CHAFTER TI

i _R..f

2.1 Hntmn of Charged Particles in a Certain Arrangement of
Electric and Magnetic Fields,

When charged particles are subjected to both electric
and magnetic fields, their motion will be confined, If a par-
tisle, having charge e ard mass m, is esccelarated from rest
through an electrostatic potential V, the kinetic energy

ncquired by the particle is equal to the wvorkdong on ik,

Kinetic energy %‘ tr.":r2 = work done e¥ (2.1)

If a positively charged particle In a uniform magactlc
ficld of [ux density B, has a velocity ¥ in a direction at
right angle to the field, the magnitude of Lorentz's force

acting on it will be evB where 2 is equel to wnity.
- |
Lorentz's force ¥ = o7 X g (2.2)

The directicns of the foros and the velocity will have changed
continually, but the magnitude of the force remains constant,

In other words, the particle moves under the influence of  a:force
whose magnitude is constant but whose direction is alweys at right

angles to the wvelocity of the particle. The orbit of the particle



iz therefore a circle with constant tangential speed v, the fores
F being the centripetal force. Since the centripetnl aeceleration

is 3? and from Newton's second law of motion, it is obvicus that

R
2
Eev A = mv {2.3)
H
and the radius of the eircular orbit is & = ov {(2.4)
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2«2 The Calculation of the Atomic Mass, the Reselving Power and

the Probable EBrror of Quantities Measured Lxperinentally.

2.2 The Calculation of the ftomic Mass of the Fogitive Ion.

The positive ions with a charze 2, Will acquirc energy
equal to eV when passing throngh the electric field., after Tassing

threugh the same field, 21l singly charged ions will possess the

same kinetic energy 1 mv2 = eV . Tke light ions will move with
2 300

a high velocity and the heavy ione with a low velacity.

When the ions enter the maprnetic Tield in a directiaen per-
pendlcular to the magnetic line aof force, they will be subjected
to a feorce perpondicular to both the Qdireciion of the field and
the direction of their motion., The magnitude of this force depends
en the field strength and on thé charge and the velocity of the
ionzs. The ions areth;reby farced to travel in a circular =rc,
the radius of which déﬁends on their mass and enerey. The cen-

: 2 . . . . R
trifugal force mv~ of an ian moving in the circular arc is

R
equal exactly to the magnetic force Bev , by which the ion is
10
deflected. 2 X 10
Bev - ov (2.5}
3 % 1010 =

3 X 10



The enerpy geined by = charged particle falling through

the potential Jdifference V is

1 v = eV (2.6)
2 00

It ig obtained from the two equatiovns that

=]
tr

4,82 X 1077 BoR® (2.7
i

where m iz the mzoss of the particle in Q.ni.d.
B is the magnetic flux density in gouss
Rk iz the radius of curvature of the path in cm.
¥ is the izn necceleroting voltage in valt.
2_2

The product BTRT is the characterpristic of the particular instrument

used,

2.¢b The Celculation uf the Resolving Power.

Fig.zZz The Circular Path cf Positive Ions.



If the nbject is treated as o point source with the

emergence Aangle o, one can determine the widths of 51it SE and

S1it 53 by drawing 2 picture using the principle of peometry zs
shewh in Fig.2.

The ion beanm forming the sentral ray, defleets thircugh
the distanee 2ZH, while the beam taking.:;-c:D to the central ray
defloasts through the distance 2R cos weg o0 Thus the separation
of twoe dmoges ic Rﬂ?ﬁf?htained by expending casnuznﬂ.giiminating:the
terms with higher pﬁﬁer cf . In the arrangement in which the

*

object nnd imnge lie symmetrically. with respect to the maognetic
ficld, the imzge width is Rﬁx?z. The image also has the width
correspanding to the object width.
Potsl image width = object width + Roe’ (2.8)
If the detecteor slit width is incorpernted, the effective
inage width is equzl to the total image width plus the detector

51it width., Zons' peuks ore usually said to be resclved when the

separntisp of twe images iz equal to the effective imape widil.

The width of clit S? can be computcd by essuming o< very

small, not grester than 10 degrees.

From Fig.2 nin & =58 - radian (2.9

3

The widtk of s1it S = 2d cm. {z.10)



The atomic mass of a positive ion can be ealculated

from the equation {2.7)

m = 4.82 ¥ 10°7 non

Difforentiating, we get

Am = 4,82 x 1072 p°R . 2 AR
i
Hence Ap = 24 R {2.11)
m B

One can see that ions differ in mass by Lm, thedir
paths in thé nagnetic field differ in radius by AR. 1In the
case of 180° deflection in the mapnetic field, it 1z obvious
that 248 R = A x; where Ax iz the separation of two imapges

formed by the two types of ions.

Thus Hm = Ax (2.12)
m R

Resolution is the separation of adjacent peaks of
2 mass spectrum by a mass gpectrometer, while the resolving
power is the highest value of the ratio m for the complete
Oom

geparation of the mass spectrum lines differing by A m in

MALSS .

Therefore. Resoliuvtion An = Ay
[l R

Resolving power m R {2.13)
Fay: Pt



fmois the smallest variastion In mass that can be detected

when ione of mass m are locussed.

However, one can sce that by differentiating Eq; {(2.7),

it becanes

av = 4.82 x 1077 82 . 2RAR
o
Hencae ¥ = R
Faln cOR

In other words, the roseiving power is

m = H = ‘U (251'!*}

With the application of Rayleigh criterion, it is obvious that

4V is the half width at the base of the peak resolved.

2.2¢ The Probable Srror as a Function of (uantities Measured

Lxperinentally.

Za far, the atomic mass of positive ion is calculzated from
Eg. {2.7}. The value of cach guantity B, end ¥ has its own

probauole error duc to physical mensurements. The probable errcor

=)

of the resuilt (A m) can be obtained from the relation below.

2 2 b

{naBn} +% s H}E 4—(_%)

(Am)2 = (a V)2

However, for convenience it can be calculated from

the formula
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{ﬂ)2=4(%]‘?+4(%5 3+(_-:1:r_1.:_ 2 (2-15)

m

Fherc AR is the probable error of the magnetic
ficzld strength.

R is the probable error of the radiusz of the
scmicirculaxy path of the ien.

AV is the prohable error of the accelerating

voltage,

In order to obtain the ratic &6 B, the method of
! B
determination of the maognetic field strength is now comn=-

sidercd. The calculation of the magnetic field strength

by the search coil is achieved Ly using the formuls

B = MI 3& (2.186)
Tffzn }3

where B is the magnetic field strength in gaues.

M is the mutual inductance in henry.

I is the ¢urrent through the calibrating cirsuit

in ampere.

r iz the radius of the search coil in cm.

N is the number of turns of the search coil.

ol is the deflection in cm. on the scale of the
galvsnometer in flipping the search coil through 180 degrees.

}?iﬁ the deflection in e¢m. on the scale of the galw

vancmegter resulting from changing the current in the primary

circuit of the mutual inductance.
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Similarly, the probeble crrar of mosnetic field strensib

{A B} is calculated from the foroules

SHIC U SIS MG TIC -
B M I Xee T N ~
where AM is the probable srror of M

AT is the probable errer of I

HCis the probable error of oC

Ar is the probable error of r

AR is the probable errar of N

"3[3 is the probablc error of B.

Thus, the ratico 8B is obtained.
B

2.3 The Effect of Pogitive Yoms Iwpinging on a Solid Surfoce.

The detection of positive ions has been accomplished by
mezns uf a eylindrical eollectin? electrode and an clectrometer.
The ien collector is made of brass. When a beam of positive ions
is incident on & so0lid surface, it may give rise to a variety of
rhencmenn.
In the first place gacondary slectron emission may occur.
Such emission takes place largely in the backward dircetion,
Many positive ions striking a 30lid surface, will simply be scattered
back with loss of energy. Suci roflected posgitive ions are ob-

served at all angles of reflee:ion. The energy of the reflected
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ions depends on the angle ol reflection.

“Yhen the positive dons are ineldent Bormally on the tarpet,
the peositive ion reflection coefficient has been found to be very
small in the case of alkall ions., It was found that ions from o
source of a Kunsman type emittinp K+. Gs+. Li* ions were incident

on a target, the values of the reflection coefficient were about

0.004% « 0.02B8.

2% The High Freguency Electrodeless Discharpe.

When a c¢losed tube containing gze or vapour at a pressure
which mzy vary between 0,007 and 10 m.m. of mercury, is broupht
¢lose to a2 c¢oil through which high frequency oseillations are
passing (105 cycles per second and upwards.), the low prescure
gas glows. No internal electrodes are required and it has been
suggested that the action is ocecurred by the fact that the lines
of magnetic field produced hy the oscillaotions in the coil elfuce
tively form closed loaps of changing magnetic flux. The initinl
lons in the rarefied gas can therefore be set in motion by the
induged electric field and ionize by collisions, resulting in an
intense glow,

The hipgh frequency electical energy may be coupled to the
discharge tube either mapgnetically, by inserting the tube within
the oscillator | coil, or electrostatically. Electrostatically
coupling may be made by  wWrapping metal foils arcund extreme 1limbs
of the tube and connecting thesce directly to the opposite cnds of

the @scillater coil.
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The sensitivity of the discharge to small guantity of
arganic¢ impurity makes it useful os 2 means of testing for even
very small leaks in a vacuum system. 0L leaky system invariably
shows a red glow which is largely duie to the band aspectrum of
hitrcgen. The leak pusit;on iz sought out by applying to suspec-
ted peints o cotton-weool ped seaked in benzene. When the leaking
s¥ystew is covered with benzone vapeur, the entry of a minute amount
into the tube immedintely turns the discharge gray. Strong glow

> mm. af mereury, it is a

may persist down to a pressure of 107
good evidence of a high vacuum having been achieved if a high fre~
guency discharge can nmot occur at all. 1n eother words, a high

vacuum system is obtaloed when no plow occur when the high freguency

cacillation is applied to.

2.5 The Properties of Haterials

2.9a The Property of the Heating Material.

The heating unit is composed of the salt of an alkali metal

coated en the tungsten filament. With salis of zlkali metals,

the metallic atom carn evaporate in the ionized state, when they
are heated together with the tungeten filament on whien they are
coated. The subotance with a higher affinity for electrons will
ionize the other one, in other words the tungsten filament has high
work functioen relative toc the ionizntion potential af material
coated on it. When the filament is raised to o high temperature,

ions of the scurce material are formed. The efficiency of this



15

ignization processwhich also includes the re-amlssion as ions of
netallic atom striking the hot filament, has been shown theore-
tically to depend exponentially upon the diflerence between the
work function of the filament and the ionizntion potential of the

evaporated atom according to the relationship
N = N, exp. E(ET— é}l] (2.18)

where N+ is the ratio of the evaporated atoms and the
N

total amount ofatoms containing in the =seslt.

w is the work function of the {iloment.

# is the lonization potential of the evaporated
atorn.

e 1i5 the magnitude of electronic charge.

k is the Boltzmann's constant.,

T 1is the absvlute temperature of the filament..

2.5t  Same Properties of the Material Used.

Glosa to metal senls are io common use for high wvacuum
systems. In many processes, it iz possible to¢ produce a desired
motion inside the vacuum chuamber by means of magnetic forces.
The usuzl procedure is to vlace 2 permanent magnet or an
electromagnet outside a portisn of the vacuum chawmber, It is
clear that the vacuum envelope in the region where this motlon
ls to be produced must be constructed of won - magnetic mater-

isl. Drass and glass are the most commonly used materials for
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construction of small vacuum systens.

Certain openings must be provided in a device for the
insertion and rewmoval of maoterials for a given process. During
operationthes e openinpgs must Le senlcd vacuum tight by zpproprlate
covers. Hubber is widely used as a gasket matorial where teme
perature cnd loads peramit, sinee this materinl offers far more
reliable sealing than any other, For high vocuunm service, leasks
Rust be as mueh as possible eliminczted, Rubber, both synthetic
oand natural, have certain important qualities. It is an incom=
pressible material. Deformation in one direction must be suitably
alluﬁed for in other directions se that the total volume of the
gasket nay remain constent. It experiences 2 certain amount of
peradonent zet resulting frum flow when stressed aver o lons perzod

of time,
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