean time between 

atomic collisions, and ID is the average magnetic resonance 

2 2 
frequency. For low pressures and fields , Tc «

1 , and 

2 10 2 2 
using <^U ^ tes3' kT/m = 2.-5 x 10 cm /sec (T = 300°K) , 

-7 -1 
= 2.2 x 10 p , p in mm Hg (p = 3 was used), it is 

3 
found that for ^>10 sec, (3H^/3y)/HQ must be less than 

10~3 cm"1. For >104 sec, (£H / £y)/HQ< 2.8 x 10~4. 

Using these values of ( BH / dy)/H , the minimum radius for 
y o 
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the coils can be computed from relations given in references 

50 and 51. The radii are found to be 12.6 in. and 22.4 in. 

-3 -4 
for ( <)Hy/ dy)/Ho< 10 ,10 , respectively. 

Each coil has 155 turns of 18 gauge enamel insulated 

copper wire in 10 layers of 16 and 15 turns alternately. 

511 
From the formula for the axial field, H = 0.44959 Nl/R , 

where N is the number of turns in both coils together, I 

the current in amperes, and R the coil radius in cm (36.04), 

the field to be expected is H = 3.867 Oe/ampere. 

4 
The He lamp which supplies the optical pumping* radia- 

c>2) tion was used by Findley and has been described by him" 

This type of lamp was employed in reference 33 also. A 

brief description is included here. The rf exciter uses 

two 4CX300A tetrodes and supplies energy to the lamp at a 

frequency of approximately 100 MHz. Two leads conduct the 

signal to a tank coil surrounding the lamp. The lamp is a 

button type 0.25 in. thick x 1.125 in. in diameter made of 

Vycor glass. Helium diffuses through Vycor and to maintain 

lamp pressure of approximately 4 torr a pyrex reservoir of 

3 
approximately 70 cm volume is connected to the lamp. 

4 3 3 
He is used in the lamp because He pumping He in- 

3 3 3 3 4 
duces 2 —2 P^ ^ an<^ 2 —2 transitions, while He 

3 3 53) 
gives only the 2 —2 P^ transitions ' . More light 
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within the —2^PQ akso:PPtion line is provided by He^ than 

, „ 3 3°) ’ by He 

• The lamp circuit is housed in an aluminum box 4.1 in. 

x 5.1 in. x 6.1 in. The box is mounted on an aluminum plate 

which clamps to a vertical rod from the vacuum chamber'. This 

arrangement gives three degrees of freedom in cylindrical 

coordinates (r,9,z) for positioning the lamp. A second sur¬ 

face concave mirror, also with fully adjustable mounting, is 

used to focus a maximum amount of light on the cell. 

The quarter wave plate is held stationary by the clamp 

ring on the top observation window. A Polaroid linear 

polarizer is located between two circular rings. The O.D. 

of the bottom ring is 0.010 in. less than the I.D. of the 

top of the window clamp, which gives a bearing surface for 

rotation of the polarizer. Two stops located 90° apart de¬ 

fine the limits of rotation of the polarizer relative to the 

quarter wave plate. Forced air cooling is required for the 

polarizer, quarter wave plate, lamp bulb, and tetrodes. 

3 
The pumping light absorbed can be related to the He 

35) 
polarization . Hence it is necessary to measure the trans- 

19 
mitted light intensity. This is done by a PbS detector 

enclosed in a brass bracket for shielding and fastened 

across the center of the calibrated degree scale underneath 
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the gas cell. 

3 3 
The rf power used to create the 2 metastable He atoms 

is supplied by a 100 KHz oscillator of the type described in 

reference 54. The discharge level is maintained at the low- 

3 
est self-sustaining level so that the number of 2 meta¬ 

stable atoms will not be excessive. If too many metastables 

are created their relaxation time predominates over the T^ 

spin-lattice relaxation time and polarization declines. 

G. Vacuum System, Beam Tube Connection, and Vacuum Chamber 

Pressure Measurement 

The vacuum system consists of the diffusion pump, 

associated pumping, and valves. A CENCO 2 in. nominal I.D. 

(3.5 in. actual) stainless steel, water cooled diffusion 

pump is used. It has a rated pumping speed of 275 liters/sec 

-7 -3 
at 10 to 10 torr. The recommended pump fluid (D.C. 704) 

is used. The pump heating element support screws, along 

with the casters, are the only magnetic materials used in 

the scattering system. Joined to the diffusion pump at the 

foreline is a ballast tank, foreline shut-off valve, and 

pressure gauge tube for foreline pressure measurement. The 

ballast tank and all the plumbing are fabricated from brass. 
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A water cooled baffle is affixed to the top of the dif¬ 

fusion pump. It consists of four semicircular plates stacked 

vertically 0.75 in. apart alternately on opposite sides and 

supported by a rod in their common center. Holes are drilled 

in the plates to decrease pumping impedance; these were 

spaced so as not to line up with those in the adjacent plate. 

The baffle connects to a Veeco bellows type vacuum valve for 

isolating the pump from the chamber. The valve is then con¬ 

nected to a sylphon bellows which in turn is fastened to the 

chamber base at the 1.5 in. evacuation hole. The bellows per¬ 

mits the chamber to move independently of the vacuum assembly 

during alignment. A roughing valve is provided between the 

chamber and the Veeco valve. 0-rings are used at all joints 

in the plumbing except at the Veeco valve where indium gas¬ 

kets are employed. 

The vacuum assembly is supported by four 0.75 in. x 

0.125 in. brass straps fastened to the corners of the carriage 

on which the chamber rests. A thermal safety switch and re¬ 

lay prevent restarting of the diffusion pump once an over¬ 

heat condition has occurred. 

The vacuum chamber is connected to the beam tube by a 

piece of brass pipe 1.604 in. I.D. by 17.81 in. long. It is 

fastened to the chamber by screws through a flanged end con- 
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taining an O-ring. A gate valve at the outboard end allows 

the evacuated chamber to be removed from the beam tube.. 

Connection to the beam tube is made by a sylphon bellows. 

0-rings are used at the gate valve and at the beam tube. 

A window in the pipe allows the front quartz to be viewed 

during beam alignment. 

Pressure in the vacuum chamber is monitored by a 

Consolidated Vacuum Corporation model GIC-110A gauge control 

and a GIC-016 ionization gauge tube. This tube is mounted 

at 180° on the lid by means of a glass-to-metal seal and 

a flange with 0-ring. 
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III. PRELIMINARY REPORT ON THE INITIAL USE OF THE SYSTEM 

The scattering system has been used once in an elastic 

3 
scattering experiment m which both the He target and the 

4 -f~f- 3 
He beam were unpolarized. The scattered He particles 

were peaked in the forward direction. Charge of 30 

pcoulomb was integrated for several laboratory angles; this 

3 
was sufficient to observe the He peaks. 

The target was not polarized due to inability to suf¬ 

ficiently clean the cell for optical pumping. The rf oscil¬ 

lator described in reference 54 produces insufficient power 

to create the hot discharge required during cleanup. The 

usual method employing a Raytheon Model CMD5 microwave 

generator could not be used because the target cell is too 

far removed from the antenna (about 1.5 in.) even when the 

latter is adjacent to the large observation window in the 

vacuum chamber lid. Under current investigation is the 

feasibility of using the output from a low frequency radio 

transmitter to provide the required cleanup discharge. This 

power would be of the order of tens of watts or higher 

compared to milliwatts generated by the present rf. oscillator. 

The only foreseeable problem in this new method is possible 

impedance matching of the load to the transmitter. 
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It is to be noted that using the weak discharge oscil¬ 

lator did provide Some cleaning of the cell. The procedure 

4 
was to evacuate the cell and admit about 1 torr of He . 

When the oscillator was turned on and the discharge viewed 

4 
through a spectroscope the He lines were seen against a 

background spectrum of the impurities present in the gas. 

In a short period (minutes) the background became brighter, 

indicating that more impurities were being removed from the 

interior walls. 

-5 
The pressure of 8 x 10 torr inside the vacuum chamber 

during operating conditions was not as low as desired. It is 

believed that this may have been due to the excessive pumping 

impedance of the baffle assembly installed to minimize back- 

streaming. A different design consisting of a single disc 

mounted directly underneath but below the exit port in the 

present baffle housing is planned. A similar, design has 

performed satisfactorily in another installation. 

Beam alignment proved to b? an easy task. The quartz 

discs were clearly visible and the chamber position controls 

all functioned as expected. The detector wiring and con¬ 

nections presented no problems. 

With the exception of the high pressure in the vacuum 

chamber during the experiment it is concluded that all of 
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the features of the system which were utilized during this 

initial test performed according to design specifications. 
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APPENDIX A 

TABLE A-l, BOLT CIRCLE DATA 

All screws in a bolt circle are equally spaced unless 
denoted by an asterisk *. Thread sizes are listed as screw 
(or bolt) size/number of threads per inch. Thread sizes 
not listed indicate clearance hole diameter. All screw 
holes into the vacuum chamber and lids from the outside or 
inside except those for the beam collimator support are 
blind, i.e., do not penetrate the walls. All bolt circles 
are accurate to + 0.0005 in. and all dimensions are in 
inches. 

Bolt Circle Location Diameter 
No. of 
Screws 

Diameter or 
Thread Size 

Cylindrical part of vacuum 
chamber 

Each end 12.300 12 10/32 

Vacuum pipe flange mount 
at 0° 2.632 6 ■ 10/32 

Beam collimator support 1.125 6 10/32 

Vacuum pipe evacuation 
holes (Alternately spaced 
with beam collimator sup¬ 
port screw holes) 1.125 6 0.250 

Faraday cup mount at 180° 2.264 6 10/32 

Lid. outside 

Observation window clamp 6.500 6 10/32 

Mounting holes for at¬ 
taching lid to cylinder 12.300 12 Elongated 4° 

Rear quartz observation 
window 1.500 6 6/32 

Inside stopcock rotary 
seal mounting screws 1.5625 10/32 



TABLE A-l (CONT'D) 

No. of Diameter or 
Bolt Circle Location Diameter Screws Thread Size 

Gas cell evacuation tube 
floating seal clamp 2.000 6 3/56 

Ionization gauge tube 
mount 1.625 6 10/32 

Lid. inside 

Gas cell support ring 10.892 6 10/32 

Base, outside 

Observation window clamp 4.250 6 10/32 

Mounting holes for at¬ 
taching base to cylinder 12.300 12 #10 * 

Ball-and-socket and 
jackscrew mount 1.500 3 10/32 

Vacuum rotary seals (2) 1.5625 6 5/40 

Chamber evacuation port 2.4375 6 10/32 

Gas tarqet cell 

Hold down clamps for glass 
ends 1.790 8 3/56 

Floating seal at glass 
tube 0-ring 0.500 3 3/56 

Foil clamp screws at beam 
entry port 0.625 6 5/40 

Foil clamp screws are on two circumferences of 
brass center section at 5/16 in. from center ■ ■ 
of vertical dimension. Screw size is 5/40 

Detector rotating mechanism 

Cylinder mount 4.250 3 10/32 

Gear mounting screws on 
rotating hubs 6 * 4.250 #5 
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TABLE A-l (CONT'D) 

Bolt Circle Location Diameter 

Degree scale (also pump¬ 
ing light transmission 
detector mount) 2.8125 

Bearing preload screws 

Chamber to beam tube 
vacuum pipe 

Flange at chamber 2.632 

Flange at gate valve (on 
both sides of valve) 3.344 

Beam tube flange 4.250 

Vacuum system plumbing 

Flange at chamber base 2.4375 

Flanges (2) at diffusion 
pump isolation valve 2.828 

Top of baffle assembly 4.375 

Top of diffusion pump 4.750 

Bellows type rotary seals 

Top bearing to housing 1.0625 

Shaft retainer split ring 0.375 

Bottom bearing to housing 1.5625 

Holes for mounting to 
vacuum chamber base 1.5625 

Floating bearing assembly 0.580 

Faraday cup and insulators 2.264 

Gas cell support ring, 
outer perimeter 10.892 

Hub bolt circle in gas 
cell support ring 1.790 

No. of 
Screws 

3 

3 

6 

6 

4 

6 

4 

4 

4 

6 

2 

3 

6 

3 

6 

3 

16 

Diameter or 
Thread Size 

2/56 

3/56 

10/32 

0.25/20 

0.5, elongated 

#10 

• 0.25 

0.3125 

0.5 

3/56 

1/72 

3/56 

0.1875 

1/7 2 

#10 

#10, elongated 

#3 



TABLE A-l (CONT'D) 

No., of Diameter or 
Bolt Circle Location Diameter Screws Thread Size 

Pilot holes for detect¬ 
or slit width setting 
pins in flanges on slit 
barrel assembly 0.625 4 0.0625 
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TABLE A-2, O-RING SIZES 

Nominal 0-ring size is given as I.D. x O.D. x width. 
All O-rings are Viton rubber except at the diffusion pump 
isolation valve and the gas cell, where indium is used. 
The part name or location given is the one containing the 
O-ring groove. All sizes are in inches. 

Part Name or Location Size 

Cylindrical part of vacuum 
chamber, each end 

Vacuum chamber lid, large ob¬ 
servation window 

Vacuum chamber base, large 
observation window 

Parts which attach to lid 

Rear quartz observation 
window, in lucite 

Gas cell evacuation tube float¬ 
ing seal, in bottom washer of 
pair 

About tube 
Between washer and lid 

11.500 x 11.750 x 0.125 

5.250 x 5.500 x 0.125 

3.000 x 3.250 x- 0.125 

1.125 x 1.250 x 0.0625 

0.250 x 0.375 x 0.0625 
0.875 x 1.000 x 0.0625 

Ionization gauge tube mounting 
flange 0.875 x 1.000 x 0.0625 

Vacuum feed-through electrical 
connectors > 0.375 x 0.500 x 0.0625 

Vacuum system plumbing 

Flange at chamber base 

Bottom flange on valve to 
baffle connecting pipe 

Bottom flange on baffle 

Ballast tank to foreline on 
diffusion pump 

1.750 x 2.000 x 0.125 

3.500 x 3.750 x 0.125 

3.500 x 3.750 x 0.125 

1.000 x 1.250 x 0.125 
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TABLE A-2, (CONT'D) 

Part Name or Location 

Vacuum pipe connecting chamber to 
beam tube 

Flange at chamber 

Gate valve (both sides) 

Size 

1.875 x 2.125 x 0.125 

2.250 x 2.625 x 0.1875 

Vacuum rotary seals. bellows type 

Top bearing to housing 

Floating bearing, part contain¬ 
ing brass ball 

Bottom bearing to housing 

Bottom bearing flange to 
vacuum chamber base 

0.750 X 0.875 X 0.0625 

0.375 X 0.500 X 0.0625 

1.125 X 1.250 X 0.0625 

0.875 X 1.000 X 0.0625 

Vacuum rotary seal, 0-ring type 

Around shaft, in bearing 

Flange to vacuum chamber lid 

Faraday cup, all 0-rings 

0.250 x 0.375 x 0.0625 

0.875 x 1.000 x 0.0625 

1.500 x 1.750 x 0.125 
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TABLE A-3 

TRADE NAME AND NUMBER OF IMPORTANT COMPONENTS 

Diffusion pump, Central Scientific Co. catalog number 

93422-16, 2 inch nominal I.D. (3.5 inch actual I.D.), 
-7 -3 pumping speed 275 liters/second at 10 to 10 torr, 

stainless steel, water cooled, 110 volts, 375 watts, recom¬ 

mended fluid: D.C. 704. 

Diffusion pump isolation valve, Veeco Vacuum Electronics 

catalog number SL 150 S, brass body and bellows, Viton 

0-ring. 

Particle detectors, ORTEC catalog number BA-035-050-1‘00, 

partially depleted silicon surface barrier, 100 p. minimum 

depletion depth, particle resolution 35 KeV FWHM, noice 

width 30 KeV FWHM. 

Detector and cable connectors (inside chamber): Microdot 

connectors numbers 32-14 and 32-17; coaxial cable, Hallmark 

Electronics catalog number 250-3965, 50 ohm, copper shield 

and center conductor, approximately 0.125 in. O.D., plastic 

insulation. 

Cable and connectors (outside chamber): Vacuum feed¬ 

through connectors (in chamber base and lid), Amphenol 

UG 657/U; cable connectors, Amphenol 31-359; coaxial cable, 

Belden 8259, RG 58 A/U. 

19 Optical pumping light transmission detector (PbS .), 

Infrared Industries, Inc., Waltham, Mass. 



60 

REFERENCES 

1. W. E. Burcham, Nuclear Physics, An Introduction 

(McGraw Hill Book Co., New York, 1963), p. 653 

2. L. Wolfenstein, Phys. Rev. T5, 1664 (1949) 

3. A. Simon, Phys. Rev. 9_2, 1050 (1953) 

4. C. R. Schumaker and H. A. Bethe, Phys. Rev. 121, 

1534 (1961) 

5. S. Bernstein, L. D. Roberts, C. P. Stafford, J.W.T. 

Dabbs, and T. E. Stephenson, Phys. Rev. 94, 1243 (3.954) 

6. L. D. Roberts, S. Bernstein, J.W.T. Dabbs, and C. P. 

Stafford, Phys. Rev. 05, 105 (1954) 

7. A. Stolvoy, Phys. Rev. 118. 211 (1960) 

8. A. Stolvoy, Bull. Amer. Phys. Soc. 275 (1960) 

9. H. Postma, H. Marshak, V. L. Sailor, F. J. Shore, and 

C. A. Reynolds, Phys. Rev. 126, 979 (1962) 

10. V. L. Sailor^ R. I. Schermer, F. J. Shore, C. A. 

Reynolds, H. Marshak, and H. Postma, Phys. Rev. 127. 

1124 (1962) 

11. H. Marshak, H. Postma, V. L. Sailor, F. J. Shore, and 

C. A. Reynolds, Phys. Rev. 128. 1287 (1962) 

12. R. I. Schermer, Phys. Rev. 130, 1907 (1963) 

13. H. Marshak, Bull. Amer. Phys. Soc. 7_, 305 (1962) 



61. 

14. G. Brunhart, H. Marshak, C. A. Reynolds-, V. L. Sailor, 

R. I. Schermer, and F. J. Shore, Ibid. 

15. A. Abragam, M. Borghini, P.'Catillon, J. Coustham, 

P. Robeau, and J. Thirion, Phys. Letters J2, 310 (1962) 

16. O. Chamberlain, C. D. Jeffries, C. H. Schultz, 

G. Shapiro, and L. Van Rossum, Phys. Letters 7_, 293 

(1963) 

17.. B. A. Robson, Austr. J. Phys. JL2, 248 (1959) 

18. C. Schultz, G. Shapiro, W. Troka, L. Van Rossum, 

J. Arens, F. Betz, 0. Chamberlain, H. Dost, B. Dieterle, 

and C. D. Jeffries, Bull. Amer. Phys. Soc. 8^, 325 (1963) 

19. R. Wagner, P. D. Miller, T. Tamura, and H. Marshak, 

Proceedings of the International Conference on Study 

of Nuclear Structure with Neutrons, Antwerp, 1965, 

(North Holland Publishing Co., Amsterdam, 1966), p. 

561 

20. R. I. Schermer and L. Passel, Ibid.. p. 501 

21. - A. A. Bergman and F. L. Shapiro, Soviet Physics JETP 

(English Translation) 1_3, 895 (1961) 

22. P. Szydlik and C. Werntz, Phys. Rev. 138. B866 (1965), 

140. AB4 (1965) 

23. J. Kajfosz, J. Kopecky, and J. Honzatko, Phys. Letters 

20. 284 (1966) 



62. 

24. K. Bearpark, I. Hall, R. E. Segel, S. M. Shafroth, 

and N. W. Tanner, Helv. Phys. Acta. Suppl. _6, 337 (1961) 

25. D. R. Inglis, Phys. Rev. 74, 21 (1948) 

26. C. Critchfield and E. Teller, Phys. Rev. 60_, 10 (1941) 

27. F. D. Colgrove and P. A. Franken, Phys. Rev. 119, 680 

(1960) 

28. M. A. Bouchiat, T. R. Carver, and C. M. Varnum, Phys. 

Rev. Letters 5_, 373 (1960) 

29. G. K. Walters, F. D. Colgrove, and L. D. Shearer, 

Phys. Rev. Letters 8^, 439 (1962) 

30. L. D. Shearer, F. D. Colgrove, and G. K. Walters, 

Phys. Rev. Letters 10_, 108 (1963) 

31. F. D. Colgrove, L. D. Shearer, and G. K. Walters, 

Phys. Rev. 132. 2561 (1963) 

32. F. D. Colgrove, L. D. Shearer, and G. K. Walters, 

Phys. Rev. 135. A353 (1964) 

33. R. L. Gamblin and T. R. Carver, Phys. Rev. 138. A946 

(1965) 

34. G. C. Phillips, R. R. Perry, P. M. Windham, G. K. 

Walters, L. D. Shearer, and F. D. Colgrove, Phys. Rev. 

Letters 9., 502 (1962) 

35. D. H. McSherry, M. A. Thesis, Rice University (1967), 

unpublished 



63. 

36. D. M. -Hardy, M. A. Thesis, Rice University (1968), 

unpublished 

37. A.C.L. Barnard, C. M. Jones, and G. C. Phillips, 

Nuclear Phys. 50^, 629 (1964) 

38. J. L. Gammel and R. M. Thaler, Phys. Rev. 109. 2041 (1958) 

39. K. W. Brockman, Phys. Rev. 110, 163 (1958) 

40. G. C. Phillips ; and P . D. Miller, Phys. Rev. 115, 1268 

(1959) 

41. R. I. Brown and W. Haeberli, Phys. Rev. 130, 1163 (1963) 

42. T. A. Tombrello and P . D. Parker, Phys. Rev. 130, 1112 

(1963) 

43. R. J. Spiger and T. A. Tombrello, Phys. Rev. 163. 964 

(1967) 

44. M. J. Scott, Helv. Phys. Acta. Suppl. 6, 332 (1961) 

45. S. D. Baker, G. Roy, G. C. Phillips, and G. K. Walters, 

Phys. Rev. Letters 15., 115 (1965) 

46. M. Tanifuji, Phys. Rev. Letters 15, 113 (1965) 

47. S. Timoshenko and S. Woinowsky-Krieger, Theory of 

Plates and Shells (McGraw-Hill Book Co., New York, 

1959) , Chapter 3 

48. G. K. Walters, Rice University (1967), private 

communication 



64. 

49. L. D.-Shearer and G. K. Walters, Phys. Rev. 139. 

A1398 (1965) 

50. G. C. Scott, Review of Scientific Instruments 28„ 

270 (1957) 

51. A. E. Ruark and M. F. Peters, J. Opt. Soc. Amer. 

13, 205 (1926) 

52. D. 0. Findley, M. A. Thesis, Rice University (1967), 

unpublished 

53. M. Fred, F. S. Tomkins, J. K. Brody, J. Hammermesh, 

Phys. Rev. 82, 406 (1951) 

54. An oscillator which has 'been used successfully is 

described on drawing B452610, J. W. Miller Co., 5917 

South Main, Los Angeles, California. It employs the 

Miller 4525 high voltage rf transformer. The drawing 

is supplied with this transformer. 



65. 

ACKNOWLEDGEMENTS 

The author gratefully acknowledges the role of his 

research director Dr. G. C. Phillips in this project. 

His numerous suggestions duping the design and construction 

phase have proved invaluable and contributed significantly 

to the successful completion of the system. 

To Dr. S. D. Baker the author expresses sincere thanks 

for the benefit of many discussions related to this work 

and for encouragement in the face of seemingly insurmount¬ 

able problems. 

The personnel of the Physics Department Shop constructed 

much of the experimental apparatus. Appreciation is ex¬ 

pressed to Messrs. F. Van der Henst, E. J. Harmening, 

P. DeVries, G. J. Schildmeijer, and J. A. Flick. 

The financial support in the form of fellowships pro¬ 

vided by the United States Atomic Energy Commission is sin¬ 

cerely appreciated. 

Gratitude is also due the Manned Spacecraft Center of 

the National Aeronautics and Space Administration under 

whose sponsorship the author began his graduate study as 

a part-time student. 



66. 

For the benefit of their experience the author wishes 

to thank his colleagues J. Duval, D. Findley, D. McSherry, 

Dr. T. Emerson, Dr. M. Taylor, Dr. W. Fitzsimmons, and. 

many others too numerous to mention individually. 

Mrs. Mary Comerford did an excellent job typing the 

final manuscript. 

To the members of my family is expressed gratitude for 

their encouragement and support. My wife Mary Ann, to whom 

this work is dedicated, has helped immeasurably by her 

constant understanding and patience. For this, as well as 

her assistance in preparing the manuscript, the author is 

most grateful. 


