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PREFACE

This thesis reports the construction of a cylindrical elec~-
trostatic analyzer, designed to improve the resolution of measure-
ments of neutron cross-sections, and the results of such measure-
ments on several light nuclei,.

The work could not have been performed without the very pa-
tient guidance of Dr, H, W. Newson, the projJect director. I wish
to thank Dr. R. M. Williamson, who supervised the constructlion of
the analyzer, and Dr. J. H, Gibbons, whose collimation and de-
tection equipment were used in making measurements. Both were
ever ready to assist in trouble shooting when necessary, no
matter what the time of day or night. The analysis of transmis-
sion experiments by Dr. Eugen Merzbacher and Bernard Chern was
used in attempting to deduce certain properties of the resonances.
Dr. Merzbacher was especlally generous with his time in assist-
ing in the calculations.

Mr. Robert Rackley aided in the construction of the electronic
circults used to govern the functlioning of the analyzer. The
members of the Duke Instrument Shop, under the direction of Mr,
Milton Whitfield made many of the analyzer parts. Mr. S, A, Cox
asassbled the analyzer power supply. Mr. Fred Egli very ably
kept all electronic circuits in working condition, and was help-
ful in the taking of data, particularly in the small hours of the
morning. The friendly and cooperative spirit of the entire Van
de Graaff group, who unstintingly gave of their time to assist in



taking data, made the work much less tedious than it might other-
wise have heen.

I wish to thank my family and Duke University, without whose
financial assistance I could not have pursued my studies, and
most of all, my wife, who s0 unselfishly, and cheerfully did
without many of the ordinary comforts, in order that I might
complete my studles,

The work described in thls thesls was supported by the Atomile

Energy Commission.
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NEUTRON RESONANCES IN SODIUM,
ALUMINUM, AND POTASSIUM




INTRODUCTION

Most nuclear reactions, for experimental purposes, are pro-
duced by exposing a target containing the nuclel under investi-
gation to a beam of nucleons (protons or neutrons) or light nucléi
(deuterons, tritons, alpha particles). Any incident particle
which, 1n passing through the sample, comes within range of the
nuclear force exerted by a target nucleus, may or may not, react
with that nucleus, If a nuclear reaction does occur, it may be -
one of several kindas. It may be elastic scattering, inelastic
scattering, radiative capture, capture followed by emission of a
partiecle which differs in kind from the initial projectile, or
capture followed by emission of more than one particle or photon.

The probability that a specific one of these reactions will
occur 1s a function of the type and state of the projectile, and
of the type and state of the target nucleus, The probability that
Some reaction will occur 1s the sum of the probabllities for the

8pecific reactlons.
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All these probabilities are expressed 1n terms of ¢ , the

cross section for the reaction- Its definition(l) is:

o = nupnber of eventa of given type per unit time per nucleus
number of incident particles per unit area per unit time

The probabillty that some reactlion willl occur 1s called the total
cross section. Cross sectlons are measured in units of barns,
where one barn is defined to be 1072% cm?. The work reported in
this thesis 1s concerned solely with total croas sections for
neutron induced reactlions. Neutron cross sectlons, as opposed
to charged particle cross sections, may be measured conveniently
by the transmission method, since neutrons are acted upon only
by nuclear forces. Thus neutrons are removed from a beam only
by nuclear reactions, and comparison of the number of neutrons
incident upon a target with that passing through the target un-
deflected, gives a direct measure of the number of nuclear re-«
actiohs taking place within the target. ‘

The neutron was discovered by Chaduick(a) in 1932. In that
same year, de Brogllie and co-workera(j) performed experiments
ﬁsing a ;adon-beryllium neutron source. In 1933, Dunning and
(4

Pegram » using a much more powerful source of the same type,

performed experiments on total neutron cross sections. In 1934
and 1935, Ferml et a1(5.6) performed activation experiments
using the same type of neutron source. In all‘theae cases the
neutron energy was very indefinite. Neutrons were classifled as
elther "slow" or "fast.” The one-body approximation, which had
been applied so successfully to the study of atomle spectra was

applied to the study of the nucleus. The incident projectile was
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considered to move in the average field of the nucleus. In con-
sequence of this line of reasoning, 1t was predicted that cross
gsections should be 1lnversely proportional to the neutron velocity.

However, Dunning(T) in 1934 and Amaldi et a1(6) in 1935 found
anomalously high cross sectlons in some reactlons induced by the
more energetic group of neutrons. In 1935, Bethe(S) postulated
that neutron cross sections were due to twoc factors, the 1l/v
contribution which followed from the Hartree approximation, and a
second "phase" factor. This second factor accounted for the ap-

- pearance of resonances. This theory further predicted that large
capture cross-sections and large elastlc scattering cross-sections
should occur together.

In 1936, Breit and Higner(g) advanced their more qﬁantitative
theory of resonance effects. This theory has been reformulat-
ea{10-14) ng extended(IS’la) several times. It has enjoyed re-
markable success and, today, enjoys a position as the foundation
upon which such of the subsequent theory has been bullt. The
Brelit-Wigner theory may be divided roughly into two parta: that
dealing with isolated resonances, the one-level equations; and
that concerned with many closely spaced levels, the many-level
equations. In this thesis, we shall use the one-level equatlions
exclusively,

It is, perhaps, fitting to mention here, that the Brelt-
Wigner theory, itself, rests upon a more fundamental base. That
is the theory of the compound nucleus, advanced by Bohr(IT) in
1936. In his theory, Bohr postulated that nuclear reactions

~ could be divided into two steps. First, a compound nucleus is

formed from the incident particle and the target nucleus. This
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nucleus is always formed 1n an exclited state, having as the
excltation energy the binding and kinetlic energles of the inci-
dent particles. The second step 18 the decay of the compound
nucleus to a residual nucleus and a particle(s) or photon(s).

The compound nucleus has a large number of poasible energy levels,
which may be classifled into two groups. First, the decaying
states (virtual 1evels), in which the total energy of the nucleons
is slightly positive. By analogy with atoms, the decaying states
should form a continuum. However, in nuclel, these states are
discrete, and have a finite lifetime. Second, the contlinuum,
where, as the name implies, to all infents and purposes, the
energy levels are continuous. The boundary between the decaying
gstates and the continuum 1s neilther sharply defined, ndr even
fixed. As experimental technigues improve, it becomes possible
to resolve energy levels which once were considered to belong in
the continuum, Thus the upper limit of excitation energies in
the decayins states moves constantly upward.

Bohr's compound nucleus theory has been qulte successful in
describing nuclear reactions. It too, can be divided into two
parts. The first is that describing reactions induced by low, or
medium, energy projectiles. In these cases, the incident parti-
cle brings only a small excltation energy into the compound
nucleus. Consequently, there are only a few exit channels by
which decay can take place. One of these is certainly the en-
trance channel. This situation leads to the appearance of
resonances. The second division of the theory is that deseribing

reactions induced by very high energy projectiles. In such re-
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actions, the compound nucleus 1s highly excited, many channels
for decay are open, and the probabllity of decay into the en-
trance channel is very low. This treatment predicts neutron
cross-sections which are a smooth functlon of energy and ex-
hibit neither sharp maxima nor sharp minima. Both regions of the
energy spectrum are now under intensive investigation.

There 1s increasing evidence which indicates that the Bohr
picture will require some modification. It is based on the be~
lief that inter-nucleon reactions are strong and approximately
equal, However, experimental evidence, dating as far back as
1917(15) indicates that there may, instead, be preferred con-
figurations of nucleons. Numerous tabulations(lg-gj) have been
made, and experiments performed(eu-ag) which demonstraté that
nuclel containing certain "magic” numbers of neutrons or protons
are more stable than others. This has led to the theory that
nucleons form closed shells, much as atomic electrons do.(jo)
Such increased stability is indicated by anomalously wide spacing
of energy levels--and therefore, of neutron resonances.

In the experiments described in this thesis, four different
light nuclideé were investigated. Of these, ﬁwo contained
questionably maglc numbers of neutrons (Al27 and K39) and two
were magic in neither protons nor neutrons (Na23 and Kul). Trans-
mission experiments in the resonance reglon were carrled out in
all cases, usling a rather intense, yet highly analyzed beam of
neutrons. It was expected that a number of resonances would be

found in the total cross-sections. It was hoped that the peaks
Would be delineated sharply encugh for us to assign level-wldths
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and J values to at least some of them, thus enabling us to esti-
mate level spacinga. It was further hoped that the information
gathered, when coupled with that gleaned from slmllar experiments
being carried on simultaneously in thls laboratory, would shed
gsubstantial new light on the behavior of light nuclei. It is
still not clear whether such possibly maglc numbers as 10, 14,

or 20 have an effect on neutron resonances,




Chapter 1
APPARATUS

The apparatus used in these experiments conslsts of three
chief components.

1. A Van de Graaff electrostatic generator,

2. A cylindrical electrostatic analyzer, similar to that in
use at the University of Niaconsin,(3l} constructed in this
laboratory under the direction of Dr, R. M, Williamson.

3. Collimation and detection apparatus(BE) constructed in
this laboratory by Dr, J, H, Gibbons.

A beam of lonlzed particles 1s created in the r-f ion source
of the Van de Graaff generator, and is accelerated through a
relatively smooth voltage gradient, down the accelerator tube.
This beam consists of protons, deuterons, various charged hydrogen
moleculea, plus any impurities which may be present in the hydro-
gen gas. A localized, intense magnetic field, at right angles to ‘,

‘nthe path of the lon beam, effectively separates the varlious com-

~ Ponents in space. Thus a relatively pure proton beam may be



gelected.

A certain degree of homogeneity in ion energy as well as in
ion type 1s attained. However, the energy spread 1s of the order
of .5% Thus, a 2 MEV proton beam would have a maximum energy un-
certainty of approximately t10 KEV. Obviously, any experiment
performed with such a beam must have a correspondingly large
energy uncertainty. Passing the proton beam through a cylindri-
cal electrostatic analyzer reduces the energy spread without the
loes of a prohibitive fractlon of the beam.

The electrostatic analyzer consists of two conducting plates,
kept at extremely steady potentlals, and a slit system. (See
Figures 1, 2, and 3) The plates are sectlons of concentric
. right cylinders. A uniform, and small, gap exlsts between the
outer surface of the inner plate and the inner surface of the
outer plate. These two surfaces are geometrically inverse with
respect to the surface of radius a. The actual dimensions, in
our geometry, are llsted in Appendix A, An intense, approximately
radlal electric fleld is malntalined in the gap between the
plates. This field 1s directed toward the common axis of the
Plates.

If one assumes that the field 1s precisely radial, and cut
off sharply at the ends of the analyzer plates, and that the pro-
ton motion takes place in a plane, it can be shown(jl} that all
Protons of a glven energy, which pass through a point in the ob-
- Jeet plane, will be focused into a point in the image plane.

(33)

»Hérzog has shown that the sharp cut-off of the electric field

- at the ends of the plates is a good approximation if ground
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planes are inserted near the ends.
We make the following definltions:
v /2 Potential of outer plate
-V'/2 Potential of inner plate

ry Outer radius of inner plate
ro Inner radius ofecuter plate
a mean radius; a = ryro; @ is extended to include the
tangents to the circle of radius a outside the plates.
v The pot?ntial through which a2 proton has fallen before
| entering the analyzer,
vs That particular V such that a proton of energy eVb, en~
tering the analyzer tangent to the circle of radius a,
will follow a c¢lrcular path of that radius. Vo is a
function of V*,
q (V-Vo )/ Vo
Lt Distance between obJject plane and entrance end of ana-
lyzer plates (objJect distance).
L" ~ distance between exit end of analyzer plates and image

plane (image distance).
Subscript 1 refers to events at the entrance end of the analyzer
Plates, ,
Subseript 2 refers to events at the exit end of the analyzer
Plates,
Primes refer to events in the object plane.
_ Double primes refer to events in the image plane.
b Distance between a proton and the circle of radius a.

Ve use b, s by, b', and b".

e Distance of a proton from the common axis, O.
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oc Angle between the velocity of a proton and the tangent
to the clircle of radius r.
W S1it width
¢ Angle subtended at the axis by the analyzer plates.

In our geometry, § 1s 90 degrees.
In order that the equation defining the position of a proton in
the image plane as a function of its position in the object plane
and of 1t5'energy, be particularly simple and easy to remember,
we define three constants of the instrument, which depend solely
upon the fixed geometry of the analyzer.
f For non-relativistic cases, £ = (a/ {2) csc V2 0
In our arrangement, f = 35,632"
g For non-relativistic cases, g = (a/ 2) etn y2 §
In our geometry, g = - 21.585"
M Magnification of the instrument. M = £/(g - L') = - 634
Detailed ﬁnalyaia shows that, for non-relativistic protons,
‘and to a first-order approximation:
" = (a/2)(1-M)q + Mb!
That is, all protons having the same fractional energy difference
(q) from eV, and having the same displacement (b') from a in the
object plane, will have the same displacement (b") from a in the
image plane. ,
 ‘ ‘ For the moment, consider only those protons of energy eV,
and assume that they are uniformly distributed in the objéct
'*}lplane. We will then find them uniformly distributed in the image
ffplane, over a distance -M times as large as the object slit open-

”" 158- Furthermore, the proton passing through the object plané

—
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at a emerges in the image plane at a. However, from the defini-

tion of M, we see that for § = 90° and L' positive (both of which
hold in our geometry), M is negative. If, therefore, we con-
sider b positive for r > a, and negative for r < a, we observe
that a proton with b' positive must have b" negative, and vice
versa.

Now conaider only those protons which have the same, positive
q = (V-Vb)/vo . We make the same assumption of uniform proton
distribution in the object plane. That proton with the maximum
p' will again have the minimum b". DBut the proton in the image
plane will be displaced a distance (a/2)(1-M)q toward a more
positive (or less negative) b". That proton with minimum b!
will be displaced a like distance in the same directlon, in the
image plane. Thus,’the image will still be ~-M times as large as
the object, but it will be displaced by a distance proportional
to q. If we deseribe q in arbitrary units, we may visualize the
image as being composed of a superposition of component images,
each with the same extent, -Mw', where w' is the object slit

wldth, but displaced a distance proportional to q.

g=0
<a=-1 g=1
= - g=2
. uN o -
'ga-i} g=l|.

A s8lit in the image plane, centered on a, may then be opened
"~ %o such an extent as to exclude all protons with absolute value

j‘°f q, written /q/, greater than a certain specified amount. If



16
we make the approximation that each energy inecluded in the above
diagram is equally probable, then the number of protons passing
through the image slits will be proportional to the length of
the line above. A slit opening such that all protons with q = O
just get through, will exclude some of those with /q/ = 1, and
exactly twice as many with /q/ = 2, ete. Thus, a plot of number
of protonsvva. g will be triangular, and symmetric about q = 0.
This, then, is the distribution function of protons.

If, however, w" is greater than -Mw', then the distribution
will be an isosceles trapezoid, since all the protons with /q/
leass than or equal to some maximum value will pass through the
image slits. A simllar distribution will oecur if the distance
w" 1s less than -Mw'. In this case, however, even those protons
with q = O, will not all get through. Equal numbers of these and
of protons with /q/ less than or equal to some specific value
will be barred by the image slits. Therefore, the intensity will
be diminished.

It i1s desirable to describe the performance of the analyzer
in terms of the huhoseneity of the proton beam impinging on the
target. This is done in terms dr R, the analyzer resolution. R
is defined to be the reciprocal of q' where gq' 1s so chosen that
75% of the protons passing through the image slit have /q@/ < /q'/.
For example, consider R = 2000 and V, =2 MEV. Then i
Q=+ 1/2000 = (V-V;)/y_ and V =V, + V /2000 = 2 MEV & 1 KEV,

. and 75% of the protons have energies between 2.001 and 1.999 MEV,
Obviously, R is a function of the fixed analyzer geometry
. Which determines the magnification, the object slit opening which,
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together with M determines the slze of each component image, and
the image alit opening which determines Just how much of each
component image wlll be permitted to pass through.

A sample calculation of the resolution is made in Appendix B,
and results are tabulated.
It can be shown that a linear relationship exists between
the energy, eV,, of the proton which travels through the analyzer
in a circle of radius, a, and V', the potential difference be- .
yween the plates. It turns out to be: V%”“r“féi‘ féj
Vo = V1/2 1n (rg/r,) AR
av _/av = 1/2“‘3:: (r /v 1‘} L
For our geometry: av_/av -'1/2?1n(a0.18u0/u0.00402 =111
Thus a change of only 10 volts across the analyzer plates results
in a one kilovolt shift in the energy of the proton beam im-
Pinging on the target. Since, in operation, V' is of the order
of 20 KEV, this means that the analyzer plate potentlals must be
kept constant within + .05% in order that the proton energy be
known within + 1 KEV,
In order to obtain this high stability, an independent power

(34) is used for the analyzer plates. A 400 cyecle Leland

Supply
generator, driven by a 3-phase induction motor is the initial
8ource of power. Current is then passed through a degenerative
regulator circult, designed to minimize the effects of fast
fluctﬁationa. It then passes through a control circuit which
. @ets as a stabilizer against slower changes and voltage drift.
* From here, power is fed to the primary of a high voltage trans-

1Q‘fbrmer. The transformer output passes through a resistance-
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capacitance filter, and then to the analyzer plates. A bleeder
resistor 1s connected between the analyzer plates and ground, and
taps are provided in order that a reference voltage may be tapped
off. This reference voltage is then compared with the output of
a potentiometer. Any difference in these two voltages 1s fed to
a galvanometer-phototube amplifier. This amplified error signal
is Ped back to the control circuit (Henkel-Petree circuilt) where
it acts to change the input voltage to the primary of the high
voltage transformer.

A detalled description of the power supply is given in Ap-
pendix C, and the operation of the control circult is more fully
deseribed in Appendix D,

Figure 4 is a pleture of the potentiometer and the front of
the control chassls, .

Figure 5 shows the galvancmeter, with undeflected light. In
the foreground is a meter which regds the proton current imping-

' ing on the lithium target. -

Figure 6 is a picture of the analyzer power supply. One

bleeder resistor stack is prominently diapléyed in the foreground.
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Chapter II
PROCEDURE

Total neutron cross sections were measured by the transmis-
sion method. The specific method used has been deaeribed(ES) in
detall elsewhere. Briefly, protons emerging from the electro-
static analyzer impinge on a .002" platinum end cap upon which a
layer of lithium has been evaporated. Neutrons from the Li(p,n)

reactlon pass down a shielded collimator, making an angle of

122 degrees with the proton beam, and are counted. Counts were

taken twice with no sample in the beam and twice with the target

under investigation intercepting the neutron beam. This was

done to minimize the probability of accepting incorrect counts
which might have been caused by any of a number of transient

causes.

A127 was the first of the nuclides investligated. Preparation
~ of the samples presented no problem. 25 aluminum of commercial
” grade was simply machined to the desired dimensions. Various
| thicknesses were tried, but the bulk of the data was taken with
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two targets. One contained 2.163 x 10°° atoms/em® and the other
contained .4337 x 10°7 atoms/cm®.

The second nuclide investigated was Na®?, Two samples of
metallie sodium were used., Due to the rapid corrosion of sodium
when exposed to air, the samples were encased in airtight con-
tainers, and their entire preparation took place under oil or
ether. The containers were of two types, depending upon the
thickness of the sample. For the thicker, the container con-
sisted of two thin-walled steel c¢ylinders, each closed at one
end with .005" silver. Each had a threaded flange at its open
end such that the two cylinders could be screwed together., A
vacuum seal was maintained by an "0" ring between the flanges.
One of the cylinders had a small "pump out" tube. |

The metalllc sodium was furnished in approximately cylindri-~
cal form, It was pressed by hand, under mineral oil, using the
smooth end of a steel cylinder, to a thickness Jjust a little
larger than that desired. A "cookie cutter” was then used,
agaln with only hand pressure required, to cut the sodlum to the
proper diameter. The process was repeated, this time pressing
to the desired thickness and again using the cookle cutter to
get the final sample. The oll was removed by successive baths
in dilute mixtures of dried alcohol in dried ether. No precise
measure of the ratio of alecohol to ether was made, but the baths
were prepared as follows. Approximately 1lO0cc of alcohol were
diluted with 250ce of ether. About 10ce of thls mixture was
then added to 250ce¢ of ether. In turn about 10cc of this mixture
was added to 250cc of ether, The process was repeated until four
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baths were ready, the last containing about 500cc of mixture.
This method was necessary because 1t was found that ether alone
did not inhibit the formation of the oxide, while anything but a
very dilute mixture of alecohol attacked the sodium vigorously.
The sample was dipped into each bath in turn, and removed imme-~
diately, starting with the least dilute mixture. It was per-
mitted to remain only in the last for any appreciable time.

The contalner was submerged in the last bath, and loading
took place beneath the surface. A Welch vacuum pump was con-
nected to the pump-out tube, and started pumping before the con-
‘tainer was removed from the bath. PFumping continued for 24
hours, after which the copper pump-cut tube was crimped in

- — T 5

several places, then cut off and immedlately plunged into molten
sblder,
The thinner of the two sodium samples did not permit enough

depth in the contalner to enable the same type to be used. In-
stead, this contalner consisted of two doughnut-shaped, flat
steel discs. The center hole of each disc was sealed at one end
with ,005" silver. Each disc was .5715 em. thick, since that
was the sample thickness desired. The discs were fastened to-
gether by four screws, and an "0" ring made the joint air-tight. ‘
The discs were Jjoined in such a fashion as to leave just .5715 cm. ﬁ;
depth for the sample. I.E. one disc actually contained the

aample, while the other served merely as a cover. A copper

pump-out tube 1n the rormér, made 1t possible to pump out reasidual

gases after the contalner was aéaled. The procedure for preparing

and loading this sample was the same as that desecribed above.
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The thick sodium sample contained 4.839 x 1022 atoms/em-=.

22 atona/bm?.

The thin sodium sample contained 1.452 x 10
In investigating the properties of potassium, both the

natural metal and a sample of KCl,* enriched in Kul were used.

Three different thicknesses of natﬁral potassium were used. One

contained 6.229 x 1022 atoms/bmg; the second contained 4.611 x 10°¢

= atoma/bm?. The

atoma/me; and the third contained 1.578 x 10
sambles were prepared in the same manner as were the sodium
samples, described above. The thinnest used a container similar
to that used for the thinner sodium sample. However, in this
case, the sample was 1.1913 em. thick, so that it could be con-
tained partially in each dise. The other two samples used con-
tainers just like that which housed the thick sodium sample.

The KCl was furnished in powdered form. Due to the small
quﬁntity avallable, the sample was pressed in a small die of
rectangular cross-section., It was completely sealed in .005"
silver, immedlately after being pressed. This sample contained
1.097 x 1022 K atams/bme. Since 1t also contained that same
number of chlorine atcms/bm?, and since the chlorine nucleus
also exhiblts resonances in the region under investigation, 1t
was desirable to "balance out” the chlorine. Thus, a second
sample (hexachlorcethane, C 013 c 015) was prepared, having pre-
cisely the same number of chlorine atoms/bme, This sample, too,

was sealed in .005" silver. The transmission ratlo was then

*Obtained on loan from the Isotopes Division of the Atomle Energy
Commission. Prepared by C. P, Keim and coworkers at Oak Ridge
National Laboratories.
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taken to be the number of neutrons counted after passing through
the KC1 sample divided by that counted after passing the beam
through the C C:L3 c Cl3 sample. This eliminated the chlorine
cross-section from the calculation, substituting instead, the
carbon, for which the cross-section in this region 1s well-known,
and quite constant.

Neutrona passing through those samples which were sealed in
containers, were also required to pass through .010" of silver.
Rather than correct for this in the calculations, a .010" silver
sample was also prepared, and the beam was passed through this
sample to give the "out" count. This was not necessary in the -
case of the aluminum samplea. At times two or more samples were

being run simultaneously. Rather than take two separate "out" Fﬂ

counts, either the sllver or an actual "out" was used, whichever i

was more convenlent. In such cases, the data were corrected to |

take into account the extra (or missing) .010" of silver,

The energy range covered was not the same in all cases. The
aluminum was run from O - 160 KEV, The natural potassium was
run from 0-320 KEV, The Kgl sample was run from 0-120 KEV. The

sodium was run from 0-160 KEV,



. Chapter III
RESULTS

The results of these experiments are shown graphically in
Figures 7 through 11. Experimental cross-sections, in barns,
are plotted against neutron energles in killovolts. Apparent

cross~-sections were calculated from the well-known equation:
NeN exp(E; n, a'i)g

where N 1s the number of neutrons counted after the beam has
passed through the target, No is the number of neutrons incildent
upon the target, n; is the number per square centimeter of nuclel
of type 1, and o, 1s the total neutron crosas-sectlon of nuclel
of type 1. Due to lmperfect resolution, thls equation does not
" quite agree with experimental condltions. However, in cross-
section work, it 1s the custom to lgnore this unpalatable fact.

A theoretical relationship has been derived(js) between the

wildth of a nuclear energy level, the spin of the compound nucleus,
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and the area between the transmission curve (over the dip) and
the line representing 100% transmission. This area analysis has
been applied to several of the resonances found. To be most
effectlive, this analysis requires that two different target
thicknesses be run at the same time, one belng much thicker than
the other. In our experimental arrangement, however, there is a
fixed upper limit to the thickness of targets. This limit is
such that, in the cases of sodium, aluminum, and potassium there
was not sufficlent difference between the thiek and thin samples
to make optimum use of this analysia.

However, an alternative method may be applied when only one
target thickness 1s used. Briefly, one plots the transmission,
T, againat neutron energy in KEV, extending the abacissa as far
" as possible on both sidea of the resonance energy, E,, without
including the effects of adjacent resonances. He next selects
various encrgles, d (measured in KEV), such that 2d is larger
than the expected width, [" . The area between the transmission
curve, the line T = 1, and the ordinates at E, + d, 1s then
measured (in kilovolts) for various values of d. A M 1is cal-
culated in each case. It 1s expected that, as d increases, the
value cf [ should approach a fixed value. This is the correct
value. In many cases, due to the proximity of other resonances,
, it is impossible to extend the wings of the curve far enough to
get a good determination of [ . However, the order of magni-
tude 1s usually ascertained.

Frequently, the area analysls does not distingulsh between
possible spin states of the compound nucleus. This distinction
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may sometimes be made by applying the several possible [T 's to
a "peak helght" analyuiag(BG) In this case, A , the standard
deviation of the assumed Gaussian dilstribution of neutrons is
calculated for each M . X\ may also be calculated from the
geometry of the analyzer, and the lithium target thilckness.
Actually, a lower limit to A is calculated by assuming an in-
finitely thin target. A " which leads to & )\ less than this
lower limit i1s eliminated, thus eliminating the corresponding
apin.

In Figure 7, whieh shows the varlation of neutron cross-
sectlion with neutron energy, two ordinate scales are used. The

scale on the right refers to points plotted x; that on the left
refers to points plotted with the conventional dot.

Only two resonances were found between zero and 160 KEV. The

first was at 3.25 KEV, in agreement with earlier reportn.‘jT) It

appears to be quite narrow, and 1ts peak helght, measured wilth

the thin sodium sample reached 62 barns. No analysis was carried

out on this peak, since 1t was felt that the shape of the reso-
nance and its low energy precluded the possibility of reliable
results.

A second resonance was found at 53.5 KEV, It 1s not very
strong, measuring only nine barns at the peak. There 1srno evi-
.dence of an interference dip on the low energy side of the pealk,
80 presumably this 1s not an s resonance. However, Selove(BT)
found no dip before the 3.25 KEV peak which 1s almost certainly
an s resonance, Conaequently,‘thia possibility cannot be

Gefinitely elliminated.

e s -
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Area analysis of this peak using both thick and thin samples
does not distinguish between possible spin states. However, 1t
gives the order of magnitude of the width, ™ , which turns out to
be approximately .7 KEV. Peak helght analysis on the thick tar-
get also falled to select a spin. However, when the peak height
analysls was applled to the thin sodium target, two different
\'s were calculated for the neutron distribution function,
These were 1.5 KEV for J = 2 and .9 KEV for J = 1. The minimum
possible \ calculated from the experimental arrangement was
.75 KEV, Since this calculation 1s based on an infinitely thin
lithium target, it seems that the second experimental value 1is
too low, and a very tentative assigmment of J = 2, is made.

2 2
= and phosphorus(ju) in that

Sodium 1s not unlike chlorine
it shows very few resonances below 100 KEV, certainly few of any
strength. Thus 3 resonances are spaced at least 100 KEV apart.

The aluminum curve displays four prominent peaks between O
and 160 KEV, The first 1s at 38 KEV. A definite minimum ap-
_pears at 28 XEV, indicating that this is an s resonance. An
area analysis was made for both target thicknesses, with the-

followlng results:

d (KEV) r(xev) S m(Kev) M (KEV) e M(KkEV)
» thin sample thick sample thin sample thick sample
1 A 4 .6 1.8
2 .8 .8 1.1 3.4
3 1.8 1.2 1.4 4.5
4 1.1 1.4 1.6 5.2
5 1.2 1.6 1.6 55
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These results favor the choice of J = 3 and ' = 1.7 KEV,
This is further substantiated by peak height analysis. This
analysis, in the case of the thick sample does not distinguish
between the J values. However, for the thin sample, a value of
M = 7.2 KEV is calculated for J = 2, while M = 2,7 KEV appears
for J = 3. The minimum [" 1s .6 KEV. It appears that 7.2 KEV
is much too high. Therefore, again J = 3 emerges as the more
likely cholce.

A second peak in the aluminum curve appears at 90 KEV, Al-
though no prominent dip appears Juat below this energy, this may
be due to the proximity of the 38 KEV rescnance. In any event
the curve falls low enough to make 1t appear that this too is an
8 resonance. Area analysis on both thicknesses of aluminum gives
the following results:

d (KEV) " (KEV) ol M(KEV) M(KEV) voE M (KEV)
thin sample thick sample thin sample thick sample
1 1.4 1 4.1 1.5
2 .2.8 2 | 8.2 2.9
3 4.0 5 11.5 4.1
4 5.3 3.7 Mr 13.3 5.1
5 6.2 4.7 14.5 6.4
6 6.9 53 4.7 T
7 T4 5.9 14.5 8.1
8 7.9 6.2 14,2 8.3
9 7.9 6.4 13.5 8.5
10 8.0 6.5 13.2 8.6
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Again, better agreement 1ls reached if one assumes J = 3,

Peak height analysis makes no selection of J for either the
thin or the thick sample.

A third peak appears at 120 KEV. However, it is believed
that this 1s simply the sum of the effects of the resonances on
each slde of thils peak, rather than representing an energy level.
Thérefore, no attempt at analysis has been made.

A fourth peak appears at 158 KEV. This actually appears to
be an unresolved double peak.

Compared to sodium, fluorine, phosphorus, and chlorine35,
aluminum 1s unusual in having so many strong peaks at low ener-
gles. Apparently, the s resonances are spaced more closely in
the case of aluminum.

Figures 10 and 11 show the neutron cross-sections of Kﬁl and
K?g respectively, from 0 - 120 KEV. The peék heights make it
appear that the resonances in Khl are stronger than those in Kigs
It must be remembered, however, that the K?g sample is much
thicker than the Kgl sample, which has the effect of depressing
the peak heights of the former. In each case, seven peaks are
counted between zero and 80 KEV, indicating a spacing of approxi-
mately 20 KEV per J value. A prominent interference dip appears
Just before the 43 KEV peak in Kjg. Other than that, however,

. the close spacing of the levels makes it impossible to identify
any interference dips which may be present.

Many points in Figure 11 fall below zero. This is probably
due to the éompensating hexachlorocethane sample belng a little
too thick.
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Both isotopes show resonances at 10, 23, 58, 96, and 110 KEV,
K§9 displays other peaks at 29, 43, 68.5, and 87 KEV,

Kgl has other resonances at 5, 17, 39, and 80 KEV,

. Of the Kﬁl peaks, only that at 39 KEV was analyzed. The re-
sults show a slight preference for J =1 and [ = .9 KEV pather
than J = 2, However, this assignment is quite tentative, since
there 1s but little to choose between the two results.

The peaks at 43, 58, and 68.5 KEV in K59 were analyzed. How-
ever, only one sample thicknesa was used, and the results did
not distinguish clearly between possible J values, Using the
average value, g = 1/2, it was possible to determine the orders
of magnitude of the [ 's. The width of the 43 KEV resonance
appears to be approximately .3 KEV, while that of the 58 KEV
peak is approximately .6 KEV. The width of the 68,5 KEV resonance

is approximately .8 KEV,
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Appendix A
PHYSICAL DESCRIPTION OF ELECTROSTATIC ANALYZER

The analyzer plates are made of steél, 1.5" x 3" in eross-
section. The important radil are 40.0040" and 40.1840". They
subtend an angle of 90 degrees at their common axis. The plates
are mounted on a 4' x 4' Goodman, cast iron surface plate, and
each is separated from it by three Mykroy insulating cylinders,
1.5" tall and 2.5" in diameter. The supports are spaced 10 de-
grees, 45 degrees, and 80 degrees from either end. Oversize
holes are drilled in the plates over the 10 degree and 80 degree
supporta. Steel disks are bonded to the upper surfaces of these
1naﬁlator5 and the plates are bolted to these disks. The over-
size holes permit a certain flexibility in the final plate ad-
Justments.

About .25" from each end of the analyzer plates, a grounded
aluminum, fixed slit is located. An adjustable, beam-limiting
8lit is situated one lnch from the entrance to the gap between
the plates, and a simllar image slit is provided one inch from
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the exit end, The variable object slit is located 34.631" from
the entrance end of the analyzer plates.

A welded cover, made of .75" 25 aluminum, fits down over the
analyzer plates, and all the sllts except the object slit. A
rubber gasket between the cover and the surface plate makes a
vacuum seal. Two viewing ports, covered with luclte, are pro-
vided, each in the top of the cover, so located that the slits
may be seen from them. An ion gauge 1s situated at the midpoint
of the upper surface of the cover. At each end there is, of
course, an opening to permit passage of the proton beam wilthout
interference.

The analyzer has 1lts own pumping system, consisting of a fore
pump and a mercury diffusion pump, located at the exit end of
the plates.

The Goodman plate forms the upper surface of a four-wheeled,
angle iron cart. Screw Jacks are rigldly attached to the cart
near the wheels, in order that, after proper placement, the cart
may be leveled, and fixed in position.

The analyzer power supply is housed in the cart, lmmedilately
beneath the analyzer plate. Holes are cut 1n the surface plate,
one beneath each analyzer plate. Electrical connections between
the power supply and the analyzer plates are made through these
holes. ILucite bushings are used to insulate the high voltage
connectors from the grounded surface plate.



Appendix B
CALCULATION OF ANALYZER RESOLUTION

The caiculation of the analyzer resolution is a simple, al-
beit tedious problem. A sample calculation 1s given below, in
detall. The results of several such calculations are then tabu-
lated. (See Table 4A.) Pinally, these results are pictured in
Figure 13, which 1s a graph of resolution, R, plotted against
image slit width, w", for various object slit widths, w'.

M= -.,634
w' = ,635 mm., (Condition under which our experiments were
| performed. ) |
-Mw' = 402 (Length of each component image.)
B = Lgngth of component image in the image plane which is
not eliminated by the image slit.
D = (a/2)(1-M)q = (40.094)(25.4)(1.634)q/2 = 832.104 q (mm.)
= Displacement of component image
First make a table showing D and the upper and lower limits
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of the component lmages, as a function of q. (See Table 1A.)
Next tabulate B vs. q for various values of w', and graph these
results. (See Table 2A and Figure 12.)

For each value of w', we get a discontinuous curve, consisting
of a straight line of slope, m, and a horizontal line. The only
exception occurs when w" = -Mw', in which case the curve is
simply the line of slope, m. I1f w" is less than -Mw', the hori-
zontal line will have the ordinate, B = w". If w" is greater
than -Mw', the horizontal line will have the ordinate, -Mw'.

For a conatant object slit width, w', the slope, m, remains
fixed, independent of the image slit width, w".

The ordinate for each value of g represents the relative
number of protons with a fractional deviation of energy,
e(V-Vo)/Vo = eq which pass through the image alit. Therefore,
the area, A, bounded by each curve, w' , the B axis, and the q
axis, is a measure of the total number of protons passing through
the image slit when 1its width is w".

For the speclal case in which the proton distribution is
triangular, 75% of the protons passing through the image slit
will have the absolute value of q, written /q/, < /q'/, where
/2q'/ is the full width of the distribution function at half
maximum, Thus, it 1s convenlent to arbitrarily select 75% as a
figure of merlt, and to define the resolution, R, for all proton
diatributions, as follows: R 1s the reclprocal of q', where
q' 1s so chosen that 75% of the protons passing through the
image slit have /q/ </q'/.

In order to determine the resolution for a given set of con-



ditions (object s1it width equal w', and image slit width equal
w"), it is simply necessary to plot the length of component
image, B, against the fractional energy deviation, q, for the
chosen values of w and w". The area, A, beneath this curve is
measured. This measures the total number of protons passing
through the image slit under these conditions. The value q!,
such that the area bounded by the ordinate at gq', the curve, and
the B and q axes equals .75 A is then found. The resolution, R,
equals 1/q'. In Figure 12, w' is fixed at .635 mm. A family of
curves is then plotted for different values of w". The resolu-
tion is then determined for each w", and the results are plotted
as one of the curves in Figure 13.
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q D{mm. ) Upper limit of Lower limit of
image (mm.) image (mm.)
0 0 .201 -.201
1/6480 .128 .329 -.073
1/3240 .257 458 .056
1/2160 .385 .58 .184
11620 | .514 715 313
1/1296 642 843 b
1/1080 770 971 .569

Table 1A
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w" (rm.) B (mm.)
q = 0 q=1/6480 q=1/3240 g=1/2160 q=1/1620 q=1/1296 q=1/1080
.1 5] 1 0 0 0 0 )
.2 .2 2713 Q044 0 0 0 0
3 3 .223 094 0 0 0 0
402 402 274 L1844 017 0 0 0
5 402 .323 .194 066 0 0 0
.6 402 JIT3 LU 116 0 0 0
T 402 b0z .294 .166 037 O 0
.8/ o2 402 344 .216 .087 0 0
.9 402 402 . 394 .266 137 .009 0
1.0 bo2 402 402 .316 187 .059 0
1.1 302 402 402 366 &7 109 0
1.2 402 JAo2 402 402 .287 .159 .031
» . 402 402 402 402 337 .209 .081
1.4 4oz 402 402 402 387 .259 131
1.5 402 402 402 402 402 .309 .181

Table 2A
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FIGURE

w'=.635 mm




w" (mm) Relative 75 A R
Area
5 | 1250 937 5527
.2 2500 1875 5236
o3 3750 2810 4713
402 4960 3720 4215
.5 6280 4710 3651
.6 T480 5610 3260
7 8720 6540 2919
.8 9960 T470 2634
.9 11240 8430 . 2378
1.0 12480 9360 2165
1.1 13720 10290 1986
1.2 14960 11220 1834
1.3 16200 12150 1701
1.4 17440 13080 1583
1.5 18700. 14025 1478
Table 3A

10a



lla

o () w';.E(mm)P wéz.u(m?) w';.635(gm) w';l.oo(gm)
.1 19500 320 8610 780 5530 1250 3520 1960
.127 13290 * 510
.2 10000 790 7300 1580 5240 2500 3520 3910
.254 6500 * 2040
. 7150 1190 5840 2400 4710 3750 3430 5780
L4 5550 1570 4910 3160 4220 * 4960 3200 7790

4430 1980 L4140 3980 3650 G280 2980 9695
; 3680 2380 3580 4T40 3260 T4BO 2775 11525
.634 2710 *12135 |
% 4 3170 2760 3115 5560 2920 8720 2560 13530
.8 2770 3170 2750 6375 2630 9960 2370 15430
.9 2470 3550 2460 7140 2380 11240 2200 17330

1.0 2220 3960 2215 7960 2170 12480 2040 19240

13 2010 4360 2010 8770 1990 13720 1900 21140

1.2 1850 4740 1850 9540 1830 14960 1780 23040

1s3 1700 5150 1680 10350 1700 16200 1670 24940

1.4 1580 5550 1570 11170 1580 17440 1570 26840

1.5 1480 5930 1460 11930 1480 18700 1480 28750

*Triangular proton distribution function.

f = prelative number of protons passing through image slit.

Table 4A
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Appendix C
POWER SUPPLY FOR ELECTROSTATIC ANALYZER

The analyzer power supply 1s deaigned to deliver a very
steady potential to the analyzer plates. This is accomplished
by means of a simple circult consisting of two half-wave recti-
fiers and a resistance-capacitance filter. (See Figure 14.)

The high frequency of the generator, and the long time con-
stant of the RC circult, combine to reduce the ripple voltage to
less than 1 part in 30,000. The capacitors have a reslstance
greater than 10,000 megohms, thus reducing leakage currents to
negligible proportiona. There are two resistor stacks, similarly
constructed. Each consists of 27 one megohm and two 750 ohm re-
sistors. All the resistors are wire-wound (manganin wire), made
specially by the Shalleross Co., Collingdale, Pa,., and accurate
within 1%. In each stack, they are mounted in series, in a
spiral, around a one-inch textolite rod, which extends in a hori-
zontal plane, near one face of the chassis. Corona shields are

spaced at equal intervals along the textolite column, such that
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groups of three one megohm resistors are situated between every
two shields. In addition to the three one megohm resistors in
the group nearest to ground, there are two 750 ohm resistors in
each stack. These reslstors are connected to two outlets in the
face of the chassls such that one furnlshes the voltage tapped
off at + 750 ohms and the other at x+ 1500 ohms, both relative to
.ground. Figure § which is a picture of the power supply, shows
one reslastor atack in the foreground.

Two 0-500 micro-ammeters are sltuated in the power supply
chasals where they can be viewed through lucite windows. They
read the current passing between each plate and ground. This
current must be kept to & minimum, since there is the ever-present
posslbllity of pitting the plates by repeated proton bombard-
ment. In addition, any current between the plates and ground
alters the plate potentials, thus decreasing the precislon with
which the energy of the proton beam is known. For example, sup-
pose that the plate current fluctuates between 0 and 10 micro-
amperes. The voltage drop between the plates and the top of the
resistor stacks then varies between O and .81 volts. As shown
in the section on apparatus, this implies an uncertainty in the
proton energy of + 90 volts. Should this current be permitted to
reach 100 micro-amperes, the energy uncertalnty would be approxi-
mately + 900 volts,

As a protective "fuse,” three 27,000 ohm, 1 watt resistors
are mounted in series between'each analyzer plate and the micro-
ammeter in the circult., Although it would be possible for a
current surge to be large enough to burn out the meter wlthout
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harming the resistors, such an event rarely occurs. Ordinarily,
the current remains well below 100 microamperes. When surges do
occur, they are large enough to burn out the resistors almost
instantaneously, thus opening the circult and protecting both

the analyzer plates and the meters. The efficacy of this ar-

. rangement 1s best attested to by the fact that these resistors
have been burned ocut several times, with no observable deleterious

effects on either the analyzer plates, or the micro-ammeters.
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Appendix D
ELECTROSTATIC ANALYZXZR POWER SUPPLY CONTROL CIRCUILT

Thé regulated output of the 400 cycle generator furnishes
the primary voltage for the high voltage transformer in the an~
alyzer power supply. However, this voltage first passes through
a control ecircuit which compensates for any changes in the an-
alyzer plate voltages by varylng the transformer input voltage.

The action 1s as follows. (See Figures 14, 15, and 16.)
First, assume-thht the power supply is in operation, and that
the plates are at some high potentials, (of the order of plus
and minus 10 kilovolts). Taps are provided in the power supply
resistor stack such that voltages may be tapped off at 750 ohms
or 1500 ohms on either side of ground. I.E. the voltage drop
across either 1500 or 3000 ohms may be used. The negative side
is connected to the negative of the output of a potentiometer.
The positive end of this tapped voltage 18 fed to ohe side of a
galvanometer coil. The positive output of the potentlometer is
connected to the other slde of the galvanometer coil. After
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balancing, as long as the potentials of the analyzer plates re-
main fixed, the two ends of the galvanometer coll will be at the
same potential. However, if for any reason the voltage of the
analyzer plates changes, the tapped voltage will change propor-
tionally, and an error signal will be applied to the galvanometer.

The galvanometer used is a standard type which has been modl-
fied slightly. A standard automobile stop light bulb has been
substituted for that normally used with this instrument, in
order to furnish more intense illumination. An aluminum sur-
faced equilateral glass prism has been glued to the center of the
scale where the position of the mirror is customarily read. The
priam is so positloned that the lower portion of the light beam
may be observed on the scale. The remainder, and major portion,
however, i1as reflected in a direction approximately parallel to
the front of the instrument. Two type 927 phototubes are mounted
within the galvanometer case, such that when the light is cen-
tered on the prism, they are equally illuminated by the light
reflected to each side.

When the error signal is applled to the galvanometer coll,
the mirror 1s deflected, and one of the phototubes recelves
more, and the other less, light than in the qulescent condition.
In order to isolate the high impedance phototubes from the fol-
lowing amplifier grids, this signal 1s passed through a 12AU7
cathode follower. The cathode follower output 1s then used to
change the grid voltage of two series-balanced OSL7 amplifiers,
The output of one of these amplifiers changes the grid bilas of
two 6B4G triodes. These tubes act as a variable load in the
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secondary of a transformer, which furnishes the primary voltage
to the high voltage transformer in the power supply. Thus, an
increase in analyzer plate voltage leads, almost lnstantaneously
to a decrease in input voltage, and vice versa.

In order to prevent the galvanometer light from oscillating
back and forth due to these sudden changes, an anti-hunt circuit
is included. As stated above, the cathode follower output is
fed to the grid of a second 63L7, also series-balanced. The out-
put of this amplifier is passed through a Sprague Vitamin Q con-
denser and variable resistor in series. The time constant of
this combination 1s such that its output is the differentiated
error signal. This is then applied to that end of the galva-
nometer coll to which the tapped voltage is applied. Polarities
are such that the signal effectively damps the oscillations of
the galvanometer mirror.

In order that the circult behave as described above, certain
quiescent conditions must prevall. For convenlience in making,
and checking these conditions, a monitor meter, with five dif-
ferent connections is mounted on the face of the control panel.
Its firat position is simply "Off" and 1s used to zero the meter.
Position 2 connects the cathode follower signal to ground through
the meter. Positions 3, 4, and 5 connect the meter to a common
point whieh 1s at a constant potentlial, 210 volts above ground.
Position 5 connects the output of the anti-hunt amplifier with
this point, through the meter. Position 4 connects the grids of
the 6B4G's to the common poin£ through the meter. Position 5

connects the center tap in the secondary of the transformer which
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couples the GB4G's with the high voltage transformer, and this
point through the meter.

To start operationa, the 400 cycle generator should be turned
on, and run for at leaat fifteen minutes while the tubes are per-
mitted to warm up. With the galvanometer light on, and centered
on the prism, the cathode follower balance should be adjusted
until the monitor meter reads zeroc in position two. The anti-
hunt balance should next be adjusted until the monitor meter
reads zero in poaition three. Next the bias amplifier balance
should be adjusted until the meter reads approximately one quar-
ter scale in pesition four. In position five, the monitor meter
should read approiimately half scale. This is a fixed reading,
and any appreciable deviation indicates lmproper functioning of
the ecilrcuit.

After the quliescent conditions have been set up, the monitor
meter 1is left in position four, and the blas amplifier gain is
turned up about half way. The beam limiting slits are closed,
and the galvanometer and galvanometer shunt swltches are put
"on." The galvanometer shunt resistance is put at its minimum
value. The electrostatic analyzer 1s now ready to be put into
operation.

The potentiometer is set to the proper fraction of the high
voltage desired. I.E. for a lknmown proton voltage, Vo’ the pfoper
plate voltages, -V'/2 and V'/2, can be calculated. The potenti-
ometer setting is then 1/36,000 or 1/18,000 of V!, depending on
whether the 1500 ohm or the 3000 ohm taps are being used. The
potentiometer switeh 1s then closed, and the vacuum tube volt-
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meter (on the face of the control panel) reading 1s noted. The

potentiometer is then disconnected, and the variac is turned up
untll approximately the same reading appears on the voltmeter.
The potentiometer switch 1s now closed and locked, and we are
comparing the reference voltage with the potentiometer output.
However, any error signal ls being shunted around the galvano-
meter coil. The shunt resistance is now slowly increased. The
galvanometer light will start to move, 1ts direction of motion

" depending upon the polarity of the error signal. At this point,
one may set the blas amplifier gain. It should be turned up to
that point where any observable change of the galvanometer light
from its central position causes full scale deflection of the
monitor meter when in position four.

The anti-hunt gain may also be set at this time. With the
antli-hunt gain at zero, as the shunt resistance 1s slowly in-
creased the galvanometer light will oscillate slowly about its
central position. The anti-hunt gain should be increased
gradually, until the oscillations cease. The galn should be
turned up beyond this point until the oscillations occur again.
This time it will be noted that the frequency of oscillation is
quite high. The gain should then be decreased until these vio-
lent oscillations have just ceased. This is the optimum gain
setting.

In practice, both bilas amplifier and anti-hunt gains, after
)eing properly set, require no further adjustment; unless some
;rouble develops in the control circuit. Thus, even after a

eriod of weeks wlithout being used, the analyzer may be put into
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operation without touching these two controls.

Having properly adjusted the gains, if necessary, one con-
tinues to increase the shunt resistance., It is quite likely that
the light will be deflected violently, and lost. If such 1s the
case, the shunt reslstance should be reduced immediately to its
minimum value. The light may be centered again by flicking the
galvanometer switeh several times, being careful to leave it
"on" before again attempting to remove the shunt. Loss of the
light beam indicates that the variac setting is too far from
that required for the given potentiometer voltage. The varilac
should be readjusted. (The direction may be learned with ex-
perience by noting in which direetion the light beam was de-
fleeted.) This adjustment is quite coarse, and a very slight
change In variac setting causes appreciable change in analyzer
plate voltage.

After resetting the varlac, one again attempts to increase
the shunt resistance to its maximum value., It 1s possible to
speed the process by quickly reducing this reslstance each time
the llight beam starts to move, and readjusting the varlac before
the light has been lost. After succeeding in increasing the
shunt resistance to 1ts maximum value, without losing the light,
one then throws the galvanometer shunt switeh "off." As a pre-
zautlion, to protect the galvanometer, one should turn the shunt
reaistance to its minimum value. With the switch off, this has
10 effect on the circuitry. However, should an error signal,
mmich 1s strong enough to damage the suspension, be applied to

he galvanometer coll, one can immedlately afford some protection
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by flicking the galvanometer shunt switch to "on."

The analyzer is now ready to "control” the proton beam. The
beam l1imiting sllits are opened to permit protons to enter the
analyzer. The Van de Graaff magnet control is continually ad-
justed to maximize the proton beam impinging on the target, and
to minimize the number of protons striking the analyzer plates.

Small adjustments in the energy of the proton beam are made
simply by changing the potentlometer setting. The analyzer plate
voltage adjusts itself to the proper value with no rurther
changes required. If the energy change is to be large, it is
accomplished by changing both the potentiometer and the variac
settings.
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