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SULLIARY Or REIULTS

It is found

(1) That the angular distribution function of
electrons scattered in mercury is not a monotonic function
of the angle, but has & minimum whose angular position is
an inverse cotangent function of the energy of the electrons.

(2) That the angular distribution function of
electrons scattered in air is a monotonic function of the
angle within the range investigated.

{3) ‘hat measurements of small éngle scattering
in mercury are in qualitative agreement with the work of

other obeervers,.
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THE FROBLEM

In the studies of the atom, as a structure made up
of ruclei and electrons, a great deal of informetion has been
obtained from experimente dealing with energy reolatione.
Iodery smectroscopy has revealed an enormous complexity of
"excited states” to which the atom may be raisced, and the
quentum theory has given a very satiefactory description of
the phenomena, Tae problem hae also been attacked by ob-

serving the enerzy losses suffered by electrong in their

Il

irteraction wita atome and molecules. A complete account of
(1)
the experiments in thais field is given by Conmpton and lichler,
e

(2)

and by Compton snd Langmuir,

Another method of attack has been to observe the
effective cross-sectional area presentel to & moving electron
by an atom. This wae done most accurately by a method due to

(8)

Ramsauer which nas since been refined and gpecisalized by
4

cher;.) The results are expressed by & quantity & waich is
the area in. sq. cm. preszsnted to a moving electron by one c.c.
of the gas under coneiderrtion at a pressure of one mm, of
mercury. The reciprocal of & ie¢ thus the mean free path of
the electron in the gas.

If & homogecneous beam of electrons passes through

a gas we may say that an slectron has collided with an atom

if it suffere an epprecieble cnauge in energy or momenbtum.
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e shall eall tarose collisions in whien the enerygy dose not
chenge apprecilably ™elastic™ collisions and all others
"inelastic™. By an appreciable cheange in energy is mesnt a
chenge whicna is comparable to the lowest resonance potential
of the atom, and & corresvonding change in momentum will be
defined by the geomcstry of the apparatus in any particuler
case,
In any theory professing to give a complete picture
of the atom as an electrical structure it will be necesrary
to know the field of force in its neighborhood. "We can hope
to do thie only by invsetigating thése momentun trensfers in
detail. Because of the enormous disparity ir masses, it is
obvious that the electron alone necd be followed. This problem
of determining the angulsr dietribution of electrons scettered
by atoms has only recently c
(5) (o
1

laimed attention. The early experi=-
) .
ments of Dymond and Harnwell we

re in disagreement, but some of
the difficulties of tiue problem were made clear. Both obger-

1

vers have since reported results which Segm to be in quali-
tative agreement wita the presént theorigs? A series of
experiments was begun at tais Iastitute by lir. John Pearson
and the author in an attempt to improve the tecimique and to
messure the scattering at large angles An account of tne
first resulte obtsined was given by Mr. Pearson 1n nis Doctor's
Thesie at thie Inetitute (1930). It ie with the further

development of the experiment and the results obtsined that

this thesis will deal.



e
TdE APPARATUS

A detailed account of the design and construction
of the apparatus has been given by lir. Pearson, but for com-
pleteness the essential points of construction and further
modifications are given here.

FIRZT: The scattering chamber should be free from

e S

electric and magnetic fields. The esrly experimente already
(5),(58)
referred to showed that this was imperative. It was
decided to construct the whole apparatus of brass and two
paire of square Helmholtz coils, 150 cm. on a side, were made
to neutralize ths earth's magnetic field. Storage datteries
furnished the current for these and a potentiometer mersured
very accurately the current whica neutrslized the vertical
component. The chamber was & cylinder 5 inches in diemeter
and 4% inches deep. A vertical cross-sectional plan through
the =lits 3, and Sz , Which were in opticel alignment, is
shown in Figure 1. The pumps and pressure jauge were connec=
ted to the chamber by pyrex glase tubes at two diametrically
opprosite openings not shown in the figure.

QECCND: The source of electrons wrs an 8 mil tungsten
wire bent in the form of & narrow hairpin about as long as
the slits end nheated with A.C. tarough an insulating trane-
former. The filament was spot-welded to leads which led

througn the glass stopper, Q, as shown. Iater filaments

were firmly fastened to these lesds by twisting tightly and
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te electremieter I,

Fig. 1.

=i

2.

Fig.
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seemed to work just as well. The emission was controlled by
manual operation of recistances in the filement heating cir-
cuit. The loop in the filament was supported by a nickel
wire which servec as the cathode lead. The inhomogeneity
because of the "I R™ drop in the filrment was thus cut down
and in most cases the spread because of this effect was less
then 3 velts. An accelerating grid, A, of fine mesh nickel
gauze bent in the form of a semi-circle with its axis paral-
lel to the slits and convex toward tne filament was part of
the electron "gun™ and served to focus a large part of the
emission on the elits and thence to the chamber as a narrow
beam. The stopper, @, fitted into the glass tube, T, waich
in turn fastened to tae chember as shown. The various ground
glass jointe were made vacuum btight with piqﬂ§ﬁ wax and those
near the hot filament were water cooled. The dimensions in
the electron gun were made small so that arc discharges would
not occur. Sputtered tungsten on the glass near the elec-
leads ;
trodepsometimes caused insulation troubles but it wse found
possible to burn thise out by applying high voltages.

THIRD: 1In order tc interpret the results a@s single
scattering it ie necessary that the mesn free path of the
electron shall be larger than the dimensions of the chamber.
Accordiﬁg to the kinetic theory tais ie given by <4¥S times
tne mean free path of the ges atoms. Direct mesasurements of
electronic mean free paths have given values in most cases

(2)

larger than this, so it can safely be taken to calculate an
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upper limit to tae pressures which can be used., This limit
is appépximately Lfsxmn. for the gases used. In all the
scattering experimentes undertsken, this condition was amply
saticfied.

FPCURTH: In the results of this experiment first rep-
orted, an anomalous ioss of energy of tne electrone in the
main beem wes described. In order to investigate this point
more closely, an auxiliary grid of nickel wire was mounted
between the fixed Faraday cage and the last slit. Thie grid,
which could be maintained at any desired potential, is shown
in Fig. 2, but through an error was left out of Fig. 1.
Results showed that tnis formed a fairly good equipotential
surface,

PIFTI: A schematic diagram of the electrical connections
is shown in ®ig. 2. The filament, ¥, was maintained &t a
negative potential, B, with respect to ground and the acceler-
ating grid at a positive potential, A, with respect to, F.

All the other potentials were with respect tc ground. The
milliaﬂ%ter, M, measured the current to the slits and chamber.

G

5, 1S the retarding grid and its potential will be called, I%.

The potentisls, ®, A, and Bs, were obtained from potentiometers
fed by & D.C. mobtor generator set and batteries supplied, B,,
end Bg. The galvanometer, G, had a sensitivity of 8x10-9 anp.
per cm. and was provided with shunts in order to read larger
currents. A_Dolazalek electrometer shunted with & large re-
gsietence, R, measured the current to the rotating collector

o; It was regularly opcrated 20 a sensitivity of 2000 mm.

3'
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per volt., An analysis of the theory of the inetrument and a
metnod of obtaining greater sensitiveness is given by Pearégz.
The resistancé, R, was a narrow line of indis ink drawn on
drawing paper, boiled in par:ffin, and sealed in a glass tube.
After many triasls one was made which had a conetant resistance
of leO” ohms. Another resistance (2X109 ohme) was used to
read larger currents. Thus it was possible to measure currents
as small as ldq4amp. It ie interesting that these high re-
sistances should be as constant as taey were found to be.
Bven at high voltages (2000 volte) the resistance decreased
less than 4 of its value at 1 volt. The resistance of the

insulation about tae lead to collector, C,, was measured and

3
found to be of the order of lOLsohms at 200 volts and so a
correction to the electrometer readings because of this wase
not large enough to be considered.

All the slits were 1% mm. long and 1 mm. wide
except S,, which were .8 mm. wide. The slits, 3,, were 1z"
apart, 5, were ", and 8, 1". The rotating collector was
mounted in a ground met 1 joint in the cover, which was sealed
to the chamber with picien wax. The index, P, attached to
the rotator gave the angular position on the engraved scale @.

A two gtage mercury pump backed by an oil pump was
used to evacuate the apparstus. Liquid air treps isclated
the pumps and Mcleod gauge from the chamber, With the pumps
in operation, the pressure was lower than could be read on

the gauge; i.e., less then 10—5cm. of Hg. Under favorable

running conditions, the system would hold ~ vacuum of



8.

5xld{.cm. for a couple of days without pumping, showing that
it was quite tight for £ metal apparatus. Because the chamber
was constructed of brass, it was impossible to bake out, but
it was found that after several days of pumping and inter-
mittent bombardment with an intense electron beam, the vacuum
conditions were very good.
11X
PROCCEDURE

The value of the current necessary to neutralize
the horizontal component of the earth's magnetic field had
been determined with a magnetic pendulum before tae apparatus
was mounted in position. It was found that comparatively
large variations in this current had no effect on ;5, the
current to the galvanometer, so this adjustment was never
critical. The current in these coils was set at this value
and then, with the electron gun furnishing a steady current
to the slits, the current in the other pair of coils was
varied until the galvenometer deflection was a maximum.
Experiments showed that this current was elightly different
when Bg and BP were zero, then when the potentisls were ad-
Justed so that only full speed electrons could reccir the
collector. This difference is due to the formation of slow
speed secondaries at or near the slits. The voltage, A, was
then varied in order to get as intense a beam as possible
and the reading of, M, was kept constant during a run.

With{I') for full speed electrons found in this
? Mmay,
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way, runs were taken obssrving, Ig, as & function of Bp, or
Bg' as will be described later. Also, Ig, as & function of
the vertical magnetic field wre investigated. This gave the
"shape" of tne main beam. In general this was not symmetri-
cal about the value(ISLmyhen a new filament was being tried
out, #nd so it was necessary to again line up the filament
with the elits. This wss a slow proccss, but when it was
done carefully, the readings at positive and negative angles
checked very well. TFortunately for the experiment a good
filament would last some time.

Mercury vapor was the most convenient gas to
investigate and so most of the work was done with it. A
mixture of ice and water was placed about the "liquid air
trap” near tae chamber which contained a small quantity of
liquid mercury. Tne bvempersture of this bath determined the
pressure of mercury vapor in the chamber when equilibrium
was reached, as long as the bath was below room temperature.
The other liquid ¢ir trap next to the lMcleod gauge was con-
nected to the chamber by a long narrow glass}tube and conse=~
quently had little to do with the pressure in the chamber.
Liquid air was usually left on this trap as it didn't seem
to make 8 difference whether it wae cold or not. The ice-
water mixture was vigorously agitated by a stream of air
bubbling through it and the temperature was checked with a
thermometer. The International Critical Tables gives the

-
value 1.,8x10 mm. for the pressure of mercury vapor at 0% G
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which was used in the celculations.

Gxperiments were attempted with hydrogen but it
was found impossible to ksep the pressure constant long enougn
to take a run because of some kind of a "getter™ action re-
moving the gas, RElectrolytic hydrogen was introduced into
the vacuum tight apparatus through a liquid air trap and
allow®d to come to equilibrium. 7Then the filament wae turned
on and observations started. It was noticed that the pressure
steadily diminished as long »s the clzctron gun was operating.
In one instance the prescure fell from 2.7xﬂ£f30m. to
l.leO-aom. in half an hour and then remained constant for
over three houfs after the filament was turned off. This
phenomenon was observed several times and so woriz with this
gas was given up. With air in the apparatus at eimilar
pressures the phenomenon wre not noticed.

In making scattering messurements the current to
the rotating collector I, was observeu as a function of the
angular position(j. Experimente showed that no current
re“ched the collector Cz in vacuum when @ was grester than 15°,

nis absence of scattering at larger angles was used as a

=

riterion for good vacuum conditions. Because of the inhomo-

Q

geneity in the main beam it was considered practical to

measure elastic scattering only, and so the value of Bp was
always adjusted to collect the full speed electrons. AT

angles greater than 30° simultanecus readings of I, and
(igL"xwere made, At times the main beam would vary considerably

due to variable elit scattering or filament variations, but
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the ratio:rﬁgfor & given angle and pressure was remarkably
constant, In gencral two readings at each setting were made
and if these checkel to within 5% they were accepted. At
large angles it was also necessary to correct for the positive
ions which diffused into the collector. This wes conveniently
done by raising the bias Be about 10 volts above H, and ob~
serving the current to the collector. ¥For very large angles
the positive ion current was often greater than the electron
current.

Fluctuations in the line voltazge were particularly
bothersome during the day, sometimes making it impossible to
operate. However, experiments were conducted in the early
morning when conditions were usually very constant so that
one man could operate the apparatus. llore weight was attached
to curves taken under the conditions in interpreting the
results.,

Iv
RESULTS

1. ENZERGY OF ELECTRONS: Typical curves sihowing Ig a8 a

function of BP before the introduction of the retarding grid
are shown., The initial drop at small v-.lues of the retarding
field wae due to the exclusion of slow speed secondaries.

When the mercury was present this group also included positive
ions which were attractec to tae collector By the negative
field. The subsequent rise in the curve in the case of gas

was due, probably, to a decreace in ionization as the electrons
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were slowed up., This part of the curve was very unsteady
when gas was present, while in vacuum the curve was quite
flat. The most interesting feature is the early drop in
the curves which was repeatedly found regardless of the value
of B. According to these cﬁrves tﬁe electrons have lost some
25 volts of their original energy which is much too large to
be due to contact e.m.f.'s, etec. A similar effect has been

C ;
observed by Whiddingtoéjin gases but the present phenomenon
seems to be more complicated in that it is present even with
good vacuum conditions. dowever, when the grid G, was used
to retard the electrons and BP==O, curves similar to the
upper curve in Fig. 5 were obtained. When gas was present,
the middle of the curves was always lower than sither side
as in Fig. 4. Two grids of different mesh wire screen were
tried but the curves remained essentially the same. These

facte make it difficult to explain the phenomenon on the basis

3o

20

P< 16" mm He,
£=200Vo/ts.

o 40 -7} 120 /60 200 B (verts)

Fig. 5.
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of electrostatic interpenstration of fields and as the effect
sesmed independent of current densities, ordinary space cherze
does not help. Further, it was found that Bp could be any
value betwesn zero and about 30 volts positive with reepect

to Bg and the retserdation curves would not drop off below

the bias E. But when Bp was made less positive with respect
to Bg the drop off occured below T and when Bp = Bg curves
eimilar to the lower curve in Fig. 5 were obtained. It sinould
be noticec that in this case there is supposedly no field
between collector and grid but, nevertheless, & curve simi-
lar to Fig. 3 was found. Some direct experiments by Ccpela;&O)
on "secondary Electrons from Contaminated Surfaces™ have

shown the effect of coating the collector, in this case a
tungsten wire, witn an oil film. Tais produced an insulating
layer which very efficiently reflected the incident electrons
when there was no field at the surface of the collector tend-
ing to prevent the charges from leaving. If such a film were
present on the surface of the collector used in our experi-
ments, which is quite possible as brase contaminstes very
easily, it ie easy to see how the collector at 140 volts can
reflect 150 volt electrons. The incident electrons will
collect on the surface of the film until the potential due

to space charge becomes sufficiently negative with respect

to the plate so elesctrons can pase to the plate. But, as

the plate is¢ made more and more negative, a point is finally

reached where the surface of the film ie at a potential B
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and the current starts to drop off. Jowever, tae collector

is not yet at the potential § and so curves like Figures 3
and 4 were obtained. Purther experiments with other col-
lectors are being conducted to test this point more carefully.
It seems at least in view of this evidence that the sypeed of
the elesctrons in the main beam may safely be taken as given
by E.

2. POCUSING EFFECT: When Ig w e observed as a function of

the vertical magnetic field, an interesting focusing effect
was Observed. Migure 6 showes a typical curve. The low broad
peak represents the observations in vacuum and the sharp
peak the corresponding measurements in mercury. The "half
width" ie indicated in both cases. To obtain the resultant
magnetic field in gauss, multiply the difference in abscissa
of any poin®t with the abscissa for(I# by 1.10. This effect
max,
nas been observed in cathode ray oscillograph tubes and has
been qualitatively explained as due to positive ions of low
mobility, compared to electron speeds in the eleétron beam.
The effect varied with current density, pressure, and velocity
of electrons but wes not studied in detail. It is important
in the present scattering exveriments as giving a measure of

the number of positive ions present in the scattering volume.
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d. DJCATTERING CURVES: 'The equation:

-+ 1) "‘LS;’,’@ (1)

was usced in interpretlné the results (appendix I). I, is the

scattered current reaching the collector C3 » Ig the main
beam, @ the angle of sebtting and P the pressure. F(6)is the
probability per unit solid angle of an electron being scattered
through an angle @ in going 1 cm., thnrouzh the gas considered,
at & pressure of 1 mm. of mercury. The curves show -Zé fYZV
plotted in arbitrary units against O in degrees., Because of
the very small currente scattered at large angles, the values
of M and A were usually adjusted tc give a maximum current.
However, it was poesible to work with lower current densities.
Results in a typical cése are shown in Pigure 7. The smooth
curve ie drawn through the crosses, which wers teken when
the focusing effect was very pronounced. The value of(Igqu
with gas was 5 times the corresponding value in vacuun.
aevefal months later, using a nsw filament, the curve marked

with circles wae bGaken when conditions were adjusted so that

tals

(»\f

but 10% greater in gas tnan in vecuum. In iJ.'Lm{:
curve the "K" in the above equation had to be adjusted by a
small factor to bring thz curves together. Tals "X" which
includes the slit scattering and esome of the geomebtry of the
chamber was alwaye found to vary from day to day and some-
times during the progress of a run. .Jowever, qualit-tive

esults were all that were hoped for end it can be seen that

M
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the two curves are almost identical., All of the scattering
curves taken in mercury at large angles appeared as if they
would be quite menotonic except for a definite mininum, as

if the scattered current at a particular angle was entirely
miceing. TRecause 0f the spread of eleétrcn velocities and
the finite resolving power of the «lites this appears as a
rather broad minimum whose location is a definite function
of the speed of the electrons. Curves were taken for

E=100 to =200 volts and the swmmery of the resulbtes ie
given in Pig. 8. It was impossible To work with slower elec-

trons bscause the slit scattering incressei very fast for

m

these and practically no current reached the collectors.
Ahove 20C volte the minimum appears in the stsep part of the
curves <nd so is emoothed ocut. 'n interssting correlation

is sesn when cotangent G, is plotted against the ensrgy of

L2p
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3 waat would

b
=
=t
e

the electrons in volte., Phic is sometini:
be expected 1If the scattering followed an inverse square law
of force. ae agreement should not be emphasiz:d too muéb,
howaver, as it may b: only fortuitous.

sceatbering measurements at large angles were taken
with air as the scattering gae and Pig. ¢ gives the results
for E=150 volts. 1t wses necessary to use eligntly higher
pressures to obtain large enough scattered currents To measure
bub the condition for single scatter ng was still eatiefied.
In contrast to the curves for mercmury, this one shows a
gimnle monotonic decrease as @ increases. This curve can he
ghown to agree very closely with an inverse square law o
force but not enough curves were teken with sir to make this
very certain, c¢= it waes thought that the scattering dus to
& mixture of gasces would be hard to inbterpret. Very little
focusing effect wae found with air.

‘loward the completion of the werk the large
resistence R (®ig. 2) developed an e.m.f. and as it ueually
tqok cseveral montas for a new resistance to bscome constant,
it was decided to try to mezcurs the scattering at emall anglas
in mercury wita thies apraratus. 2he
for larzge sngles except that low filament emiscicns were used.
It waee found thet the value Of(i9)qu,did not vary apprecizbly
under t“, *conditions. The main beam wee messured &t the be-
ginning of the run ond checked at the end. The value of 7%ifﬂﬁ

wea

e computed s before and the recults are shown by the circles
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(2)
in Fig. 10, Recently Largmulr has shown that practically
all the mecesuremsnts of the scsittering function for electrons

. emprrical
&t snmell anglse can be expressed hy tneAequﬂtlow'

f(@} = f{B)e-—a 6—37 (2)

where é% ie the ™mean squars angle of deflection". Using the
data obtsined in thie experiment, the constante in taie

equation can be obtained greph

cally by plotsing log F(6)
against @ When this ie done and fﬂv plotted, the smcoti

curve saown in ¥ig. 10 is obtained. The experimental points

4
fit this equation quite well. Arno+ has recently reported
rect measurem:nts of the angular'scattering of 82 volt
electrons in mercury. ILangmuir has saown that these results
o
are consistent with equation (2) where 6%"543'. A value of
-— 4 & . o
@, =/A. 7 was Tound in the oresent experiments for 150 volt

(12)
electrons. Jangmuir and Jones have messured the small angle

scattering in mercpry by an indirect metrod ¢nd they find
o . = : b
6, =/0 " a‘mnroxm;ately, for 160 volt elzsctrons. Thelr

method does not dlctln sulish sharply betweszsn lose of energy and

losg of forward momentum, aowever, It i¢ ilmpossibls tc calcu-

(8]

ate the value of fﬂ” from the present experiments because

O

f the uncertainty in "K" (equation 1). As was mentioned,

"K" would vary from day to day as much as a factor 5, All
that can be said is thet the wvalue of the total probability
of scattering X as computed from this data is ir agrecment
with the value found by other observers 1n order of megnitude.

The calculation is shown in Appendix II.
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It has been objected that since the scattering
volume increscss rapidly at smell anglss, there is an un-
certainty in the interypretation of the results as the main
beam does not remain conestant taroughout the scatbering
volume., However, at the low pressures used in tals experi-
ment, thie is not a serious objection beciuse it is easily

o
computed that ths caange in the main beam waen A=5 it
less than 1% in crossing the scattering velume. A much more
serious objection presents iteelf because of the length of
the elits., AT these angles, an electron may anter the
collector having bzen deflected as little as @ or as much
as ¥ where cos V’=005@ “‘?""‘:‘ "h" is the length of

Vo +4
the slit and "d " its dietance from the scattering volume.
Waen @ =~5_0J ¢=/8° Which is quite an appreciedble
difference. Further work may Justify & correction for this
effect.
'
CONCIULICNS

It is found
(1) That the angular distribution function of
elezectrons scattered in msrcury is not a monotonic function
of the angle, but h=e a minimum waose angular position is an
inverse cotengent function of the energy of the elzctrons.
(2) That the sngular distribution function of
elzctrons scattered in eir is & monotonic function of the

angle within the renge investigated.



(2) That measurements of small angle scattering
in mercury are in qualitative agrsement with the work of
other observers.

During the couree of the experiment ths following
.phenomena were observed:

1. The apparent loss of energy of the electrons
in the main berm as measured by retarding potentisls.

2« Tocusing effect.

3. The "getter" action which prevented work with

hydrogen.

In conclusion the authror would like to express
his appreciation and indebfedness to Professor R. A. Millikan
for his interest, advice and encouragement in the work, to
Mr. Selby Skinner for his patient assistance in taking readings
and to lMr. Julius Pearson and Mr. William Clancy for the

techqical assistance which they so kindly contributéd.



APPAIDIX 1

Let a current I, pase through the first slits
into ths chamber and denote by Ig the current collected by
the fixec Faraday cage and by Ie that collected by the
rotating cage set ath an angle @ . 1Let the current in tae
main beam at the scattering volume be I and the total current
scattered in tals volume I¢ . The currente are diminished
by scattering in passing through the gas according to the
well-known relstion ;['=w1; e-qpf where 'I'is the current
in the beam after traversing a distance 1" in a gas at pressure
b"wbén the abesorption coefficient is « » Iet (1-k,) be tae
fraction of the current scattered by slits 5, eand (l-kg)
the fraction scattered by Hg e With these notatione the

following relations hold:

7 =I e-c(/OXI (1)

Is f@/{ﬂ ks e“"f’aézIe (3)
T e*"‘/"(”f"‘/z} £ soly (4)
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Jpévis the fraction of the total scattered current that
ie scattered in the direction Cj per unit solid angle and

§LL ie the solia angle subtended at the scettering volume
by the collector. By using equetions (2), (3), and (4) we

can express I in terms of the known quentity I9 and solve

or F(B). o
= (}Ie fs o(,oIe “plda~ a/’Jx d1

7‘(@) L Lo g En)
f? L, o(,bJ’xd"_()_

This equation contains correcting factore for finite solid

angle é{fl), scattering volume (6*10), density of gas (p),

and for difference in path length éﬂ; —wﬂg) . dubstituting
§x, = W Ghere W'is the width of slits 5, Wwe have:

S/n @ ,
= K Le smo
?C(@) e

9 P
Koo rled) g e«f/a/z—aé)(o
o RN o<

where:

It ie obvious from the definition of jfﬂg) that:

JRLEL

- (ag‘f/ e Sy
and so: QE“P /([LS 75/ @‘/@-_0_(7_}__ o

This can be solved for & provided tae constant b‘ﬁs known.
i3



APPENDIX II

If the scattering of electrons through small angles
(2)

ie properly described by the equation,
a

f@ = f@,:o &S (1)

where CD, is the mean square sngle of deflection and jCﬂbD

ie the probability that an electron will be deflected through
an angle C) per unit so0lid angle in going a unit distance in

the gas at 1 mm. of mercury pressure, we may calculate the

total scattering produced by the gas.

o -.lf(eja/ﬂ = 277" F18) sin6 db -

Combining (1) and (2) and noticing that most of the contri-
bution to the integral comes from small angles because of the

exponential term we may write:

m Qz o;z
o = 277](\/&)6‘0 Smée a‘_z/& :—:—277-)(/54:0 e‘@;a@/g

o

and so q/O/araX/'ma Z‘e/j 4 o= I 5,2 7(/5/5:0

But -/_fl_.ﬂa)was measured. Let this quantity at & =0 be
denoted by 'Zl .

8 KU .

i

Then: 4
Erom the grapa (Fig. 10)

U=856

8 e



If we assume éz =,§3 in equation (6) Appendix I the value of

X becomes G/ 3 e—d/:(:/z ~d)

The exponential term is practically unity so we have:

<= (t3)(s56)(m)( 22)'= 54O

] em?
I 0(‘""23'3}%3'

(4)

This recult agrees with the value obtained by Brode

2
= 7 ..‘lf_"_; in order of megnitude at least.
Cm
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