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INTHILUCWION

Since the cefinite proof of the existence of

Lo
b

sotopes, in 1912, the methols of seperstiosn of the

varlous mess unibs of a given e¢lemsnt sre becoming
more and more importent. T“hie use of isotopic tracers
in caemigtry, the need for oure ssumnles for nuclesr

on exzperinents, the erhancement of nuclear

L

spin data, etc, mey be mentioned as some of bthe
reuson, meny ingenicus seperation schemes, some good,
some bad, neve beon described in bthe litersture. 4
suamary of these appears in 4dston's bodk .uadS 32&CUR4

TEITY TS VB IR A o E A defe e o
Ahhad LoviUiFas. L more criticsl snelveis of the sd-

published

Asxlan XVILI

The more common of these methnods thet fall in
the first group are:

on through diffusion. (.extz)

Z. Separstlon through Ira al distiliation.

5, Separation throug ffusion.
(Clusius Lickel)

1. Separati
2 et
£1



4. Separation by i
5. Separation by 53
nressure diffusio

1. Separation by mass-ray analysis.

©. Separction by electroly

3. Seperation by chemical apu DﬂCLu“b iemical
actlon.

collected is necsssarily limited by the strengtih end
Gurebility of the lon source. To make the strength

of the ion source greater 1t 1s desireble to use an

because: (1) there i1s & lerger lon emitiing sur-

ner unit lon current 1s less in en extended ion

beam tansn in s confin
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end constructsd a mass soectroseter® &t the Calif -

ornis Institute of Technology wiilch focused ions

L3

* Type I. liote notstion of Lynn H. Humbsugh, rh.D.
thesis, 1832,



of the stme mass and charge from s line source to &

voint collector after passing through the megnetic

.

21ld. This was successfully used by Lr. Smythe

-y
=
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during 1924 and 1925, and later by other men at the
laboratory. An improved Yype II instrument was
designed snd constructed by Dr. Smythe and Lynn iH.
Rumbatign betwéen 1626 end 1632. From 1932 to 1934
Dr. George Steward Test designed and bullt lon
sources for the Type II lens. These were of the
Kunsmen catalyst variety. L. Arthur Hdemmendinger
took ovar the work of Dr. West in 1934 and put tue
whole instrument and ion source in satisfactory

operation., With 1t he was able to collect samples

}.J-

containing several milligrams of pobassium and

le

t

rubidi.m snd to settle successfully the long dis-

ol

uted controversy concerning the radioc-active iso-
tope of potsssiuvm. The situetion after the comple-
tilon of the work by bLr. Hemmendinger was that the

cn of the Type II spectromebter was limited

Y
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by the lack of new lon sources. Ior this reason,

-t

v

r. Suythe and the author decided to build an ion
source which depnended upon electron bombardment to

onlze the atoms., 1t was hoped that this source

Rt

could be asvlied to certain vaporizable metals.
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Ihcorporated in thils source was the Finklesteln im-
provement to Increase greatly lon current. This thesis
deals with the problems and their solutions which

were met in the production of a high intensity pos-

itive ion source of meagnesium ions.



THE PRINCIPAL OF OPERATION OF THu IOWN SOURCE
A hot filsment 4 (Figure 1) is used to produce

electrons. These electrons are accelerated towsrd

respect to the filament. The gas to be ionized 1is
injected into the chamber C through tihe inlet tubes
D. Ocecusionally an electron will give up its energy
to a neutral atom, thereby producing an ion. ‘This
positive ion 1s then accelerated toward the negative
filament which is woﬁhd in such & manner that most
of the ions will pass right through it intc the
region of an accelerator plate G. IL is seen thet
with such & source: (1) an electron ls lost as far
as the source is concerned after it has crossed the
region C once without producing an ion. (£) Only
a very few of those electrons which are emitted will
produce ions. (3, To get apprecislbe lonization
nany elecorons must be emitted by the Tfilament.
The Finkelstein modiflcation

A schemstic disgram of the Minkelstein modi-
ficetion is shown in rigure 2. we have seen above
thet an electron was captured after crossing the
region C. Iilowever, 1f we were to put in an electrode

¥ set at the same potential as the fllament A, the



SdCchHEmAT/IC

gas mnlet ——

B e e ——

Do CES

~—— gas inlet

gas inlef —




7

electron would comé to a halt just before striking

¥ and then zccelerate back toward the regilon C.

Furthermore, if a magnetic field is placed parallel

tc the axis 4-C, an electron which tends to diverge

towerd the plate B will be kept close to the axis

and hence will be bounced back and forth between 4

and ¥ uatll it finally ionizes an abtom or is captured.
It isg seen that with this arrangement of the

source, there 1s a saddle point in the region C.

If a positive ion is formed above the saddle poilnt,

the ion will go up toward ths fllament 4. If it is

formed below ﬁhe sadlle point, it will go down toward

e However, only the ilons wihich are zoing a given

directicn can be utilized., Hence, 1t 1s seen that

we have two elbernatives., Uype I: the sowrce can

be arrenged so thet the lons utilized will go to-

ward the filament, and Type II: the sourcecenbe

srranged so that the lons go awsy from the filesment.

Both of these srringements heve been constructed and

o
0
o
[oF
w

uvecessfully to produce ions. The remainder
of this paper will deal with thedetalls of construc-

tion and opsration of each.



THE SOURCE OF MAGNESIUK VAPOR
The source of the magnesium veapor was a cylin-
drical pipe of pure magnesium® about ten inches long,

5/8" 0.D. and 5/16" I.D. This pipe (Figure 3) was

o]

y 2

hested by a furnace constructed by winding #24 ni-

l«t\

cnrome wire between two concentric stupakoff tubes
120" I.D., .196" 0.D., and 278" U.L., respectively.
This furnace>was then inserted into the magnes-
ium pipe. Two such furnaces in series hsd a totel
resistance of 10 ohms and produced ample eveporstion

wiren they were run at from three to five smperes.

Tl COHTALRXR FOR TiHE LAGNESIUW

The hot megnesium alloys readily with many of
the common metals below tnelr natural melting tempera-
tures. Furthermore, the resulting alloy decomposes
readily in a vacuum. The problem was to find a
maeterisl tihat would be non-magnetic and yvet would
heve 1little tendency To elloy with magnesium. The
first tubulsr container to be tried was msde of brass.
After several hours of operation, this tube had feirly
lerge holes in the walls. Copper was then triéd but
found to be only sligntly better. Stalnless steel
‘tubes (3/4" C.D., U.S. 18-8, permeability--1.003)

* purcehased from Dow Metal Co.
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were then tried and found toc be setisfectory. The

c¢el tubes were then screwed to a milled copper

ci

s
block. I'wo such blocks screwed btogether formed the
electron plete, Stalnless steel is undoubtedly the
best material to use for the plate, but copper is
epplicable in that it is & good conductor, does not
conbaminate the system extremely and has & thermal
expension that is not too different from that bf
stainless gteel.
CONSTRUCTION O 4Hl COPPER PLATH

A piece of copper bar 12" by 1/2" by 11/16"
was first milled to an approximetely circular cutb
by means of a 3/4" end mill set at & very slight
angle (Figure 4.) 'Yhe stainless steel tube was then

festened to this by a single screw in the center and

12

cosper plugs on the ends of the tubing. These plugs
vere mede to flt freely inte the stainless steel

tubes and then to f£lange out to a 3/4" diameber.

‘he larger section wes screwed securely to the copper,
while the stailnless steel tube fitted loosely over
the smaller gection. This allowed for the difference
in thermsl expansions of copper and stuinless steel
wihile th: single screw in the center kept the tube

from rotating. ifdaving been screwed together, holes
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were drilled with a #18 drill sbout 3/8" apart.
These were the gas inlets D cf Flgures 1 &nd 2.
Two such sections screwed together formed the chamber

C (Figure 5.)



SOURCE I

Figure 5 shows a scele dreawing of Source I.
The steel plate J was screwed to the copper plates
B. The bouncer electrode ¥ was made of lron and ran
the length of the source. It was ilnsulated from the
copper plates by means of small pleces of glass X
cut from thin spectrosccple plates. The magnetic
pcle pleces, N and S, furnished the field which kept
the electrons on the axis. The tantalum filamert s,
A%, were supported to the ircn pole pleces every 2%
inches. If fewer supports were used, the intersasction
of the alternating hesting current with the mmgnetic
field caused the filements to vibrate badly. Jxide
coated filaments were tried successfully in a previous
trisl source of smaller dimensions. However, it was
thought thst due to the long length of the present
source, these would prove unsatisfactory+¥,

Calculations showed that some mechanism is

g

¥ Strip tantalum filsments .003" x .085" x 10" pur-
chesed from the Fensteel Corsoration were used. These
hed extremely constant cross-sections (ss is desir-
sble for long life and uniform emission).

¥ fhermal expension of the filaments plus excessive
vibration would probably destroy the oxide coating.
If wes found empiricelly that filaments or electrodes
srrenged psrpendicular to, rather than parallel to,
the source tended to destroy the resclution.
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necessary to compensate for the thermal expansion of
the filaments. The mechanism which proved satisfsct-
ory consisted of an 1/8" thick whecl mounted on a
bearing. The filament and a spring actuated lever
were festened to the periphery of this disc, Figure 6.
wue to the large currents that the filaments carried
(LD excess of 20 amps aplece) it was necesszry to
ground the wheels to the pole plece by means of an
auxiliery wire rather than to depend upon the bearing
surface for contesct. The source block wes ussd as one
of the filament leads®. fThe other end of the two
parsllel filaments were spot4weldéd.to a 1/8" thick
nickel plate, cut to the width of the spacing between
the filaments. This could be insulabed from the sup-
porting plate by a small qoapstone insuletor or bv an
arrangement similar to that shown in Flgure &c. The
nickel plete, e, was held solidly to. the supoorting
plate by the screw, a, which was insulated by the
stupakoff tubing, b, and mica washers, d. =This method
geve no trouble.

The flfst auxiliary filament snpoort to be tried
were made of sheet mica. " These proved to be unset-
isfse ltorv beoause, apparently, there was & chemical

eactlon between the hot illumenbs and the mics,

]

" The two filaments wsre operated in parallel.
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¥Figure 7. the seccnd supports tried were mmde of
molybdenum sheets .002" thick, Figure 8a. These

were held in place by mica lined slets in the iron

at the position of the mica supports seen in Figure
7. While they served thelr function of supporting
the filaments, they destroyed the resolution (to be
explainéed later.)] The next support that was triled,
Figure &b, consisted of a tungsten wire bent to shepe
and set in & screw head drilled lengthwise. The wire

was clamped by small steel pins wedged into the hole

[

n the screw. These supgbrts proved to be setisg-
factory both from the standpoint of resolutlion snd
sup@ort. Occasionally, the steel pins would loosen
up; this suggested thet as an improvement the tung-
sten coulé be welded to nickel screws. The final
filement supports that were used, rigure 8c, hed

molybdenum strips riveted to the screw head, a.
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Tiin WIRING DIAGRAM
4 schematic srrangement of the wiring diagram
is shown in rFigure 9. The plate B was connected to

3

the positive terminalg of a 6000 volt and a 150 volt
source®, The negativevside of the o000 volt line
was connected to the accelerator plate G and to the
case of the spectrograph., The negetive terminsl of
the 150 volt generstor was connected to the source
block to which one end of the filament was attached.
The filament current was furnisihed by an insulsation
transformsr controlled by means of a varisgble resis-
tance in the primery*¥. 4 similsr arrangement furn-
ished current to the magnesium hesters. 4ll connect-
ions could be altered at will ss test conditions
reqguired.

it is interesting to notethat when the electron-
bouncing electrode F was left floating, it sporoxi-
metelr assumed the ssame pétential as the filament.
when it reached that velue, no more electrons could
be captured by it. Yhus, the potential of the bouncer

electrode was sutomatically sell belancing.

¢

ala

ts

3
6]

(3

he volbages were furnished by D.C., .G, s

B

D
“«

!

The current in the secondary was of the order of
20 amps per fllament while thet of the »rimary was
half as gresat.
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HeRTeL RLSCLES o BOURCE I

Preliminsry trials
mor the sake of convenlence, let us adopt the
following definitions:

Filament current--current used to hest The
“1lavert'.

Emisgsion cu??ent—-OWLct%aw ;? 18 positive lon
carﬁont to or from the fllements

Plate voltag o—~pakcntiul al 1er@nce between the
zlate, B, and fll&rents, A,

Accelerator vol,Lgc~—ootbntisl difference be-
tween the »lutes, B, and the accelerator grid, G.
Souncing &Leld——lvbhuu ¢ fleld required to iteup

tine elsctrons on bhe axis,
Gdester currenb--current carrvied by the hesters
the magnesiuil.

b

ror the purpose of measuring the positive ion

153

current vroduced, the plate i (Figure 9) was installed
anG set 6 & potenbiel of 45 velte gbove groui.
nls potential was adenuate to prevent secondary

emission. & positive ilon current of 1.2 mils. was

megssured under the following conditions:

Ilectrode Potential
I 45 volts ;ii arient current 36 ampos .
G o cuber current 3 amps
A 650 M E’iss!ﬂﬂ curvent 100 mils.
B 70C i Vacuum £x1075 wm,
F 650 i

ine second test ylelded a positive currvent of 1.4

o *
»

o

2

2
T
=

mils under the follow ondait

=)
5
=
(¢}
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Electrode Potential
i 49 valts 2ilament current 3¢ amps.
G 0 ilecter current S amE
A g75 " smission current 100 rils.
B wo0co Vacuum £x10=9 mm,
F 975 "

It is interesting Lo note ths: the positive lon
carrent was an exbtremely criticel function of the
plate voltuge. Appsarently, Lf the latter wss Ltoo
high, the electrons ¢id net remain in the ilonizing
reglon long enough to produce lons. In each ol the
above cases, the plute voltage was set to give mexi-
mum positive ion current., Thes¢ results were good
enough to warrant & trisl at separebtling magnesium
isotopes in the mass spectrometer. This attempt

brought on the problem of resolution.



THZ PROBLEL 0¥ HESCLJILO
Ihe mess spectrometer collecting slit width
corresponding to one mess unit is approximetsly
W = 20/% where W is in centimeters. Thus, if =
2 mm. s1it is used to collect mass 24, the sli
integr«tes the current over .24 of & meass unit,
This 18 small enough so that defects in resolution
can not be attributed to the slit width.
ror the szke of comparison, Figures 10 to 15

inclusive, hsve all been normelized. The following

2

2,

teble gilves a comperison of operating conditions®®,

Fig. Accelerator Vacuum at Estimated Bouncer

veltage collector wvacuum at field

(mass 24) source
16 3430 10=%mm., good on
11 3430 10-%mm. good of f
12 3440 10=%mm. good off
13 3470 3x10~9mm. poor ofE
14 3470 leO“Omm. fair - off
15 5470 1.2x10=%mm, good on?

Flgure 10 shows the resolution curve of fthe source

with the bouncing field at epproximestely 400 gausses.

exce«t _the megnetic field was turned off. Compsring

P e

v

See Rumbaugh, Ph.U. thesis for the theory of
esclution.

e
ol
e
"

"he collecting slit width was 2 mm.

L]
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these two curves, it

7ould avoc

25

r that use of the

magnetic bouncing f'ield tended to destroy the resol-
ution. ¥hnis might be caused by the scattering effects
due to increased space charge. The megnetic field
made ¢ difference of about 5 to 1 in the produced
lons though less effect in collected ions.

The resolution is very sensitive tc -ion velo-
cities parallel tc the source. »or this resson, it

was thought thet the lack
caused by tue zlternsting

by the IR drop along the

a curve traced whille heatln

current.

n
(%)

[ 551

its shape 1s
improvement resulted from
Dr. Smytihe suggested
molybdenuwsn filament suappo
be

csusing the scattering.

wire supports (

fi

of resclution m

electric field produced

ilements.® Iigure 12 shows
¢ the filswments with direct

g
singular thst doubtful

this test.

that the sherp edges of the

s (Figures 7 . &) might
o test this, the tungsten

stalled. Flgwres

13, 14 and 15 certainly demonstrate that this wes the
chief factor in the poor resclution. Comparison of
Figures 15 ané 14 shows the effect of vacuum cond-
itions on ths resolution. Iigure 15 shows a curve
similsr to figure 14 except that the vacuum wes

peak tc peak.

This fleld amounted to about 2 volts per centimetbter
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better and the magnebtic field was on. Unfortunstely,

this curve 1s subjsct to some doubt since it was dis-
covered later thet a probtective neon bulb in peralliel
with the bouncer magnet had en intermittent short in

its chrecult.

The experimental results led to the following

onclusions:

1. 411 conducting or insulating strips which
are 1in the ion beam should be elliminsted, i possi
Those which cannot be eliminsted should run wvarallel
to the line source so as to affect the focus rather
baen the resolution.

2. Filaments parallel to the gsource cen be
hested with 60 cycle 4C without seriously affecting
the resolution,

3, The betbter the vacuum, the better will be
the resolution.

4., Lpovarently, the magnetic bouncing field
afifects the resolubion to some extent but probably
could be used in the collection of the malin com-
ponent.

5. HResolution of Tthe lon current is imoroved
by running bthe source at lower btemperstures snd

higher voltages (Figure 29.)
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Verying the plate voltage from 25v. to 125v.
heaa little effect on the resolubtion but greatly
affected the intensity of the ion current to the
collectbor. The maeximum collector current ususlly
occurred when the plate voltage was about 40 volts

but this vaelue varied from test tot est.



TYpPE II SCURCE

The Type I source ¥Fielded good resolution. The
ion current amounted to 1.5 mils alt a pressure of
109 mm Hg. TUsing only & single accelercting slit,
the current to the collector was 24 microsmps. How-
ever, it was found that aftzr about 1000 volts were
appnlied between the plate, B, and the accelerator
electrode, G, the ion current ceased to increase with
the incressing voltage. This could be explsimed in
two ways: (1) the 1000 volts produced a field high
enough to draw out &ll the ions formed. This possi-
bility was discounted by increasing the filament heat-
ing current. Néither the electron current nor the
positive lon current lncreassed in the ratio expected.

(2) The field due Lo the accelerstor voltage was

.

3

suppressing the electron emission,
The Type II source (Figure 16) had the filmment
mounted far down between the plates, B, so thet it
was electricslly shielded from this latter efiect.
(For aspproximate penetratlon of this field see Flgure
51,) In addition, the field produced by the high

* The field from the accelerator grid to the filament
tended to cancel the fleld due to the plate voltage,
thereby retarding the electron emission,
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voltage automatically bounced the electrons back tu-
vierd the filement., It is to be noted that t rose posi-
tive lons wihich were formed above & certain saddle
point were tihe only ones utilized. Tois meant thst
the ions came from s cooler region and hence, on the
bagis of the #axwellian thermael distribution, one
expected'the resolution to be better than in the
Type I source. Twvpe LI source hed the disadvantage
thet to work efrficlently, the bouncer magnetic field
had to be used, ?igure 16 shows the arrangement of
the Type I1 source tried.

Various verticel positions of the filament were
tried, Copper was substituted for iron on the plsete,
3, while S was moved to the position of G. Various
slit widths between the two pleces, S, were tried.

Flgure 17 shows & representstive curve taken with

by

Source Ii. The maximum current to the collector
(aided by o focusing wire) was 40 microsmps. Howev:r,
the resolution wes not good. In adcltion, the life
of the source was about four to five hours because
the magnesium vavpor in the iénizati on region con-
densed on the cocld iron filament supoort block, N, e

1

H-
[

o ng up beautiful leyers of magnesium crystals unbil

e}

it finslly shorted against the hot plate, B. This
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acted like a powerful .ump keeping the ionization
region at a low pressure, and hence, decressing the
ion current., To counteract this, the magneskum

wWwas heated to a higher temperature. This crested
gulte o magnesium gas cilrculation which tended to
destroy the resolution. Type I1 source had the
further disadvantaget hat the useful lons were pro-
duced in a region of low electron‘density, that is,
farther from the filament. In view of the short

life of the source, snd the poor resclution as shown
by the representative experimentel curve, the re-
search on Type IT source was abandoned. & new source
I embodying the constructional advantages of the iype
II source was bullt with the assistance of T. H, Pi.
The gaw€ral plan of the éource was simlilar to that shown
in Figure 5 except that copper filament supports were
éubstituted for the pole piecés, 3, the latter being
placed above the copner. In aédition,'the widtn be-
tween the filaments was decreased to retard the mag-
nesium losses. The various part oi this source are
shown in Figures 18 to 26, inélusive. Ihese sre
arranged in the order of assembly. The suthor re-
grets that he did not have time to test fully this

new source, OClest la guerrel
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figure 25 f1/aments Installed
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limits the resolving

Rumbaugh® hed shown thet

THEORBYICLL RBSOLUIION
hexwell-Soltzmann thermal distribution
power of a perfect source.

of

jto

the number ong emerging

from the megnetic field at an angleoC is (Figure 27):
£ /Ay ¥V r
: wlv) 757«
dM. = CACE o (1)
where& = cherge on the ion
% = Boltzmann constant

T
v

av =

Zowever,

absclute tempersture

voltage of the center of the peak of the
glven mass

actuel voltaege minus V.

his method of summing this eguation was in

error and hence, will be corrected here.

Let X

‘Let r represent the radius of curvature of Tthe

neths,

v
Li

dx

Ve

the source emits C ions per unit length.

}.

tlon along tne shown.,

L

source &8

ilon

It is clesr from the geomebtry thaeb

2r sinB + r = 2 sinsd + 1)

coss da.

Butb o = B VA 77’/4;. . (/i)

fence dX = r{cose

+ sin«) dec.
convenience, let us define
(6)

Technology.
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Substituting (5)-and (8) into (1) and integrating
from o = /4 to « = /2, we have

- FSIn’C

N =CAr | osec +5im<) € e

But

é_}‘ -/-“.}'lﬁéc / -Fut |

7z
and
-F S/ , & FU°
J%¢70< E o = Cf C av -
4 o {9
F ok FU* /= FU*
..I CA/" :6 / 6 0/(/ i 7!_ C 0/(/ (10)
o Z <

The first term in the bracket of (10) hes a
repidly converging seriles and hence 1s easlly summedf
The second term of the ©bracket 1s the i obability
integrai. This was evalusted by tables. 4 few
values of & with corresponding vslues of I are given.
A4S & comvarison, e~+78F ig listed. From this, it is
seen that Rumbaugh's equation,

N = N e"BF (11)

- * FE3) {3 In 3 L
is approximetely true. UThe value of 4 1s in this

casgse .78.

i 0].146].584[1.5314[2.336|3.6b .26 [7.10 [G.55

T 1].89¢].625] .363] .163| 0649 .01Y .00H .001¥
e« /01|, 001|032 .358] .182] .088 017 .c04 .oul-
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Figure 28 shows & plot of I as a function of F.
From this, ligure 29 was computed under the following
assumpbions:

7

Isobope % abundance  Voltage of peak  4bs. Temp.

24 L 4000 20009 ¥
25 .115
t.;(j llll
Since,
AV __ _ AM ;
B2 ™M (12)

ct

curve 20 is approximately eguivelent to a source
opersted at 3500 volts and a tempersture of 1750° K.
Figure 29 1s to be compared with the experimental
curve Ffigure 15. Combining the approximete equations
(11) end (12), we see that the resolution depends

exponentislly upon the ratio of V/T, thus justifying

conclusion (5) of page 30.
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Lorn Current

| I |
P Pl A 26
Mass

F/gure 29
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FIRLD
Bothh in the Type I and in the Uype II source,

rable to know thedepth of penetration of

oF
pt
92}
[oF
©
w
s

the fleld between S and G into the region € (Figure 16.)
We shall spproximete the actual arrangement by the

slotted pole piece of Figure 30z, which 1s electrical-

v equivalent to iigure 30b. The Schwartz transfor-

|

rmetion for Migure 30b is given in "Static ernd Dyn-
amic Electricity", by Dr. William R. Smythe (page 29<)

and is

= £ Y8 _ W
ASIN A,_ fanh + BSINA /;;AFWA J//?ajj }

nr .

where 2 = X 4 iy, W = U + 1V and I is a constant.
In this cezse, V is the potential function. From
Figure 30b and equation (1) we get the following

conditlions:

If v =0, V=0. (22)
x = 0, U = 0, - (2b)

-,

Putting (2b) snd (Z2c) into (1) and noting that the
second term of (1) remsins finite for V = V,, we see

tf“\r‘

Therefore, if x = 0, eguation (1) becimes



=
ﬁ_
/// Gfe2n Ly
A V7
[1qu 30

/’gu e 3006
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i} - /44
2 1 v 8 =
y:: v AJ//?ﬁ /:ﬁ;%_;d—‘ fd”é—;‘_./ +BI/N /‘;‘A‘éﬁ‘ J//?Z %]} (l‘.)

The field on the x = 0 asxls is

" 7)«1/
[.—-....‘_g.y 7:‘——.—_&..5—05—2—794::_
Y = Oy/x- 2 emy
e At + Bcossy,

For the sake of an apporoximate calculation, let

—
Ui
~

u

24 = 5/16", 2B = 5/16", V = 4000 volts,
Yence A = 5/58%, B g 5/32", Vg = 2000 volbs.

Figure 31 shows the plot of V and|Eyl as a function
of the distance y. The position y = B = 5 corres-
ponds to the top surface of the Plate, 3, of MFigure

16,
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